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Abstract

Objective To evaluate the effect of coenzyme Q10 treat-
ments in male infertility, specifically in these parameters:
live birth and pregnancy rates, CoQ10 seminal concentra-
tion, sperm concentration, and sperm motility.

Materials and methods Systematic review and meta-analysis
in male infertility patients with CoQ10 oral treatments. Three
trials were included: 149 males in CoQ10 group and 147
males in placebo group.

Results None of the included trials provided any data re-
garding live births. The results of this meta-analysis show
that supplementing infertile men with CoQ10 does not in-
crease pregnancy rates. The analysis showed, among patients
receiving CoQ10 treatment, a statistically significant in-
crease in: CoQ10 seminal concentration (RR 49.55, 95 %
CI 46.44 to 52.66, 1°’=17 %), sperm concentration (RR 5.33,
95 % CI 4.18 to 6.47, I*’=58 %), and sperm motility (RR
4.50, 95 % CI 3.92 to 5.08, I’=0 %)

Capsule Oral treatment with Coenzyme Q10 improves sperm
concentration and sperm motility, but there is no evidence that increases
either live birth or pregnancy rates.
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Conclusion There is no evidence in the literature that CoQ10
increases either live birth or pregnancy rates, but there is a global
improvement in sperm parameters. Adequately powered, robust
trials of individual and combination antioxidant therapies are
required to guide clinical practice.
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Introduction

Male infertility is not always easy to assess because of
multifocal origin of the seminal fluid. Taking into account
the latest data released by the Society for Assisted Repro-
ductive Technology (SART, www.sart.org), corresponding
to IVF patients in 2011, the incidence of male factor was:
male factor (17 %), mixed male and female factor (18 %),
other factors (8 %) and unknown factors (12 %). The
aetiology of diminished semen quality is poorly understood,
although both environmental and occupational factors, as
well as lifestyle, have been implicated [5,13].

The damaging effects of oxidative stress on sperm are con-
sidered to be responsible for 30 % to 80 % of male subfertility
cases [38]. It is well known that spermatozoa are susceptible to
oxidative damage and reactive oxygen species (ROS), and
numerous studies support the hypothesis that ROS are respon-
sible for sperm dysfunction and male infertility [3,34].

The lipid composition of the plasma membrane of sper-
matozoa is highly specific. These membranes contain high
levels of polyunsaturated fatty acids, which are responsible
for the marked flexibility of these cells. However, these
membrane lipids are also highly susceptible to damage in-
duced by excessive ROS levels because they are the primary
substrate for lipid peroxidation [13,26,34,37]. The male
gamete undergoes continuous morphological and biochemi-
cal modifications during sperm development in the testis,
maturation in the epididymis, and capacitation in the female
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reproductive tract. These changes affect lipids, carbohydrates
and proteins of the plasma membrane [40].

Lipid peroxidation in biological membranes causes an
impairment of membrane function, including decreased
membrane fluidity and sperm motility, which results in a
diminished fertilization potential. Enhanced pathological
ROS generation leads to DNA degradation, which has been
associated with a decreased mitochondrial membrane poten-
tial [41]. This situation can occur for many reasons: inflam-
mation, infection, leucocytosis, presence of immature cells,
smoking, etc.

The production of ROS is a physiological process in
normal cell metabolism, including mitochondrial respira-
tion. To some extent, low levels of ROS provide certain
positive effects such as gene regulation, intracellular sig-
nalling, and, specific to sperm cells, enhancement of the
ability to bind to the zona pellucida. Superoxide anion
radicals are necessary to boost the capacitation and the
acrosome reaction within the spermatozoon. However,
when the excessive generation of ROS exhausts the anti-
oxidant capacity of the spermatozoa, oxidative stress occurs
[1,13,35].

