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strategies for the treatment
of oligoasthenospermia: a systematic review
and Bayesian network meta-analysis
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Qing Liu', Congan Wang®" and Yongquan Wang®""

Abstract

Background: Oligoasthenospermia (OAT) is the most common cause of male infertility, and the annual incidence
of the disease continues to increase due to changing lifestyle habits, increased work pressure and increased envi-
ronmental pollution. A variety of nonpharmacological therapies have been reported to be effective for treating OAT,;
however, there is a lack of direct evidence comparing these different nonpharmacological therapies. Therefore, the
optimal strategy has yet to be identified.

Objectives: A network meta-analysis was performed to evaluate the efficacy and safety of nonpharmaco-
logical treatments for OAT, thus providing an evidence-based medical reference for the clinical treatment of
oligoasthenospermia.

Methods: The Web of Science, Cochrane Library, Embase, PubMed, Weipu (VIP), Wan Fang Data, China National
Knowledge Infrastructure (CNKI), and China Biomedical Literature (CBM) databases were searched from inception to
April 2022 to identify randomized controlled trials (RCTs) that examined nonpharmacological treatments for oligo-
zoospermia. Grey literature was also searched. Studies that met the quality criteria were analysed using Stata 16.0 and
Review Manager 5.4 software.

Results: A total of 4629 publications were initially retrieved; ultimately, 38 RCTs were analysed, including 8 nonphar-
macological therapies and 3080 patients. Each intervention outperformed the sham intervention and no treatment
approaches in terms of improved efficacy. In terms of improved total effective rate and sperm concentration, warm-
ing acupuncture may be the most effective treatment (SUCRA=80.1% and 93.4%, respectively). Electroacupuncture
perhaps resulted in the best improvement in sperm motility a% and a + b% (SUCRA =96.6% and 82.0%, respectively).
In terms of the incidence of adverse reactions, the three safest interventions probably were no treatment, warming
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acupuncture, and sham intervention (SUCRA =88.0%, 68.8% and 62.9%, respectively). In terms of improving the
reproductive hormones FSH, LH, and T, the best interventions perhaps were hyperbaric oxygen, 2 Hz TEAS, and elec-
troacupuncture (SUCRA =285.1%, 96.8% and 99.4%, respectively).

Conclusions: Nonpharmacological treatments for oligoasthenospermia have good clinical efficacy. Warm acupunc-
ture and electroacupuncture have better overall efficacy and safety. These treatment approaches can be recom-
mended based on the actual situation. If a patient is complicated with varicoceles, they should be removed before
symptomatic treatment. Due to the limitations of the quality of the included studies, the findings need to be further

validated.
Keywords: Oligoasthenospermia, Nonpharmacological strategies, Network meta-analysis, Randomized controlled
trials

Background Based on the existing literature, we hypothesize that

Oligoasthenospermia (OAT) is a general term for oli-
gospermia and asthenozoospermia and is an important
cause of male infertility. Clinically, it is mainly charac-
terized by decreased sperm concentration and sperm
motility [1]. In recent years, under the influence of many
harmful factors, such as environmental pollution, men-
tal stress, and unhealthy lifestyles, the global annual
prevalence of oligoasthenozoospermia among men has
increased to 10-15%, leading to a heavy burden on indi-
viduals and the social health care system [2, 3]. Drugs are
commonly used in clinical treatment for OAT. Western
medicine mainly focuses on hormones and nutritional
supplements (such as L-carnitine, vitamin C, E), while
traditional Chinese medicine often uses drugs with the
effect of invigorating the kidney and nourishing essence
(such as Qilin Pill, Wuzi Yanzong Pill) for treatment.
These drugs are still effective, but they easily reach the
bottleneck of treatment, and there are many adverse
reactions, such as gastrointestinal discomfort, arrhyth-
mia and neurological lesions, which are often difficult
for patients to tolerate [4, 5]. Therefore, it is necessary to
explore other forms of alternative therapy with signifi-
cant curative effects, stable effects and safety.

In recent years, the advantages of nondrug therapy
for treating oligoasthenozoospermia have gradually
emerged. It has the advantages of significant curative
effects, rapid effects and few side effects and has been
utilized by an increasing number of patients [6]. Several
guidelines and consensuses [7, 8] list nondrug therapy as
the recommended intervention for the clinical treatment
of oligoasthenozoospermia, which can be mainly divided
into surgical therapy (such as varicocelectomy and laser
surgery), physical therapy (such as transcutaneous elec-
trical acupoint stimulation, hyperbaric oxygen, and shock
wave) and traditional Chinese medicine (acupuncture
and massage). There are many types of nondrug thera-
pies with different effects and advantages. It is not known
which intervention measures have the best effect.

nondrug therapies can significantly improve the symp-
toms of oligoasthenospermia patients with high safety.
However, the lack of evidence-based medicine has lim-
ited their wide application in clinical practice. Although
multiple traditional meta-analyses [9-11] have proven
that nondrug therapy has advantages in the treatment of
oligoasthenozoospermia, most studies have compared
two treatment methods (such as hyperbaric oxygen and
drugs) rather than performing direct and indirect com-
parisons of multiple nondrug treatments. Therefore, the
current study used the network meta-analysis method
to compare the efficacy and safety of nondrug therapies
commonly used in the treatment of oligoasthenospermia
and to study the advantages of various methods in each
outcome index to provide evidence-based medical sup-
port for the clinical treatment of oligoasthenospermia.

Methods

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA-NMA)
guidelines [12] and was registered with PROSPERO
(Registration Number CRD42022314429).

Inclusion criteria

Type of study

Randomized controlled trials (RCTs) published at home
and abroad.

Research subjects
All studies met the diagnostic criteria for oligoastheno-
zoospermia [13-16], regardless of age or race.

Interventions

The experimental group was treated with nondrug ther-
apy alone; the control group was treated with conven-
tional medicine, sham intervention, or no treatment (e.g.,
electroacupuncture vs. manual acupuncture). The inclu-
sion of intervention drugs in the control group refers to
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domestic and foreign guidelines or consensus [14, 17],
including L-carnitine, vitamin C, E, zinc sulfate tab-
lets, Qilin pills, and Wuziyanzong pills. Drugs need to
be approved by the drug regulatory authorities for mar-
keting. At least 3 articles are required for each nondrug
therapy. A description of each intervention can be found
in Additional file 1: Table S1.

Outcome indicator

Efficacy Indicator: total effective rate, referring to the
efficacy standards formulated by the State Adminis-
tration of Traditional Chinese Medicine and WHO
[14, 15]. The total effective rate is calculated as fol-
lows: [(Cure+ marked effect+ effective) number of
cases +—total number of cases] x 100%; sperm concen-
tration; sperm motility a%; sperm motility a4 b%. Safety
indicators: adverse reaction. Laboratory Metrics: fol-
licle-stimulating hormone, FSH; luteinizing hormone,
LH; testosterone, T. All RCTs contained at least one of
the outcome indicators to be eligible for inclusion in the
NMA.

Exclusion criteria

Inconsistent interventions; no mention of the outcome
measures examined herein; no reference or homemade
diagnostic criteria; incomplete or erroneous data; com-
bined with serious complications.

Data search and selection

The Cochrane Library, Web of Science, Embase, Pub-
Med, VIP, CBM, CNKI and Wanfang databases were
searched for relevant literature. We also searched grey
literature and reviewed the reference lists of included
studies and related systematic reviews. There were no
restrictions regarding language, type of publication, date
of publication or status of publication. The type of pub-
lication included original research, conference proceed-
ings, letters to the editor, etc. The retrieval strategy used
a combination of subject headings and free words, and
the databases were searched from inception to April 1,
2022. An example search strategy from PubMed is pro-
vided in Additional file 1: Table S2. Two researchers (Li
Miaoxiu and Zhang Lijuan) independently screened the
literature based on the inclusion criteria. After extract-
ing the data, they crosschecked each other’s results. Any
disagreements were resolved by consulting a third party
(Pan Yankun). Endnote software was used to check for
duplicate publications. Then, the investigators screened
the titles and abstracts of each study, and they excluded
the literature that did not meet the inclusion criteria.
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Afterward, the investigators read the full texts of the
remaining studies to decide whether to include it or not.
If the literature was incomplete, the authors of the origi-
nal study were contacted to obtain detailed data.

Data extraction and bias assessment

Two reviewers (Jiao Tiyong and Shi Xiaoyun) indepen-
dently extracted data from each trial using a standardized
form. Any disagreements were resolved by consulting a
third party (Liu Qing). The extracted data included the
authors, publication time, sample size, disease duration
and age, intervention measures, course of treatment,
and outcome indicators. The risk of bias assessment
was completed by 2 investigators (Li Xujie and Zhou
Ziyang) using the risk of bias assessment tool (ROB2) in
the Cochrane Reviewers Handbook [18]. The following
6 aspects were evaluated to determine the risk of bias:
randomization process; deviations from intended inter-
ventions; missing outcome data; measurement of the out-
come; selection of the reported result; and overall bias.
Each studies was rated as “low risk’, “high risk” or “some
concerns”.

