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Content: Dietary supplements (DS) for male infertility marketed in Italy were evaluated for
composition, concentration of ingredients, and recommended daily dose. A systematic
review of literature identified ingredients potentially effective on sperm parameters and
their minimal effective daily dose (mED).

Objective: This study was conducted in order to critically evaluate the composition and
efficacy of DS marketed in Italy.

Design, Setting, and Participants: This was a systematic review of randomized
controlled trials.

Evidence Acquisition: A formula allowed us to classify the expected efficacy of each DS,
based on composition. Each DS was scored and included into three classes of expected
efficacy: high, low, and none.

Evidence Synthesis: Among 24 supplements, 3 (12.5%) fall in high, 9 (37.5%) in lower,
and 12 (50.0%) in no expected efficacy class. DS composition showed 36 substances, 18
with no literature on male fertility and 18 showing positive effect on sperm parameters,
thus considered potentially active ingredients (PAI). All DS were mixtures of ingredients,
containing from 2 to 17 different substances. Fifteen supplements (65.2%) contained at
least 1 ingredient without evidence of efficacy and 21 formulations had PAI dosed below
mED. Some PAI were associated to the improvement of specific sperm parameters.

Conclusions: DS were usually blends of many substances that are frequently employed
at negligible dose or without any evidence of efficacy on male reproduction. Some
ingredients have been demonstrated to be effective on specific sperm parameters by
RCTs. We report a list of ingredients with potential efficacy on specific sperm parameters,
aimed to allow a tailored use of DS.
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Patient Summary: The market of DS for male infertility offers products with potential
efficacy in the improvement of sperm parameters but also many with uncertain effects.
Based on current scientific literature, our study can help in the choice of DS that are more
likely to be effective on specific sperm alterations, so providing the best supplementation
for each patient.
Keywords: fertility, male reproduction, nutraceuticals, semen parameters, supplements
INTRODUCTION

Male factor infertility accounts the most varied and multifactorial
causes (1, 2). Besides idiopathic infertility (up to 25% of cases),
organic causes range from genital tract infections/inflammation,
hormonal alterations, varicocele, andgenetic problems (3–5).Many
recent studies emphasized the role of other risk factors such as
incorrect lifestyles, malnutrition, and abuse substances (6, 7). The
hypothesis is that these conditions, inducing an elevation of radical
oxygen and nitrogen species, might impair spermatogenesis, both
directly, through an alteration of a redox status, and indirectly,
interfering with the hypothalamic–pituitary–testicular axis (8–10).
A recent survey performed by American urologists on clinical
practice in the treatment of idiopathic male infertility showed
that 64.9% of caregivers use dietary supplements (DS),
empirically in the face of a lack of recommendations on the
guidelines for the use of these products (11). The European Food
Safety Authority (EFSA) stated that “supplements aren’t intended
to treat or prevent diseases in humans or to modify physiological
functions, but only to support specific physiological functions” (12).
Anyway, all meta-analyses and guidelines citing the use of DS
for male infertility advise to carefully evaluate the causes of
infertility, as well as to accurately assess nutritional status (11, 13).

The term “nutraceutical” is not defined by law and products
that fall into this category are mainly contained in the DS (14,
15). In recent years, a growing use of nutraceutical products has
been recorded among men seeking fertility or complaining other
andrological problems (16, 17). DS are widely available on the
market, even if a proven efficacy has not yet been demonstrated
for most of them. Despite many authors showing the positive
effects of some substances on semen parameters and fertility
outcomes (18–20), many others reported the lack of efficacy and
even potential side effects (16, 20). We recently summarized the
state-of-the-art of single ingredients currently present in the DS
marketed to improve sperm parameters (17). The main
conclusion was that some DS were mixtures of ingredients
with uncertain or unreported benefits and contained
substances with very low dosage.

Despite these attempts to clarify the specific role of each
ingredient, several confounding factors make difficult and still
empirical the choice of the proper formulation for each patient at
the right time, in a perspective of personalized medicine. This is
due to several issues: i) prescribers rarely know the nutritional
state of the patient before administering a nutraceutical product;
ii) it is still unclear which infertile patient may have beneficial
effects from nutraceutical substances; iii) many supplements are
n.org 2
available as mixtures of different substances, confounding the
effects of individual components; iv) in different products, the
same substance is often present at different doses; and
vi) patients who are likely to have a condition of oxidative
stress could find benefit from the use of substances with an
antioxidant effect.

