EST. 1928 )

The Effect of Nutrients and Dietary Supplements
on Sperm Quality Parameters: A Systematic Review
and Meta-Analysis of Randomized Clinical Trials

Albert Salas-Huetos,'? Nuria Rosique-Esteban,’'2 Nerea Becerra-Tomas,' 2 Barbara Vizmanos,® Mdnica Bullg,"2
and Jordi Salas-Salvad6'2

"Human Nutrition Unit, Biochemistry and Biotechnology Department, Faculty of Medicine and Health Sciences, Universitat Rovira i Virgili (URV) and Pere
Virgili Institute for Health Research (lISPV), Reus, Spain; 2Consorcio CIBER, M.P, Physiopathology of Obesity and Nutrition (CIBERobn), Instituto de Salud
Carlos Ill (ISCIll), Madrid, Spain; and 3 Academic Group “Food and nutrition in health-disease process,” Department of Human Reproduction, Growth, and
Child Development, Center of Health Sciences (CUCS), Universidad de Guadalajara (UdG), Guadalajara, Jalisco, Mexico

Infertility, which affects ~15% of the world's population, is a global public health issue recognized by the WHO. Therefore, it is of major clinical
and public health importance to investigate whether modifiable lifestyle factors—such as stress, drug use, smoking, alcohol intake, and diet—
may influence human fertility. A systematic review and meta-analysis of randomized clinical trials (RCTs) from the MEDLINE-PubMed database
was conducted to assess the effect of nutrients, dietary supplements, or food on sperm quality parameters. In total, 28 articles were included for
qualitative analysis and 15 for quantitative meta-analysis. Total sperm concentrations [expressed as mean differences (MDs); 95% Cls, in spermatozoa
(spz)/mL] were increased by selenium (3.91 x 10° spz/mL; 3.08,4.73 spz/mL), zinc (1.48 x 10° spz/mL; 0.69, 2.27 spz/mL), omega-3 (n-3) fatty acids
(10.98 x 10° spz/mL; 10.25, 11.72 spz/mL), and coenzyme Q10 (CoQ10) (5.93 x 10% spz/ml; 5.36,6.51 spz/mL). Sperm counts were increased by w-3
fatty acids (18.70 x 10° spz/mL; 16.89, 20.51 spz/mL) and CoQ10 supplementation (10.15 x 10° spz/mL; 8.34, 11.97 spz/mL). Sperm total motility
was increased by selenium (3.30%; 2.95%, 3.65%), zinc (7.03%; 6.03%, 8.03%), w-3 fatty acids (7.55%; 7.09%, 8.01%), CoQ10 (5.30%; 4.98%, 5.62%),
and carnitines (7.84%; 6.54%, 9.13%), whereas sperm progressive motility was increased only after supplementation with carnitines (7.45%; 6.24%,
8.67%). Finally, sperm morphology was enhanced by selenium (1.87%; 1.50%, 2.24%), w-3 fatty acid (0.91%; 0.69%, 1.13%), CoQ10 (1.06%; 0.72%,
1.41%), and carnitine (4.91%; 3.68%, 6.15%) supplementation. This meta-analysis of RCTs suggests that some dietary supplements could beneficially
modulate sperm quality parameters and affect male fertility. However, results must be cautiously interpreted due to the limited sample size of the
meta-analyzed studies and the considerable observed interstudy heterogeneity. The present study and the corresponding search protocol were
registered at the PROSPERO registry at http://www.crd.york.ac.uk/PROSPERO as CRD42017058380. Adv Nutr 2018;9:833-848.
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Introduction
Infertility, which affects ~15% of the world’s population,
is a global public health issue recognized by the WHO
(1). In the case of male fertility, a recent meta-regression
analysis reported a significant worldwide decline in total
sperm counts between 1973 and 2011 (2). These data
strongly suggest a significant decline in male reproductive
health, with crucial implications for human reproduction and
perpetuation of the species. Research aimed at revealing the
causes and implications of this decline is therefore urgently
needed.

Investigating modifiable lifestyle factors that influence
human fertility—such as stress, drug use, smoking, alcohol
intake, and diet—is of major clinical and public health

importance for understanding the problem. Indeed, several
observational studies that explored the associations between
dietary patterns, food and nutrient consumption, and sperm
quality suggest that adhering to a healthy diet (e.g., the
Mediterranean diet) may improve male sperm quality pa-
rameters (3). In addition to observational studies, which are
important for creating new hypotheses, randomized clinical
trials (RCTs) are also needed. Such trials are considered the
gold standard in terms of scientific evidence if the quality
of design of the interventions and the execution of the
trial are high, because they enable strong conclusions to be
drawn and can be used for future clinical and public health
recommendations. Several RCTs have tested the effect of food
and nutrients on male fertility parameters. Differences in
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supplements tested, study duration and design, as well as the
different interventions, populations, and measured outcomes
make it extremely difficult to compare these trials.

One systematic review of clinical trials recently attempted
to summarize knowledge in this field (4). Unfortunately,
the authors of the review merged observational studies and
RCTs, did not take into account certain relevant articles, and
included others that were of low quality or that contained a
high risk of bias (ROB), which made it difficult to draw strong
conclusions.

The aims of the present systematic review of RCTs that
have tested the effect of nutrients, dietary supplements, or
food on sperm quality parameters were as follows: 1) to
update scientific evidence on the topic by assessing the ROB
in all the articles selected, and 2) to meta-analyze the effect of
similar interventions on selected endpoints.

Methods

Protocol and registration

The present study and the corresponding search protocol
have been registered in the PROSPERO registry (http://www.
crd.york.ac.uk/PROSPERO) as PROSPERO 2017: CRD4201
7058380.

Literature search strategy
A systematic, comprehensive search of the literature pub-
lished between the earliest available online indexing year
and October 2017 by searching the MEDLINE-PubMed
database (http://www.ncbi.nlm.nih.gov/pubmed) and hand-
searching the reference lists of the retrieved papers was
carried out in accordance with the guidelines of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (5, 6).