Quality of evidence

The GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) approach used to evaluate
the quality of evidence for the primary outcomes and cat-
egorized as high, moderate, low, or very low. Two authors
(Li Xujie and Zhang Lijuan) without conflicts of interest
related to this study reviewed the synthesized evidence
and downgraded its certainty based on study design, risk
of bias, inconsistency, indirectness, and imprecision.

Statistical analysis

All outcome indicators were analysed used random or
fixed effects models based on the level of heterogeneity.
The P value of the chi-square test and * index in the het-
erogeneity test were used to indicate the level of statis-
tical heterogeneity. When the level of heterogeneity was
low, the data were analysed with the fixed effects model
(P>0.1 and ?<50%); otherwise, the random effects
model (P<0.1 or > value>50%) was used [19, 20]. The
relative risk (RR) was used as the effect size for dichoto-
mous variables, and the standardized mean difference
(MD) was used as the effect size for continuous variables
to calculate the 95% confidence interval (CI). Based on
the Bayesian model, Stata 16.0 software was used for net-
work meta-analysis. The data were preprocessed using
the network group command, and the evidence network
diagram of each indicator is drawn. The curative effect
of the indicators was sorted to obtain the area under
the curve (SUCRA), and the probability sorting was
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Fig. 1 Literature search process

drawn as a graph. The dots in the evidence network dia-
gram represent an intervention, and the larger the area
is, the greater the number of patients with the interven-
tion. The line connecting the two dots indicates a direct
comparison between the two interventions, and the
thickness of the line represents the number of included
studies [21, 22]. The SUCRA is expressed as a percentage.
The larger the percentage is, it means that the interven-
tion has the highest probability and possibility of becom-
ing the most preferred option, and a value of 0 indicates
that the intervention may be completely ineffective [23,
24]. The transitivity assumption was assessed by com-
paring the characteristics of clinical and methodological
variables and baseline information, such as patient age
and trial design. When there is a closed loop, the node
splitting method is used to check the inconsistency and
transitivity. When the number of studies on the outcome
indicator was>10, a “comparison-adjusted” funnel plot
was drawn to determine whether there was a possibil-
ity of a small sample effect. To test the robustness of the
main findings, some factors that might have a potential

to influence the level of precision of the main outcome
were removed and sensitivity analysis was performed.The
quality of the literature was evaluated by Review Man-
ager 5.4 software.

Results

Literature search and study characteristics

The search yielded 4629 studies, of which 38 [25-62]
were ultimately included. Three studies [33, 34, 54] were
three-arm trials, four studies [35—38] were four-arm tri-
als, and the remaining studies were two-arm trials. The
screening flow chart is shown in Fig. 1. A total of 3080
patients were included, all of whom met the diagnos-
tic criteria for oligoasthenozoospermia; there were 1462
patients in the experimental group and 1618 patients
in the control group. There were 8 nondrug therapies,
including electroacupuncture, 2 Hz TEAS, 100 Hz
TEAS, warming acupuncture, moxibustion, manual
acupuncture, varicocelectomy, and hyperbaric oxygen.
Most of the patients in these studies were 25-35 years.
All included studies were rigorous RCTs. Therefore, the
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transitivity assumption was met based on baseline char-
acteristics. The basic characteristics of the included stud-
ies are shown in Table 1.

Bias and GRADE assessment

Of the 38 included RCTs, five studies [38, 50, 51, 57, 58]
were published in English, and the remainder were pub-
lished in Chinese. The studies had comparable general
information for the control and experimental groups.
In the evaluation of the risk of bias regarding the rand-
omization process, only 3 studies [27, 44, 60] were evalu-
ated as “high risk’;, 10 articles [25, 28, 29, 36, 39, 40, 49,
53, 58, 62] were evaluated as having “some concerns’, and
25 articles were evaluated as “low risk” In the evaluation
of the risk of bias regarding deviations from intended
interventions, 7 studies [27, 29, 32, 39, 40, 46, 59] were
rated as having “some concerns’, and the remaining 31
articles were rated as “low risk” In the evaluation of the
risk of bias regarding missing outcome data, all 38 stud-
ies were rated “low risk” In the evaluation of the risk of
bias regarding measurement of the outcome, 13 studies
(29, 32, 33, 35, 36, 39, 43-45, 47, 48, 52, 62] were rated
as having “some concerns’, and the remaining 25 studies
were rated as “low risk” In the evaluation of the risk of
bias regarding selection bias, only 1 study [54] was evalu-
ated as “high risk’; and the remaining 37 studies were
rated as “low risk” According to the ROB2.0 risk of bias
assessment tool, 15 studies [25, 28, 29, 32, 33, 35, 36, 40,
41, 43, 47-49, 52, 53, 55, 58, 59, 62] were rated as hav-
ing an overall “low risk’, 18 articles were rated as having
a risk of bias for a “some concerns’, and 5 articles [27, 39,
44, 50, 54] were rated as having an overall “high risk” The
results are shown in Fig. 2, and the risk of bias summary
is shown in Additional file 1: Figure S1. GRADE results is
shown in Additional file 1: Figure S9. In terms of impor-
tance, other outcome indicators showed important in
addition to the total effective rate, sperm concentration,
sperm motility a%. Moreover, the quality of evidence
was very low or low because of the poor methodological
quality.

Network meta-analysis

Evidence network diagram, inconsistency and transitivity test
Total effective rate Twenty-five studies [25, 27-32, 34—
37, 39-41, 44, 45, 47, 48, 52-54, 56, 59, 61, 62] reported
the total effective rate, involving a total of 11 interven-
tions. Thus, 55 two-by-two comparisons were formed,
and the evidence network was generally centred on CM,
thereby forming six closed loops (see Fig. 3). Due to the
low level of heterogeneity (P=0.115, I*=23.5%), we used
a fixed effects model. The node-splitting method test
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showed good consistency and transitivity, with no hetero-
geneity emerging between studies (P> 0.05).

Sperm concentration Twenty-eight studies [26-32, 34,
37-39, 42-44, 46-48, 50-60] reported on sperm con-
centration, involving 11 interventions. Thus, 55 two-
by-two comparisons were formed, and the evidence
network was generally centred on CM, thereby forming
eight closed loops (see Fig. 4). Due the high amount of
heterogeneity (P<0.00001, I*=88.4%), we used a ran-
dom effects model. Node-splitting tests showed good
transitivity and agreement, with no heterogeneity
between studies (P> 0.05).

Sperm motility a% Thirteen studies [27, 29, 32, 34—
36, 43, 44, 49, 51, 53, 54, 60] reported sperm motility
a%, involving nine interventions. Thus, 36 two-by-two
comparisons were formed, leading to six closed loops
(see Fig. 5). Due to the high amount of heterogene-
ity (P<0.00001, I*=84.9%), we used a random effects
model. Node-split tests showed good agreement and
transitivity, with no heterogeneity emerging between
studies (P>0.05).

Sperm motility a+b% Twenty-six studies [26, 28, 30—
39, 43, 46-49, 52-60] reported sperm motility a-+b%,
involving 11 interventions. Thus, 55 two-by-two compari-
sons were formed, with an overall network of evidence
centred on no treatment, thereby forming nine closed
loops (see Fig. 6). Due to the high amount of heteroge-
neity (P<0.00001, *=92.7%), we used a random effects
model. Node-split tests showed good transitivity and con-
sistency, with no heterogeneity emerging between studies
(P>0.05).

Adverse reaction Of the 38 articles, 15 reported the
occurrence of adverse reactions. Among them, 8 [26-28,
35, 37, 42, 44, 45] had no adverse reaction; 7 studies [30,
32,49, 53,55, 56, 59] reported minor adverse reactions and
no serious adverse reactions. Due to the limited number
of included literatures and the broad definition, adverse
reactions could not be specifically subdivided, and only
the total number of adverse reactions from interventions
was analyzed. Specific adverse reactions are detailed in the
Additional file 1: Table S23. Fifteen studies [26—28, 30—32,
35, 37,42, 44, 45, 49, 53, 55, 56, 59] reported adverse reac-
tions, involving 11 interventions. Thus, 55 two-by-two
comparisons were formed, and the evidence network was
generally centred on CM, thereby forming nine closed
loops (see Fig. 7). Due to the low amount of heterogene-
ity (P=0.923, ?=0.0%), we used a fixed effects model.
Node-splitting tests showed good transitivity and agree-
ment, with no heterogeneity between studies (P> 0.05).
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WA
Fig. 5 Network diagram of sperm motility a%

FSH, LH, T As the results of the included studies that
examined these 3 indicators were consistent, their evi-
dence network plots were the same and thus pooled for
analysis. Eleven studies [30, 31, 33, 37, 43, 48, 52, 54,
55, 57, 60] reported on FSH, LH and T, involving a total
of 10 interventions. Thus, 45 two-by-two comparisons
were formed, and the evidence network was generally
centred on manual acupuncture as the centre, thereby
forming seven closed loops (see Fig. 8). The three indi-
cators have high heterogeneity; the I? values were 87.1%,
90.7% and 82.9%, respectively, and the P values were less
than 0.00001. Therefore, the random effects model was
used for these three indicators. The results of the node-
WA splitting method test showed good consistency and

100Hz TEAS

Fig. 4 Network diagram of sperm concentration
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100Hz TEAS

WA

Fig. 6 Network diagram of sperm motility a + b%

2Hz TEAS

100Hz TEAS

MA

WA VCL
Fig. 8 Network diagram of FSH, LH, and T

WA
Fig. 7 Network diagram of adverse reactions

transitivity, with no heterogeneity emerging between
studies (P> 0.05).