However, it still incompletely known which molecule reaches
the testis, at which dose, and sometimes the molecular
mechanism of action (21).

The aim of this study was to evaluate the potential efficacy of
each DS using an adapted version of the scoring system by the
American Heart Association. In particular, the effect of any
ingredients was evaluated according to semen alterations.
EVIDENCE ACQUISITION

Systematic Review of Literature
We performed the present review following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement (22).

On the website of the Italian Ministry of Health, we found 23
supplements marketed for male infertility (23). Two investigators
(GP and GG) performed a systematic electronic search on
Google Scholar, Embase, MEDLINE, and Cochrane Register of
Controlled Trials since 2000 until September 30, 2021. The
following search strategy was used: (“name of each active
ingredient” AND (“supplements” OR “nutraceuticals”) AND
(“fertility” OR “male reproduction” OR “semen parameters”).
The references of retrieved articles together with the proceedings
of relevant conferences were hand-searched in order to identify
other potentially eligible studies for inclusion in the analysis
missed by the initial search or any unpublished data. The
literature search, assessment of inclusion and exclusion criteria,
quality of studies, and extraction of data were independently
undertaken and verified by two investigators (AG and FF-P). The
results were then compared, and in case of discrepancies, a
consensus was reached with the involvement of a third senior
investigator (AV). There was no language restriction applied.

We considered as eligible only randomized clinical trials
(RCTs) evaluating substances included in DS marketed for
male infertility. Figure 1 displays the flow diagram of the
selection of eligible papers.

To ascertain the certainty of evidence, the Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) framework was used (24).
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Definition of Potential Active Ingredients
and Minimal Effective Daily Dose
Selected articles allowed us to identify potential active
ingredients (PAI) that were substances with a reported efficacy
on at least one sperm parameter (sperm count, motility,
morphology, DNA damage, etc.). The minimal effective
daily dose (mED) was considered as the lowest effective dose
reported in RCTs for each PAI, able to improve at least one
sperm parameter.

Formula to Score DS
In our previous paper (17), we suggested a formula derived from
the study by Kuchakulla et al. (20) to evaluate the possible
efficacy of DS based on their composition. We included both
papers evaluating effective and ineffective ingredients in the
improvement of sperm parameters aimed to better weigh the
possible efficacy of each single molecule. The used formula was
conceived as follows: ingredients contained in each supplement
were classified into four categories (A, B, C, or D) based on the
reported efficacy and suggested daily dose. An ingredient was
assigned to category A if multiple randomized control trials
showed a net positive impact, level B if just one positive RCT was
Frontiers in Endocrinology | www.frontiersin.org 3
found, level C if multiple RCTs showed opposing results in an
indeterminate outcome, and level D if RCT showed no or even
negative effect. Once a category was designated to each
ingredient, a score was assigned: A = 5, B = 3, C = 1, D = −1.
Subsequently, the scores were designated to each of the
supplements depending on their respective composition:
briefly, the score of each ingredient constituting the
supplement (i.e., A = 5, B = 3, C = 1, D = −1) was summed.

Then this score was weighted for the total number of
ingredients in the supplement (N). Finally, in order to reward
those supplements with only class A and B ingredients, the
relative score was multiplied by the number of class A
ingredients plus half the number of class B ingredients, finally
resulting in the final score of the supplement.

Score =
5A + 3B + C − Dð Þ

N
� 1 + A +

B
2

� �

Given the distribution of the scores resulted in three main
clusters, we classified DS into three categories, resembling the
potential efficacy of the ingredients: high expected efficacy
(corrected score ≥ 3), low expected efficacy (1 > corrected
score < 3), and no expected efficacy (corrected score ≤ 1).
FIGURE 1 | Flow diagram of eligible papers.
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To obtain the whole list of DS, actually marketed in Italy for male
infertility, we referred to the register available on the website of
the Italian Ministry of Health, updated to 01/03/2020 [23].

