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Introduction 

Infertility refers to the inability of a couple to conceive after 12 
months of regular unprotected intercourse [1]. Infertility affects ap-
proximately 10% to 15% of couples worldwide [2,3]. Male factors 
contribute to approximately half of these cases [4]. Oligoastheno-
spermia (OA) is diagnosed when a low sperm concentration ( < 15 
million/mL) and motility (progressive motility < 32%, total motility 
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< 40%) are identified according to World Health Organization (WHO) 
guidelines [5]. Several factors have been linked to OA, including au-
toimmunity, cryptorchidism, varicocele, systemic diseases, endocrine 
diseases, genital trauma, genital infection, medications, and toxins 
[6]. However, in approximately 25% of cases, the underlying causes 
of OA cannot be identified; these cases are designated as idiopathic 
male infertility (IMI) [7]. Several mechanisms have been suggested 
for IMI, including genetic and epigenetic factors, oxidative stress (OS), 
and sperm DNA fragmentation (SDF). 

OS is the result of an imbalance between pro-oxidants and antiox-
idant defense mechanisms, which results in a state of redox paradox 
[8]. Reactive oxygen species (ROS) are essential for certain physiolog-
ical functions required for male reproduction. However, high levels 
of ROS are detrimental to sperm, as sperm have limited intrinsic anti-
oxidant capacity. OS could be caused by endogenous factors such as 
metabolic processes, immature sperm, and leukocytes, as well as ex-
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ogenous factors such as infection, varicocele, smoking, alcohol, obe-
sity, malignancy, radiotherapy, chemotherapy, environmental toxins, 
and systemic disease. The seminal fluid contains a set of antioxidants 
that protect spermatozoa from oxidative damage. These antioxidants 
include enzymatic antioxidants, such as catalase (CAT), glutathione 
peroxidase (GPx), and superoxide dismutase (SOD) [9], as well as 
non-enzymatic components including vitamins A, C, and E, coen-
zyme Q10 (CoQ10), pyruvate, L-carnitine, glutathione, taurine, urate, 
zinc, and selenium [10]. Excessive production of ROS and OS could 
lead to sperm membrane lipid peroxidation, increased sperm mem-
brane permeability, reduced sperm motility, reduced fertilization, 
SDF, and poor pregnancy and assisted reproductive techniques (ART) 
outcomes [11]. These adverse effects may reduce male fertility po-
tential and increase the risk of poor pregnancy outcomes. Increased 
SDF may also result in abnormal sperm function, reduced male fertil-
ity potential, and reduced pregnancy and ART success rates [12]. Re-
cent studies have also linked OS and SDF to the development of au-
tosomal dominant genetic diseases, childhood malignancies, birth 
defects, and neurological diseases in newborns [13]. 

Previous studies have shown that oral antioxidants may enhance 
semen parameters and seminal antioxidant status [14,15]. However, 
there is a lack of consensus on the type of antioxidant, dosing, length 
of therapy, and target group [16]. Several studies have tried different 
doses of the same antioxidant or compared two or more antioxi-
dants and different treatment durations, which illustrates this incon-
sistency. In addition, the excessive use of antioxidants and high dos-
es may reduce ROS and may shift the redox balance into a reductive 
status, leading to a state of reductive stress [17]. CoQ10 is a cofactor, 
and its reduced form (ubiquinol) has antioxidant and mitochondrial 
bioenergetic properties [18]. It transfers electrons in the mitochon-
dria from complex I/II to complex III. CoQ10 is widely distributed in 
human tissues, and its main dietary sources include oily fish, meat, 
and whole grains. Reduced CoQ10 levels are associated with cardio-
vascular diseases, diabetes mellitus, and cancer, and seminal CoQ10 
levels are also reduced in infertile men, which correlates with sperm 
concentration and motility [19]. We and others have also shown that 
CoQ10 treatment improves semen measures and seminal antioxi-
dant status in patients with infertility [20,21]. Furthermore, our re-
cent meta-analysis of three randomized controlled trials (RCTs) also 
confirmed beneficial effects for CoQ10 on sperm motility with a lon-
ger duration of treatment of 6 months [22]. A single study, however, 
demonstrated a lack of improvement in semen measures following 
CoQ10 treatment [23]. While the aforementioned studies explored 
the impact of various antioxidants on semen measures in patients 
with infertility and reported beneficial effects, studies on the effect 
of CoQ10 on seminal OS levels in patients with idiopathic OA are 

scarce. Furthermore, inconsistencies regarding the optimal dose, du-
ration of treatment, and the target group for CoQ10 therapy exist. In 
addition, managing the challenging group of men with IMI requires 
the development of an optimal treatment protocol for oral antioxi-
dant therapy including CoQ10. Therefore, this study aimed to explore 
the effect of CoQ10 therapy for 3 months on improving semen mea-
sures and seminal antioxidant status in men with idiopathic OA and 
fertile controls. To our knowledge, the study is the first to explore the 
impact of CoQ10 (300 mg/day) on seminal antioxidant markers in in-
fertile patients with idiopathic OA. 