The results of the node-splitting tests are shown in
Additional file 1: Tables S3, S4, S4, S5, S6, S7, S8, S9,
S10.

Results of the network meta-analysis

Total effective rate WA was better than CM [RR=1.15,
95% CI (1.01, 1.31)] and MA [RR=1.28, 95% CI (1.05,
1.56)] in terms of improving the total effective rate. Com-
pared with NT, WA, EA, MB, 2 Hz TEAS, HBO, 100 Hz
TEAS, CM, VCL, MA and SI had better intervention
effects. EA was better than MA. WA, EA, MB, 2 Hz TEAS,
HBO, 100 Hz TEAS, CM and MA were better than SI. All

of the abovementioned differences were statistically sig-
nificant (P<0.05), as shown in Table 2.

Adverse reaction 2 Hz TEAS was superior to NT in
improving the ate of adverse reactions [RR=0.25, 95%
CI (0.06, 1.00)], with a statistically significant difference
(P<0.05). There were no statistically significant differ-
ences (P>0.05) when comparing the remaining interven-
tions (see Table 2).

Sperm concentration Compared to 100 Hz TEAS, WA
[MD =6.67, 95% CI (2.44, 10.90)], MB [MD =5.72, 95%
CI(1.12,10.32)], MA [MD =4.13,95% CI (0.63, 7.62)], EA
[MD =4.11, 95% CI (0.21 8.00)], CM [MD =4.05, 95% CI
(0.70, 7.40)], 2 Hz TEAS [MD =3.56, 95% CI (0.73, 6.39)]
were better at elevating sperm concentration. WA, MB,
HBO, MA, EA, CM, 2 Hz TEAS were better than VCL,
SI, and NT. 100 Hz TEAS was better than STand NT. VCL
was a better intervention than NT. All of the abovemen-
tioned differences were statistically significant (P<0.05),
as shown in Table 3.

Sperm viability a+b% VCL [MD=5.44, 95% CI (0.61,
10.27)] was more effective are enhancing sperm viability
a+b% than NT. EA, 100 Hz TEAS, 2 Hz TEAS, MA, WA,
HBO and CM were better than SI and NT. 2 Hz TEAS
was a better intervention than VCL. All of the abovemen-
tioned differences were statistically significant (P<0.05),
as shown in Table 3.

Sperm viability a% Compared to SI, EA [MD=7.68,
95% CI (3.71, 11.66)], 100 Hz TEAS [MD =5.18, 95% CI
(1.94, 8.41)], HBO [MD =4.55, 95% CI (0.13, 8.97)], and
CM [MD=4.50, 95% CI (1.17, 7.83)] were more effec-
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Table 2 Network meta-analysis of the total effective rate and adverse reaction rate [RR (95% Cl)]
Adverse reaction
7 0.63 0.17 0.40 0.57 0.40 0.34 0.66 0.30 0.68 0.63
i (0. 06, 6. 87) (0. 01, 4. 24) (0. 03, 5. 09) (0.04,7.70) (0. 03, 5. 70) (0.04,3.14) (0. 04, 11. 45) (0. 03, 3. 44) (0. 05, 9. 50) (0.04,9.99)
1.02 m 0.27 0.63 0.96 0.63 0.54 1.05 0.48 0.93 0.39
(0.84,1.23) i 0.02,3.27)  (0.14,2.90)  (0.74,1.25)  (0.12,3.47)  (0.22,1.34)  (0.14,7.75)  (0.14,1.66)  (0.18,4.91)  (0.06, 2. 55)
1.02 1. 00 - 0.43 0.30 0.43 0.50 0.26 0.57 0.25 0.11
(0.83,1.25)  (0.81,1.23) ) (0.03,6.000  (0.02,4.42)  (0.03,6.69)  (0.05,5.08)  (0.01,4.91)  (0.05,7.19)  (0.02,3.88)  (0.01,1.86)
o 1.07 1.05 1.05 p— 0.70 1.00 0.86 0.61 0.75 0.59 0.25
| (0.83,1.37)  (0.81,1.35)  (0.80,1.37) ) 0.11,4.45)  (0.39,2.56)  (0.24,3.01)  (0.09,3.88)  (0.17,3.24)  (0.20,1.73) | (0.06, 1. 00)
= 1.06 1.04 1.04 1. 00 0.70 0. 60 0.87 0.53 0.84 0.36
g (0.82,1.38)  (0.80,1.36)  (0.79,1.37)  (0.73,1.36) HE0 0.09,5.19)  (0.15,2.34)  (0.09,8.32)  (0.10,2.88)  (0.12,6.13)  (0.04,3.06)
g 1.08 1.06 1.06 1.01 1.01 T TS 0.86 0.61 0.75 0.59 0.25
| (0.75,1.56)  (0.73,1.53)  (0.72,1.55)  (0.75,1.35)  (0.67,1.53) ) (0.20,3.74)  (0.09,4.22)  (0.15,3.80)  (0.19,1.81)  (0.06, 1. 05)
2 1.15 1.13 1.13 1.08 1.08 1.07 - 0.52 0.88 0.51 0.21
&l (1.01,1.31) (0.98,1.30)  (0.97,1.32)  (0.87,1.34)  (0.87,1.36)  (0.76,1.51) ) (0.09,3.16)  (0.32,2.43)  (0.12,2.14)  (0.04,1.13)
S 1.20 1.18 1.18 1.13 1.13 1.12 1.04 — 0.46 0.97 0.41
(0.84,1.73)  (0.82,1.70)  (0.81,1.71)  (0.75,1.68)  (0.75,1.69)  (0.69,1.81)  (0.74,1.46) (0.06,3.38)  (0.14,6.96)  (0.08,2.21)
1.28 1.26 1.26 1.20 1.20 1.19 111 1.07 - 0.44 0.19
(1.05,1.56) (1.03,1.54) (0.99,1.59)  (0.92,1.56)  (0.91,1.60)  (0.82,1.72)  (0.93,1.32)  (0.73,1.56) : (0.10,2.03)  (0.03,1.16)
1.74 1711 1.71 1.63 1.64 1.62 1.52 1.45 1.36 s 0. 42
(1.33,2.28) (1.31,2.24) (1.27,2.30) (1.21,2.21) (1.18,2.29) (1.10,2.39) (1.18,1.95) (0.95, 2. 21) (1.12, 1. 65) (0.09,1.94)
3.33 3.27 3.26 3.12 3.13 3.09 2.89 21 2.60 1.91 NT
(1.87,5.91) (1.83,5.82) (1.82,5.85) (1.84,5.29) (1.71,5.73) (1.79,5.34) (1.65,5.07) (1.44,5.33) (1.46,4.62) (1.06,3.44) _
Bold values are statistically significant; Tables 2, 3, 4, 5 are the same.
Table 3 Network meta-analysis of sperm concentration and sperm motility a +b% [MD (95% CI)]
sperm motility a+b%
- 6.96 0.14 0.59 2.06 1.76 0.86 1.04 4.84 8.56 10. 28
(-2.33,16.26)  (-7.36,7.64) (-5.07,6.25) (-5.14,9.26) (-2.94,6.46) (-5.30,7.03)  (-5.90,7.97)  (-2.36,12.04)  (2.04,15.08)  (3.83,16.74)
0.95 - 6.82 7.55 9.02 7.55 7.82 8. 00 2.12 1.60 3.32
(-3.22,5.12) (-3.10,16.74) (-1.39,16.50) (-0.77,18.81) (-1.39,16.50) (-1.28,16.93) (-1.67,17.66) (-7.69,11.93)  (-7.81, 11.00) (6. 01, 12. 65)
2.45 1.50 —_— 0.73 2.20 1.62 1.00 118 4.70 8.42 10. 14
(-1.70,6.60)  (-2.93,5.93) (-6.33,7.80) (-5.91,10.31) (-4.22,7.47) (-6.27,8.27)  (-6.78,9.13)  (-3.43,12.83) = (0.78,16.06)  (2.60, 17.69)
= 2.54 1.59 0.09 - 1.47 2.35 0.27 0.44 5.43 9.15 10.88
8| (-0.59,5.68) (-2.21,5.39)  (-3.68,3.87) (-4.65,7.59)  (-1.61,6.32) (-4.13,4.67)  (-4.81,5.70)  (-0.55,11.42) = (4.75,13.55)  (6.27,15.48)
K 2.56 1.61 0.11 0.02 - 3.82 1.20 1.02 6.90 10. 62 12.34
2| (-0.86,5.98)  (-2.17,5.39) (-3.64,3.86) (-2.83,2.87) (-1.80,9.44)  (-5.55,7.95)  (-6.41,8.46)  (-0.83,14.64) = (3.60,17.64) (5. 35, 19.34)
g 2.62 1.67 0.17 0.08 0.06 & 2.62 2.80 3.08 6.80 8.52
§ (-0.11,5.36)  (-1.48,4.82)  (-2.95,3.29)  (-2.05,2.20)  (-2.03,2.14) (-1.70,6.95)  (-2.60,8.20) (-2.57,8.73)  (1.88,11.72)  (3.75,13.29)
e 3.11 2.16 0.66 0.57 0.55 0.49 I — 0.17 5.70 9.42 11.15
5| (-0.49,6.71) (-1.83,6.16) (-3.31,4.63) (-2.28,3.42) (-2.64,3.74) (-1.97,2.95) (-3.92,4.27) (0.05,11.35)  (5.51,13.33)  (7.37,14.92)
= 6.67 5.72 4.22 4.13 411 4.05 3.56 e TS 5.88 9.59 11.32
(2.44,10.90) (1.12,10.32) (-0.36,8.79) (0.63,7.62) (0.21,8.00) (0.70,7.40) (0.73,6.39) (-0.22,11.98) = (5.14,14.05)  (7.17,15.47)
9.65 8.70 7.20 7.11 7.09 7.03 6.54 2.98 — 3.72 5.44
(5.57,13.73) (4.27,13.13) (2.79,11.60) (3.65,10.56) (3.37,10.80) (3.92,10.14) (3.21,9.87)  (-0.80,6.76) (-2.25,9.69) _ (0.61,10.27)
10. 26 9.31 7.81 7.72 7.70 7.64 7.15 3.59 0.61 - 1.73
(6.32,14.20) (4.92,13.70) (3.44,12.18) (4.76,10.68) (4.04,11.36) (4.59,10.70) (4.34,9.96)  (0.50, 6.69) (-3. 06, 4. 28) (-2. 42, 5.87)
12.91 11.96 10. 46 10.37 10.35 10. 29 9.80 6.24 3.26 2.65 -
(9.12,16.71) (7.74,16.18) (6.26,14.65) (7.44,13.30) (6.88,13.81) (7.49,13.10) (7.23,12.37)  (3.28,9.21) (0. 48, 6. 04) (-0. 18, 5. 48)

