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Abstract

Background: Male fertility has gradually become a worldwide problem with limitations in the treatment. Alpha-
lipoic acid, has been applied to improve the quality of sperm in clinical practice. However, there was currently no high
quality of systematic review to evaluate the effects of alpha-lipoic acid on sperm parameters.

Material and methods: The Cochrane Library, MEDLINE, EMBASE, Web of Science, Clinicaltrials.org, China National
Knowledge Infrastructure Database, China Biology Medicine Database, etc., were retrieved. Related randomized
controlled trials had be collected and selected up to March 10, 2022. English literature and Chinese literature were

searched using terms including “male infertility”, “semen’, “sperm’, “alpha-lipoid acid’, “a-lipoid acid”, “alpha lipoid acid’,
“thioctic acid” All statistical analyses were conducted by RevMan 5.3.

Results: A total of 133 participants in three studies included. Compared with sham therapy, treated with alpha-
lipoic acid has significant improvement in the following sperm parameters, including abnormal sperm forms (mean
difference[MD] =-1.06, 95% confidence interval [Cl] =-1.29-0.84, p < 0.00001), sperm concentration (MD =3.98,
95%Cl=2.28-5.67, p<0.00001), sperm total motility (grade a+b-+c) (MD =6.68, 95%Cl =4.88-8.48, p <0.00001)
and progressive motility(grade a+b) (MD =6.90, 95%Cl=5.62-8.17, p<0.00001) and semen volume(MD =-0.17,
95%Cl=-0.31-0.02, p=0.03).

Conclusions: In this meta-analysis of three randomized controlled trials, compared with other treatments, alpha-
lipoic acid could improve normal sperm forms, sperm concentration, sperm total motility and progressive motility, but
more stringent randomized controlled trials must be conducted.
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Résumé

Contexte: La fertilité masculine est progressivement devenue un probleme mondial avec des possibilités de traite-
ment limitées. 'acide alpha-lipoique a été utilisé dans la pratique clinique pour améliorer la qualité du sperme.
Cependant, il nexiste actuellement aucune revue systématique de haute qualité sur I'évaluation des effets de l'acide
alpha-lipoique sur les parameétres du sperme.

Les bases de données Cochrane, MEDLINE, EMBASE, Web of Science, Clinicaltrials.org, China National Knowledge
Infrastructure Database, China Biology Medicine Database, etc., ont été utilisées. Les essais controlés randomisés en
relation ont été recueillis et sélectionnés jusqu’au 10 mars 2022. La littérature anglaise et la littérature chinoise ont
été recherchées en utilisant les termes tels que « infertilité masculine », « sperme », « spermatozoide », « acide alpha-
lipoique », « acide a-lipoique », « acide alpha lipoique », « acide thioctique ». Toutes les analyses statistiques ont été
effectuées par RevMan 5.3.

Résultats: Au total, 133 participants provenant de trois études ont été inclus. Par rapport a la thérapie simulée, le
traitement par l'acide alpha-lipoique présente une amélioration significative des parameétres de sperme qui suivent :
formes anormales de spermatozoides (différence moyenne [DM] = -1,06 ; intervalle de confiance a 95 % [IC] = -1,29-
-0,84, p < 0,00001), concentration de spermatozoides (DM = 3,98 ; IC a 95 % = 2,28-5,67, p < 0,00001), motilité totale
des spermatozoides (grade a + b + ¢) (MD = 6,68 ;1C a 95% = 4,88-8,48, p < 0,00001), motilité progressive (grade a + b)
(MD =6,90;1Ca95% = 5,62-8,17, p <0.00001) et volume de sperme (MD =-0,17; ICa 95 % = -0,31--0,02, p = 0,03).
Conclusions: Dans cette méta-analyse de trois essais controlés randomisés, I'acide alpha-lipoique, par rapport a

d'autres traitements, pourrait améliorer les formes normales de spermatozoides, la concentration de spermatozoides,
la motilité totale des spermatozoides et la motilité progressive ; mais des essais contrélés randomisés plus rigoureux

doivent étre menés.