With the use of Medical Subject Headings and keywords,
2 search subsets were used: the first subset comprised male
infertility-related keywords [fertility OR infertility OR male
infertility OR male fertility OR sperm dysfunction(s) OR
sperm DNA damage OR varicocele OR asthenozoosper-
mia OR oligozoospermia OR oligoasthenozoospermia OR
oligoasthenoteratozoospermia OR teratozoospermia]; and
the second subset comprised nutrition and/or diet-related
keywords [diet OR nutrients OR food OR food supplement
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OR dietary supplement OR probiotic OR nuts OR vitamin
C OR vitamin E OR zinc OR antioxidants OR cereals
OR meat OR vegetable OR fruit OR fishes OR legumes
OR milk OR yogurt OR cheese OR seeds OR eggs OR
dairy product(s) OR micronutrient(s) OR vitamins OR
alcohol consumption OR I-carnitine OR n-acetylcysteine OR
glutathione OR coenzyme q10 OR selenium OR fatty acids
OR sugar]. The following inclusion filters were applied in
the search: Classical Article, Clinical Conference, Clinical
Study, Clinical Trial, Clinical Trial-Phase I, Clinical Trial-
Phase II, Clinical Trial-Phase III, Clinical Trial-Phase IV,
Controlled Clinical Trial, English Abstract, Journal Article,
Letter, Meta-Analysis, Multicenter Study, Pragmatic Clinical
Trial, Evaluation Studies, Case Reports, Congresses, Dataset,
Introductory Journal Article, Abstract, Humans, English,
and Male. The complete search strategy is available in
Supplemental Appendix 1.

Eligibility criteria and study selection

The titles and abstracts of all the preselected articles were
screened for eligibility by 2 independent researchers (AS-
H and NR-E), who are specialists in male (in)fertility and
human nutrition, respectively. Any discrepancies were re-
evaluated together with a third author (JS-S). After primary
screening (to evaluate the scope of the study), the full texts
of the selected articles were obtained. Only RCT studies in
which fertile/infertile men were well defined (men with or
without sperm disorders, sperm DNA damage, or idiopathic
infertility) were included for the qualitative analysis. The
primary outcomes of the selected studies had to have
referred to the following semen quality parameters: semen
volume, ejaculate pH, total sperm count or concentration,
sperm vitality, sperm motility (progressive or total motil-
ity), sperm morphology, acrosome resistance, sperm DNA
fragmentation (SDF) or damage, sperm chromatin integrity,
sperm reactive oxygen species (ROS), sperm aneuploidies,
sperm function parameters, or hormonal levels. Exclu-
sion criteria were as follows: case-control, cross-sectional,
observational prospective or retrospective studies, animal
or in vitro studies, review articles, studies conducted on
individuals with varicocele or other fertility-related diseases,
studies with drug interventions, studies with <15 partic-
ipants per intervention, uncontrolled intervention studies,
and studies with a high ROB (see the ROB section).
Finally, RCTs testing the effect of food extracts, botanic
extracts, or drugs have also been excluded from the present
review.

Data extraction

With the use of a standardized model, the following in-
formation from each study was extracted: authors, year of
publication, journal, title of the article, location of the study,
age, population studied, sample size, study design (parallel
or crossover), interventions, primary outcomes, and main
conclusions. Data were first extracted and further checked
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by the researchers for discrepancies in order to minimize the
possibility of errors.

ROB

Analyzing all the data extracted, the quality of the stud-
ies selected was evaluated through a ROB index based
on 7 categories (7). ROB was assessed in parallel by
2 authors (AS-H and NR-E) and discrepancies were re-
evaluated together with a third author (JS-S). Applying
this system, the ROB of individual studies was assessed
with the use of the following criteria: I) random sequence
generation (due to inadequate generation of randomized
sequences); 2) allocation concealment (due to inadequate
concealment of allocations before assignment); 3) blind-
ing of participants and personnel (due to knowledge of
the allocated interventions by participants and personnel
during the study); 4) blinding of outcome assessment (due
to knowledge of the allocated interventions by outcome
assessors); 5) incomplete outcome data (due to the amount,
nature, or handling of incomplete outcome data); 6) se-
lective reporting (due to selective outcome reporting); and
7) other bias (due to problems not covered elsewhere).
Studies whose mean ROB was high were considered
to be of low quality and therefore excluded, whereas
those whose mean ROB was low or unclear were ac-
cepted for the systematic qualitative review and quantitative
analysis.

Statistical analysis

Meta-analysis was conducted through the use of
Review Manager (RevMan) software version 5.3
(http://community.cochrane.org/tools/review-production-
tools/revman-5) in accordance with the Cochrane guidelines
(7). The difference in the change from the baseline
values for the intervention and placebo/control arms was
derived from each trial. However, if the change from
the baseline values was not available, end-of-treatment
values were used. When necessary, an imputed SD or
SE for the between-treatment difference was calculated.
In crossover trials, to impute SD for between-treatment
differences, correlation coefficients between baseline and
end-of-treatment values within each trial were derived
via a published equation (8). When multiple intervention
arms were present in a single trial, intervention arms
were pooled to obtain a single pairwise comparison to
mitigate unit-of-analysis error. To evaluate the differences
in sperm quality parameters between the intervention
and the control groups, the data were pooled through
the use of the inverse variance method with the fixed
effects model and the results were expressed as mean
differences (MDs) with 95% CIs. Statistical significance
was set at P < 0.05. Heterogeneity between the studies
was evaluated via a chi-square test and the 1> index with
the significance level set at P < 0.10. I* values <50%
were deemed moderate, >50% to <75% were deemed
substantial, and >75% were deemed of considerable
heterogeneity (7).

Results

Study characteristics

A total of 2381 articles were identified after a primary
search of MEDLINE-PubMed and 1 study from other sources
(Supplemental Figure 1). After analyzing every abstract
(n = 2382), 2240 articles were excluded because they were
beyond the scope of the present study (did not assess the
effect of nutrients, supplements, or food on sperm quality
parameters). A total of 142 articles were collected as full
texts and their inclusion/exclusion criteria and ROB were
assessed: of these articles, 110 were excluded because they did
not meet the inclusion/exclusion criteria (no control group,
n = 34; small sample size, n = 26; non-RCT, n = 22; did
not meet primary outcome, n = 5; studies with animals or
nonmale subjects, n = 3; in vitro studies, n = 2; participants
with varicocele, n = 5; other fertility-related diseases, n = 8;
using intervention with drugs, n = 3; 2 interventions at the
same time, n = 1; and using a food extract, n = 1), and 4
were excluded because they were classified as having a high
ROB. After applying all the eligibility parameters, 28 articles
were included for qualitative analysis. When >2 studies had
analyzed the same exposures and outcomes, the results were
meta-analyzed. Therefore, 15 were quantitatively analyzed
via a meta-analysis approach.