Coenzyme Q10 (CoQ10) is an antioxidant molecule, com-
ponent of the respiratory chain. Recently there has been grow-
ing interest in identifying reversible causes of male infertility,
and numerous studies have been performed to investigate
whether supplementing infertile men with antioxidants can
improve seminal parameters [38].

Among the various antioxidants tested, CoQ10 (as a com-
ponent of the mitochondrial respiratory chain) appears to
play an important role in energy metabolism, as well as
functioning as a liposoluble chain-breaking antioxidant for
cell membranes and lipoproteins [38].

However, the number of patients included in these pub-
lished studies is low, and the inclusion criteria across the
studies are relatively heterogeneous. Additionally, clinical
outcomes such as live birth and clinical pregnancy rates were
generally not considered to be the main outcomes and were
excluded from the analysis.

In the present meta-analysis, we sought to investigate
whether supplementing infertile men with CoQ10 increases
the live birth and clinical pregnancy rates and improves sem-
inal parameters.

Materials and methods

This study was exempt from Institutional Review Board
approval because this was a systematic review and meta-
analysis. We followed the preferred reporting items from the
systematic reviews and meta-analysis (PRISMA statement)
to report the results of this systematic review [32].
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Search strategy

We performed an exhaustive electronic search in the following
databases (from their inception until December 2012):
MEDLINE, EMBASE, Science Citation Index and The
Cochrane Central Register of Controlled Trials (CENTRAL).
The search combined terms and descriptors related to male
infertility, antioxidants, CoQ10 and reproductive outcomes.
The search strategy was modified to comply with the require-
ments of each database consulted. We added validated filters to
this strategy to retrieve clinical trials [22]. We also searched for
ongoing trials in the primary clinical trials registries, including
www.controlled-trials.com, www.clinicaltrials.gov and the
WHO International Clinical Trials Registry Platform (www.
who.int/trialsearch). No language limits were used. We
screened the reference lists of all of the relevant articles and
overviews. The authors can provide the complete search strat-
egy upon request.

Eligibility criteria

The review included randomised controlled clinical trials
(RCTs) that evaluated the effects of antioxidant therapy with
CoQ10 on idiopathic male infertility. The type of interven-
tion evaluated was the effect of administering CoQ10 com-
pared to a placebo.

Outcome measures

The primary outcomes of interest for this review were the live
birth and clinical pregnancy rates, as well as the levels of
CoQ10 in the seminal plasma. The secondary outcomes were
sperm motility and sperm morphology after the intervention.
All of the outcomes of interest were considered per randomised
male (Table 1).

The outcomes were defined according to the terminology
provided by the ICMART (International Committee Moni-
toring Assisted Reproductive Technologies) glossary [44]

Table 1 Study eligibility criteria

Target population Men with a minimum of 1 year infertility
and regular unprotected sexual activity
Intervention * CoQ10 versus placebo
Outcome measure * Primary
o Live birth

o Pregnancy rate

o Level of CoQ10 in seminal plasma
* Secondary

o Sperm concentration

o Total sperm motility

Design » Randomised controlled trial



http://www.controlled-trials.com/
http://www.clinicaltrials.gov/
http://www.who.int/trialsearch
http://www.who.int/trialsearch

J Assist Reprod Genet (2013) 30:1147-1156

1149

and the updated and revised nomenclature for the description
of early pregnancy events [14].

Data mining

The data were collected using standard forms in which the
study design, participants, interventions, comparisons and
the main results were recorded. Two independent authors
(R.L. and M.G.C.) judged study eligibility, assessed the
risk of bias and mined the data, solving discrepancies by
agreement. If necessary, a consensus was achieved with a
third author (M.A.C). The agreement between reviewers
was analysed using the weighted kappa for each inclusion
criterion [15].