Mots-clés: Acide alpha-lipoique (ALA), Infertilité masculine, Sperme, Méta-analyse, Revue systématique

Introduction

More than 15% married couples in the world suffer from
fertility problems, of which about 50% are caused by men
[1]. In China, the quality of male sperm decreases by 1%
every year [2]. The drugs for the treatment of male infer-
tility are very limited. At present, one of the commonly
used drugs are antioxidants [3], including acetyl-L-carni-
tine, L-carnitine fumarate, N-acetylcysteine, Glutathione,
Vitamins E, Vitamins C, Carnitines, Coenzyme-Q10,
Selenium, Zinc, Folic Acid, etc. Among them, alpha-
lipoic acid (ALA), considered as a powerful biological
antioxidant and used for preventing metabolic and repro-
ductive changes in diabetes patients [4], is also currently
the most effective lipid- and water-soluble antioxidant.
It can maintain sperm motility and vitality by reducing
the production of reactive oxygen species (ROS), and
also protect sperm DNA integrity [5]. Many clinical and
animal studies had shown that ALA can improve sperm
parameters and reduce sperm DNA damage, so as to
improve male fertility [6, 7], also during sperm prepara-
tion process [5].

So far, there was only one systematic review about
ALA in the treatment of male infertility, which included
various types of researches [8], and not included in the
latest research results. Based on the protocol we did in
the early stage [9], we continue to do this work. At all,
we sought to provide high level evidence-based medical

evidence for urologists and andrologists to make clinical
decisions for male infertility treatment. This study was
registered on PROSPERO. Registration number: PROS-
PERO CRD42019145592.

Materials and methods

Search strategy

The electronic databases of Cochrane Library,
MEDLINE(via PubMed), Web of Science, EMBASE,
Clinicaltrials.org., China Biology Medicine Database
(CBM), China National Knowledge Infrastructure Data-
base (CNKI), Wan fang Database, VIP Science Tech-
nology Periodical Database and Chinese Clinical Trial
Registry were retrieved. Grey literature had be searched
in Open Grey. Related randomized controlled trials
(RCTs) had be searched and selected up to March 10,
2022. As of this month’s submission, we have retrieved
and updated the data again. According to the inclusion
criteria, the search subject terms were determined with
the PICO principle, and then the corresponding elec-
tronic search was carried out. We chose medical subject
heading and text key words “male infertility” or “sperm”
or “semen” AND “oral alpha-lipoic acid” or “alpha-lipoid
acid” or “alpha lipoic acid” or “a-lipoid acid” or “thioctic
acid’;, and different search strategies to fit different data-
bases. Chinese form of the above terms will be used in
Chinese search. This systematic review and meta-analysis
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have carried out in strict accordance with the guidelines
of Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [10]. A flow diagram for study
selection is presented in Fig. 1.

Inclusion criteria and trial selection

Only RCTs about male infertility treating with ALA
were be included in the study, and sperm quality analy-
sis was performed following the World Health Organiza-
tion (WHO) guidelines [11, 12]. In similar patients and
studies using the same method, only the one with largest
sample size or recently studies was included. The follow-
ing studies were excluded: non-human studies, edito-
rial, conference proceedings, literature reviews. When
two or more studies were conducted based on the same
RCT participants, only the study with the most recently
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updated data was included. Any disagreements were
resolved by consensus.

Data extraction

Related data in the included articles was extracted inde-
pendently by three investigators (Liang Dong, Fang Yang
and Junjun Li) according to the PRISMA statement, and
all discrepancies were resolved through adjudication and
discussion by the other reviewer (Yulin Li). The words in
abstracts such as "randomized” or "quasi-randomized"
were used in all studies, regardless of whether they were
blind or not. For each study, the following information
were extracted: author, publication time, country, sam-
ple size, treatment course, edition of WHO guidelines,
inclusion criteria, outcome indicators, treatment group
medicine & dosage and post-treatment data. Study