Methods 

Ethical approval was received from the University of Sumer, Iraq 
(EC/2018/8876) and informed consent was obtained before enroll-
ment. 

1. Patients 
In this prospective controlled study, 50 infertile men with idio-

pathic OA (mean age, 27.28 ± 8.47 years; mean duration of infertility, 
5.62 ± 3.49 years) and 35 fertile healthy control subjects (mean age, 
29.61 ± 9.33 years) were included. Five patients did not complete the 
study and therefore were excluded. The patients were selected from 
the Fertility Clinic, Hillah, Iraq from May to September 2018. A special 
questionnaire was designed to collect data. All patients underwent a 
detailed fertility assessment by a fertility specialist to exclude known 
causes of OA. For all participants, semen analysis (WHO guidelines), 
seminal antioxidant measures (total antioxidant capacity [TAC], SOD, 
GPx, and ROS), and seminal fluid CoQ10 levels were assessed at the 
start of the study and after 3 months. Patients received CoQ10 (300 
mg/day) orally in a single dose for 3 months and their measures were 
compared between baseline and after CoQ10 therapy. The dose of 
CoQ10 was similar to the dose used in previous studies [24]. The 
sample size, which was calculated using 80% power and a 5% signif-
icance level, was 34 for each group. The test is based on superiority 
and we used a previously published method for sample size calcula-
tion [25]. 

2. Eligibility criteria 
Patients had a history of infertility of at least 1 year despite regular 

unprotected intercourse. OA was diagnosed when abnormal sperm 
concentration and motility according to the fifth-edition WHO crite-
ria were detected in semen analysis [26]. Patients who had varico-
cele, genital tract infection, scrotal trauma, scrotal surgery, unde-
scended testis, azoospermia, systemic illness, smoking, alcohol use, 
female factor infertility, and recent antioxidant intake in the last 6 
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months were excluded from the study. Fertile controls were required 
to have fathered a child in the last 2 years and have a normal semen 
analysis. 

3. Semen analysis 
Semen samples were obtained by masturbation after sexual absti-

nence for 2–3 days, collected into a special container, held at 37°C for 
liquefaction, and then semen analysis was performed within 1 hour 
according to the fifth edition WHO guidelines [26] for all semen pa-
rameters and the fourth edition WHO guidelines for sperm morphol-
ogy depending on the available laboratory facilities [27]. Semen 
analyses were performed by the same researcher. Two semen sam-
ples were assessed at the start of the study and after 3 months, and 
their average value was used for this study. 

4. Seminal TAC 
Semen samples were centrifugated at 3,000 rpm for 5 minutes, 

and seminal plasma was stored at –20°C. The TAC level was assessed 
with the total antioxidant capacity assay kit (#E-BC-K136; Elab-
science, Houston, TX, USA). Colorimetric optical absorbance was 
measured at 520 nm using the standard procedure.  

5. Seminal SOD activity  
SOD activity was assessed according to the method reported by 

Magnani et al. [28]. The test principle is based on the competition 
between pyrogallol autoxidation by O2·

− and scavenging by SOD. 
Colorimetric optical absorbance was measured at 420 nm using the 
standard procedure. 

6. GPX activity 
GPX was assessed with the glutathione peroxidase (GSH-PX) assay 

kit (#E-BC- K096, Elabscience). Colorimetric optical absorbance was 
measured at 412 nm using the standard procedure. 

7. Measurement of seminal ROS and COQ10 levels 
ROS was assessed using a manual method reported by Venkatesh 

et al. [29]. The level of ROS was measured using luminol-dependent 
chemiluminescence. Reverse-phase high-performance liquid chro-
matography was utilized to assess seminal CoQ10 levels using an ul-
traviolet detector at 275 nm according to the method described by 
Li et al. [30]. Coenzyme Q9 was used as the internal standard. 