Assessment of the risk of bias

We assessed the risk of bias in the included studies following
the guidance suggested by the Cochrane Collaboration. We
addressed six specific domains (explicit eligibility criteria,
sequence generation, allocation concealment, patient
blinding, outcome assessor blinding and patients lost to
follow-up) and assessed the adequacy of the study report
relative to each domain. A judgment of “yes” for all domains
indicates a low risk of bias, and a judgement of “no” for one
or more domains indicates a high risk of bias. We interpreted
the risk of bias in the specific domains as unclear when the
information was unavailable. Patients lost to follow-up were
described as a percentage.

Analysis

For each study, the treatment effect was measured with risk
ratios (RR) for dichotomous outcomes and mean differences
(MD) for continuous outcomes, both of which were
presented with their corresponding 95 % confidence inter-
vals (CI). We extracted event data following the intention-to-
treat principle. When possible, we pooled outcome data from
each study using a Mantel-Haenszel model and applying the
fixed effects model.

We quantified the statistical heterogeneity using the I?
statistic, which describes the percentage of the total variation
across studies due to heterogeneity rather than sampling
error [21]. We conducted all of the analyses using Review
Manager Software (RevMan, version 5.1, Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2011).

Results

Out of a total of 146 documents identified in the initial elec-
tronic search, 12 studies were considered potentially eligible to

be included in the meta-analysis by either one or both re-
viewers, whereas 134 were excluded based on their title and
abstract because the results were irrelevant for the purpose of
this meta-analysis. During the second phase of the inclusion
process, 5 of the 12 studies were excluded because of non-
randomised comparisons; three were excluded because of their
irrelevance to the review; and one was a duplicate article. This
process left three randomised controlled trials that met the
inclusion criteria, and these were included in our meta-
analysis: Balercia et al. [7], Nadjarzadeh et al. [33] and
Safarinejad [36]. A flow chart of the inclusion and exclusion
criteria for the search is shown in Fig. 1. The two reviewers
achieved positive agreement on the selection of the trials
[weighted kappa 0.87 (p<0.0001), standard error 0.073].

Description of the studies

A total of 332 infertile men were randomised to an interven-
tion group (n=166) and a control group (n=166). A total of
17 patients in the CoQ10 group and 19 patients in the
placebo group were excluded for various reasons, which left
149 patients in the CoQ10 group and 147 in the placebo
group.

The inclusion criteria were relatively homogeneous among
the three studies. Balercia et al. considered infertile men with
idiopathic asthenozoospermia, whereas Safarinejad and
Nadjarzadef et al. studied infertile men with idiopathic
oligoasthenoteratozoospermia. All the included studies de-
scribed seminal parameters as stated in the WHO criteria
[42]. Exclusion criteria included men with leucocytosis of
the semen or the presence of a systemic disease as well as
men who were reported to be receiving medication for any

146 Retrieved articles

134 Articles excluded based on
Title/Abstract

A 4

A4

12 Full-text articles considered for
inclusion

9 Articles excluded

> 5 non-RCT

3 irrelevant to the review
1 duplicated article

A\ 4

3 RCT included

Fig. 1 Flowchart of the identification of eligible trials involving coen-
zyme Q10
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indication, or have a history of drug, alcohol or substance
abuse. Only Safarinejad considered a body mass index of
30 kg/m? or greater as an exclusion criterion.

The mean age reported across the studies was comparable
(Table 2), and each study reported no significant difference
regarding this parameter among both the intervention and the
control groups.

Intervention

Treatment protocols were relatively heterogeneous among
the studies with regard to the dose and duration of the
treatment with CoQ10. Balercia et al. used 200 mg CoQ10
per day for 24 weeks (28 cases of 149 patients); Safarinejad
used 300 mg per day for 26 weeks (98 cases of 149 patients);
and Nadjarzadeh et al. used 200 mg per day for 12 weeks (23
cases of 149 patients)

Internal validity of the trials

The trials provided complete data regarding the methodolo-
gy of the RCT included in this meta-analysis and did not
show major biases in their design or execution. However,
whereas Safarinejad provided a detailed description of the
study design, the randomisation and allocation concealment
in the other two trials (Nadjarzadeh et al. and Balercia et al.)
remain unclear. The methodological data regarding the in-
cluded trials are shown in Table 2.