The articles included subjects (n = 2900) from 11
countries: Australia, England, Germany, Iran, Italy, Kuwait,
Netherlands, Saudi Arabia, Scotland, Spain, and the United
States. The age of the participants ranged from 18 to 52 y.
There were 26 parallel-group RCTs and 2 crossover RCTs.

Qualitative analysis

Eight of the 28 articles assessed antioxidant supplements (9-
16). Four articles evaluated folic acid and/or zinc (17-20), 2
articles evaluated omega-3 fatty acid supplements (21, 22), 5
articles assessed coenzyme Q10 (CoQ10) supplements (23—
27), 3 assessed carnitines (28-30), and 6 assessed some other
dietary supplements (31-36). All the studies evaluated had
sperm parameters and quality as study outcomes (Table 1).

Antioxidant supplements. The vast majority of the RCTs
were conducted with the use of antioxidants or cocktails of
antioxidants. The studies included in the qualitative analysis
are shown in Table 1 (9-16).

Selenium supplements were tested in 3 studies (9, 10, 12).
Whereas Hawkes et al. (9) reported that supplementation
with 300 pg Se/d had no effect on conventional sperm
parameters or serum hormones, Scott et al. (12) reported
that 100 pg Se/d for 3 mo improved sperm motility and
increased the chance of conception, and Safarinejad and
Safarinejad (10) reported that 200 ng Se/d for 6 mo improved
semen volume, total sperm count and concentration, and
morphology. In the study by Scott et al. (12), adding vitamin
C and vitamin E to the supplement had no synergic effect
on these semen parameters. In the study by Safarinejad and
Safarinejad (10), adding N-acetyl cysteine to the selenium
supplement improved these parameters but also affected
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certain sex hormones, increasing testosterone, luteinizing
hormone (LH), and inhibin B and decreasing follicle-
stimulating hormone (FSH).

No effect on conventional semen parameters and sex
hormones has been demonstrated with the use of vitamin E
or vitamin C + E supplementation (11, 13, 15), except in 1
RCT (14) in which the administration of 300 mg vitamin E
significantly improved sperm motility after 6 mo. However,
an improvement in fecundity capacity was reported with
the use of the zona binding test after 3 mo of vitamin E
supplementation (13) in sperm DNA fragmentation indexes
after 2 mo of vitamin C + E supplementation (15) and in
pregnancy rates after 3 mo of vitamin E supplementation
(14).

Finally, supplementation for 12 wk with 600 mg «-lipolic
acid improved total sperm count, concentration, and motility
(progressive motility) but had no effect on semen volume,
sperm vitality, or morphology (16).

Folic acid and zinc. Four studies investigated the effects
of folic acid and/or zinc supplements on different semen
variables (Table 1). Although the main conclusions are
controversial, some of the results are worth emphasizing.
Whereas the intake of folic acid + zinc sulfate led to
improvements in sperm concentration (17, 18) and mor-
phology (18), isolated folic acid or zinc supplementation
improved other sperm-related parameters. Specifically, im-
provements in sperm chromatin integrity indexes (19) or
sperm concentration, sperm motility, sperm integrity mem-
brane through the hypo-osmotic swelling test, fertilizing
capacity, conception, and pregnancy (20) were reported
after supplementation with zinc sulfate in infertile patients
with idiopathic oligoasthenoteratozoospermia (iOAT) and
asthenozoospermia, respectively. Also, an improvement in
sperm morphology was demonstrated after supplementation
with folic acid (5 mg/d) in subfertile healthy patients (18).

-3 Fatty acids. Two parallel-group RCTs (Table 1) evalu-
ated the effect of w-3 fatty acid supplementation on sperm
parameters (21, 22).

Supplementation with DHA + EPA (990 mg/d and
135 mg/d, respectively) for 10 wk demonstrated no effect on
sperm parameters but improved SDF (21). Although supple-
mentation with higher amounts of DHA + EPA (0.72 g/d
and 1.12 g/d, respectively) led to significant improvements
in total sperm count and concentration, sperm motility, and
morphology, it had no effect on semen volume or serum sex
hormone concentrations (22).

CoQ10. Interms of intervention (3-6 mo in length and 200-
300 mg of supplementation/d), the most homogeneous group
of studies are those that used CoQ10 (see Table 1) (23-27).
The 2 articles by Nadjarzadeh et al. (23, 25) are considered as
1 study.

Studies testing the effect of supplementation with CoQ10
for a moderate-to-short-term intervention period (<3 mo)
reported no effect on conventional sperm parameters

(23, 25). On the other hand, RCTs that explored the effects
after 6 mo of intervention reported improvements in classical
sperm parameters such as sperm motility (26), total sperm
count and concentration (24), and morphology (27). The
2 studies by Safarinejad et al. (24, 27) also described
a peripheral increase in the inhibin-B hormone and a
reduction in LH and FSH after CoQ10 supplementation. A
reduction in acrosome-reacted spermatozoa in the ejaculate
(an important parameter in the fecundation process) was also
observed by Safarinejad (27) in 20009.

Carnitines. Three RCT studies with carnitines are summa-
rized in Table 1 (28-30).

The administration of all types of isolated carnitines, such
as L-acetyl carnitine (LAC), L-carnitine (LC), or complexes
of both carnitines (LAC and LC), has been shown to increase
sperm motility (28-30). Supplementation with between 2
and 3 g LC/d improved sperm concentration (30) and
morphology (28). Finally, in the aforementioned study (28),
1 g LAC/d also improved sperm concentration, but no effect
of carnitine intake on semen volume was reported in any of
these studies.