8. Statistical analysis 
The statistical analysis was conducted using IBM SPSS ver. 24 (IBM 

Corp., Armonk, NY, USA). The results were described as mean ± stan-
dard deviation. The normality of data was explored using the Kolm-
ogorov-Smirnov test, and a normal distribution was shown (p > 0.05). 
The dependent t-test was used for comparisons of parameters be-
fore and after treatment, and the independent t-test was used to 
compare seminal measures between patients and fertile controls. 
Correlations between seminal parameters and TAC, SOD, GPx, ROS, 
and seminal CoQ10 levels were estimated using Pearson correlation 
coefficients. A p-value below 0.05 was adopted as the level for statis-
tical significance. 

Results 

Patients' and controls' demographics and semen parameters are 
shown in Table 1. Sperm concentration and motility in the patient 
group were significantly lower than in the fertile controls (p < 0.001). 
Following 3 months of CoQ10 therapy, sperm progressive motility 
(p < 0.05) and total motility (p < 0.01) in patients improved signifi-
cantly in comparison to pretreatment levels. Normal sperm morphol-
ogy was reduced after CoQ10 therapy, but not to a statistically signif-
icant extent (p > 0.05). Infertile patients demonstrated lower seminal 
TAC, SOD, GPX, and CoQ10 levels, and higher seminal ROS than fer-
tile controls (p < 0.01) (Figure 1). CoQ10 administration in patients 

Table 1. Patients’ and controls’ characteristics and semen parameters

Semen parameter Fertile control (n = 35) Patient before CoQ10 (n = 50) Patient after CoQ10 (n = 50)
Age (yr) 29.61 ± 9.33 27.28 ± 8.47 -
Infertility duration (yr) - 5.62 ± 3.49 -
Volume (mL) 2.75 ± 0.67 2.72 ± 0.85 2.92 ± 0.78
Concentration (million/mL) 46.58 ± 24.5 8.62 ± 4.51c) 10.3 ± 5.22c)

Progressive motility (%) 43.5 ± 9.05 20.37 ± 7.86c) 24.6 ± 11.42a),c)

Total motility (%) 60.4 ± 11.26 27.4 ± 9.44c) 33.8 ± 12.61b),c)

Normal morphology (%) 39.58 ± 7.64 38.5 ± 7.18 36.9 ± 8.37

Values are presented as mean±standard deviation.
CoQ10, coenzyme Q10.
Significant difference from patients’ baseline: a)p<0.05, b)p<0.01; c)Significant difference from control: p<0.001.
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also resulted in significantly higher seminal TAC (p < 0.01), SOD 
(p < 0.05), GPX (p < 0.001), and CoQ10 levels (p < 0.001), and lower 
seminal ROS levels (p < 0.01) post-therapy. 

We detected significant and direct correlations of sperm concentra-
tion and motility with seminal TAC, SOD, GPx, and CoQ10 levels. Addi-
tionally, we observed significant and inverse correlations of sperm 
concentration and motility with ROS. Seminal CoQ10 levels also 
showed significant correlations with seminal TAC and SOD (Table 2). 

Discussion 

The recent decades have witnessed a decline in semen quality 
among men worldwide. Infertility represents a global health issue, 
and IMI is challenging both for science and clinical practice. Infertility 
imposes medical and psychological consequences on infertile cou-
ples as well as a financial burden on health system resources. The ex-
act mechanisms underlying semen abnormalities in men with IMI 