All of the included trials applied a blinded patient inter-
vention with an identical placebo in the control group, al-
though Balercia et al. did not specify the appearance of the
placebo tablet. Additionally, all of the trials reported the
patients lost to follow-up and the patients who dropped out
of the study (n=36), resulting in 149 patients in the inter-
vention group and 147 patients in the control group.

Outcomes of interest
Live birth

Although live birth was intended to be a primary outcome in
the present meta-analysis, none of the included trials provid-
ed any data regarding this outcome.

Pregnancy rate

All of the trials provided information regarding the pregnan-
cy rate. Balercia et al. reported nine pregnancies, six within
the CoQ10 group (6/28) and three within the placebo group
(3/27). The other two trials did not report any spontaneous
pregnancy in either the intervention or the placebo groups.
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Coenzyme Q10 seminal concentration

Two of the trials (Balercia et al. and Safarinejad, n=249),
reported the seminal concentration of CoQ10. The pooled
analysis showed a higher CoQ10 seminal concentration in
the treated group (n=126) than the control group (n=123).
The analysis showed a statistically significant increase in the
CoQ10 seminal concentration in men who received CoQ10
treatment (RR 49.55, 95 % CI 46.44 to 52.66, I’=17 %)

(Fig. 2).
Sperm concentration

With regard to the sperm concentration, the analysis of the
three trials showed a higher sperm concentration in the
CoQ10 group (98/149) compared to the placebo group. Only
one trial observed an increase in sperm concentration. The
analysis showed a statistically significant higher sperm con-
centration among patients receiving CoQ10 treatment (RR
5.33,95 % CI 4.18 to 6.47), though the results were moder-
ately inconsistent (I’=58 %, Fig. 2).

Total sperm motility

Only two trials achieved a higher total sperm motility per-
centage in the CoQ10 treated group (126/149) compared to
the control group. The analysis showed a statistically signif-
icant increase in sperm motility in men receiving CoQ10
treatment (RR 4.50, 95 % CI 3.92 to 5.08, I’=0 %). (Fig. 2)

Discussion

This systematic review gathered previously published evidence
and data obtained from the original authors to provide pooled
estimates regarding the use of CoQ10 among infertile men. The
results of this meta-analysis show that supplementing infertile
men with CoQ10 does not increase pregnancy rates; however,
there are no available data with regard to the live birth rate,
which was one of the main outcomes sought after in the present
study. Interestingly, a significant improvement was observed
regarding seminal parameters such as concentration and motil-
ity as well as concentration of CoQ10 in the seminal plasma.
However, only one trial observed an increase in sperm concen-
tration, confirming the relationship of CoQ10 especially with
the improvement in sperm motility, to be involved in mitochon-
drial metabolism and cell antioxidant capacity.

The fundamental role of CoQ10 in mitochondrial function
and its well-known antioxidant properties constitute the ba-
sis for its clinical application, although some of its effects
may be related to a mechanism of gene induction involved in
cell signalling, metabolism, and transport [20]. Presumably,
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Table 2 Description of the included trials

(7] [36] [33]

Methods Placebo-controlled, double-blind Placebo-controlled, double-blind Placebo-controlled, double-blind
randomised trial randomised trial randomised trial
Participants N=60 N=212 N=60

Diagnosis: Infertile men with idiopathic Diagnosis: Infertile men with idiopathic Diagnosis: Infertile men
asthenozoospermia oligoasthenoteratozoospermia with idiopathic

oligoasthenoteratozoospermia

Mean age: 32 (range 27-39) Mean age: 28 (range 21-42) Mean age: 34 (range 25-46)

Inclusion criteria: Inclusion criteria: Inclusion criteria:

(1) age 2040 years, infertility >2 years, (1) minimum 2 years unprotected (1) minimum of 1 year of regular
regular sexual intercourse with a intercourse and 2 years of reluctant unprotected sexual activity
potentially fertile female, childlessness, without achieving pregnancy,

(2) normal rheological characteristics, (2) male infertility diagnosed if 1 or more (2) sperm count less than 20 x 10%/ml
(appearance, consistency and liquefaction)  standard seminal parameters were below and progressive motility
of semen and volume and pH in normal cutoff levels accepted by World Health (grade a+b) <50 % and normal
range, Organization (WHO), morphology <30 % (18),

(3) sperm count >20x 10%ml sperm motility ~(3) fertile female partner, (3) seminal white blood cells
<50 % (WHO [42]), normal morphology  (4) no known medical condition that (WBC) less than one million
>30 %, could account for infertility, testicular per millilitre,

(4) seminal white blood cells <1 x 10%/ml volume 12 ml or greater, (4) absence of anatomical
negative sperm culture and chlamydia, (5) no medical therapy for at leasF abnormalitie§ of t}}e genita} tract,
and M. urealyticum detection 12 weeks before the study begins, (5) absence of infectious genital

(5) normal levels of gonadotrop,ins, T, E, (6) only patients seeking medical attention diseases or systemic diseases,
and PRL, for infertility were included. (6) absence of treatment with other

(6) absence of genital disease and anatomical
abnormalities of the genital tract including
varicocele and antibodies,

(7) absence of systemic disease or treatment
with other drugs within 3 months of being
enrolled in the study.

(8) absence of smoking, alcohol and drug
addiction as well as of exposure to
occupational chemicals.

Exclusion criteria:

(1) transient decrease in semen quality
during run in and

(2) sudden improvement in seminal
parameters during run in.

Study design Randomisation: unclear (“randomisation
list was opened at the end of the study”)

Allocation concealment: unclear, not
described

drugs and dietary supplement

(1) azoospermia or severe oligospermia d“ring the 3 months before
(sperm count less than 5 million/ ml), enrolling in the study, )

(2) history of epypidymo-orchitis, prostatitis, (7) absence of either smoking, drug
genital trauma, testicular torsion, inguinal ~ and alcohol use or occupational
or genital surgery, chemical exposure.

(3) any genital or central nervous system
disease, endocrinopathy, or use of
cytotoxic drugs, immunosuppressants,
anticonvulsives, androgens,
antiandrogens,

(4) a recent history of a sexually
transmitted disease,

(5) psychological or physiological
abnormalities that would impair sexual
functioning or ability to produce sperm
samples

(6) drug, alcohol or substance abuse,

Exclusion criteria:

(7) liver disease, renal insufficiency or
chromosome abnormalities,
(8) occupational and environmental
exposures to reproductive toxins,
(9) a body mass index (BMI) of 30 kg/m?
or over,
(10) participation in another investigational
study and a likelihood of being
unavailable for follow up.
Randomisation: yes, using permuted blocks Randomisation: yes, though does not
describe the sequence generation.

Allocation concealment: People Allocation concealment: unclear, not
geographically and operationally described
independent of the study
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Table 2 (continued)

[7] [36]

[33]

Blinding: Double, soft tablets with the same
composition apart from+Q10 in the
intervention group, tablet’s appearance not
specified

Follow up: 5 patients dropped out the study (2
from intervention group/3 from placebo

group).

Blinding: Double, tablets identical in
appearance

Follow up: 18 patients dropped the study:
8 from intervention group/10 from placebo
group (withdrawal of consent 2/3, missing
data 3/4, lost to follow up 3/3). None due

Blinding: Double, placebo were
“identical tablets containing lactose”

Follow up: 13 patients (21 %) dropped
out the study for “personal reasons”
(7 from intervention group/6 from
placebo group).

to adverse events.

