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Abstract: Treating oxidative stress through antioxidant therapy has been considered an appealing
strategy in the management of male infertility. However, evidence regarding the toxicity of an-
tioxidant therapy is controversial. We summarized the available clinical evidence on the toxicity
associated with the use of antioxidants in infertile males. A systematic review was performed in
March 2021. We included randomized controlled trials evaluating the incidence of adverse events in
male patients with infertility receiving antioxidant therapy. Thirteen studies involving 1999 male
patients were identified. Antioxidant supplementation in patients with male factor infertility was
associated with a statistically significantly increased risk of nausea (Odds Ratio: 2.16, 95% Confi-
dence Interval: 1.05-4.43, p = 0.036), headache (Odds Ratio: 3.05, 95% Confidence Interval: 1.59- 5.85
p =0.001), and dyspepsia (Odds Ratio: 4.12, 95% Confidence Interval: 1.43-11.85, p = 0.009) compared
to a placebo. Treatment discontinuation due to adverse events was not significantly higher in patients
taking antioxidants compared to a placebo (Odds Ratio: 2.29, 95% Confidence Interval: 0.76-6.88,
p = 0.139). When antioxidant supplementation is considered, a more accurate risk/benefit analysis

is warranted.

Keywords: adverse events; antioxidants; male infertility; meta-analysis

1. Introduction

Infertility, defined as the inability of a couple to achieve a pregnancy after one year of
regular unprotected intercourse, affects 10 to 15% of couples [1]. It has been reported that
a male factor is present in about 20-70% of infertile couples [1-3]. Oxidative stress (OS),
defined as an imbalance in the levels of reactive oxygen species (ROS) and antioxidants,
has been reported as one of the main causes of male infertility [4]. Spermatozoa are highly
sensitive to OS [4]. Indeed, these cells are incapable of repairing damage caused by OS
because they suffer from a lack of essential cytoplasmic enzymes [4]. Moreover, OS can
also interfere with the hypothalamic axis and disrupt the secretion of sex hormones [4,5].
In recent years, treating OS through either ROS reduction or antioxidant therapy has
been considered an appealing strategy in the management of male infertility; in everyday
clinical practice, physicians usually prescribe antioxidant supplements to treat cases of
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male infertility [6,7]. However, high doses of antioxidants can produce adverse effects
resulting from the imbalance in the physiological redox status through a phenomenon
called “reductive stress” or the “antioxidant paradox” [4]. Therefore, some authors suggest
caution in considering the prescription of antioxidants and individualizing treatment based
on patients’ redox status [7]. Herein, we aimed to summarize the available clinical findings
related to toxicity associated with the use of antioxidants in infertile males.

2. Materials and Methods

The present analysis was conducted and reported according to the general guidelines
recommended by the Primary Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [8]. This protocol was registered in PROSPERO (ID 292202).

2.1. Literature Search

The search was performed in the Medline (US National Library of Medicine, Bethesda,
MD, USA), Scopus (Elsevier, Amsterdam, The Netherlands), and Web of Science Core
Collection (Thomson Reuters, Toronto, ON, Canada) databases up to March 2021. The
following terms were combined to capture relevant publications: (“antioxidants” OR “ox-
idative stress” OR “reactive oxygen species”) AND (“infertility” OR “fertility”). Reference
lists in relevant articles and reviews were also screened for additional studies.

2.2. Selection Criteria and Data Collection

Two authors (L.N. and FF.) reviewed the records separately and individually to se-
lect relevant publications, with any discrepancies resolved by a third author (M.C.). To
assess eligibility for the systematic review, PICOS (participants, intervention, comparisons,
outcomes, and study type) criteria were used [9]. PICOS criteria were set as follows:
(P)articipants—patients with male factor infertility; (I)ntervention—antioxidant supple-
mentation; (C)omparator—patients not receiving antioxidants; (O)utcome—adverse events;
(S)tudy types—randomized controlled trials (RCT). The following data were extracted: first
author, study design, sample size, patients’ age, infertility characteristics, the antioxidant
evaluated, antioxidant dosage, control arm, treatment duration, significant benefits in the
experimental arm, adverse events, and discontinuations due to adverse events. The quality
of included studies was assessed using the Jadad score [10].