Evidence Synthesis
Among the 1,731 studies for initial examination, we identified
164 eligible papers in our systematic literature search following
the exclusion of duplicate publication, after screening of the title
and the abstract sections of the paper. Among those, we found
that only 45 RCTs reporting their efficacy on sperm parameters
were retrieved as full text, in order to be included in the
systematic review (Figure 1).

DS Evaluation Based on Literature and
Results
The analysis of literature allowed us to evaluate the potential
efficacy of ingredients. We found 18 ingredients active on at least
one sperm parameter and other 18 substances without any
evidence. The list of PAI, references, effect on evaluated sperm
parameters, and employed daily doses are summarized in
Table 1. In the last column, the mED with demonstrated
efficacy of each substance is reported. In some studies, marked
with an asterisk, the employed daily dose of ingredients (zinc and
a-tocopherol) exceeded the UL.

Excluding astaxanthin, D-aspartic acid, and lycopene, each
having just one reference, the evidence of efficacy of the other
ingredients was supported by at least two RCTs. Half of the PAI
had at least one study showing no or even negative effects on
sperm parameters. Regarding zinc, folic acid, CQ10, and a-
tocopherol, we found more than one study showing no or even
negative effects.

In particular, for a-tocopherol, we found six studies: three
showed a positive effect and three showed no effect. Nine
ingredients (evidenced in bold in Table 1) were evaluated only
in studies showing a positive effect. However, five substances of
this group had just one paper supporting their efficacy.

The characteristics of the 23 DS are summarized in Table 2.
In this table, compositions, recommended daily dose for each
ingredient, grade of evidence, and score of efficacy are reported
for each DS. A total of 36 ingredients were used by
manufacturers in the DS. All the evaluated supplements were
mixtures ranging from 2 up to 17 substances. Fifteen out of 23
supplements (65.2%), marked with an asterisk, contained at least
1 ingredient without evidence of efficacy on sperm parameters
(evidence by cursive in Table 2). In 21 formulations, there were
ingredients dosed below mED. In particular, one supplement
(DS 12) counted 17 ingredients, of which 7 were without proven
efficacy and 13 dosed below mED. Two DS (2 and 21) contained
only ingredients with demonstrated efficacy and satisfying mED.
DS 9 had the zinc dosed at the UL (40 mg/day). Among the DS,
the most used ingredient was zinc, followed by selenium,
arginine, coenzyme Q, folic acid, and carnitine. These six
molecules were used in more than 60% of formulations.

In Figure 2, the distribution of supplements divided into
three classes of expected efficacy based on their corrected scores
is reported. Three out of 23 supplements (12.5%) resulted in the
Frontiers in Endocrinology | www.frontiersin.org 4
higher efficacy group and 9 (37.5%) in the lower efficacy group.
The remaining 12 DS (50.0%) were expected to have no efficacy.
In Table 3, active ingredients and DS were grouped based on the
supposed efficacy on specific seminal targets (count, total
motility, morphology, or DNA integrity). The most part of the
ingredients showed a positive effect on sperm count and total
motility. Interestingly, zinc showed evidence of efficacy on all the
sperm parameters here considered. In the lower part of the table,
DS were grouped in relation to their expected efficacy on specific
sperm parameters, matching the corrected score and
contained ingredients.
DISCUSSION

The use of supplements in the enhancement of male fertility is as
interesting and promising topic as it is still much debated.
However, most trials used unsatisfactory methodology due to
lack of a control group, lack of randomized and placebo-
controlled well-designed study, use of many different doses of
ingredients, evaluation of different outcomes, small number of
included patients, etc. In fact, in the trials concerning male
infertility, there is too much focus on the seminological
characteristics without taking into consideration the female
outcomes and also the pregnancy rate, which should always be
our target (69, 70). Moreover, many clinical studies were
sponsored and analyzed mixtures of many ingredients without
evidence of clinical efficacy. However, these supplements are
frequently prescribed in clinical practice to infertile patients, and
sometimes, subjects seeking fertility spontaneously purchase
these products since medical prescription is unnecessary (70).
In 2019, the Italian market of supplements generated 3.7 billion
euros, with an increase of +4.3% compared to 2018 (71).