Bold values are statistically significant; Tables 2, 3, 4, 5 are the same.

tive at enhancing sperm viability grade a. EA was better
than CM, MA, and 2 Hz TEAS. WA was better than MA.
100 Hz TEAS was better than 2 Hz TEAS. Compared
with NT, EA, WA, 100 Hz TEAS, HBO, CM, MA, and
2 Hz TEAS were more effective interventions. All of the
abovementioned differences were statistically significant
(P<0.05), as shown in Table 4.

T Compared to SI, MA [MD=1.84, 95% CI (0.39,
3.28)] was better at elevating T. EA was better than WA,
MA, CM, HBO, VCL, 100 Hz TEAS, 2 Hz TEAS, SI and

NT. All of the abovementioned differences were statisti-
cally significant (P<0.05), as shown in Table 4.

FSH 1In terms of FSH reduction, 100 Hz TEAS was bet-
ter than SI [MD=— 0.81, 95% CI (— 0.37, — 0.25)] and
NT [MD=— 0.99, 95% CI (— 1.61, — 0.37)]. HBO, EA,
WA, CM, 2 Hz TEAS, MA were better than SI, VCL, and
NT. Compared with 100 Hz TEAS, HBO, EA, WA, CM,
2 Hz TEAS and MA were more effective at reducing FSH.
All of the abovementioned differences were statistically
significant (P <0.05), as shown in Table 5.
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Table 4 Network meta-analysis of sperm motility a% and T [MD (95% CI)]
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Sperm motility a%
- 1.99 4.63 3.18 SHT13 _ 2.51 5.04 7.68 9.90
(-1.01,4.99) (1.70,7.56) (1. 01, 5. 36) (-0. 49, 6. 76) (-1. 47, 6. 49) (1. 66, 8. 42) (3.71,11.66)  (6.30, 13.51)
3.16 - 2.64 1.19 1.14 0.52 3.05 5.69 7.91
(0. 06, 6. 26) (0.16,5.12)  (-0.88,3.27)  (-2.43,4.71) (-3.29,4.32)  (-0.14,6.24) | (1.92,9.47) (4.52,11.31)
3.67 0.51 - 1.45 1.50 . 2.12 0.41 3.05 5.27
(1.34,6.00) (-1.53,2.56) (-0.53,3.42)  (-2.01,5.01) (-1.26,5.50)  (-2.38,3.20)  (-0.19,6.29) ' (2.48,8.07)
4.06 0.90 0.39 - 0.05 _ 0.67 1.86 4.50 6.72
(1.14,6.99) (-0.91,2.72)  (-1.38,2.16) (-2. 85, 2. 95) (-2.65,4.00)  (-0.70,4.41) = (1.17,7.83)  (3.82,9.62)
4.03 0.87 0. 36 -0.03 — . 0.62 1.91 4.55 6.77
| (0-41,7.65 (-1.93,3.67)  (-2.41,3.13)  (-2.16,2.10) (-3.79,5.04)  (-1.96,5.77) | (0.13,8.97)  (2.67,10.88)
4.78 1.62 1.11 0.72 0.75 —
(1.10,8.46) (-1.80,5.04)  (-1.74,3.96)  (-2.49,3.92)  (-3.10, 4. 60)
4.94 1.78 1527 0.88 0.91 0.16 e mp— 2.53 5.18 7.40
(1.60,8.27) (-1.23,4.79) (-1.12,3.65)  (-1.88,3.63)  (-2.58,4.39)  (-2.86,3.17) (0.00,5.06)  (1.94,8.41)  (4.75,10.04)
4.88 1.72 1.21 0.81 0.84 0.10 -0. 06 p— 2.64 4.86
(2.05,7.70) (-0.61,4.05)  (-0.39,2.80)  (-1.09,2.72)  (-2.01,3.70)  (-2.77,2.96)  (-2.33,2.21) (£0.25,5.53)  (2.47,7.26)
5251 2.35 1.84 1.45 1.48 0.73 0.57 0. 63 - 2.22
(2.77,8.25)  (-0.04,4.74) = (0.39,3.28)  (-0.64,3.53)  (-1.50,4.46)  (-2.08,3.54)  (-1.64,2.78)  (-0.94,2.20) (-0. 63, 5.07)
5.57 2.41 1.90 1.51 1.54 0.79 0.63 0. 69 0. 06 -
(2.48,8.65)  (-0.35,5.17)  (-0.12,3.92)  (-0.99,4.00)  (-1.74,4.82)  (-1.22,2.80)  (-1.62,2.87)  (-1.35,2.73)  (-1.90,2.02)
Bold values are statistically significant; Tables 2, 3, 4, 5 are the same.
Table 5 Network meta-analysis of FSH and LH [MD (95% CI)]
LH
HBO -0. 89 -0.43 -0. 05 =123 -0.75 -0. 00 =012 -0.27 -0.45
(-1.98,0.20)  (-1.35,0.49)  (-0.49,0.39) (~1.93,-0.52) (-1.48,-0.02) (-0.76,0.75)  (-0.84,0.60)  (-1.57,1.04)  (-1.24,0.33)
-0.21 - -0. 46 -0.84 -0.34 -0.14 -0.88 -1.01 -1.15 -1.34
(S2213;1571), (-1.64,0.72) (-1. 84, 0. 16) (FIN25%015T) (-0.95, 0. 67) (-1.82,0.05) [(51.92,=0.10)] (-2.55,0.25) [(=2.28,=0.41)
-0. 35 -0. 14 - -0. 38 -0. 80 =0/i32 -0.42 -0.55 -0. 69 -0.88
(-1.46,0.77)  (-1.89,1.61) (-1.19,0.43)  (-1.68,0.08)  (-1.17,0.53)  (-1.34,0.49)  (-1.44,0.34)  (-2.09,0.70)  (-1.81,0.05)
-0.38 =0.17 -0. 03 oM -1.18 -0.70 -0. 05 -0.17 =032 -0.50
(-1.31,0.55)  (-1.85,1.51)  (-0.65,0.59) (-1.73,-0.63) (-1.28,-0.12) (-0.66,0.56)  (-0.74,0.40)  (-1.55,0.91)  (-1.16,0.15)
-0. 39 -0.18 -0. 05 (& -0.01 oz TEAS —0.48 1892 =1..35 -1.49 -1.68
5 (-1. 43, 0. 65) (-1.85, 1. 48) 0.77, 0. 68) (0. 47, 0. 45) (=0.90,-0.06) (-1.56,-0.88) (-1.72,-0.97) (-2.62,-0.37) (-2.10,-1.26)
= -0. 46 -0.25 -0.11 -0.08 -0.07 o -0.74 -0.87 -1.01 -1.20
(-1.51,0.59)  (-1.86,1.36)  (-0.82,0.60)  (-0.57,0.41)  (-0.50,0.37) (-1.22,-0.27) (-1.28,-0.46) (-2.16,0.13) (-1.67,-0.74)
-1.89 -1. 68 -1.54 -1.51 -1.50 -1.43 o — -0.12 -0/27 -0. 46
(-3.05,-0.74) (-3.41,0.04) (-2.43,-0.66) (-2.20,-0.82) (-2.05,-0.95) (-2.06,-0.80) (-0.51,0.27)  (-1.40,0.86) (=0.90,-0.02)
-2.70 -2.49 -2.36 =232 =2831 -2.24 -0.81 - -0.15 0133
(-3.79,-1.61) (-4.17,-0.82) (-3.14,-1.57) (-2.89,-1.75) (-2.72,-1.90) (-2.71,-1.77) (-1.37,-0.25) (-1.29,0.99)  (-0.79,0.12)
-2.70 —2.50 -2.36 =2:32 =0, —2.25 -0.81 -0. 00 — -0.19
(-4.05,-1.35) (-4.35,-0.64) (-3.48,-1.24) (-3.30,-1.34) (-3.21,-1.41) (-3.17,-1.32) (-1.75,0.13)  (-0.91,0.91) (-1.23,0.85)
-2.88 -2.67 -2.53 -2.50 -2.49 -2.42 -0.99 -0.18 -0.18 -
(-4.03,-1.73) (-4.38,-0.96) (-3.40,-1.66) (-3.18,-1.82) (-3.05,-1.92) (-3.01,-1.83) (-1.61,-0.37) (-0.76,0.40)  (-0.88.0.53)