2.3. Statistical Analysis

The meta-analysis was performed using ProMeta 3 software when two or more studies
reported the same outcome under the same definition. The effect size (ES) was estimated
using an odds ratio (OR) reported with its 95% confidence interval (CI). Heterogeneity
among studies was evaluated using the I2 statistics. A p < 0.05 was considered statistically
significant. To calculate the pooled effect, a random effect model was applied. Egger’s
linear regression test and Begg and Mazumdar’s rank correlation test were also used to
evaluate the publication bias of studies included in the meta-analysis.

3. Results

The search strategy revealed a total of 32 results. The screening of the titles and
abstracts determined 30 papers eligible for inclusion. Further assessment of eligibility,
based on the study of the full-text papers, led to the exclusion of 17 papers. Finally, 13 RCTs
involving 1999 patients were included in the final analysis (Figure 1) [11-23].
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Figure 1. PRISMA study flow.

The study characteristics, patients’ demographics, and treatment features are summa-
rized in Table 1.
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Table 1. Study characteristics, patients” demographics, and treatment features.

Treatment Duration

Study Design JS Treatment Arm (n) Age Mean (SD) Infertility Characteristics Drug, Dosage/Day Control Arm (1) (Weeks) Significant Findings
Safarinejad [11] DB-RCT 4 130 28.6 (5.4) Idiopathic OAT Saffron, 60 mg Placebo (130) 26 -
32.0(9.0) Primary infertili
- y infertility and ~ 1 SM
Safarinejad [12] DB-RCT 5 119 32.0 (10.0) idiopathic OAT Omega-3 (EPA or DHA), 1.84 g Placebo (119) 32 +SMo
1SC
Safarinejad [13] DB-RCT 5 127 32.1(4.3) Infertile men Pentoxifylline, 400 mg Placebo (127) 24 1 SM
1 SMo
329 (5.3) o 1TSC
Haghighian [14 TB-RCT 5 23 SMo < 50%, ALA, 600 m: Placebo (21 12 M
ghighian [14 341 (47) FM < 25% g @D %STS((:)
) B 30.5 (4.0) 1TSC
Alizadeh [15] DB-RCT 5 30 Idiopathic OAT Curcumin, 80 mg Placebo (30) 10 TSM
30.0 (3.9) 1 TSC
325 (5.5) Inability to conceive after 1 year, TEV
. SC < 20 million/mL, Withania somnifer, ol 8¢
Azgomi [16] TB-RCT 5 46 SM < 30%, 5mg Pentoxifyllin, 80 mg (45) 12 +SM
34.7 (5.6) SMo < 50% 1 SMo
Supplement x 1
34.0 (n/a) Vitamin C, 500 mg
Vitamin E, 400 mg
Men with SC < 15 million/mL, Selenium, 0.2 mg
Steiner [17] DB-RCT 3 85 SMo < 40%, SM < 4%, or DNA L-carnitine, 1000 mg Placebo (86) 24 -
340 (n/ fragmentation > 25% Zinc, 20 mg
0 (n/a) Folic acid, 1000 mg
Lycopene, 10 mg
Vitamin D, 2000 [U
Supplement x 2
32.8(3.1) L-carnitine fumarate, 1 g
Acetyl-L-carnitine HC1, 0.5 g
Fructose, 1 g rsC
: - Citric acid, 50 m
L. Infertile patients after o ets, ] SM
Kizilay [18] DB-RCT 3 62 Varico}zelectomy Folic acid, 200 mcg No treatment (28) 24 TT SMo
321 2.4) Vltamm C,90 mg +TSC
A2 Zinc, 10 mg
Selenium, 50 mcg
Coenzyme Q10, 20 mg
Vitamine B12, 1.5 mcg
illi 253(29) Health Lactol 14 12 TSM
Williams [19] DB-RCT 5 30 233 (25) ealthy men actolycopen, 14 mg Placebo (30) +$Mo
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Table 1. Cont.