In this study, we developed a new approach to evaluate DS
marketed for male infertility. By a literature review, aimed to
understand the clinical efficacy of each ingredient in the
improvement of sperm parameters, we developed a new
formula able to weigh the potential efficacy of DS. In a
previous study (70), we used a similar approach to evaluate the
DS for female infertility. Using the same formula, here, we
included only RCTs both showing positive, none, and even
negative effects of each ingredient. Moreover, we related the
potential efficacy of substances on each sperm parameter. Using
this method, we observed that the composition of DS marketed
in Italy for male infertility is little supported by scientific
evidence. In fact, most products evaluated in this study
contained a huge number of ingredients, up to 17 different
substances in the same supplement, frequently below the mED.
A relevant issue consists in the presence of many ingredients at
low dosages and/or without any evidence of efficacy. Some
substances without evidence of efficacy in the literature, such
as vitamin D3, taurine, B group vitamins, glucosamine,
glutathione, various enzymes, and non-standardized dry herbal
extracts, were widely present in DS for male infertility (69, 70).
This evidence reflects the lack of knowledge in this field of
reproductive medicine by manufacturers.
February 2022 | Volume 12 | Article 824078
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TABLE 1 | Active ingredients with evidence of potential efficacy, class of expected efficacy, references, efficacy on sperm parameters, employed daily dose, and
minimal effective dose (mED).

Active Ingredients References Evaluated Sperm
Parameters

Employed Daily Dose Number Included Patients Minimal Effective Dose (mED)

Zinc—C/D (25)* ↑ Motility 66 mg 211 66 mg
(26)* ↑ Concentration 66 mg 87
(27)* ↑ Morphology 66 mg 160
(28)* ↑ Motility/DNA integrity 400 mg 47
(29) ↓ DNA integrity 30 mg 2,370
(30) ↔ No effect 220 mg 83

Selenium—B/C (31) ↑ Motility 100 µg 69 100 µg
(32) ↑ Concentration/motility 200 µg 468
(33) ↔ No effect 300 µg 42

Vitamin B12—A/B (34) ↑ Count 25 µg 23 25 µg
(35) ↑ Count 1,500 µg 375
(36) ↑ Count 6,000 µg 39

Folic acid—C/D (37) ↑ Count/motility 400 µg 194 400 µg
(25) ↑ Volume/motility 500 µg 211
(26) ↑ Count 500 µg 87
(29) ↓ DNA integrity 500 µg 2,370
(30) ↔ No effect 500 µg 83

L-arginine—A/B (38) ↑ Progressive motility 1.4 g 50 1.4 g
(39) ↑ Concentration/motility 1.4 g 50

L-citrulline—B/C (40) ↑ Volume/concentration
↑ Motility/vitality

1.2 g 50 1.2 g

a-Lipoic acid—B/C (41) ↑ Count/motility 600 mg 44 600 mg
L-carnitine—B/C (LC/LAC) (42) ↑ Motility 1 g LC 212 1 g LC

(43) ↑ Count/motility 2 g LC 30
(44) ↑ Concentration/motility 2 g LC 100
(45) ↑ Motility 3 g LC 60
(46) ↔ No effect 2 g LC + 1 g LAC 21

N-acetyl cysteine—A/B
(NAC)

(47) ↑ Motility/DNA integrity 600 mg 120 600 mg
(32) ↑ Motility/morphology 600 mg 468

Coenzyme Q10—C/D (48) ↑ Motility 200 mg 47 200 mg
(49) ↑ Count/motility 200 mg 228
(50) ↑ Concentration/

morphology
300 mg 212

(48) ↔ No effect 200 mg 47
Astaxanthin—B/C (51) ↑ Motility 16 mg 30 16 mg
D-aspartic acid—B/C (DAA) (52) ↑ Count/motility 2.6 g 60 2.6 g
Tribulus terrestris DE—B/C (53) ↑ Count/motility 750 mg 66 750 mg

(54) ↑ Morphology/motility 1,500 mg 30
(55) ↑ Count/motility 6,000 mg 63
(56) ↔ No effect 750 mg 30

Inositol—A/B (37) ↑ Count/motility 4 g 194 4 g
(57) ↑ Count 4 g 62

a-Tocopherol—C/D (28) ↑ Motility/morphology 20 mg 47 20 mg
(58) ↑ Motility/lipid stability 300 mg 87
(59) ↑ DNA integrity 1,000 mg 64
(60) ↔ No effect 300 mg 50
(61) ↔ No effect 600 mg 30
(62) ↔ No effect 800 mg 31