Dietary supplements.  Table 1 summarizes the effects of
several dietary supplements on sperm parameters (31-36).

In idiopathic oligoasthenoteratozoospermic patients, im-
provements in semen volume; total sperm count, concen-
tration, progressive motility, and morphology; and levels
of FSH, LH, and testosterone were reported after 6 mo
supplementation with 1 Flortec capsule/d (Lactobacillus
paracasei B21060 5 x 10° CFUs/d + arabinogalactan 1243
mg/d + oligo-fructosaccharides 700 mg/d + L-glutamine
500 mg/d) (31).

After 3 mo supplementation with 4 g myoinositol/d,
total sperm count and concentration, progressive motility,
and testosterone levels increased and acrosome-reacted
spermatozoa, LH, and FSH levels decreased (32).

Supplementation with Menevit, a complex enriched with
many antioxidants (lycopene 6 mg/d, vitamin E 400 IU/d,
vitamin C 100 mg/d, zinc 25 mg/d, selenium 26 pg/d, folate
0.5 mg/d, garlic 1 g/d, and palm oil), had no effect on any
conventional parameter (36).

Nigella sativa was tested (33). After the intervention with
this herb, improvements in several seminogram parameters
in the ejaculate (including semen volume and pH, sperm
concentration, motility, sperm morphology, and semen
round cells) were reported.

One RCT that used saffron (Crocus sativus), an ancestral
herbal remedy traditionally thought to improve semen
parameters, as a supplement showed that consuming 60 mg
of saffron/d for 26 wk had no effect on conventional sperm
parameters or serum hormones (35).

To the best of our knowledge, the only food that has
been tested in an RCT was walnuts (34). This study showed
that consuming 75 g of raw walnuts/d in the context
of a Western-style diet improved sperm motility, sperm
vitality, and morphology in healthy individuals but that

Diet and male fertility: a meta-analysis of RCTs 841



Sperm concentration

Experimental Control Mean difference, 95% Cl, in number of
Study participants participants Weight Mean difference [95% CI] spermatozoa (10°)
Scottetal. (12) 16 16 0.10% 6.10 [20.01,32.21]
Hawkes etal. (9) 22 20 0.30% 6.00[961,2161]
Safarinejad et al. (10) 105 106 99.60% 3.90[3.07, 4.73] | ]
Total (95% CI) 143 142 100.0% 3.91[3.08,4.73] '

Heterogeneity: Chiz=0.10,df=2 (P =0.95); P=0%
Test for overall effect: Z=9.29 (P <0.001)

Sperm total mofility

-50 -25 0 25 50

Favors [control] Favors [experimental]

Experimental Control Mean difference, 95% Cl, in percentage of total
Study participants  participants Weight Mean difference [95% CI] motile spermatozoa (%)
Scottetal. (12) 16 18 0.10% 11.40 [-2.36, 25.16]
Safarinejad et al. (10) 105 106 99.80% 3.30[2.95,365]
Hawkes et al. (9) 22 20 0.10% -2.00[-11.64,7.64] —_—
Total (95% CI) 143 144 100.0% 3.30 [2.95,3.65] |

Heterogeneity: Chiz=2.49, df=2 (P =0.29); P =20%
Test for overall effect: Z=18.59 (P <0.001)

Sperm morphology (normal forms)

-50 .25 0 25 50

Favors [control] Favors [experimental]

Experimental Control Mean difference, 95% CI, in percentage of normal
Study participants  participants Weight Mean difference [95% CI] form spermatozoa (%)
Safarinejad et al. (10) 105 106 97.70% 1.90[1.53,2.27] E B
Hawkesetal. (9) 22 20 2.30% 070[-1.74,3.14]
Total (95% CI) 127 126 100.0% 1.87 [1.50,2.24] <>
Heterogeneity: Chiz=0.91,df=1 (P =0.34); F=0% #4 !2 5 % ‘i

Test for overall effect: Z=9.97 (P <0.001)

Favors [control] Favors [experimental]

FIGURE 1 MDs and 95% Cls for the effects of selenium supplements on sperm concentration, sperm total motility, and sperm
morphology. The forest plots of the studies use generic-inverse variance and a fixed-effects estimate method. The points for each study
indicate the MD, the size of the boxes indicates the weight of the study, and the horizontal lines indicate the 95% Cl for each study. The
bold data represent the total number of participants for all studies, and the diamond represents the pooled MD. MD, mean difference.

supplementation with walnuts had no effect on semen
volume, sperm concentration, or aneuploidy index.

Quantitative analysis

The relatively high number of RCTs that have used selenium,
zing, folic acid, w-3, CoQ10, and carnitines as supplements
and the homogeneity between them led us to conduct a meta-
analysis to test the effect of these supplements on various
sperm outcomes.

Selenium. Data from 3 studies have been meta-analyzed.
Supplementation of 100-300 pg Se/d for between 3 and
11 mo improved (MD; 95% CI) sperm concentration
[3.91 x 10° spermatozoa (spz)/mL; 3.08, 4.73 spz/mlL;
P < 0.001], total motility (3.30%; 2.95%, 3.65%; P < 0.001),
and morphology (1.87%; 1.50%, 2.24%; P < 0.001) (Figure
1). Interstudy heterogeneity was nonsignificant (I> < 20,
P> 0.1).

Zinc. Analyzing data from 3 studies, the present study found
that 66-500 mg Zn supplementation/d for 3-6 mo improved
(MD; 95% CI) sperm concentration (1.48 x 10° spz/mL;0.69,
2.27 spz/mL; P < 0.001) and total motility (7.03%; 6.03%,
8.03%; P < 0.001) (Figure 2). Interstudy heterogeneity was
nonsignificant (> < 1, P > 0.1).

Folic acid. Data from 2 studies with folic acid have been

meta-analyzed (Supplemental Figure 2). Supplementation
with 5 mg folic acid/d for 3-6 mo did not improve sperm

842 Salas-Huetos et al.

concentration, total motility, or morphology in fertile and
subfertile participants (I = 0, P > 0.1).