Study Design JS Treatment Arm (1) Age Mean (SD) Infertility Characteristics Drug, Dosage/Day Control Arm (n) Tream(l‘(/e\;lete]l?sl}ration Significant Findings
325 (5.7) Folic acid, 5 m,
] . . , g Elemental -
Schisterman [20] DB-RCT 5 1185 327 (60) Male partners of infertile couple zinc, 30 mg Placebo (1185) 24

Supplement x 2
L-carnitine fumarate, 1 g
Acetyl-L-carnitine HCI, 0.5 g
Fructose, 1 g

Oligo and/or as- theno- and/or Citric acid, 50 mg M
Busetto [21] DB-RCT 4 52 32.5(n/a) teratozoospermia with or Folic acid, 200 mcg Placebo (52) 24 TT TSC
without varicocele Vitamin C, 90 mg
Zinc, 10 mg
Selenium, 50 mcg
Coenzyme Q10, 20 mg
Vitamine B12, 1.5 mcg
Supplement x 3 1 PM
L-carnitine/Acetyl-L- 1SsC
32.5(6.1) carnitine, 1990 mg 1 SMo
Oligo and/or astheno- and/or L-arginine, 250 mg
Kopets [22] DB-RCT 5 42 teratozoospermia Gllil(t)%t}lﬁgne/ Placebo (41) 24
Co-enzyme QI0, 40 m
327 (5.2) Tine, 7% mg &
Vitamin B12, 2 mcg
Selenium, 50 mcg
32.7 (4.4) Iy
Eslamian [23] DB-RCT 5 45 o Shlo < J0% DHA, 465 mg + vitamin E, Placebo (135) 12 S
32.7 (4.4) TTSC

ALA, alpha-lipoic acid; DHA, docosahexaenoic acids; DB-RCT, double-blind-randomized controlled trial; EPA, eicosapentaenoic; EV, ejaculate volume; IU, international unit; JS, Jadad
score; n/a, not available; PM, progressive motility; SC, sperm concetration; SD, standard deviation; SM, sperm morphology; SMo, sperm motility; TB-RCT, triple-blind-randomized
controlled trial; TSC, total sperm count; 1, increase.
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Eleven RCTs were double-blind and two were triple-blind. The study quality was
considered high (Jadad score > 3) in all cases. The mean age of patients ranged from 23.3
to 34.7 years. The occurrence of adverse events in the experimental arm was reported in
8 (57.1%) studies. Table 2 describes the characteristics of adverse events reported by the
included studies in the active treatment and control arms.

Table 2. Adverse events reported by the included studies in the experimental and control arms.

Study

Adverse Events Type, 1 (%) Discontinuation Due to Adverse Events Type, 1 (%)

Experimental Arm

Control Arm

Experimental Arm

Control Arm

Nausea, 8 (6.4)
Vomiting, 8 (6.4)

Nausea, 2 (1.6)