Figure 1. (A) Seminal plasma total antioxidant capacity (TAC), (B) superoxide dismutase (SOD), (C) glutathione peroxidase (GPx), (D) reactive 
oxygen species (ROS), and (E) coenzyme Q10 (CoQ10) levels in controls and infertile patients pre-and post-coenzyme Q10 treatment. 
Significant difference from patients’ baseline: a)p<0.05, b)p<0.01, c)p<0.001; Significant difference from control: d)p<0.05, e)p<0.01, f)p<0.001.
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remain unknown. Furthermore, many treatment modalities for this 
condition have yielded inconsistent results. Patients with IMI repre-
sent a significant proportion of infertile couples and the condition 
has an impact on infertile couples, as well as on the community and 
health systems due to the need for long, extensive, and costly inves-
tigations and treatment. This study showed that treatment with 
CoQ10 for 3 months improved sperm progressive and total motility 
in infertile men with idiopathic OA. Our results are in parallel with 
other studies that demonstrated increments in sperm motility fol-
lowing the administration of oral antioxidants, including vitamin C, 
vitamin E, CoQ10, L-carnitine, zinc, selenium, and N-acetylcysteine in 
infertile men [10,31]. However, these studies demonstrated a lack of 
agreement on standardized antioxidant regimens. Further, some 
studies used one or two oral antioxidants, while others explored the 
effects of combined antioxidants with variable doses for each antiox-
idant. Balercia et al. [20] conducted a RCT on 60 patients with idio-
pathic asthenospermia who received CoQ10 (200 mg/day) for 6 
months. The study detected an increment in progressive motility in 
the treatment group. In another RCT, infertile patients with idiopath-
ic oligoasthenoteratospermia (OAT) were treated with CoQ10 (300 
mg/day) for 26 weeks and demonstrated improvements in semen 
parameters post-therapy [32]. Furthermore, a study on men with id-
iopathic OAT reported an increment in all semen measures following 
CoQ10 (300 mg/day) for 12 months [33]. Another study investigated 
the effect of CoQ10 (100 mg/day for 6 months) in patients with idio-
pathic asthenospermia and reported improvements in both sperm 
motility and normal morphology [34]. The use of different doses of 
CoQ10 in the aforementioned studies highlights the need for optimi-
zation of the dose and treatment protocol of CoQ10 in infertile pa-
tients with IMI. 

Our results are also in parallel with our other studies that reported 
improvements in semen parameters in patients with idiopathic OA 
and OAT who received CoQ10 (200 mg/day) for 3 months [9,21,35]. 
Further, our recent meta-analysis of three RCTs and two other recent 
meta-analyses have also confirmed beneficial effects for CoQ10 on 
semen parameters (mainly sperm motility) and with a long duration 

(6 months) of treatment [22,36,37]. Another study, however, demon-
strated no significant changes to seminal fluid parameters after 
CoQ10 treatment [23]. The observed improvement in sperm motility 
in men with idiopathic OA could be the result of reduced ROS and in-
creased antioxidant capacity (TAC, GPx, and SOD), which could be 
due to the antioxidant characteristics of CoQ10, its key role as a co-
factor for the mitochondrial respiratory chain, and its mitochondrial 
bioenergetics effects. These effects counteract the detrimental ef-
fects of OS on sperm membranes, motility, and fertilization. Addi-
tionally, recent reports have suggested anti-apoptotic, anti-inflam-
matory, and gene modulation effects for CoQ10, which could explain 
the use of CoQ10 for the treatment of other diseases such as isch-
emic heart diseases, Parkinson’s disease, diabetes mellitus, and ma-
lignant tumors in addition to infertility [36,38,39]. We [12,35,40] and 
others [41-43] have also detected higher SDF in men with IMI, and 
these levels were ameliorated by CoQ10 therapy. These findings aug-
ment the role of CoQ10 as a gene modulator. One possible explana-
tion for the different results of the previous studies is the heteroge-
neity of the patient groups (OA, OAT, or asthenospermia), different 
durations of treatment (3–26 weeks), and the lack of a consensus on 
the optimal dose of CoQ10. Establishing the optimal dose of CoQ10 
and duration of treatment could increase the efficiency of the treat-
ment protocol and may help patients avoid exposure to an unneces-
sarily high dose of CoQ10 or long treatment. 

In our study, CoQ10 therapy in patients also resulted in significant-
ly higher seminal TAC, SOD, GPX, and CoQ10 levels, as well as lower 
seminal ROS levels, post-treatment. Significant and direct correla-
tions between sperm concentration and motility with antioxidant 
measures and seminal CoQ10 levels were also detected. Studies have 
reported that it is essential to identify new biomarkers and predictors 
of pregnancy and ART outcomes for the evaluation of male infertility, 
such as sperm function tests, OS markers, and SDF. Further, the cor-
relations detected in this study between semen parameters and an-
tioxidant markers could provide a rationale for the use of different 
antioxidants as a potential treatment for patients with IMI through 
reducing seminal OS and increasing antioxidant defenses. 