82 MEDLINE(via PubMed)
167 EMBASE
109 Web of Science

4 Clinicaltrials.org

15 Wan fang Database

1 Chinese Clinical Trial Registry
20 Cochrane Library

Potentially relevant citation identified from literature search

14 China National Knowledge Infrastructure Database (CNKI)

12 China Biology Medicine Database (CBM)
6 VIP Science Technology Periodical Database

0 Grey literature
Related RCTs

157 Duplicates removed

121 Excluded based on screening of titles or abstracts

A,

152 Potential relevant full—texts evaluated

[<e]

l

149 Excluded after full—texts review
Duplication publication

10 Observational studies

Retrospective analyses

Self—control trials

Patient series, case reports

65 Animal studies, laboratory in vitro studies
15 Review, editorial

26 No data for effect of alpha lipoid acid on sperm
parameters

10 Not relevant

8 compound pharmaceutical preparation studies

v

3 Studies included in this systematic review and meta—analysis

Fig. 1 Flow diagram for study selection




Dong et al. Basic and Clinical Andrology (2022) 32:23

investigators from Raaia et al’s study [13] were contacted
to obtain further information, but the researchers did not
reply to our e-mail.

Quality assessment

The items of randomization, method to generate the
sequence of randomization, randomization conceal-
ment, blinding, results data integrity, selective outcome
reports and other potential bias sources in the included
RCTs were assessed by the Cochrane Risk of Bias Assess-
ment tool [14]. Graph and summary about risk of bias
were produced with RevMan 5.3 [15]. All the domains
were independently assessed by two trained investiga-
tors (Liang Dong, Xiaojin Zhang). All the disputes were
resolved by a third professional reviewer through discus-
sion and adjudication.

Data synthesis and analysis

The mean values of sperm parameters after treatment
with ALA and sham-therapy in each study were col-
lected, including semen volume, sperm concentration,
total sperm number, sperm normal forms, abnormal
sperm forms, fast progressively motility(grade a), slow
progressively — motility(grade b), non-progressively
motility(grade c), immotile spermatozoa(grade d), total
motility(grade a+b+c), progressive motility(grade a+b)
and vitality. Statistics analyses were estimated with Rev-
Man 5.3 and displayed as a forest plot, while a funnel plot
has been generated to assess the risk of bias. Statistical
tests were two-sided and used p-value less than 0.05 as
a significance threshold. The Egger’s test (by Stata soft-
ware) was used for investigating publication bias to small
study effects when necessary [16, 17]. The heterogeneity
between studies was assessed by standard X? test and I*
statistics [18]. The purpose of subgroup analysis was to
study interaction or effect modification, which was used
to answer questions about specific patients, interven-
tion types or study types. Sensitivity analysis was con-
ducted by excluding the effects of individual studies one
by one on the overall estimates, that was used to evaluate
whether the results of meta-analysis were stable and reli-
able [19].

Results

Study characteristics

Three RCTs involving 133 participants completed were
included in this meta-analysis (Tables 1 and 2). One
study [13] was conducted in Egypt, anther two [20, 21]
took place in Iran. All three studies used sham therapy
in the control group by using probes that looked and
tasted similar to the active treatment probes. Oral ALA
600 mg per day was used in all three studies. One study
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[13] was 300 mg twice a day, and the other two studies
[20, 21] were 600mg once a day. The treatment courses of
the three studies were 3 months [13], 12 weeks [21] and
80 days [20] respectively. Although there was a differ-
ence of treatment course, the difference was very small,
which was roughly the same as one spermatogenic cycle,
so it did not affect our statistical results. Two studies [13,
20] used the 2010 version of WHO semen examination
results guidelines, only one study [21] used the 1992 and
1999 WHO guidelines. The semen parameters counted
in these three studies including sperm concentration,
semen volume, total sperm number, normal forms,
abnormal sperm forms, fast progressively motility(grade
a), slow progressively motility(grade b), non-progres-
sively motility(grade c), immotile spermatozoa(grade d),
total motility(grade a+b+-c), progressive motility(grade
a+b), vitality, sperm lipid per-oxidation, sperm lipid per-
oxidation (intensity), DNA fragmentation, DNA dam-
age index, sperm protamine deficiency and pregnancy
rate, which were listed in the Tables 1 and 2. As for the
inclusion criteria of the three studies, in one study [20],
patients with varicocele were randomly divided into two
groups after operation with ALA and sham treatment.
But interestingly, most of the sperm parameters in the
preoperative and postoperative had no significant dif-
ference between the ALA group and the control group.
Further information of inclusion diagnostic criteria were
listed in Tables 1 and 2. For all of the included studies,
the risk of bias were low. However, the risk of bias was
unclear for several domains, Fig. 2 showed that 33.3% of
the studies had an unclear risk of bias in randomization,
and only 66.6% of studies had good blinding.