-3 Fatty acids. Administration of a supplement containing
1 g DHA/d and 1 g EPA/d for 10-32 wk improved (MD;
95% CI) total sperm count (18.70 x 10° spz; 16.89, 20.51
spz; P < 0.001), sperm concentration (10.98 x 10° spz/mL;
10.25,11.72 spz/mL; P < 0.001), total motility (7.55%; 7.09%,
8.01%; P < 0.001), and morphology (0.91%; 0.69%, 1.13%;
P < 0.001) (Figure 3). There was evidence of considerable
and significant heterogeneity between the 2 meta-analyzed
studies (I* > 90, P < 0.001).

CoQ10. Analyzing data from 4 RCTs, the present study
found that supplementation with 200-300 mg CoQ10/d
for 3-6 mo improved (MD; 95% CI) total sperm count
(10.15 x 10° spz; 8.34, 11.97 spz; P < 0.001), sperm concen-
tration (5.93 x 10° spz/mL; 5.36, 6.51 spz/mL; P < 0.001),
sperm total motility (5.30%; 4.98%, 5.62%; P < 0.001), and
morphology (1.06%; 0.72%, 1.41%; P < 0.001) (Figure 4).
The effect on sperm progressive motility had substantial
interstudy heterogeneity (I>= 65%, P = 0.09), and there
was considerable interstudy heterogeneity for other sperm
parameters (I*> 89%, P < 0.001). The 2 articles by
Nadjarzadeh et al. (23, 25) were computed as 1 study.

Carnitines. Data from 3 studies have been meta-analyzed.
Supplementation with 3 g LC/d and 1 g LAC/d for 2-6
mo significantly improved (MDj; 95% CI) sperm progressive



Sperm concentration

Experimental Control Mean difference, 95% CI, in number of
Study partici participants Weight Mean difference [95% CI] spermat: (10%)
Omuetal. (20) 49 48 98.50% 1.50[0.71,2.29] ]
Wongetal. (19)a 23 25 0.10% 3.00[-23.84,29.84] —_—
Wongetal. (19)b 23 25 0.00% 20.50[-50.44,91.44]
Raiganietal. (17) 24 18 1.40% -0.20 [-6.86, 6.46] -1
Total (95% CI) 119 116 100.0% 1.48 [0.69,2.27]
Heterogeneity: Chi2=0.54, df=3 (P =0.91); F=0% ' t t {
Test for overall effect: Z = 3.69 (P < 0.001) -100 -0 o 50 100
Footnotes Favors [control] Favors [experimental]
a. Subfertile
b. Fertile
Sperm total motility
Experimental Control Mean difference, 95% Cl,in percentage of total
Study participants  participants Weight Mean difference [95% CI] motile spermatozoa (%)
Omuetal. (20) 49 48 98.50% 7.13[6.13,8.14] .
Wongetal. (19)a 23 25 0.20% 5.00[-17.42,27.42] —_—
Wongetal. (19)b 23 25 0.20% -3.00 [-2365, 17.65] —
Raiganietal. (17) 24 18 1.10% 0.00[-9.61,9.61] —
Total (95% CI) 119 116 100.0% 7.03[6.03,8.03] ]
Heterogeneity: Chiz=3.03,df=3 (P =0.39); F=1% _550 25 255 56
Test for overall effect: Z=13.78 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a. Subfertile
b. Fertile
Sperm morphology (normal forms)
Experimental Control Mean difference, 95% Cl, in percentage of normal
Study participant: participants Weight Mean difference [95% CI] form spermatozoa (%)
Wongetal. (19)a 23 25 15.00% -1.00[4.84,284] +
Wongetal. (19)b 23 25 58.00% 0.00[-1.95, 1.95]
Raigani etal. (17) 24 18 27.00% 0.00 [-2.86, 2.86]
Total (95% Cl) 70 68 100.0% -0.15 [1.64, 1.34]

Heterogeneity: Chi?=0.22,df=2 (P =0.90); P=0%
Test for overall effect: Z=0.20 (P =0.84)

Footnotes

a. Subfertile

b. Fertile

4 " " s
t t t + +

-4 -2 0 2 4

Favors [control] Favors [experimental]

FIGURE2 MDs and 95% Cls for the effects of zinc supplements on sperm concentration, sperm total motility, and sperm morphology.
The forest plots of the studies use generic-inverse variance and a fixed-effects estimate method. The points for each study indicate the
MD, the size of the boxes indicates the weight of the study, and the horizontal lines indicate the 95% Cl for each study. The bold data
represent the total number of participants for all studies, and the diamond represents the pooled MD. MD, mean difference.

motility (4.80%; 3.32%, 6.28%; P < 0.001), total motility
(4.82%; 3.30%, 6.34%; P < 0.001), and morphology (2.98%;
1.10%, 4.87%; P = 0.002) (Figure 5). Except for sperm
concentration, where homogeneity was very high (I* = 9%,
P =0.33), there was evidence of considerable and significant
heterogeneity between the studies for the motility and
morphology parameters (I* > 90, P < 0.001).

Discussion

This systematic review of RCTs provides the most wide-
ranging analysis to date for the effects of nutrients, sup-
plements, or foods on sperm quality parameters. The
meta-analysis included in the review revealed a significant
beneficial effect on total sperm count from supplementa-
tion with @-3 and CoQ10; on sperm concentration from
supplementation with selenium, zinc, w-3, and CoQ10; on
sperm motility from supplementation with selenium, zinc,
-3, CoQ10, and carnitines; and on sperm morphology from
supplementation with selenium, w-3, CoQ10, and carnitines.
The review suggests that some dietary supplements may help
to modulate male fertility.

Different underlying mechanisms could explain these
results and therefore deserve comment. Oxidative stress (OS)
is identified as one of the main mediators of male infertility.
It causes sperm dysfunctions and is related to increased

cellular damage triggered by ROS. This occurs naturally
in sperm cells because high levels of sperm motility, in
the case of the hyperactivation required in zona-pellucida
binding, induce ROS (37). However, high levels of ROS were
also strongly correlated with sperm DNA damage and low
percentages of sperm motility (38), among other sperm-
related outcomes. The ROS-DNA-damage sperm motility
pathway may also act in the opposite direction, i.e., DNA
damage induces ROS through the H2AX (H2A histone
family, member X)-HoxIl [NAD(P)H oxidase]/Racl (Rac
Family Small GTPase 1) pathway (39). In this scenario, the
equilibrium between antioxidants and ROS may be key for
achieving better sperm quality (mainly in terms of sperm
motility, vitality, and DNA damage). This is why most of
the RCTs in the literature tested antioxidant supplements in
order to balance OS. Some supplements (vitamin E and zinc)
proved beneficial for increasing the live birth rate in couples
with male or unexplained subfertility and some (certain
carnitine supplements) proved beneficial for increasing the
pregnancy rate. Other supplements had no beneficial effects
in this regard (40).