Bold values are statistically significant; Tables 2, 3, 4, 5 are the same.

LH Compared to NT, 2 Hz TEAS [MD=— 0.81, 95%
CI (- 0.37, — 0.25)], EA [MD=— 0.81, 95% CI (— 0.37,
— 0.25)], MA [MD=— 0.81, 95% CI (- 0.37, — 0.25)],
and 100 Hz TEAS [MD = — 0.81, 95% CI (— 0.37, — 0.25)]
were better at reducing LH. 2 Hz TEAS was better than
MA, CM, 100 Hz TEAS, HBO, SI, VCL, and NT. MA
was better than CM, 100 Hz TEAS, HBO, SI, and NT.
EA was a better intervention than SI and NT. All of the
abovementioned differences were statistically significant
(P<0.05), as shown in Table 5.

SUCRA probability ranking

Total effective rate WA was probably the most effective
intervention for improving the total effective rate (80.1%),
followed by EA (75.2%), MB (75.0%), 2 Hz TEAS (64.7%),

HBO (64.6%), 100 Hz TEAS (62.9%), CM (44.2%), VCL
(44.0%) MA (28.8%), SI (10.3%), and NT (0.2%).

Sperm concentration WA was perhaps the most effec-
tive intervention for increasing the sperm concentra-
tion (93.4%), followed by MB (83.7%), HBO (65.9%),
MA (63.8%), EA (63.7%), CM (62.4%), 2 Hz TEAS
(56.3%) >100 Hz TEAS (30.2%), VCL (16.7%), SI (13.5%),
and NT (0.4%).

Sperm viability a% EA was probably the most effec-
tive intervention for increasing the sperm viability a%
(96.6%), followed by WA (78.1%), 100 Hz TEAS (70.5%),
HBO (60.6%), CM (60.2%), MA (37.0%), 2 Hz TEAS
(33.2%), SI (12.9%), and N'T (0.8%).
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Sperm viability a+b% EA was probably the most
effective intervention for improving the sperm viability
a+b% (82.0%), followed by 100 Hz TEAS (75.0%), 2 Hz
TEAS (74.1%), MA (71.4%), WA (65.8%), HBO (64.5%),
CM (47.6%), VCL (30.4%), MB (21.5%), SI (12.9%) and
NT (4.8%).

Adpversereaction N'T was perhaps the safest intervention
(88.0%), followed by WA (68.8%), SI (62.9%), EA (60.8%),
VCL (58.2%), HBO (55.2%), 100 Hz TEAS (38.8%), 2 Hz
TEAS (38.1%), CM (31.0%), MA (27.7%), and MB (20.4%).

FSH HBO was perhaps the most effective intervention
for reducing FSH (85.4%) > EA (74.5%) > WA (71.4%) > CM
(69.5%) >2 Hz TEAS (68.9%) > MA (63.5%) >100 Hz TEAS
(33.1%) > SI1 (13.7%) > VCL (13.6%) > NT (6.6%).

LH 2 Hz TEAS was probably the most effective inter-
vention for reducing LH (96.8%), followed by EA (82.7%),
MA (78.6%), WA (62.8%), CM (41.6%), 100 Hz TEAS
(39.3%), HBO (37.0%), SI (28.8%), VCL (24.9%), and NT
(7.6%).

Table 6 Ranking of SUCRA probabilities for each outcome indicator
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T EA was probably the most effective intervention
for increasing T (99.4%), followed by WA (75.8%), MA
(68.0%), CM (55.6%), HBO (54.2%), VCL (40.3%), 100 Hz
TEAS (35.3%), 2 Hz TEAS (35.2%), SI (18.3%), and NT
(17.8%).

The SUCRA values and ranking results for each out-
come indicator are shown in Table 6, with higher SUCRA
values suggesting more effective or safer interventions.

Publication bias

Stata 16.0 was used to test for small-sample effects for
each outcome indicator, including total effective rate,
sperm concentration, sperm motility (a/a+ b levels), inci-
dence of adverse events, T, FSH and LH. Stata was also
used to produce “comparison-corrected” funnel plots.
The results show that the funnel plots for the total effec-
tive rate and the incidence of adverse events have good
symmetry, suggesting that the quality of the included
studies is high and the possibility of publication bias is
low (see Fig. 9). The funnel plots for the remaining out-
come indicators have poor symmetry, suggesting that
there may be some publication bias (see Additional file 1:
Figures S2, S3, S4).

Intervention Total effective rate

Sperm concentration

Sperm motility a+ b% Sperm motility a%

SUCRA RANK SUCRA RANK SUCRA RANK SUCRA RANK
WA 80.1 1 934 1 65.8 5 78.1 2
EA 75.2 2 63.7 5 82.0 1 96.6 1
2 HzTEAS 67.7 4 56.3 7 74.1 3 332 7
100 Hz TEAS 62.9 6 302 8 75.0 2 70.5 3
MB 75.0 3 837 2 215 9 - -
MA 288 9 63.8 4 714 4 370 6
VCL 44.0 8 16.7 9 304 8 - -
HBO 64.6 5 65.9 3 64.5 6 60.6 4
@Y 44.2 7 624 6 476 7 60.2 5
Sl 10.3 10 135 10 12.9 10 129 8
NT 0.2 11 04 11 4.8 11 0.8 9
Intervention Adverse reaction FSH LH T
SUCRA RANK SUCRA RANK SUCRA RANK SUCRA RANK

WA 68.8 2 714 3 62.8 4 75.8 2
EA 60.8 4 74.5 2 827 2 994 1
2 HzTEAS 38.1 8 68.9 5 96.8 1 352 8
100 Hz TEAS 388 7 331 7 393 6 353 7
MB 204 11 - - - - - -
MA 27.7 10 63.5 6 786 3 68.0 3
VCL 58.2 5 136 9 249 9 403 6
HBO 552 6 854 1 370 7 542 5
(@Y 310 9 69.5 4 416 5 55.6 4
Sl 62.9 3 13.7 8 288 8 18.3 9
NT 88.0 1 6.6 10 76 10 17.8 10




Wang et al. European Journal of Medical Research (2023) 28:6 Page 13 of 16
oA , \\ oA A
Pg N // \\
3 P4 N Total effective rate 8 / N Adverse reaction
7 \ @ / \
% /e % @ y \
§ // ° ° \\ e E’ // \\
gw /L ole Sy g A AN
g // by - = \\ ; / ‘. i \\\
S s — — 8 = N\ @ ’ o
E / e% o e o8 N g‘— / > :‘ \\\
ﬁ /// \\\ ﬁ // 1 \
3 / > \,
5 -1 0 1 o 4 -2 0 2
Effect size centred at comparison-specific pooled effect (yuv-pixy) - Effect size centred at comparison-specific pooled effect (yuy-xy)
® Avs) ©® AvsK ® AvsD ® AvsE ©® AvsG ® AvsH ® AvsKk ® AvsG ® AvsD ©® AvsE ® AvsH @ Avs|
® Avsl BvsC ®Bvsg ®BvsF @BvsH ®CvsE ® AvsJ BvsC ®eBvsgt ®BvsF ®BvsH ®CvsE
CvsF DvsH EvsF @ Hvsl CvsF CvsJ DvsH ® EvsF
Fig. 9 Comparison-corrected funnel plot of the total effective rate and adverse reactions A: CM, B: SI, C: NT, D: EA, E: 2 HZ TEAS, F: 100 Hz TEAS, G:
MB, H: MA, I: WA, J: VCL, K: HBO