Effect of ALA on abnormal sperm forms under WHO
guidelines

Only two studies listed data on abnormal sperm forms,
and there was a statistically significant decreased treated
with ALA compared with those receiving sham therapy
in abnormal sperm forms (MD: -1.06 points; 95% CI
(-1.29, -0.84]; p <0.00001; I2=0%, See in Fig. 3A).

Effect of ALA on sperm concentration under WHO
guidelines

Statistical analysis of oral ALA in different treatment
courses showed that the sperm concentration was also
statistically significant improvement compared with
those receiving sham therapy (MD: 3.98 points; 95% CI
[2.28, 5.67]; p<0.00001; I2=47%, See in Fig. 3B).

The sensitivity analysis (see in Table 3) showed that,
Raaia 2012 [13] (3rd month) and Haghighian 2015 [19]
were found to affect the overall prevalence estimate by an
absolute difference for the indicator.
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Table 2 The results of ALA and sham therapy in two groups of the three studies
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Basic
Information

Results(Mean =+ SD) after treatment in two groups

treatment group(with ALA)

control group(with sham therapy)

PValue

Raaia et al. [13]
2012

Egypt

Haghighian et al. [21]
2015
Iran

1.Semen parameters after one month 1.Semen parameters after one month

sperm concentration(10%/ml): 40.4 +86.7
total motility(grade a+b+c) (%):
39.24+203

progressive motility(grade a+b) (%):
276+166

2.Semen parameters after two
months

sperm concentration(10%/ml): 43.7 £39.7
total motility(grade a+b+c) (%):
451£179

progressive motility(grade a+b) (%):
333+158

3.Semen parameters after three
months

sperm concentration(10%/ml): 40.0 +27.6
total motility(grade a+b+c) (%):
469+19.8

progressive motility(grade a+b) (%):
340+17.8

abnormal sperm forms (%): 63.7+£13.3

semen volume(ml): 3.54+0.3

total sperm number(106/ejaculate):
904462

sperm concentration(1 0%ml): 26.3+3.1
progressive motility(grade a+b) (%):
334429

fast progressively motility(grade a) (%):
65+£22

slow progressively motility(grade b) (%):
269424

non-progressively motility(grade c) (%):
71+38

immotile spermatozoa(grade d) (%):
593445

total motility(grade a-+b+-c) (%):
406+49

normal forms(%): 153 +3.6

vitality(%): 71.4+3.5

sperm concentration(10%/ml):
266+274

total motility(grade a+b+c) (%):
40.6+20.1

progressive motility(grade a+b) (%):
2994199

2.Semen parameters after two
months

sperm concentration(10%/ml):
2671225

total motility(grade a+b+c) (%):
3971162

progressive motility(grade a+b) (%):
2821145

3.Semen parameters after three
months

sperm concentration(10%/ml):
2181179

total motility(grade a+b+c) (%):
4284199

progressive motility(grade a+b) (%):
298+179

abnormal sperm forms (%): 69.3+17.5

semen volume(ml): 3.54+-0.3

total sperm number(]Oé/ejacuIate):
775445

sperm concentration(10%/ml): 22.842.7
progressive motility(grade a+b) (%):
271423

fast progressively motility(grade a) (%):
2713

slow progressively motility(grade b) (%):
243422

non-progressively motility(grade c) (%):
88432

immotile spermatozoa(grade d) (%):
63.9+29

total motility(grade a+b+-c) (%):
360431

normal forms(%): 13.8 +3.7

vitality(%): 72.8 +4

1.Semen parameters after one month
sperm concentration: 0.216

total motility(grade a+b+c): 0.680
progressive motility(grade a+b): 0.789
2.Semen parameters after two months
sperm concentration: 0.042*

total motility(grade a+b+c): 0.490
progressive motility(grade a+b): 0415
3.Semen parameters after three
months

sperm concentration: 0.001*

total motility(grade a+b+c): 0.288
progressive motility(grade a+b): 0.303
abnormal sperm forms: 0.128

semen volume: 0.991

total sperm number: <0.001*

sperm concentration: <0.001*
progressive motility(grade a+b): <0.001*
fast progressively motility(grade
a):<0.001*

slow progressively motility(grade b):
0.011*

non-progressively motility(grade ¢): 0.122
immotile spermatozoa(grade d): 0.005%
total motility(grade a+b+c): 0.004*
normal forms: 0.153

vitality: 0.255
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Basic
Information