Vitamin C—B/C (63) ↑ Concentration/motility 0.5 g 115 0.5 g
(59) ↑ DNA integrity 1 g 64
(62) ↔ No effect 1 g 31

EPA + DHA—B/C (64) ↑ Concentration/motility 0.72 g + 0.48 g 238 DHA 0.48 g
(65) ↑ DNA integrity 0.12 g + 1 g 46
(66) ↑ DNA integrity 1.5 g DHA 74
(67) ↔ No effect 400/800 mg DHA 28

Lycopene—B/C (68) ↑ Count/motility 25 mg 44 25 mg
Frontiers in Endocrinology | www
.frontiersin.org
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The letters (A/B/C/D) after each active ingredient refer to the categories of the reported efficacy. In the various supplements, they can get the highest or lowest category, respectively, based
on whether they are present reaching the mED or not.
LC, L-carnitine; LAC, acetyl L-carnitine; EPA, eicosapentaenoic acid; DE, dry extract; DHA, docosahexaenoic acid; ↑, improved; ↔, no effect; ↓, employed. Ingredients in bold have only
studies showing positive effect.
*Employed daily dose of ingredients exceeded the UL.
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TABLE 2 | List of dietary supplements (DS), their composition, and score of expected efficacy.

Active Ingredients DS 1 DS 2 DS 3* DS 4* DS 5* DS 6* DS 7

S = 0.8 S = 1.5 S = 1.9 S = 0.2 S = 2.8 S = 0.8 S = 2.7

Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV

Zinc 7.5 mg D 10 mg D 12.5 mg D 1.5 mg D 13 mg D
Selenium 60 µg C 83 µg C 30 µg C 55 µg C
Vitamin B12 33 mg A
Folic acid 200 µg D 400 µg C 400 µg C 200 µg D
L-arginine 100 mg B 1,000 mg B 2,500 mg A 125 mg B 30 mg B
L-citrulline
a-Lipoic acid 50 mg C
L-carnitine 1,000 mg B 200 mg C 30 mg C
N-acetyl cysteine (NAC)
Coenzyme Q10 10 mg D 200 mg C 10 mg D 200 mg C 7.5 mg D
Astaxanthin 15 mg C
D-aspartic acid (DAA) 2,660 mg B
Tribulus terrestris DE 800 mg B
Inositol 1,000 mg B
a-Tocopherol 30 mg C 12 mg D 30 mg C 36 mg C 30 mg C
Vitamin C 60 mg C 180 mg C
DHA
Lycopene 15 mg C
Astragalus DE 300 mg D
Damiana DE
Nettle DE
Catuba DE
Ecklonia bicyclis DE
L-taurine 500 mg D
Glutathione 30 mg D 40 mg D
Glucosamine
SOD 154 UI D
Vitamin D3

Vitamin B1

Vitamin B2 25 mg D
Vitamin B3 36 mg D
Vitamin B5

Vitamin B6 9.5 mg D
Biotin
Manganese
Resveratrol

Active Ingredients DS 8* DS 9* DS 10 DS 11* DS 12* DS 13 DS 14*

S = 0.90 S = 0.80 S = 1.50 S = 0.75 S = 0.70 S = 5.60 S = 2.50

Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV

Zinc 40 mg D 12.5 mg D 10 mg D 15 mg D
Selenium 60 µg C 55 µg C 55 µg C 83 µg C
Vitamin B12 2.5 µg B 5 µg B
Folic acid 800 µg C 400 µg C 200 µg D
L-arginine 200 mg B 250 mg B 100 mg B 30 mg B
L-citrulline 800 mg C
a-Lipoic acid 300 mg C 800 mg B
L-carnitine 200 mg C 400 mg C 500 mg C 30 mg C
N-acetyl cysteine (NAC) 300 mg B 600 mg A
Coenzyme Q10 15 mg D 15 mg D 100 mg D 20 mg D 200 mg C
Astaxanthin
D-aspartic acid (DAA) 80 mg C
Tribulus terrestris DE 300 mg C
Inositol 1,000 mg B 100 mg B 1,000 mg B 1,000 mg B
a-Tocopherol 30 mg C 120 mg C 30 mg C 30 mg C
Vitamin C
DHA
Lycopene 4 mg C