Sensitivity analysis

To test the reliability and stability of this network meta-
analysis, 4 sensitivity analyses were performed using
Stata 16.0. First, 4 papers reported cases of oligoasthe-
nospermia complicated with varicocele. To reduce the
effect of complications on this outcome, these 4 [55-58]
papers were excluded, and then sensitivity analyses were
performed on the pre- and postexclusion papers. Sec-
ond, the three papers [27, 44, 60] that were evaluated
as high risk in terms of literature quality were excluded,
and then sensitivity analyses were performed before
and after exclusion. Third, considering that the RCTS
with a small sample size may affect the accuracy of the
results, 10 literatures [34, 42, 46, 49-51, 55, 57, 61, 62]
with a sample size less than 60 were excluded for sensitiv-
ity analysis. Finally, the treatment duration of 5 articles
[35, 36, 49, 59, 60] is less than or equal to 1 month, which
may cause potential bias. Therefore, these 5 articles were
deleted for sensitivity analysis. This time, sensitivity anal-
yses were performed only on the effectiveness indicators
(total effective rate, sperm concentration, sperm viabil-
ity a+b%) and safety indicators (incidence of adverse
reactions). The results show that there is little difference
between the results before and after the exclusion of four
sensitivity analyses, indicating that the quality of the lit-
erature is good and that this network meta-analysis is
reliable and stable. The results of the sensitivity analysis
are shown in Additional file Pages 11-18.

Discussion

Up to now, neither meta-analysis nor systematic review
on the effect and safety of nonpharmacological strate-
gies in the treatment of OAT have been reported. In this
meta-analysis, 38 RCTs with a total of 3080 patients were
included to assess the effect and safety of nonpharma-
cological strategies in patients with OAT.In the current

study, we used the total effective rate, sperm concentra-
tion and sperm viability a/a+4b% as indicators of efficacy
and the incidence of adverse events as an indicator of
safety to investigate the advantages of each intervention
on each outcome indicator. The top three interventions
in terms of overall effectiveness were MA, EA, MB. WA,
MB, HBO were the top three interventions in terms of
increasing sperm concentration. EA, WA, 100 Hz were
the top three interventions in terms of increasing sperm
motility a%. EA, 100 Hz TEAS, 2 Hz TEAS were the top
three interventions in terms of increasing sperm motility
a+b%. NT, WA, SI, EA, and VCL were the top five inter-
ventions in terms of reducing the incidence of adverse
events. After analysing the various outcome indicators
in this study, it was found that there was a wide varia-
tion in the optimal ranking of the treatments in the dif-
ferent outcome indicators, making it difficult to choose
the optimal option; for example, MB ranked highly in
improving overall efficiency and sperm concentration but
had the worst safety profile.

In-depth analysis of the indicators revealed that the
nonpharmacological treatments included in this study
were superior to both SI and NT in terms of improv-
ing effectiveness, with warm acupuncture and electroa-
cupuncture ranking highly and consistently in terms of
efficacy, as well as being safer. Warm acupuncture was
observed to be good at increasing sperm concentration,
and electroacupuncture was found to be the most likely
effective intervention for improving sperm viability.
Warm acupuncture is a complementary alternative ther-
apy that combines acupuncture and moxibustion, fully
integrating the “opening” of acupuncture and the “warm-
ing” of moxibustion to benefit the essence by warming
the meridians and running the qi and blood [63]. Mod-
ern studies have shown that warm needling improves the
internal environment of the testis, intervenes in oxidative
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stress damage, and protects sperm membrane structure
and function, thereby improving spermatogenic function
[64]. Experiments have also confirmed that warm nee-
dling elevates sperm concentration and improves semi-
nal plasma neutral alpha-glucosidase and seminal plasma
zinc levels [65].

Electroacupuncture combines Chinese acupuncture
with modern medicine bioelectricity, which, by enhanc-
ing nerve conduction, can propel sperm movement and
keep its movement pathways unobstructed. Studies have
shown that electroacupuncture promotes the release of
B-endorphins and increases the acrosome response of
sperm, which in turn enhances sperm motility [66]. In
addition, electroacupuncture can improve sperm motil-
ity by increasing the level of SOD activity and scavenging
excess oxygen free radicals in the body [67].

Modern medicine suggests that spermatogenesis, mat-
uration and motility are regulated by the reproductive
hormones FSH, LH and T [68]. We analysed these three
hormones as outcome indicators. The results found that
warm and electroacupuncture, which ranked high in the
effectiveness index, also improved FSH, LH and T more
effectively, with some positive correlation, which may
be the underlying mechanism of action. However, there
is also a certain negative correlation, e.g., 2 Hz TEAS
improves LH the best, but all of them are poorly ranked
in terms of effectiveness and, therefore, still need to be
studied in a large number of experiments. Studies have
shown that 15-20% of patients with OAT have varying
degrees of varicocele, which has been shown to be an
important influencing factor on semen quality in patients
with oligoasthenospermia [69, 70]. Four included trials
examine patients with varicocele to investigate changes
in semen quality after varicocele removal. The results
found that all indicators improved in patients after sur-
gery but were lower in the ranking, suggesting that it is
difficult to obtain significant clinical outcomes with sur-
gery alone and that other interventions could be applied
postoperatively if necessary. Therefore, the application of
the above interventions should be tailored to the charac-
teristics and condition of the patient, and the probability
ranking results are for clinicians’ reference only.

There are also some limitations to this study. (i) Due
to the relatively strict inclusion and exclusion criteria,
RCTs with shock wave, five-animal exercise and laser
methods were not included, and therefore, no statistical
analysis of these therapies was conducted. (ii) The sam-
ple size of the included studies was mixed, and only a few
papers mentioned the follow-up process. (iii) None of the
papers included in this study had published pretrial pro-
tocols, which may have led to selective reporting bias. (iv)
Adverse reactions cannot be broken down and are very
widespread, which may result in potential bias.
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In summary, nonpharmacological treatments for oli-
goasthenospermia have good clinical efficacy. Warm
acupuncture is good at boosting sperm concentration,
and electroacupuncture can be given priority for treat-
ment when patients have low sperm motility as the
main symptom. When varicocele is present, it should
be removed surgically and then treated with other
interventions as appropriate. Due to the limitations of
study quality and sample size, additional large-sample,
multicentre and high-quality clinical trials are needed
to supplement the validation note with a view to pro-
viding stronger evidence to support nonpharmacologi-
cal therapies for the treatment of oligoasthenospermia.

Abbreviations

OAT: Oligoasthenospermia; RCTs: Randomized controlled trials; WHO: World
Health Organization; FSH: Follicle-stimulating hormone; LH: Luteinizing
hormone; T: Testosterone; EA: Electroacupuncture; TEAS: Transcutaneous elec-
trical acupoint stimulation; MB: Moxibustion; MA: Manual acupuncture; WA:
Warming acupuncture; VCL: Varicocelectomy; HBO: Hyperbaric oxygen; CM:
Conventional medicine; SI: Sham intervention; NT: No treatment.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-022-00968-6.

Additional file 1: Table S1 Introduction to different Interventions.

Table S2 Search Strategies of Pubmed. Table S3 Node-splitting test of
total effective rate. Table S4 Node-splitting test of sperm concentration.
Table S5 Node-splitting test of sperm motility a%. Table S6 Node-split-
ting test of sperm motility a+b%. Table S7 Node-splitting test of adverse
reaction. Table S8 Node-splitting test of FSH. Table S9 Node-splitting test
of LH. Table S10 Node-splitting test of T. Table $11 Ranking of SUCRA
probabilities for each outcome indicator. Table $12 Network meta-
analysis of total effective rate and adverse reaction [RR (95%Cl)]. Table S13
Network meta-analysis of sperm concentration and sperm motility

a+b% [MD (95%Cl)]. Table S14 Ranking of SUCRA probabilities for each
outcome indicator. Table S15 Network meta-analysis of total effective rate
and adverse reaction [RR (95%Cl)]. Table S16 Network meta-analysis of
sperm concentration and sperm motility a+b% [OR (95%Cl)]. Table S17
Ranking of SUCRA probabilities for each outcome indicator. Table S18
Network meta-analysis of total effective rate and adverse reaction [RR
(95%Cl)]. Table S19 Network meta-analysis of sperm concentration and
sperm motility a+b% [OR (95%Cl)]. Table $20 Ranking of SUCRA prob-
abilities for each outcome indicator. Table S21 Network meta-analysis of
total effective rate and adverse reaction [RR (95%Cl)]. Table S22 Network
meta-analysis of sperm concentration and sperm motility a+b% [OR
(95%C1)]. Table S23 Specific circumstances of the occurrence of adverse
reactions. Table S24 Protocol amendment. Fig. S1 Risk of bias sum-

mary. Fig. 2 "Compare-corrected” funnel plot of sperm concentration
and sperm motility a+b%. Fig. $3 “Compare-corrected” funnel plot of

FSH » LH and T. Fig. S4 Compare-corrected” funnel plot of sperm motility
a%. Fig. S5 Evidence network diagram for each outcome indicator. Fig. S6
Evidence network diagram for each outcome indicator. Fig. S7 Evidence
network diagram for each outcome indicator. Fig. S8 Evidence network
diagram for each outcome indicator. Fig. S9 GRADE Assessment of Quality
of Evidence.