Dyspepsia, 7 (5.6) Headache, 2 (1.6)
Safarinejad [11] HD‘?ada}fhef; ((440‘;) Vomiting, 1 (0.8) 0 0
lamben, 41 Dyspepis 103
Dizziness, 2 (1.6) Vertigo, 1 (0.8)
Vertigo, 2 (1.6)
Foul breath/bad taste, 8 (7.1)
Heartburn/reflux, 6 (5.3)
Soft stool or diarrhea, 5 (4.4)
Nausea, 3 (2.6) Fogl bre;th/ })adﬂtasti, (1()(;))9)
Constipation, 3 (2.6 eartburn/reflux, . . .
Safarinejad [12] OES IP?- 10; > é ) Soft stool or diarrhea, 2 (1.8) Rectorrhagia, pruritus, n/a, 2(17)
ruritis, 3 (2.6) N 518 diarrhea, 3 (2.5)
Loss of body weight, 1 (0.9) ausea, 2 (1.8)
Burping, 1 (0.9) Constipation, 1 (0.9)
Feeling tired after starting
medication, 1 (0.9)
Decreased platelet count, 81 (62.3)
Decreased leukocyte, 78 (60.0)
Decreased red blood cell, 72 (55.4)
Decreased appetite, 17 (13.1) Hﬁzﬂzgge’zif?’é; )
Safarinejad [13] Increased appetite, 17 (13.1) Decreased appetite, 1 (0.7) n/a, 4(3.1) 0
HIe\eTldache,1125 ((91%)-5) Increased appetite, 1 (0.7)
ausea, .
Sedaction, 10 (7.7)
Hypomania, 10 (7.7)
Haghighian [14] 0 0 n/a n/a
Alizadeh [15] 0 0 n/a n/a
Azgomi [16] Nausea and epigastric pain, 1 (2.7 Nausea and epigastric pain, 3 (6.6 n/a n/a
8 P18 p P1g p
Headache, 7 (8.1)
Headache, 15 (17.6) L
Upper respiratory infection, 4 (4.7) Nasophg ryngitis, 7 ®&1)
. . Abdominal pain, 4 (4.7)
Steiner [17] Dyspepsia, 4 (4.7) D 2203 n/a,2(2.3) 0
Nasopharyngitis, 4 (4.7) KISPePSHZ 4(7' )
Nausea, 1 (1.2) Nausea, (4. )
Upper respiratory infection, 4 (4.7)
. 1Q Nausea, 5 (8.1)
Kizilay [18] Gastroesophageal reflux, 4 (6.4) 0 0 0
Williams [19] 0 0 Sleeping difficulty, 2 (6.6) 0
Abdominal discomfort, 66 (5.6 .
Pyrexia, 66 (5.6) ¢9 Pyrexia, 62 (5.2)
Oropharyngeal pain, 57 (4.8) Oropharyngeal pain, 60 (5.1)
Nausea, 50 (4.2) Nasopharyngitis, 40 (3.3)
Vomiting, 32 (2.7) Abdominal discomfort, 40 (3.3)
Schisterman [20] N Nausea, 24 (2.0) n/a n/a
Nasopharyngitis, 32 (2.7) oed,
Erythema, 23 (1.9) Vomlt}llng, 17(1.4)
Influenza, 21 (1.8) Rash, 12 (1.0)
Pruritus, 20 (1.7) Influenza, 11 (0.9)
Rash, 51 (1.8) Erythema, 8 (0.7)
Nausea, 4 (7.7)
Busetto [21] Vertigo or headache, 3 (5.8) 0 n/a n/a
Kopets [22] 0 0 0 0
Eslamian [23] 0 0 n/a n/a

The percentage of patients reporting adverse events ranged from 0.8% to 60%. The
most commonly reported adverse events were nausea, headache, pruritus, diarrhea, and
dyspepsia. Treatment discontinuation due to adverse events in the experimental arm was
described in 10 (0.5%) patients. Pooled data from studies reporting nausea, headache,
pruritus, diarrhea, and dyspepsia as adverse events are reported in Figures 2—-6. The
meta-analysis demonstrated a statistically significantly higher OR for nausea, headache,
and dyspepsia in patients receiving antioxidant therapy. Bias evaluation is reported in
(Figures 7-9). The OR of discontinuation due to adverse events was not statistically
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significantly higher in patients treated with antioxidants compared to a placebo (Figure 10).

ES 95% ClI  Sig.

Azgomil 2018 0.31 0.03,3.11 0.320

Busetto 2020 9.74 0.51,185.71 0.130

Kizilay 2018 5.45 0.29,102.07 0.257

Safarinejad 2011a 4.20 0.87,20.16 0.073
Safarinejad 2010 1.54 0.25,9.44 0.638

Safarinejad 2011b 6.52  1.43,29.77 0.015
Schisterman 2020 2.13 1.30, 3.49 0.003

Steiner 2019 0.24 0.03,2.20 0.208

Overall (random-effects model) 2.16 1.05,4.43 0.036

Figure 2. Forest plot showing the OR for

(12 = 34.81, p = 0.150).

ES 95% ClI

Busetto 2020 7.42 0.37, 147.42 0.189
Safarinejad 2011a 2.56 0.49, 13.44 0.267
Safarinejad 2011b 4.12  1.33, 12.78 0.014

Steiner 2019 2.38 0.92,6.18 0.074

Overall (random-effects model) 3.05 1.59,5.85 0.001

N
91
104
90
260
208
254
2370
172
3549

Sig.