(Continued)
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TABLE 2 | Continued

Active Ingredients DS 8* DS 9* DS 10 DS 11* DS 12* DS 13 DS 14*

S = 0.90 S = 0.80 S = 1.50 S = 0.75 S = 0.70 S = 5.60 S = 2.50

Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV

Astragalus DE
Damiana DE
Nettle DE
Catuba DE 50 mg D
Ecklonia bicyclis DE 200 mg D
L-taurine
Glutathione 80 mg D
Glucosamine 150 mg D
SOD
Vitamin D3

Vitamin B1 1.1 mg D
Vitamin B2 1.4 mg D 2.8 mg D
Vitamin B3 16 mg D
Vitamin B5 6 mg D
Vitamin B6 1.4 mg D 2.8 mg D
Biotin 100 µg D
Manganese 2 mg D
Resveratrol

Active ingredients DS 15* DS 16 DS 17* DS 18* DS 19 DS 20* DS 21

S = 2.10 S = 2.00 S = 3.70 S = 0.70 S = 0.00 S = 2.00 S = 6.00

Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV Daily Dose EV

Zinc 15 mg D 22.5 mg D 10 mg D 10 mg D 6.5 mg D 10 mg D
Selenium 50 µg C 80 µg C 50 µg C 55 µg C
Vitamin B12 2.5 µg B 1.5 µg B
Folic acid 400 µg C 300 µg D 200 µg D 200 µg D 400 µg C
L-arginine 2,500 mg A 200 mg B 30 mg B
L-citrulline 3,000 mg B 200 mg C
a-Lipoic acid
L-carnitine 1,000 mg B 200 mg C 400 mg C 44.7 mg C
N-acetyl cysteine (NAC) 600 mg A
Coenzyme Q10 200 mg C 100 mg D 90 mg D
Astaxanthin 16 mg B 10 mg C
D-aspartic acid (DAA) 1,000 mg C
Tribulus terrestris DE
Inositol 50 mg B 500 mg B 4,000 mg A
a-Tocopherol 40 mg C 30 mg C 12 mg D
Vitamin C 80 mg C 100 mg C 180 mg C
DHA 100 mg C
Lycopene 10 mg C
Astragalus DE
Damiana DE 400 mg D
Nettle DE 300 mg D
Catuba DE
Ecklonia bicyclis DE
L-taurine 300 mg D
Glutathione 40 mg D 40 mg D
Glucosamine
SOD 150 mg D
Vitamin D3 3.75 µg D
Vitamin B1

Vitamin B2

Vitamin B3

Vitamin B5

Vitamin B6

Biotin
Manganese
Resveratrol
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Several studies demonstrated that some substances such as
omega 3 fatty acid, lycopene, and Tribulus have a positive effect
on sperm parameters (sperm motility, number, morphology,
DNA integrity, and mitochondrial function) (72–74). However,
the mechanism of actions was documented for selenium (75),
zinc (76, 77), and carnitine (78), but just supposed for other
ingredients or still unknown in most cases. The synergistic effect
of more ingredients can also be supposed. Therefore, the benefit
that is obtained following the use of DS, which are always
combinations of substances, is likely to be given by an overall
synergistic effect. For example, the combinations of vitamin B12
and folic acid could have a positive effect on DNA integrity, able
to improve homocysteine metabolism (79, 80).

Some ingredients, in particular amino acids, or their
derivatives such as arginine and carnitine, were present in
most DS aimed to improve sperm parameters and ameliorate
spermatogenic process. However, these substances need to be
Frontiers in Endocrinology | www.frontiersin.org 8
administered at doses close to grams to be effective (81, 82). In
contrast, our data demonstrate that ingredients are used even in
doses 10 times below mED. In the case of arginine, the dosage
should take into account the incomplete intestinal absorption
and the liver metabolism which strongly reduce its bioavailability
in the reproductive system (83, 84).