The main antioxidants tested as supplements with a
positive effect on sperm quality parameters were selenium
and zinc. On one hand, selenium is essential for the normal
spermatogenesis of mammals and plays a pivotal role in
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Sperm count

Experimental Control

Mean difference, 95% CI, in number of

Study, Year participants _ participants Weight Mean difference [95% Cl] sper (101
Safarinejad et al. (22) 106 105 91.80% 20.20 [18.31, 22.09] [ ]
Martinez-Soto et al. (21) 32 25 8.20% 1.90 [-4.42, 8.22] ——
Total (95% ClI) 138 130 100.0% 18.70 [16.89, 20.51] +
Heterogeneity: Chi? = 29.55, df =1 (P <0.001); = 97% - g 3 P ™
Test for overall effect: Z=20.25 (P <0.001)
Favors [control] Favors [experimental]
Sperm concentration
Experimental Control Mean difference, 95% CI, in number of
Study, Year participants  participants Weight Mean difference [95% CI] spermatozoa (10°)
Safarinejad et al. (22) 106 105 81.90% 11.70[10.89, 12.51]
Martinez-Soto et al. (21) 32 25 18.40% 7.801[6.09, 9.51] —.—
Total (95% CI) 138 130 100.3% 10.98 [10.25, 11.72]
Heterogeneity: Chiz=16.31,df =1 (P <0.001); I = 94% 7250 7140 750 240
Test for overall effect: Z=29.37 (P <0.001)
Favors [control] Favors [experimental]
Sperm total motility
Experimental Control Mean difference, 95% CI, in percentage of total
Study, Year participants  participants Weight Mean difference [95% CI] motile spermatozoa (%)
Safarinejad et al. (22) 106 105 83.10% 8.50[7.99,9.01]
Martinez-Soto et al. (21) 32 25 16.90% 2.90[1.78, 4.02] -
Total (95% ClI) 138 130 100.0% 7.55[7.09, 8.01] +
Heterogeneity: Chi2=79.64, df=1 (P < 0.001); 2= 99% _520 -1:0 5 110 250
Test for overall effect: Z=32.12 (P <0.001)
Favors [control] Favors [experimental]
Sperm morphology (normal forms)
Experimental Control Mean difference, 95% Cl, in percentage of normal
Study, Year participants _ participants Weight Mean difference [95% CI] form sper (%)
Safarinejad et al. (22) 106 105 81.00% 5.20 [4.69,5.71]
Martinez-Soto et al. (21) 32 25 19.00% -0.10 [-0.34, 0.14] -
Total (95% ClI) 138 130 100.0% 0.91[0.69, 1.13] ‘
Heterogeneity: Chi? = 341.77, df =1 (P < 0.001); ?=100% _51 0 5 3 5 16

Test for overall effect: Z=8.07 (P <0.001)

Favors [control] Favors [experimental]

FIGURE 3 MDs and 95% Cls for the effects of w-3 fatty acid supplements on total sperm count, sperm concentration, sperm total
motility, and sperm morphology. The forest plots of the studies use generic-inverse variance and a fixed-effects estimate method. The
points for each study indicate the MD, the size of the boxes indicates the weight of the study, and the horizontal lines indicate the 95% Cl
for each study. The bold data represent the total number of participants for all studies, and the diamond represents the pooled MD. MD,

mean difference.

increasing glutathione peroxidase-1 expression and activity,
which, in turn, destroys hydrogen peroxide molecules (41).
On the other hand, zinc is also an antioxidant element with
a membrane-stabilizing activity by inhibiting membrane-
bound oxidative enzymes such as NAD(P) oxidase (42). A
recent meta-analysis showed that the zinc content in the
seminal plasma of infertile males was significantly lower
than those of normal males, which indicates that zinc
supplementation may significantly increase the sperm quality
of infertile males (43). The present meta-analysis of RCTs
in humans that used zinc and selenium as supplements
reinforces this hypothesis. However, no consistent beneficial
effects of other antioxidants, including folic acid, have been
demonstrated.

w-3 PUFAs are fatty acids with anti-inflammatory and
antioxidant properties potentially modifying cell membrane
composition and functionality. The mechanism by which w-3
(and w-6) PUFAs can affect spermatogenesis is their incor-
poration into the spermatozoa cell membrane. It has been
demonstrated that the successful fertilization of spermatozoa
depends on the lipid composition of the spermatozoa
membrane (44). In line with this finding, the present RCT
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meta-analysis shows positive effects on sperm concentration
after supplementation with -3 PUFAs. However, other
RCTs conducted in large samples of participants are needed
in order to definitively endorse the beneficial effect of
-3 supplementation on sperm motility and pregnancy
indicators.

CoQ10 is also an antioxidant molecule with a central
role in the electron-transport system. As Balercia et al. (26)
and Safarinejad (27) pointed out, CoQ10 inhibits organic
peroxide formation in seminal fluid and may therefore
reduce sperm-cell OS. In the last 2 decades, interest in
this molecule as a supplement for treating infertile men
and fecundability has grown. In a meta-analysis conducted
in 2013 by Lafuente et al. (45) and in the present review,
an overall improvement was shown in sperm parameters
but not in live birth or pregnancy rates (45). However,
high heterogeneity between the studies was reported, which
indicates that more and larger studies are needed before
supportive recommendations can be made.