Global quality: moderate

Intervention Intervention: CoQ10 100 mg 2x/day (n=30)

(n=106)
Control: Placebo 2x/day (n=30)
Duration of treatment: 6 months

Duration of study: 9 months

Outcomes  Primary: Seminal parameters

Secondary: Pregnancy rate (was not in the
original list of outcomes, but was reported
in results — “although pregnancy was not
an end point for this controlled study,
because of many possible interferences, it
is interesting to note that six pregnancies
occurred with patients given CoQ10”)

Pregnancy outcome not stated as an outcome
initially but it was reported on the
discussion

Global quality: high
Intervention: CoQ10 300 mg once daily

Control: Placebo once daily (n=106)
Duration of treatment: 26 weeks

Duration of study: 20 months (February
2005 — October 2006)

Primary outcomes: seminal parameters and
testicular volume

Secondary outcomes: adverse effects and
hormone levels

Global quality: moderate

Intervention: CoQ10 200 mg once
daily (n=30)

Control: Placebo once daily (»=30)

Duration of treatment: 12 weeks

Duration of study: 19 months (June
2008 — December 2009)

Primary outcomes: seminal parameters,
lipid peroxidation

Secondary outcomes: antioxidant
capacity of seminal plasma, adverse
effects

Pregnancy outcome not stated as an
outcome initially but it was reported
on the discussion

some of the effects exerted by exogenous CoQ10 might be due
to these functions.

Several authors have observed that spermatozoa from
oligospermic patients remain within the epididymis for a lon-
ger time; hence, their exposure to ROS is increased [18,23,43].
Therefore, it is reasonable to assume that exogenous CoQ10
could improve seminal parameters.

A systematic review by Cochrane [38] was published to
evaluate the effect of oral supplementation with different
antioxidants for male partners of couples undergoing
assisted reproduction techniques. Compared with the present
study, Showell et al. [38], which included only two trials,
obtained comparable results and concluded that although the
seminal parameters appeared to improve after supplementa-
tion with CoQ10, there was no change in the pregnancy rate.

In vivo trials in humans have shown that administration of
antioxidants improves sperm quality in heavy smokers [12]
and in patients with male factor infertility [27,31] as well as
increases the fertilisation potential of healthy men with a
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high concentration of seminal ROS [24] and of fertile nor-
mozoospermic men with low fertilisation rates (based on
previous IVF cycles) [19].

Several studies have been conducted to evaluate the ef-
fects of supplementation with antioxidants on seminal pa-
rameters among infertile couples [30]. Although the review
by Ross et al. [35] reported a higher pregnancy rate among
men who were treated with a combination of various antiox-
idants, the study by Littarru and Tiano [30] observed an
improvement in seminal parameters only in men who were
supplemented with CoQ10.

There is little evidence to support the impact of supple-
mental CoQ10 among infertile men on live birth and preg-
nancy rates. Firstly, most of these studies were not designed
to evaluate either live birth or pregnancy rates because they
were not included as primary outcomes. Additionally, these
studies present some limitations, such as the small number of
included patients and the heterogeneity of the published re-
sults. The trials conducted on animal models indicate that
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Pregnancy rate:

Q10 Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Balercia 2009 6 30 3 30 100.0% 2.00[0.55, 7.27] ]
Nadjarzadeh 2011 0 30 0 30 Not estimable
Safarinejad 2009 0 106 0 106 Not estimable
Total (95% Cl) 166 166 100.0% 2.00 [0.55, 7.27] ‘
Total events 6 3 | | | |
T T T T

Heterogeneity: Not applicable
Test for overall effect: Z=1.05 (P = 0.29)

0.005 01 1 10 200
Placebo Coenzyme Q10

CoQ10 levels in seminal plasma (ng/ml):

Q10 Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Balercia 2009 99.39 31.51 30 56.56 14.48 30 6.3% 42.83[30.42, 55.24] "
Safarinejad 2009 884 126 106 384 112 106 93.7% 50.00[46.79,53.21] .
Total (95% Cl) 136 136 100.0% 49.55 [46.44, 52.66] .
1 1 1 1
T T