Author contributions
ZW and YW initiated and designed the research; ZW and CW drafted the
manuscript; LZ, ML, ZZ and XL participated in the article revision; and YP, ML,


https://doi.org/10.1186/s40001-022-00968-6
https://doi.org/10.1186/s40001-022-00968-6

Wang et al. European Journal of Medical Research (2023) 28:6

XL, TJ, XS and QL were responsible for the literature screening and data extrac-
tion. All authors read and approved the final manuscript.

Funding

This work was supported by the National Natural Science Foundation of China
and Natural Science Foundation of Shandong Province (Grant Nos. 82004495
and ZR2020QH318).

Availability of data and materials

The original contributions presented in the study are included in the article/
Additional file 1, and further inquiries can be directed to the corresponding
author.

Declarations

Ethical approval and consent to participate
This declaration is not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interests to declare.

Author details

'Shandong University of Traditional Chinese Medicine, Jinan, China. 2Neck,
Shoulder, Waist and Leg Pain Hospital Affiliated to Shandong First Medical Uni-
versity, Jinan, China. >Affiliated Hospital of Shandong University of Traditional
Chinese Medicine, Jinan, China.

Received: 3 September 2022 Accepted: 20 December 2022
Published online: 04 January 2023

References

1. Agarwal A, Baskaran S, Parekh N, Cho C-L, Henkel R, Vij S, et al. Male
infertility. Lancet. 2021;397:319-33.

2. BaldiE, Gallagher MT, Krasnyak S, Kirkman Brown J, Apolikhin O, Barratt
CLR, et al. Extended semen examinations in the sixth edition of the
WHO laboratory manual for the examination and processing of human
semen contributing to the understanding of the function of the male
reproductive system. Fertil Steril. 2022;117:252-7.

3. Minguez-Alarcon L, Williams PL, Chiu Y-H, Gaskins AJ, Nassan FL, Dadd
R, et al. Secular trends in semen parameters among men attending a
fertility center between 2000 and 2017: identifying potential predic-
tors. Environ Int. 2018;121:1297-303.

4. DucaY, Calogero AE, Cannarella R, Condorelli RA, La Vignera S. Current
and emerging medical therapeutic agents for idiopathic male infertil-
ity. Expert Opin Pharmacother. 2019;20:55-67.

5. Gao D, CuiY,Wu J, Zhang F, Zhou Y. Effect of traditional Chinese medi-
cine on oligoasthenospermatism: a narrative review. J Tradit Chin Med.
2014;34:616-20.

6. LuJC, Huang YF. Diagnosis and treatment of idiopathic abnormal
semen quality. Zhonghua Nan Ke Xue. 2012;18:3-10.

7. Colpi GM, Francavilla S, Haidl G, Link K, Behre HM, Goulis DG, et al.
European academy of andrology guideline management of oligo-
astheno-teratozoospermia. Andrology. 2018;6:513-24.

8. Shichao C, Haiyan H, Youping L, et al. Clinical practice guidelines on
infertility: a systematic review. Chin J Evid Based Med. 2013;13:947-54.

9. YouF Ruanl, ZengL, Zhang . Efficacy and safety of acupuncture for
the treatment of oligoasthenozoospermia: a systematic review. Andro-
logia. 2020;52:13415.

10. Weedin JW, Khera M, Lipshultz LI. Varicocele repair in patients with

nonobstructive azoospermia: a meta-analysis. J Urol. 2010;183:2309-15.

11. Gong Y, Li J, Wu X. Meta-analysis of transcutaneous electrical acupoint
stimulation in the treatment of idiopathic oligoasthenospermia. Chin J
Androl. 2021;27:917-26.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 150f 16

. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron

C, et al. The PRISMA extension statement for reporting of systematic
reviews incorporating network meta-analyses of health care interven-
tions: checklist and explanations. Ann Intern Med. 2015;162:777-84.

. Lu JC, Huang YF, Lu NQ. WHO laboratory manual for the examination

and processing of human semen: its applicability to andrology labora-
tories in China. Zhonghua Nan Ke Xue. 2010;16:867-71.

. Jungwirth A, Giwercman A, Tournaye H, Diemer T, Kopa Z, Dohle G, et al.

European association of urology guidelines on male infertility: the 2012
update. Eur Urol. 2012;62:324-32.

. State Administration of Traditional Chinese Medicine. The diagnosis and

curative effect standard of traditional Chinese medicine disease and
syndrome. Beijing: China medical science and technology press; 2012.

. Zheng Y. Guiding principles for clinical research of new traditional

Chinese medicines (trial). Beijing: China medical science and technology
press; 2002.

. LiH,Wang J. Consensus on the treatment of oligoasthenospermia by

integrating traditional Chinese and Western medicine. Chin J Androl.
2021;35:80-2.

. Higgins JPT, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.

The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ. 2011;343:d5928.

. Higgins JB, Thompson SG. Quantifying heterogeneity in a meta-analysis.

Stat Med. 2002;21(11):1539-58.

Chen B, Benedetti A. Quantifying heterogeneity in individual participant
data meta-analysis with binary outcomes. Syst Rev. 2017,6(1):243.

Zhou ZR, Zhang TS, Dong SJ. Advanced meta analysis methods. Shang-
hai: Fudan University Press; 2015.

Li L, Tian JH. Network meta analysis method and practice. Beijing: China
medical science and technology press; 2017.

Salanti G, Ades AE, loannidis JP. Graphical methods and numerical sum-
maries for presenting results from multiple-treatment meta-analysis: an
overview and tutorial. J Clin Epidemiol. 2011;64(2):163-71.

Ricker G, Schwarzer G. Ranking treatments in frequentist network meta-
analysis works without resampling methods. BMC Med Res Methodol.
2015;31(15):58.

Zhang JH, Shi YR, Huang MZ. Clinical observation of 160 cases of oligoas-
thenospermia treated by traditional Chinese medicine and electroacu-
puncture. Guangming Tradit Chin Med. 2008;31:1532-4.

Pan CC. Effects of Shengjing powder combined with electroacupuncture
on sperm acrosome enzyme activity and sperm P34H expression in
patients with oligospermia and asthenozoospermia. Jinan: Shandong
university of traditional chinese medicine; 2020.

Wang ZQ, Huang YQ, Liang B. Clinical observation of electroacupuncture
and traditional Chinese medicine in the treatment of male infertility and
asthenozoospermia. China Acupunct. 2008;28(11):805-7.

Zhou XY, Li J, Jiang YH, et al. Effects of combined electroacupuncture
and traditional Chinese medicine on sperm quality in patients with oli-
gospermia and asthenozoospermia. China J Integr Med. 2018;38:809-13.
Cao J, Ding DG, Xea X. Clinical observation of electroacupuncture
combined with oral administration of morinda officinalis oral liquid in
the treatment of male oligoasthenospermia. World Latest Med Inf Dig.
2018;18:109-10.

Li C. Clinical observation on the treatment of male infertility caused by
oligoasthenospermia with electro-acupuncture with cluster acupunc-
ture. Heilongjiang academy of traditional chinese medicine. 2020.

LiT, Xie S, Tan Y, et al. Clinical study of intermediate frequency acupoint
electrical stimulation combined with tamoxifen tablets in the treatment
of patients with oligoasthenospermia. Chin J Androl. 2017;23:928-32.
Fang LQ, Li XLY, S S, et al. Clinical observation of oligoasthenospermia
treated with drug-spraying moxibustion in the renmai segment com-
bined with low-frequency TEAS. China Acupunct. 2021;41:515-20.

Chi LK, Ge MY. Clinical observation of transcutaneous electrical acupoint
stimulation for asthenozoospermia with insufficient kidney essence.
Shanghai J Tradit Chin Med. 2016;50:44-6.

Jin R, Liu B, Tang W, et al. Clinical study on the treatment of patients with
asthenozoospermia by transcutaneous electrical acupoint stimulation.
Zhonghua Nan Ke Xue. 2017,23:73-7.