N
104
260
254
172

790

nausea.

1

ES, effect size; CI, confidence interval.

Figure 3. Forest plot showing the OR for headache. ES, effect size; CI, confidence interval. (12 = 0.00,

p=0.823).

ES 95% ClI

Safarinejad 2010 7.35 0.37,144.06 0.189 208

Schisterman 2020 1.18 0.61,2.26 0.620 2370

Overall (random-effects model) 1.62 0.42,6.26 0.487 2578

Sig.

1

Figure 4. Forest plot showing the OR for pruritus. ES, effect size; CI, confidence interval. (I12 = 27.82,

p=0239).

ES 95% CI

Safarinejad 2011a 11.44 0.63,209.01 0.100 260

Safarinejad 2010 2.63 0.50, 13.86 0.255 208

Sig.

Overall (random-effects model) 3.78 0.89, 16.00 0.071

1

Figure 5. Forest plot showing the OR for diarrhea. ES, effect size; CI, confidence interval. (I2 = 0.00,

p =0.389).

ES 95% Cl  Sig.
Kizilay 2018 4.38 0.23, 84.26 0.327
Safarinejad 2011a 7.34 0.89,60.54 0.064
Safarinejad 2010 6.43 0.76, 54.40 0.087
Steiner 2019 2.05 0.37, 11.49 0.415

Overall (random-effects model) 4.12 1.43, 11.85 0.009

N

90
260
208
172

730

Figure 6. Forest plot showing the OR for dyspepsia. ES, effect size; CI, confidence interval. (I2 = 0.00,

p = 0.780).
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Figure 7. Funnel plots of the meta-analysis evaluating the OR for nausea. Egger’s linear regression
(t=—0.10, p = 0.921) and Begg and Mazumdar rank correlation test (z = —0.25, p = 0.805).
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Figure 8. Funnel plots of the meta-analysis evaluating the OR for headache. Egger’s linear regression
(t=1, p = 0.42) and Begg and Mazumdar rank correlation test (z = 0.68, p = 0.497).
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Figure 9. Funnel plots of the meta-analysis evaluating the OR for dyspepsia. Egger’s linear regression
(t=0.85, p = 0.486) and Begg and Mazumdar rank correlation test (z = 0.00, p = 1.00).

ES 95%Cl  Sig. N
Kizilay 2018 0.46 0.01/23.56 0.696 90
Kopets 2020 0.98 0.02/50.37 0.991 83
Safarinejad 2011a 1.00 0.02/50.78 1.000 260

Safarinejad 2010 1.51 025/922 0653 238 ——
Safarinejad 2011b  9.29 0.50/174.39 0.136 254 -t
Steiner 2019 5.18 0.25/109.50 0.291 171 —_—]—
Williams 2019 535 0.25/116.31 0.286 60 —
Overall (random-effects model) 2.29 0.76/6.88 0.139 1156 —+

Figure 10. Forest plot showing the OR for treatment discontinuation due to adverse events. ES: effect
size; CI, confidence interval. (I2 = 0.00, p = 0.853).