Results(Mean + SD) after treatment in two groups

treatment group(with ALA)

control group(with sham therapy)

PValue

Abbasi et al. [20]
2020
Iran

1.before microsurgical repair of vari-
cocele/no-medication

sperm concentration (10%/ml):
523+125

semen volume (ml): 1.94+0.2
abnormal sperm forms (%): 97.2+0.3
total motility(grade a+b+c) (%):
364+56

progressive motility(grade a+b) (%):
237134

sperm lipid peroxidation(%): 40.7 +3.3
spermlipid peroxidation(intensity):
252430

DNA fragmentation(%): 11.2+0.6
DNA damage index(%): 23.2+1.5
sperm protamine deficiency(%):
353432

2. post-varicocelectomy/post-medi-
cation semen parameters

sperm concentration (10%/ml):
81.6+16.1

semen volume (ml): 3.14+04
abnormal sperm forms (%): 93.4 +0.7
total motility(grade a+b+c) (%):
503452

progressive motility(grade a+b) (%):
357439

sperm lipid peroxidation(%): 22.6 +1.6
spermlipid peroxidation(intensity):
21718

DNA fragmentation(%): 12.2+1.0
DNA damage index(%): 183+ 1.4
sperm protamine deficiency(%):
335+32

1.before microsurgical repair of
varicocele/no-medication

sperm concentration (10%/ml):
4794121

semen volume (ml): 2340.3
abnormal sperm forms (%): 98.2+£0.3
total motility(grade a+b+c) (%):
383457

progressive motility(grade a+b) (%):
248440

sperm lipid peroxidation(%): 36.2 +3.3
spermlipid peroxidation(intensity):
2414+1.7

DNA fragmentation(%): 13.6 2.4
DNA damage index(%): 20.4+2.3
sperm protamine deficiency(%):
41,7141

2. post-varicocelectomy/post-medi-
cation semen parameters

sperm concentration (10%/ml):
7444127

semen volume (ml): 3.6£0.3
abnormal sperm forms (%): 95.4 +£0.7
total motility(grade a+b+c) (%):
39.74+44

progressive motility(grade a+b) (%):
267438

sperm lipid peroxidation(%): 24.0 4 1.8
spermlipid peroxidation(intensity):
213415

DNA fragmentation(%): 10.3+0.9
DNA damage index(%): 164+ 1.2
sperm protamine deficiency(%):
374436

1.before microsurgical repair of
varicocele

sperm concentration: 0.8

semen volume: 0.45

abnormal sperm forms: 0.04*

total motility(grade a+b+c): 0.8
progressive motility(grade a+b): 0.83
sperm lipid peroxidation: 0.34
spermlipid peroxidation(intensity): 0.72
DNA fragmentation: 0.39

DNA damage index: 0.32

sperm protamine deficiency: 0.24

2. post-varicocelectomy/post-medica-
tion semen parameters

sperm concentration: 0.72

semen volume: 0.42

abnormal sperm forms: 0.056

total motility(grade a+b+c): 0.12
progressive motility(grade a+b): 0.11
sperm lipid peroxidation: 0.56
spermlipid peroxidation(intensity): 0.84
DNA fragmentation: 0.2

DNA damage index: 0.32

sperm protamine deficiency: 0.42

Legend: *This parameter had significant changes after ALA treatment, compared with the control group. Statistical tests were two-sided with T test and used p-value

less than 0.05 as a significance threshold
ALA Apha-lipoic acid

Effect of ALA on sperm total motility(grade a+b+c)
under WHO guidelines
There was a statistically significant improved treated
with ALA compared with those receiving sham therapy
in sperm total motility(a+b-c) (MD: 6.68 points; 95% CI
[4.88, 8.48]; p <0.00001; I>=65%, See in Fig. 3C).