The lack of clear effects of antioxidant supplements on
sperm parameters in some of the studies included in our
systematic review can be explained by the amount/dose of



Sperm count

Experimental Control Mean difference, 95% ClI, in number of
Study participants participants Weight Mean difference [95% CI] spermatozoa (10°)
Safarinejad (27) 98 96 57.80% 450[2.11,6.89] -
Safarinejad et al. (24)a 96 95 42.20% 17.90[15.10,20.70] —
Total (95% Cl) 194 191 100.0% 10.15 [8.34,11.97] L 2
Heterogeneity: Chiz=50.98, df =1 (P <0.001); 12=98% 20 »110 : 1:D 2:'J
Test for overall effect: Z=10.96 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a. End-of-treatment derived values
Sperm concentration

Experimental Control Mean difference, 95% Cl, in number of
Study participant: participants Weight Mean difference [95% CI] spermatozoa (10°)
Safarinejad (27) 98 96 57.80% 1.80 [1.04, 2.56]
Balercia et al. (26) 28 27 0.60% 237[527,1001] —_—
Nadjarzadehetal. (23,25) 23 24 1.00% 4.90[0.89, 10.69] -
Safarinejad et al. (24)a 96 95 40.60% 11.90 [11.00, 12.80] -
Total (95% Cl) 245 242 100.0% 5.93 [5.36, 6.51] ¢
Heterogeneity: Chi2 =283.54,df=3 (P <0.001); F=99% _120 _1=0 ) 110 2=0
Test for overall effect: Z=20.22 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a. End-of-treatment derived values
Sperm progressive motility

Experimental Control Mean difference, 95% CI, in percentage of
Study partici participants Weight Mean difference [95% CI] progressive motile spermatozoa (%)
Balercia et al. (26) 28 27 95.90% -0.58[-1.88,0.72]
Nadjarzadehetal. (23,25) 23 24 4.10% 4.95[137,11.27]
Total (95% CI) 51 51 100.0% -0.35[-1.63,0.92]
Heterogeneity: Chi*=2.82,df=1 (P =0.09); P=65% t + T p +
Test for overall effect: Z = 0.59 (P =0.62) 20 -10 0 10 20

Favors [control] Favors [experimental]

Sperm total mofility

Experimental Control Mean difference, 95% Cl, in percentage of total
Study partici participants Weight Mean difference [95% CI] motile spermatozoa (%)
Safarinejad (27) 98 96 1.60% 1.50[1.07, 1.93] —t—
Balerciaet al. (26) 28 27 55.20% -0.70[-3.22,1.82] | ]
Nadjarzadehetal. (23,25) 23 24 0.20% 5.24 [2.06, 12.54] —
Safarinejadetal. (24)a 96 95 43.00% 10.40[9.91, 10.89] |
Total (95%CI) 245 242 100.0% 5.30 [4.98,5.62] '
Heterogeneity: Chi2=749.27,df=3 (P <0.001); P=100% _50 -1'lu 140 250
Test for overall effect: Z=32.65 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a. End-of-treatment derived values
Sperm morphology (normal forms)

Experimental Control Mean difference, 95% CI, in percentage of normal
Study participants  participants Weight Mean difference [95% CI] form spermatozoa (%)
Safarinejad, (27) 98 96 2.90% 0.90 [0.51,1.29]
Balercia et al. (26) 28 27 76.80% 091[2.92,1.10] -
Nadjarzadehetal. (23,25) 23 24 4.30% -1.12[2.76,052] —
Safarinejadetal. (24)a 96 95 16.00% 2.80[1.95,365] —_—
Total (95% Cl) 245 242 100.0% 1.06 [0.72, 1.41] L 4
Heterogeneity: Chiz=27.10, df = 3 (P < 0.001); I?=89% 4 2 B 2 i

Test for overall effect: Z=6.12 (P <0.001)

Footnotes
a. End-of-treatment derived values

Favors [control] Favors [experimental]

FIGURE4 MDs and 95% Cls for the effects of coenzyme-Q10 supplements on total sperm count, sperm concentration, sperm
progressive motility, sperm total motility, and sperm morphology. The forest plots of the studies use generic-inverse variance and a
fixed-effects estimate method. The points for each study indicate the MD, the size of the boxes indicates the weight of the study, and the
horizontal lines indicate the 95% Cl for each study. The bold data represent the total number of participants for all studies, and the
diamond represents the pooled MD. The 2 articles by Nadjarzadeh et al. (23, 25) are computed as 1 study. MD, mean difference.

antioxidant used, because long-term treatments with larger
amounts of phenolic or other antioxidant compounds have
proven to have pro-oxidant effects. In addition, the low
amount/dose of antioxidants used in these studies may have
been unable to beneficially affect sperm parameters (46, 47).

Majzoub and Agarwal (48) conducted a narrative review
in relation to studies that used antioxidants in iOAT and
concluded that additional randomized controlled studies are
required to confirm the efficacy and safety of antioxidant
supplementation in the medical treatment of idiopathic male
infertility, as well as the dosage required to improve semen

parameters, fertilization rates, and pregnancy outcomes in
iOAT.

The present study shows that carnitine supplementation
also has certain beneficial effects on spermatozoa motility
and morphology, although there was also considerable
heterogeneity between the 3 studies meta-analyzed. LC and
LAC play important roles in sperm metabolism by providing
immediate available energy for use by spermatozoa, which
positively affects sperm motility, the spermatogenic process,
and maturation (49). In addition, carnitines are involved
in the transportation of long-chain fatty acids into the
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Sperm concentration

Experimental Control Mean difference, 95% Cl, in number of
Study participants participants Weight Mean difference [95% CI] spermatozoa (10°)
Lenzietal. (30)a 86 86 6.50% 3701096, 18.36]
Lenzietal. (29)b 30 26 55,50% 2.03[-7.06,3.00] —_—
Balercia et al. (28) ¢ 44 45 38.00% 367[-2.41,9.75] _—
Total (95% Cl) 160 157 100.0% 0.51 [3.24, 4.26] ?
Heterogeneity: Chi®=2.20,df=2 (P =0.33); F=9% =0 7o 3 5 2
Test for overall effect: Z=0.27 (P =0.79)
Footnotes Favors [control] Favors [experimental]
a. LC; imputated SE: crossover design
b. LC+LAC
c. Pooled intervention arms
Sperm progressive motility