4. Discussion

Sperm damage induced by ROS is involved in 30-80% of cases of male infertility [24].
Although ROS have a crucial role in allowing sperm capacitation and acrosomal reaction,
sperm cells are highly sensitive to OS as they are not able to defend themselves. Therefore,
any imbalance in ROS production can lead to sperm damage and male infertility [25].
Antioxidants are used on a very large scale to preserve optimal health. The putative
effectiveness of antioxidants in improving semen parameters reducing OS seems to demon-
strate the causative nature of this association. Data from clinical trials are controversial,
ranging from increasing semen parameters to no clinical improvement or even harmful
effects [26-30]. This inconsistency in clinical trials is probably due to small sample sizes,
the lack of a control group, and non-standardized treatment regimens in terms of duration
and dose. Finding the right dosage of antioxidants represents a crucial point, as a low
dose could lead to ineffective treatment, while an excess of antioxidants could result in
significant adverse events and even promote reductive stress, which is as detrimental as
OS for male fertility [7,31]. In addition, only a few studies used pregnancy rates and live
birth rates as primary outcomes. Results from a Cochrane review showed higher live birth
and pregnancy rates in patients treated with antioxidants compared to a placebo or no
treatment; even when studies with a high risk of bias were excluded from the analysis, the
resulting difference was not statistically significant [32]. Despite these conclusions, the lack
of high-quality evidence still represents a major issue for clinicians. In fact, most system-
atic reviews and meta-analyses on the topic showed an overall low quality of included
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studies; therefore, no clear recommendation for antioxidant therapy can be drawn [6,33,34].
Nevertheless, in a recent survey, more than 85% of clinicians worldwide stated that they
recommend antioxidant therapy in infertile males [35]. Of note, recent evidence sug-
gests that antioxidant supplements may be harmful and cause unwanted consequences
to health [36-40]. Currently, however, we lack detailed knowledge of the adverse events
profile of antioxidants used in various clinical settings. To the best of our knowledge, we
performed the first systematic review and meta-analysis evaluating the adverse event pro-
file of antioxidants used in infertile males. We found a significantly higher risk of nausea,
headache, and dyspepsia in patients undergoing antioxidant therapy compared to a placebo
or no treatment. These results are in line with findings from an updated Cochrane review
by Smits et al. that showed an increased risk of mild gastrointestinal events in patients
taking antioxidants [32]. Clinical experience strongly suggests that these adverse events
may occur with almost any medication, and the exact pathophysiology of these adverse
events in patients taking antioxidants remains poorly understood. However, some authors
have hypothesized that ROS are involved in many physiological conditions, including the
physiology of the gastrointestinal tract, and the excess of exogenous antioxidants may be
involved in the so-called “reductive stress” that may be responsible for the detrimental con-
sequences of antioxidants [41,42]. Accordingly, there is evidence that the beneficial effects
of antioxidants depend on their concentration and that health benefits are mainly observed
when they are consumed within their natural source rather than in supplements, where the
dosage is significantly higher. This is probably due to the synergistic effect of the relatively
low concentration of nutrients with other compounds detectable in food, which are not
present in available supplements [36]. So, contrary to what has always been thought, the
higher the concentration of antioxidants the higher the risk of detrimental effects. Despite
this evidence, only a small percentage (about 35%) of clinicians report the use of routine OS
tests in their clinical practice to evaluate the oxidation-reduction balance before starting
treatment [35]. Interestingly, the OR for drug discontinuation due to adverse events was
not statistically significantly higher in patients taking antioxidants compared to controls.
The limits of the present review reflect the limits of the studies included. These mainly
include low numbers of patients and heterogeneity in terms of baseline clinical features,
the type and dosage of antioxidants, and the duration of treatment. Of note, the studies
lacked standardized protocols for assessing and reporting complications. Taking this into
account, the potentially detrimental effect of antioxidant therapy should be considered be-
fore starting treatment in order to avoid systemic adverse events. Careful patient selection
for antioxidant therapy represents a challenging issue. Several lines of evidence support the
inclusion of tests for the assessment of seminal OS to the male infertility workup algorithms
and several tests have been introduced [43,44]. Traditionally, OS evaluation involved
ROS level measurements in seminal plasma. However, a new methodology based on an
electrochemical analysis of the oxidation-reduction potential—the MiOXSYS system—has
recently been developed [45]. Unfortunately, these tests are poorly adopted in everyday
clinical practice, and antioxidants are prescribed empirically. The potential benefits of such
evaluations include the accurate selection of patients who could benefit from antioxidant
therapies, the customization of dosages, the monitoring of benefits, and the avoidance of
adverse events when not indicated. Moreover, all potential determinants of OS should be
investigated and corrected, when possible. Finally, the side effects profile of antioxidants
used for other conditions should be investigated [45].

5. Conclusions

Antioxidant supplementation in patients with male factor infertility is associated with
a statistically significantly increased risk of nausea, headache, and dyspepsia compared to
a placebo or no treatment. However, treatment discontinuation due to adverse events is not
significantly higher, thus suggesting their mild nature. When antioxidant supplementation
therapy is considered for infertile males, accurate counseling about the risk/benefit ratio
is warranted.
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