Using the new formula, proposed here, we scored, for the first
time, the possible efficacy of each DS based on the number of
ingredients, their reported or no reported efficacy, their effective or
no effective dose, and their level of action at the seminal level.Only a
fewDS (3 products) resulted in the highest scoring level, whilemost
products (21 DS) fell in the intermediate or lower level. This
observation should be taken into account by manufacturers in
order to alignmore andmore the DSmarket according to scientific
evidence to conceive more effective DS formulations. Despite
actual literature could help to conceive better DS, it is largely
insufficient to better drive clinicians on the tailored choice of the
TABLE 2 | Continued

Active Ingredients DS 22* DS 23* DS 24

S = 0.90 S = 0.30 S = 0.70

Daily Dose EV Daily Dose EV Daily Dose EV

Zinc 15 mg D 15 mg D
Selenium 100 µg C 55 µg C
Vitamin B12 5 µg B 2.5 µg B 7.5 µg B
Folic acid 400 µg C 400 µg C 600 µg C
L-arginine 415 mg B
L-citrulline
a-Lipoic acid
L-carnitine 340 mg C
N-acetyl cysteine (NAC)
Coenzyme Q10 100 mg D 30 mg D
Astaxanthin 4 mg C
D-aspartic acid (DAA)
Tribulus terrestris DE
Inositol
a-Tocopherol 60 mg C 12 mg D
Vitamin C 80 mg C 240 mg C
DHA 235 mg C
Lycopene
Astragalus DE
Damiana DE
Nettle DE
Catuba DE
Ecklonia bicyclis DE
L-taurine
Glutathione 30 mg D
Glucosamine
SOD
Vitamin D3 25 µg D 5 µg D
Vitamin B1

Vitamin B2 1.4 mg D
Vitamin B3

Vitamin B5

Vitamin B6 1.4 mg D 4.2 mg D
Biotin
Manganese
Resveratrol 150 mg D

Ingredients without proven efficacy are in cursive.
S, score of the expected efficacy of the supplement; EV, efficacy value of active ingredients in relation to literature and achievement of mED; SOD, superoxide dismutase.
*DS containing at list one ingredient without evidence of efficacy.
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DS regarding the specific alteration of an infertile patient. This gap
derives fromthe lack of accuracy in the diagnosis of infertility cause,
observed inmost clinical studies. In fact, their design often does not
consider the cause that underlies sperm abnormalities. It is well
known that the same sperm alteration can be induced by different
causes (85). For example, a reduction of sperm motility is related
both to testicular impairment, semen infections, or inflammation of
accessory glands or varicocele (86). The same example can be
performed for sperm count, morphology, DNA integrity, and
other sperm parameters (87). For this reason, RCTs should be
performed in populations of infertile patients stratified according to
the etiology of infertility and not only based on seminal parameters.
Moreover, to reach an effective dietary supplementation, aimed to
improve sperm parameters, the mechanism of action and the
Frontiers in Endocrinology | www.frontiersin.org 9
effective dose of each ingredient should be clearly elucidated (88–
90). With this aim, many and well-designed in-vitro and in-vivo
studies are needed.

The choice to include in this review only evidence from RCTs
was made in order to minimize bias in the critical evaluation of
DS, in order to have for each active ingredient analyzed studies
that have reported a positive effect but also studies that have
shown a negative or no effect.

The main limitation of this study in the restricted focus of
research on DS based on the Italian market, and the most
analyzed RCTs are based on combinations of more than one
substance, so it cannot be excluded that what is obtained is the
result of an interaction (both positive and negative) between the
different substances used together.
TABLE 3 | Effect of active ingredients on specific sperm parameters (in the lower part of the table, DS with higher expected efficacy on each sperm parameter
are listed).

Effect on Sperm Parameters

Count Total Motility Morphology DNA Damage

Active ingredients Zinc
Selenium
Folic acid
Vitamin B12

Folic acid
L-citrulline
L-arginine
a-Lipoic acid
L-carnitine
C-Q10
DAA
TT
Inositol
Vitamin C
DHA
Lycopene

Zinc
Selenium
Folic acid
L-arginine
L-citrulline
a-Lipoic acid
L-carnitine
NAC
C-Q10
Astaxanthin
DAA
TT
Inositol
a-Tocopherol
Vitamin C
Lycopene
DHA