The sensitivity analysis (see in Table 4) showed that,
Abbasi 2020 [20] was found to affect the overall preva-
lence estimate by an absolute difference for the indicator.

Effect of ALA on progressive motility(grade a+b) under
WHO guidelines

There was a statistically significant improvement treated
with ALA compared with those receiving sham therapy
in sperm progressive motility(grade a+b) (MD: 6.90
points; 95% CI [5.62, 8.17]; p<0.00001; I2=42%, See in
Fig. 3D).

Effect of ALA on semen volume under WHO guidelines
Statistical analysis of the data of the two studies found
that the amount of semen volume decreased after ALA
treatment compared with those receiving sham therapy,
which was statistically significant (MD: -0.17 points; 95%
CI [-0.31, -0.02]; p=0.03; I*=87%, See in Fig. 3E).

Because only two studies have made statistics of this
data, sensitivity analysis did not necessary to be carried
out.

Assessment of publication bias

Although only three studies were included in the meta-
analysis, funnel plots were drawn. The asymmetry were
minimal by visual inspection of the funnel plots in the
abnormal sperm forms, sperm concentration, sperm total
motility(grade a+b+-c), sperm progressive motility(grade
a+b) and semen volume, which indicates that the pooled
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Allocation concealment (selection bias)

Abbasi 2020

-~

. . Random sequence generation (selection bias)

Haghighian 2015

~ | @ | @ | Blinding of outcome assessment (detection bias)

5 @

. . . Blinding of participants and personnel (performance bias)

Raaia 2012

-~
. . . Incomplete outcome data (attrition bias)

@ | @ | @ | selective reporting (reporting bias)

. . . Other bias

Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

Other bias [

0% 25% 50% 75%

100%

| [ Low risk of bias

[]unclear risk of bias

[l High risk of bias |

Fig. 2 The risk of bias of included studies

estimates were unlikely to be significant biased secondary
to small study effects (Fig. 4).

Discussion
Due to the great variability of infertility reason, the true
incidence of male infertility is unknown, and the treat-
ment options are also diverse [3]. Antioxidants are the
most commonly used drugs in the treatment of male
infertility. ALA, as one of the most powerful biological
antioxidants, has a certain effect in improving the quality
of male sperm [5].

Three RCTs involving 133 men in this systematic
review and meta-analysis showed that with ALA, abnor-
mal sperm forms, sperm concentration, sperm total

motility, progressive motility(grade a+b) were signifi-
cantly improved. However, the outcomes of semen vol-
ume was contradictory [20, 21]. The results of this study
show that ALA could improve the quality of male sperm
in clinical practice.

Normally, the oxygen used in our body will produce
and release pro-oxidant free radicals, which are neu-
tralized by the intervention of antioxidants inside and
outside the cells. Many in vitro factors will also lead to
the increase of free radicals, break the oxidation-anti-
oxidation balance in the body, and lead to the state of
oxidative stress, which will lead to the reduction in the
fluidity and deconstruction of the cell membrane (lipid
oxidation). Sperm may have structural and genomic
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Fig. 3 Clinical outcomes
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Legend: Subgroup analysis: The studies that assessed the sperm progressive motility(grade a+b)at 1 mo, 2 mo,
3mo did not reveal a significant improvement. However, the studies assessing at 12 weeks, 80 days showed
significant improvement. The meta-analysis results showed that ALA could increase progressive motility
(gradea-+b) significantly (MD: 6.90; 95% Cl, 5.62 —8.17; p<0.00001).
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Legend: Although the study of Haghighian 2015 did not prove that ALA could decrease semen volume, the meta-a
nalysis results showed that ALA could decrease semen volume significantly (MD: -0.17; 95% Cl, -0.31 —-0.02; p =
0.03), that was to say, ALA could decrease semenvolume significantly. The meaning of the green dotes or squares

was the weight of study. ALA=Alpha---lipoic Acid; MD= mean difference; SD= standard deviation; Cl= confi
dence interval.