Table 2. Correlations between semen parameters and seminal plasma CoQ10 and antioxidant levels post-CoQ10 treatment

Variable
r (p-value)

Concentration Motility Morphology CoQ10
TAC 0.45 (0.03) 0.6 (0.01) 0.21 (0.06) 0.58 (0.01)
SOD 0.48 (0.03) 0.52 (0.02) 0.18 (0.07) 0.43 (0.03)
GPx 0.38 (0.04) 0.35 (0.04) 0.25 (0.04) 0.22 (0.06)
ROS –0.51 (0.02) –0.47 (0.03) –0.11 (0.09) –0.16 (0.07)
CoQ10 0.48 (0.03) 0.57 (0.02) 0.05 (0.12)

CoQ10, coenzyme Q10; r, Pearson’s correlation coefficient; TAC, total antioxidant capacity; SOD, superoxide dismutase; GPx, glutathione peroxidase; ROS, 
reactive oxygen species.
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Our results are congruent with those of other studies that have 
shown reduced seminal antioxidant defenses and CoQ10 levels in in-
fertile patients [41,44]. Administration of CoQ10 could increase semi-
nal CoQ10 and may ameliorate seminal OS [20,45]. Safarinejad et al. 
[24] reported an increment in semen measures and TAC in patients 
with idiopathic OAT following CoQ10 (200 mg/day) treatment. Cor-
relations between CAT, SOD, and semen parameters were also ob-
served in this study.  

Our findings are also in parallel with our previous studies, which 
demonstrated that CoQ10 therapy (200 mg/day) in men with IMI in-
creased TAC, SOD, CAT, GPx, and seminal CoQ10 levels and reduced 
seminal ROS levels [9,12,21,35,40]. The detection of higher seminal 
CoQ10 levels in these patients after CoQ10 treatment also suggests 
that oral administration of CoQ10 could be effective in increasing 
seminal CoQ10 levels and seminal antioxidant defenses against OS. 
It is worth mentioning that in our previous studies, we used a lower 
dose of CoQ10 (200 mg/day), meaning that a direct comparison of 
the results may not be possible. In these studies, correlations be-
tween sperm concentration and motility with antioxidant markers 
and seminal CoQ10 levels were also observed. In addition, our recent 
systematic review and another recent systematic review confirmed 
the beneficial effects of CoQ10 supplementation on improving se-
men parameters in men with infertility [36,46]. The improvement in 
seminal antioxidant capacity in patients with idiopathic OA in our 
study could have been due to higher seminal CoQ10 levels, antioxi-
dant features of CoQ10, its role as a cofactor in the mitochondrial re-
spiratory chain, and its bioenergetic effects that counteract the detri-
mental effects of OS on sperm and the fertilization process. Further-
more, recent reports have highlighted the impact of CoQ10 on gene 
modulation as well as inflammatory and apoptotic inhibitory effects 
[38,39]. Previous studies have used a wide range of CoQ10 doses 
(100–400 mg/day), but with inconsistent results. Therefore, our study 
explored the effect of CoQ10 (300 mg/day) on semen parameters 
and antioxidant markers in men with idiopathic OA. Data available 
on the effect of this dose in men with idiopathic OA are limited. The 
improvement in progressive and total sperm motility, TAC, SOD, GPx, 
CoQ10 levels, as well as the reduction in ROS detected in our study, 
were greater than those observed in other studies that have used 
CoQ10 doses of 100 or 200 mg/day [20,21,34,47,48]. This finding 
could be attributed to the stronger antioxidant effects of CoQ10, its 
bioenergetic properties, and enhanced antioxidant defenses, as well 
as the reduction of ROS with a higher dose of CoQ10. In contrast, re-
cent studies have reported reductive stress with high doses of anti-
oxidants [17]. Therefore, optimizing the dose of antioxidants, includ-
ing CoQ10, is essential for the effective management of infertile men 
with IMI. It is worth mentioning that comparing our results with pre-
vious studies is challenging due to variability in study design, patient 

groups, and therapeutic protocols. Some of the studies mentioned 
above have shown beneficial effects for CoQ10 with a duration rang-
ing from 3 months to 26 weeks, and the fact that more effective re-
sults were obtained with a longer duration could be attributed to 
longer antioxidant effects and the duration of the spermatogenesis 
cycle of 72 days. 

Our study was limited by the small number of control group par-
ticipants due to consent, and we did not assess dietary CoQ10 intake, 
although a dietary assessment could be limited by the complexity of 
dietary intake and recall bias. We did not assess the pregnancy rate 
because the follow-up was limited by time and cost constraints. An-
other limitation is the selection of participants from a single area, so 
our findings may not be generalizable to all regions, and further 
large and multicenter studies are warranted. 

CoQ10 therapy (300 mg/day for 3 months) in patients with idio-
pathic OA could improve sperm progressive motility, total motility, 
and seminal antioxidant markers. Therefore, CoQ10 could be a prom-
ising treatment for patients with IMI and may enhance their fertility 
and pregnancy outcomes. 
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