Heterogeneity: Chiz=1.20, df =1 (P =0.27); I2=17% T T

-50 -25 0 25 50
Test for overall effect: Z = 31.26 (P < 0.00001)
Placebo Coenzyme Q10

Sperm concentration (x10°/ml):

Q1o Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Balercia 2009 4493 19.3 30 46.37 19.77 30 1.83% -1.44[-11.33, 8.45]
Nadjarzadeh 2011 16.09 12.9 30 16.21 127 30 3.1% -0.12[-6.60, 6.36]
Safarinejad 2009 264 44 106 20.8 43 106 95.5% 5.60 [4.43, 6.77] l
Total (95% Cl) 166 166 100.0%  5.33 [4.18, 6.47] ‘
| | |
T

Heterogeneity: Chi2 = 4.72, df =2 (P = 0.09); |2 = 58% ! !

|
T
-10 -5 0 5 10
Test for overall effect: Z =9.12 (P < 0.00001)
Placebo Coenzyme Q10

Sperm motility (%):
Q10 Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Balercia 2009 39.41 6.8 30 34.93 8.04 30 2.3% 4.48][0.71, 8.25]
Nadjarzadeh 2011 4191 156 30 38.33 18.4 30 0.4% 3.58[-5.05, 12.21] ’
Safarinejad 2009 276 22 106 231 21 106 97.3% 4.50[3.92, 5.08]
Total (95% CI) 166 166 100.0% 4.50 [3.92, 5.07] ‘
| | | |
T T

Heterogeneity: Chi2 = 0.04, df = 2 (P = 0.98); 2= 0% ! !
-10 -5 0 5 10

Test for overall effect: Z = 15.43 (P < 0.00001)
Placebo Coenzyme Q10

Fig. 2 Effectiveness of CoQ10 treatments versus placebo
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antioxidant therapies could be successful in humans. Con-
troversial data often result from the many uncontrolled stud-
ies carried out to support such a treatment, and the efficacy of
this treatment has not yet been proven [2]. It is important to
consider the lifestyle habits of patients in these studies, as
some included only non-smokers [13] and others included
both smokers and non-smokers [10]. Smokers require two to
three doses of antioxidants to maintain levels comparable to
the levels found in the blood plasma of non-smokers [17].

There have been several trials that aimed to investigate the
mechanisms by which antioxidants, specifically CoQ10, exert
their effects. It is well-known that CoQ10 is a highly lipophilic
molecule, which led to Balercia et al. [8] hypothesising that
CoQ10 diffuses through the phospholipid bilayer of cellular
membranes in their transport from the peripheral blood to
testicular and accessory male genital glands. However, wheth-
er this transport takes place either passively or through an
active mechanism remains unknown. The distribution of
CoQ10 between intracellular and extracellular compartments
appears to be an active process. In this study, Balercia et al. [8]
observed a positive correlation between the CoQ10 levels in
the seminal plasma and sperm motility. Hence, it could be
hypothesised that, in certain circumstances, an increased ox-
idative stress in sperm cells could somehow overwhelm the
CoQ10 levels, which could lead to the detrimental effect of'its
bioenergetic role on spermatogenesis. However, a deeper
insight into the molecular mechanisms of CoQ10 might lead
to a greater knowledge of unexplained infertility [8].

Conversely, Littarru and Tiano [29] observed that supple-
mentation with CoQ10 resulted in increased levels of
ubiquinol-10 within the circulating lipoproteins and increased
resistance of human low-density lipoproteins to the initiation
of lipid peroxidation, which could reduce oxidative stress.