changes and DNA fragmentation, which would affect
the sperm function and quality, finally damage the
fertilization ability [22]. ALA can work equally well
in fat-soluble or water-soluble states, intracellular or
extracellular media, which is different from other anti-
oxidants that only work in one of the conditions, pro-
vide a broader antioxidant activity (broad spectrum) to
reduce the adverse effects of ROS. ALA also plays a role
by participating in the production of other antioxidants
such as glutathione and the regulation of adenosine

triphosphate (ATP) [23]. A shield, which is actively pro-
duced by ALA over the sperm midpiece through inter-
relation with glutathione and ascorbic acid, protects
the inner organelles from ROS induced by free radicals
[24]. In turn, this shield will indirectly reduce the for-
mation of deep pores and cracks on the sperm surface,
thus protecting the external and internal structural
integrity of the organelle [21]. Sperm muotility is highly
dependent on mitochondrial ATP activity, while ALA,
as a mitochondrial co-enzyme, enhances membrane
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Table 3 Sensitivity analysis of sperm concentration

Study Mean Difference Lower Cl Upper Cl P 12
Omitting Raaia 2012 1st month 3.95 [2.26; 5.65] <0.00001 59%
Omitting Raaia 2012 2nd month 3.86 [2.16; 5.56] <0.00001 46%
Omitting Raaia 2012 3rd month 374 [2.03; 544] <0.0001 1%
Omitting Haghighian 2015 11.72 [4.95; 18.49] 0.0007 0%
Omitting Abbasi 2020 3.86 [2.13; 5.58] <0.0001 58%
Pooled estimate 3.98 [2.28; 5.67] <0.00001 47%

Legend: Sensitivity analysis showed that Raaia 2012 3rd month and Haghighian 2015 were found to affect the overall prevalence estimate by an absolute difference

for the indicator

Cl Confidence interval

Table 4 Sensitivity analysis of sperm total motility(grade a+b-+c)

Study Mean Difference Lower Cl Upper Cl P 12
Omitting Raaia 2012 1st month 6.89 [5.06; 8.71] <0.00001 69%
Omitting Raaia 2012 2nd month 6.73 [4.89; 8.56] <0.00001 74%
Omitting Raaia 2012 3rd month 6.75 [4.93; 8.58] <0.00001 73%
Omitting Haghighian 2015 9.16 [6.48; 11.84] <0.00001 45%
Omitting Abbasi 2020 443 [2.16; 6.69] 0.0001 0%
Pooled estimate 6.68 [4.88; 8.48] <0.00001 65%

Legend: Sensitivity analysis showed that Abbasi 2020 was found to affect the overall prevalence estimate by an absolute difference for the indicator

Cl Confidence interval

capacity by augmenting cytochrome C concentrations,
thereby increasing availability of ATP, and to ensure
constant yield of ATP [25].

Haghighian 2015 [21] did not directly mention the
WHO criteria edition in the published article. We
obtained the specific WHO semen examination results
information from the references, which correspond to
different indicators in the study: the semen samples were
analyzed according to the WHO criteria 1992 [26], motil-
ity assessment of sperm was performed according to
WHO criteria 1992 and 1999 [11]. Because the data of
the two WHO versions have little difference and accord-
ing to the specific data involved in the literature, this
paper made statistical analysis according to WHO cri-
teria 1999. In addition, Raaia 2012 [13] and Abbasi 2020
[20] adopt WHO 2010 semen examination results [12],
because the data types involved in the whole meta-anal-
ysis had no methodological differences (including semen
volume, sperm concentration, sperm motility, sperm
progressive motility, no sperm morphology, WHO 1999
and 2010 had no significant methodological differences,
only some statistical differences), so they were included
and analyzed together, which would not affect the results
of this meta-analysis, The results were still reliable. We
listed the methodology of indicators of this meta-analysis
in WHO criteria 1992, 1999 and 2010, as shown in the
Table 5.