Dong G. Clinical observation on the effect of transcutaneous elec-

trical acupoint stimulation on sperm motility in patients with



Wang et al. European Journal of Medical Research

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

(2023) 28:6

asthenozoospermia. Jinan: Shandong university of traditional chinese
medicine; 2011.

Zhang YB, Liang M, Zhang B, et al. Effects of transcutaneous electrical
acupoint stimulation on sperm motility in patients with asthenozoo-
spermia. Shandong Med. 2012;52:58-60.

Sha SB. Analysis of the clinical effect of transcutaneous electrical acupoint
stimulation (TEAS) on patients with idiopathic oligozoospermia. Jinan:
Shandong university of traditional chinese medicine; 2014.

YuY, Sha S-B, Zhang B, Guan Q, Liang M, Zhao L-G, et al. Effects and
mechanism of action of transcutaneous electrical acupuncture point
stimulation in patients with abnormal semen parameters. Acupunct Med.
2019;37:25-32.

Liu JH, He FE, Wen LF, et al. Clinical observation on the curative effect of
levocarnitine combined with acupuncture on idiopathic oligoastheno-
spermia. North Pharm. 2017;14:110-1.

Han NN, ShiTZ, Zhang DL. Observation on the clinical efficacy of
moxibustion in the treatment of oligospermia. Contemp Med Rev.
2014;12:40-1.

Yang FH, Qin WH. Observation on the therapeutic effect of thunder-fire
moxibustion on asthenospermia. Orient Med Diet. 2020(13):30.
JiaW,Wang C, Yin Y. Effects of ginger-separated moxibustion with “Ren
Du and acupoints”on sperm quality and anxiety in patients with oligoas-
thenospermia. J Extern Treat Tradit Chin Med. 2020;29:3-5.

Zhang YJ. The effects of acupuncture, picking, sedating, supplementing,
and reducing on reproductive hormones in patients with oligoastheno-
spermia. Clin J Acupunct Moxibustion. 2015;31:44-6.

Shi XF. Therapeutic effect of acupuncture and traditional Chinese medi-
cine in treating male infertility and asthenozoospermia. Chin Contemp
Med. 2009;16:115-6.

Yang LL, Zhang JX. Acupuncture for 50 cases of oligospermia infertility.
Mod Distance Educ Chin Med. 2019;17:89-91.

Jiang RM, Qu Y, Wang T, et al. Observation on the curative effect of
acupuncture on oligospermia and asthenozoospermia. Chin J Acupunct
Moxibustion. 2017;6:143-6.

Sun YM, Li SD, LiY. Clinical observation of acupuncture on male idi-
opathic oligoasthenospermia. Shanghai J Acupunct. 2016;35:691-3.

Li SD. Clinical observation of acupuncture on male idiopathic oligoas-
thenospermia. Harbin: Heilongjiang university of traditional chinese
medicine; 2015.

Ding J, Tang CY, Cao YG, et al. A randomized controlled study on the
clinical efficacy of acupuncture therapy for asthenozoospermia based
on the theory of “deficiency of spleen and kidney and lack of essence for
nourishment.”Clin J Acupunct Moxibustion. 2019;35:10-4.

Siterman S, Eltes F, Wolfson V, Lederman H, Bartoov B. Does acupuncture
treatment affect sperm density in males with very low sperm count? a
pilot study. Andrologia. 2000;32:31-9.

Dieterle S, Li C, Greb R, Bartzsch F, Hatzmann W, Huang D. A prospec-
tive randomized placebo-controlled study of the effect of acupuncture
in infertile patients with severe oligoasthenozoospermia. Fertil Steril.
2009;92:1340-3.

Su'YJ. A clinical study of combined use of acupuncture and medicine in
the treatment of infertility with kidney deficiency and essence-deficiency
type. Chengdu: Chengdu university of traditional chinese medicine; 2005.
Wang WY, Ni LW, Geng Q. Clinical efficacy of acupuncture and moxibus-
tion on oligospermia and asthenozoospermia and the effect of oxidative
stress injury. Shi Zhen Guo Yi Guo Yao. 2016;27:886-7.

Sun DP, Jiang MX, Ma XM, et al. Clinical study on asthenozoospermia due
to kidney deficiency and liver stagnation by warm acupuncture in daai
duan. J Nanjing Univ Tradit Chin Med. 2021;37:41-6.

Jia YF, Yang XK, Wang PT, et al. Effect of surgical treatment on varicocele
patients with severe oligospermia or azoospermia. China Med Her.
2014;11:55-9.

Gu YN, Zeng YL, Wang Q, et al. Observation on the effect of high ligation
of spermatic vein combined with tiaogan huoxue decoction in the
treatment of oligospermia and asthenozoospermia. Chin Contemp Med.
2016;23:141-4.

Li F, Yamaguchi K, Okada K, Matsushita K, Ando M, Chiba K, et al. Signifi-
cant improvement of sperm DNA quality after microsurgical repair of
varicocele. Syst Biol Reprod Med. 2012;58:274-7.

Baazeem A, Boman JM, Libman J, Jarvi K, Zini A. Microsurgical varico-
celectomy for infertile men with oligospermia: differential effect of

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 16 of 16

bilateral and unilateral varicocele on pregnancy outcomes. BJU Int.
2009;104:524-8.

Chen, Zheng ZT. A comparative study of hyperbaric oxygen and vitamin
E in the treatment of adult idiopathic oligozoospermia. Chin Foreign Med
Res. 2021;19:37-40.

ChenY, Zheng ZT, Li H. Observation on the effect of hyperbaric oxygen
combined with L-carnitine on IVF for male oligospermia. J Clin Exp Med.
2021;20:434-7.

Zhao XY, Liu XW, Zhang XZ, et al. Hyperbaric oxygen combined with
drugs in the treatment of 30 cases of idiopathic oligoasthenozoospermia.
J Pract Med. 2010;26:2319-20.

Zhang XZ, Zhao XY, Liu XW, et al. Clinical observation of hyperbaric
oxygen combined with drugs in the treatment of oligospermia and
asthenozoospermia. Chin J Eugen Genet. 2012,20:125-6.

Ye MZ. From “warm acupuncture”to “warm acupuncture therapy”in trea-
tise on febrile diseases. Shanghai J Acupunct Moxibust. 2022;41:208-12.
Jin XY, Gao L, Wang X, et al. A brief discussion on the evolution of warm
acupuncture techniques. Zhonghua J Tradit Chin Med. 2010;36:6651-3.
Sun DP, Jiang MX, Ma XM, et al. Clinical effect of warm acupuncture

and moxibustion in da ai duan in the treatment of asthenospermia

due to kidney deficiency and liver stagnation. World Chin Med.
2018;16:1599-603.

Jin RL, Liu BH, Cai J, et al. Experimental study on electroacupuncture for
asthenozoospermia in rats. Acupunct Res. 2017;42:114-8.

CuiT-W, Qin M, Liu B-X, Gao Y-X, Ma W-J, Zhang X-P. Effect of elec-
troacupuncture on spermatogenesis in rats with oligozoospermia of
insufficiency of shen (kidney) essence syndrome. Chin J Integr Med.
2018;25:292-7.

Zhang K, Fu L, An Q, Hu W, Liu J, Tang X, et al. Effects of gilin pills on
spermatogenesis, reproductive hormones, oxidative stress, and the TSSK2
gene in a rat model of oligoasthenospermia. BMC Complem Med Ther.
2020;20:42.

Dubin JM, Greer AB, Kohn TP, Masterson TA, Ji L, Ramasamy R. Men

with severe oligospermia appear to benefit from varicocele repair: a
cost-effectiveness analysis of assisted reproductive technology. Urology.
2018;111:99-103.

Gupta C, Chinchole A, Shah R, Pathak H, Talreja D, Kayal A. Microscopic
varicocelectomy as a treatment option for patients with severe oli-
gospermia. Investig Clin Urol. 2018;59:182-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Efficacy and safety of nonpharmacological strategies for the treatment of oligoasthenospermia: a systematic review and Bayesian network meta-analysis
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Inclusion criteria
	Type of study
	Research subjects
	Interventions
	Outcome indicator

	Exclusion criteria
	Data search and selection
	Data extraction and bias assessment
	Quality of evidence
	Statistical analysis

	Results
	Literature search and study characteristics
	Bias and GRADE assessment
	Network meta-analysis
	Evidence network diagram, inconsistency and transitivity test
	Total effective rate 
	Sperm concentration 
	Sperm motility a% 
	Sperm motility a + b% 
	Adverse reaction 
	FSH, LH, T 

	Results of the network meta-analysis
	Total effective rate 
	Adverse reaction 
	Sperm concentration 
	Sperm viability a + b% 
	Sperm viability a% 
	T 
	FSH 
	LH 

	SUCRA probability ranking
	Total effective rate 
	Sperm concentration 
	Sperm viability a% 
	Sperm viability a + b% 
	Adverse reaction 
	FSH 
	LH 
	T 


	Publication bias
	Sensitivity analysis

	Discussion
	References