Zinc
NAC
Coenzyme Q10
TT
a-Tocopherol

Zinc
NAC
a-Tocopherol
Vitamin C
DHA

Number of DS with evidence of efficacy on the parameters 21; 14; 15 17; 14; 5 13; 17; 5 13; 17; 15
F
ebruary 2022 | Volume 12 |
FIGURE 2 | Distribution of different supplements (indicated by the number) in classes of expected efficacy.
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Conclusions
In the light of our findings, we raise three final considerations: i) the
Italianmarket ofDS formale infertility offers products with potential
efficacy in the improvement of spermparameters but alsomanywith
uncertain effects; ii) the actual literature is poor of well-designed
studies on PAI investigating theirmechanisms of action and effective
dose in different pathological conditions; and iii) based on current
literature, our study can help in the choice of DS and PAI that are
more likely to be effective on specific sperm alterations.

Our critical analysis suggests a rational strategy for a tailored
use of DS in male infertility.
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Nutrients in Male Fertility Parameters and Fecundability: A Systematic
Review of Observational Studies. Hum Reprod Update (2017) 23:371–89.
doi: 10.1093/humupd/dmx006

5. Simon L, Murphy K, Shamsi MB, Liu L, Emery B, Aston KI, et al. Paternal
Influence of Sperm DNA Integrity on Early Embryonic Development. Hum
Reprod (2014) 29:2402–12. doi: 10.1093/humrep/deu228

6. Lotti F, Maggi M. Ultrasound of the Male Genital Tract in Relation to Male
Reproductive Health. Hum Reprod Update (2015) 21:56–83. doi: 10.1093/
humupd/dmu042

7. Banihani SA. Vitamin B12 and Semen Quality. Biomolecules (2017) 9:7. doi:
10.3390/biom7020042

8. Ferlin A, Foresta C. New Genetic Markers for Male Infertility.
Curr Opin Obstet Gynecol (2015) 26:193–8. doi: 10.1097/GCO.00000000000
00061

9. Alahmar AT. Role of Oxidative Stress in Male Infertility: An Updated Review.
J Hum Reprod Sci (2019) 12:4. doi: 10.4103/jhrs.JHRS_150_18

10. Walczak JR, Wolski JK, Slowikowska HJ. The Role of Oxidative Stress and
Antioxidants in Male Fertility. Cent European J Urol (2013) 66:60–7. doi:
10.5173/ceju.2013.01.art19

11. Cui T, Kovell RC, Brooks DC, Terlecki RP. A Urologist’s Guide to Ingredients
Found in Top-Selling Nutraceuticals for Men’s Sexual Health. J Sex Med
(2015) 12:2105–17. doi: 10.1111/jsm.13013

12. EFSA. European Food Safety Authority (2021). Available at: http://data.
europa.eu/eli/reg/2006/1924/2012-11-29/ (Accessed February 1, 2021).

13. Calogero AE, Aversa A, La Vignera S, Corona G, Ferlin A. The Use of
Nutraceuticals in Male Sexual and Reproductive Disturbances: Position
Statement From the Italian Society of Andrology and Sexual Medicine
(SIAMS). J Endocrinol Invest (2017) 40:1389–97. doi: 10.1007/s40618-017-
0699-6

14. EUR-Lex.Internet. Available at: https://eurlex.europa.eu/legalcontent/EN/
ALL/?uri=celex%3A32002L0046 (Accessed August 2, 2021).

15. U.S Food & Drug Administration. Dietary Supplements Guidance Documents
& Regulatory Information. Available at: https://www.fda.gov/food/guidance-
documents-regulatory-information-topic-food-and-dietary-supplements/
dietary-supplements-guidance-documents-regulatory-information (Accessed
December 3, 2021).
16. Henkel R, Sandhu IS, Agarwal A. The Excessive Use of Antioxidant Therapy:
A Possible Cause of Male Infertility? Andrologia (2019) 51:0303–4569. doi:
10.1111/and.13162

17. Garolla A, Petre GC, Francini-Pesenti F, De Toni L, Vitagliano A, Di Nisio A,
et al. Dietary Supplements for Male Infertility: A Critical Evaluation of Their
Composition. Nutrients (2020) 12:1472. doi: 10.3390/nu12051472

18. Salas HA, Rosique EN, Becerra TN, Vizmanos B, Bulló M, Salas SJ. The Effect
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