The ALA group data of progressive mobility in
Table 4 post-varicocelectomy/post-medication semen
parameters in Abbasi 2020 [20] was 35.75+396. Accord-
ing to the content and data analysis of the previous and
subsequent articles, this should be a printing error, and
the original data should be 35.7543.96. Therefore, cor-
rect data were used for analysis in our meta-analysis.
In this study, semen parameters were measured before
operation. After operation, participants were randomly
divided into ALA group and placebo group. Semen
parameters were checked after 80 days of treatment. The
results of this study give us a very interesting results.
There was no significant statistical difference between
ALA group and control group except one group of data
(abnormal sperm forms). In other words, the existence
of varicocele, a basic disease, did not seem to affect the
research results of the trial. In general, there was little
difference between ALA and placebo group. Although it
did not affect this systematic review and meta-analysis, it
was recommended to reduce the impact of basic diseases
on drug experiments in subsequent experiments, so as to
draw more reliable conclusions.

The sensitivity analysis (see in Table 3) showed that,
Raaia 2012 [13] (3rd month) and Haghighian 2015 [21]
were found to affect the overall prevalence estimate.
Because in these two studies, the change of sperm con-
centration between the treatment group and the control
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group was the largest, with significant statistical differ-
ence. For the rest three groups of data, there were no
significant difference in sperm concentration. The sensi-
tivity analysis (see in Table 4) showed that, Abbasi 2020
[20] was found to affect the overall prevalence estimate.
Because the patients in this study had different degrees
of varicocele, ALA and placebo treatment were per-
formed after operation of varicocelectomy. The difference
between the treatment group and the control group was
very obvious, which affects the overall level of the whole
group data.

The study Raaia 2012 [13] included in this meta-
analysis did not mention the detailed random grouping
method in the original text. In order to ensure the rigor
of the study, we sent an e-mail to the author to ask about
relevant questions, but we didn’t get a reply from the
authors.

Through the previous literature search, we found
another very valuable study Rago 2017 [22]. The results
of semen parameters in this article were described as fol-
lows: the statistical analysis of the pre- and post-treat-
ment seminal parameters did not reveal any statistically
significant differences. Because there was no particular
data, we sent an e-mail to the corresponding author ask-
ing for the original data for this system review, but unfor-
tunately we didn’t get a reply from the author.

In addition, another study, Hodeeb 2022 [23], was
retrieved this time. Because this was an observa-
tional study and did not belong to RCT, it could not be
included in this meta-analysis. Among them, semen
volume(p <0.001), sperm concentration(p <0.0001), total
mobility(p <0.001), progressive mobility(p <0.001) and
sperm vitality(p < 0.001) were significantly improved after
treatment, but sperm morphology(p =0.064) had no sig-
nificant difference.

At present, the most commonly used alpha-lipoic acid
in China is WEI YI NENG® (Alpha-lipoic acid capsules,
also called Thioctic Acid Capsules, JS.WANHE PHARM,
Jiangsu Province, China).WEI YI NENG® is used to treat
diabetes multiple peripheral neuropathy. In recent years,
WEI YI NENG® is also widely used in the treatment of
male infertility, the dosage is 600 mg per day (200 mg
three times a day, or 300 mg two times a day). It has a
good effect in improving normal sperm forms [27] and
reducing sperm DNA fragments [28].

The existing systematic reviews searched and included
studies before May 2020 [8], with the types of observa-
tional studies (such as cohort or case control studies),
RCTs, prospective clinical trials and case reports, so the
level of evidence-based medicine was slightly lower. Our
study differs in that it is the first time to include only
RTCs on the treatment of sperm with ALA, demonstrat-
ing a significant clinical and statistical improvement in
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some sperm paremeters, and thus can be regarded as
level 1A evidence, which has important clinical value.

Although our study has important strengths, there
were still limitations exist. Only three studies included;
all included trials had small samples; the largest study
included in our meta-analysis had only 48 men; one of
the studies [13] did not inform us the registration infor-
mation of the clinical trial; follow-up was limited to
approximately 3 months in all studies and every month’s
data had been provided by only one study [13].

Conclusions

In this meta-analysis of RCTs, normal sperm forms,
sperm concentration, sperm total motility and progres-
sive motility have improved in men treated with ALA
compared to men treated with sham treatment. However,
before this treatment option is widely accepted, more
stringent and larger sample RCTs must be conducted.
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