Alleva et al. [4] measured the content of both the reduced
and oxidised forms of CoQ10 (ubiquinol/ubiquinone) as well
as the organic peroxide concentrations in seminal plasma and
seminal fluid in 32 infertile patients. A significant positive
correlation was observed between ubiquinol content, motility
and sperm count; an inverse correlation between ubiquinol
content and organic peroxide concentrations was also ob-
served. These findings suggest that ubiquinol-10 inhibits or-
ganic peroxide formation in both the seminal fluid and sem-
inal plasma, which reduces the oxidative stress to which
sperm cells may be subjected.

Antioxidant therapies have been tested in human model
systems. Dawson et al. [12] and Lanzafame et al. [25] ob-
served an improvement in the seminal parameters of heavy
smokers. Increased fertilisation potential was described
among normozoospermic men in couples who had low
fertilisation rates and were undergoing IVF cycles [19]. In
this sense, it seems logical to administer these antioxidant
treatments to patients with such indications and not to use
these treatments indiscriminately.

@ Springer

Eskenazi et al. [13] demonstrated that higher antioxidant
intake over the normal dietary and supplement daily amounts
was associated with higher sperm counts and increased mo-
tility. The study also reported that antioxidant intake, to some
extent, may attenuate the impact of age on sperm motility.
Some studies that implemented an oral antioxidant therapy
with different antioxidants were associated with a significant
improvement in both spontaneous and assisted conception
pregnancy rates [9,11,28,39].

Safarinejad [36] also detected a significant decrease in the
presence of serum follicle stimulating hormone and luteinising
hormone after treatment with CoQ10. Low levels of serum
follicle stimulating hormone are associated with better sper-
matogenesis. Additionally, the levels of inhibin B, which re-
flects the functionality of Sertoli cells, were increased in the
group treated with CoQ10.

The overall study quality is moderate, which requires a
moderate level of confidence in the results. Further studies
with more cases could change the direction of this meta-
analysis. The current study has several potential limitations.
First, the number of events included in the meta-analysis is
relatively small, and neither live births nor pregnancy rates
are the primary outcome of the included trials.

It is necessary to highlight the heterogeneity of the in-
cluded trials regarding the inclusion criteria. Balercia et al.
considered only asthenozoospermia, whereas the other two
trials considered oligoasthenoteratozoospermia as defined
by the WHO criteria from 2009. In the future, it would be
interesting to unify the inclusion criteria to include patients
with abnormalities in concentration, motility and morpholo-
gy, which is based on the WHO criteria from 2010.

The marked heterogeneity with regard to the mean age of
patients in each study is also relevant because Safarinejad
included patients with a significantly lower mean age com-
pared to the other two studies. The relevance is because
advanced age is correlated with higher cellular oxidation,
which in turn affects spermatogenesis.

However, we believe that there is considerable homo-
geneity regarding the administration and dosage of CoQ10
across the three trials (between 200 and 300 mg/day). The
results from other studies have shown a significant im-
provement in fertilisation rates after supplementing with
only 60 mg/day of CoQ10 for a mean of 103 days [6].
Thus, differences in the CoQ10 doses provided in the three
studies considered in this meta-analysis would not be a
limiting factor.

Antioxidants may play a critical role in protecting male
germ cells against oxidative damage [16]. The production of
ROS has been associated with loss of motility and decreased
capacity for sperm-oocyte fusion [1]. The balance between
the production of ROS and antioxidant activity is an impor-
tant process that needs further study to better understand the
effect of oral antioxidants on male infertility [35].
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The wide variation in the duration of CoQ10 treatment
and the heterogeneity in the characteristics of the study
populations included could explain the discrepancies ob-
served in this meta-analysis. Furthermore, there is no evi-
dence in the literature that CoQ10 increases either live birth
or pregnancy rates, but there is a global improvement in
sperm parameters. A limitation of this study is that the
statistical analysis of the results from limited number of
patients and limited number of studies, may lead a misinter-
pretation and redundant expectations of the patients. So the
definitive effect of replacement on semen parameters should
be revealed with further randomized controlled trial on larger
patient populations for standardization of doses and duration
of supplementation.
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