Experimental Control Mean difference, 95% Cl, in percentage of
Study participants participants Weight Mean difference [95% CI] progressive motile spermatozoa (%)
Lenzietal. (30)a 86 86 63.80% 2.50[0.64, 4.36) s
Lenzietal. (29)b 30 26 12.40% 1.18[-3.02, 5.38] R
Balercia et al. (28) ¢ 44 45 23.80% 12.85[9.81, 15.88] ——
Total (95% Cl) 160 157 100.0% 4.80 [3.32, 6.28] L 4
Heterogeneity: Chiz=35.77,df = 2 (P <0.001); 12=94% 20 10 ) 140 25
Test for overall effect: Z=6.35 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a. LC; imputated SE; crossover design
b. LC+LAC
c. Pooled intervention arms
Sperm total mofility

Experimental Control Mean difference,95% Cl, in percentage of total
Study participants  participants Weight Mean difference [95% CI] motile spermatozoa (%)
Lenzietal (30)a 86 86 67.60% 2.20[0.35, 4.05] -
Lenzietal. (29)b 30 26 12.50% 1.47[-2.84,5.78] ———
Balercia etal. (28)c 44 45 19.90% 15.82 [12.41,19.23] R
Total (95% CI) 160 157 100.0% 4.82[3.30,6.34] L 4
Heterogeneity: Chi?=49.94, df =2 (P < 0.001); 1?=96% _250 _1f0 ) 150 250
Test for overall effect: Z=6.21 (P <0.001)
Footnotes Favors [control] Favors [experimental]
a.LC; imputated SE; crossover design
b.LC+LAC
c. Pooled intervention arms
Sperm morphology (normal forms)

Experimental Control Mean difference, 95% CI, in percentage of normal
Study participants  participants Weight Mean difference [95% CI] form spermatozoa (%)
Lenzietal. (29)a 30 26 36.10% 303[6.17,0.11] R —Y
Balercia et al. (28) b 44 45 63.90% 6.37 [4.02, 8.73] — -
Total (95% Cl) 74 71 100.0% 2.98[1.10,4.87] >
Heterogeneity: Chiz=22.06, df =1 (P <0.001); 12=95% xn + 5 t i

Test for overall effect: Z=3.10 (P =0.002)
Footnotes

a. LC+LAC

b. Pooled intervention arms

Favors [control] Favors [experimental]

FIGURE5 MDs and 95% Cls for the effects of carnitine (LC, LAC, or LC 4 LAC) supplements on sperm concentration, sperm progressive
motility, sperm total motility, and sperm morphology. The forest plots of the studies use generic-inverse variance and a fixed-effects
estimate method. The points for each study indicate the MD, the size of the boxes indicates the weight of the study, and the horizontal
lines indicate the 95% Cl for each study. The bold data represent the total number of participants for all studies, and the diamond
represents the pooled MD. LAC, L-acetyl carnitine; LC, L-carnitine; MD, mean difference.

mitochondrial matrix for 8-oxidation and exert antioxidant
activity by increasing the expression of antioxidant enzymes
(28). Finally, although studies with food extracts or botanic
extracts may be of potential interest for fertility modulation,
these types of supplements are outside of the scope of the
present review and meta-analysis, and therefore these RCTs
have not been included.

Strengths and limitations

Certain limitations of the present study should be acknowl-
edged. The search strategy was limited to the MEDLINE-
PubMed database or hand-searching and did not include
other databases (e.g., EMBASE). Although our search strat-
egy included a broad number of search terms, and the
use of the most relevant scientific database combined with
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hand-searched reference lists, it is possible (although also
improbable) that not all relevant publications were identified.
It is also important to point out that, because few studies
were included in the meta-analysis (<10 articles meta-
analyzed/group), we were unable to assess the across-studies
ROB with a post hoc analysis. Also, in the present meta-
analysis considerable interstudy heterogeneity was observed
for most outcomes, but this could not be explored with
subgroup analysis because of the few studies included. It is
therefore difficult to draw strong conclusions or to make
evidence-based recommendations. Unfortunately, in our
analyses we did not control for the background diet and/or
any dietary changes that occurred during the intervention
in most of the included RCTs. Indeed, whether the changes
observed in some fertility parameters can be explained by



changes in the intervention diet remains to be elucidated,
thus decreasing the level of scientific evidence derived from
these studies. Furthermore, a potential source of bias could be
derived from the fact that the studies included in this review
did not report information about background medication
and/or changes in medication during the trial. However,
this is probably irrelevant because most of the studies were
conducted in healthy young populations rarely receiving
medication. The subfertile populations were heterogeneous
and had different phenotypes (e.g., asthenozoospermic,
oligoasthenozoospermic, or oligoasthenoteratozoospermic
participants; patients with idiopathic infertility who attended
infertility clinics). It is difficult, therefore, to generalize
the results to other phenotypes of populations. Another
limitation relates to judging the biological significance of the
improvements observed in some sperm parameters because
their effects on fertility need to be confirmed with other
studies. Finally, in some studies, neither the manufacture
reliability of the supplements used nor their bioavailability
are clearly explained, making interpretation of the findings
difficult.

The main strengths of the present study include its
multistage design with multiauthor validation, the evaluation
of ROB, and the possibility of replicating the systematic
review and meta-analysis with the same system. Finally, the
age range of the populations studied is quite low (18-52 y)
and corresponds to the main male reproductive age.

Conclusions

This systematic review and meta-analysis of RCTs provides
the most wide-ranging analysis to date of the effects of
nutrients, supplements, and food on sperm quality param-
eters. The present study concludes that diet supplementation
with certain antioxidants, especially selenium, zinc, w-3 fatty
acids, CoQ10, and carnitines, and certain foods rich in
these supplements can beneficially modulate sperm quality
parameters and affect male fertility. The small number of
studies that have tested similar supplements, the small sample
sizes included in those studies, and the high degree of
interstudy heterogeneity across outcomes mean that further
research may lead to a change in the effect estimates outlined
in this meta-analysis. More RCTs with larger samples and
clear inclusion/exclusion criteria are needed in future to
test how these types of supplements affect not only sperm
parameters but also fecundability.
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