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Reproductive outcomes of intracytoplasmic sperm
injection using testicular sperm and ejaculated
sperm in patients with AZFc microdeletions: a
systematic review and meta-analysis

Yu Zhou'*", Cun-Can Deng>*’, Wu-Jiang Liu?, Huang Liu?, Hou-Bin Zheng?, Yun-Ge Tang?,

Xin-Zong Zhang?, Jun-Hong Deng*

Studies have explored the assisted reproductive technology (ART) outcomes of Y-chromosome azoospermia factor ¢ (AZFc)
microdeletions, but the effect of sperm source on intracytoplasmic sperm injection (ICSI) remains unknown. To determine the
ART results of ICSI using testicular sperm and ejaculated sperm from males with AZFc microdeletions, we searched Embase, Web
of Science, and PubMed to conduct a systematic review and meta-analysis. The first meta-analysis results for 106 cycles in five
studies showed no significant differences in the live birth rate between the testicular sperm group and the ejaculated sperm group
(risk ratio: 0.97, 95% confidence interval [CI]: 0.73-1.28, P = 0.82). The second meta-analysis of 106 cycles in five studies
showed no difference in the abortion rate between the testicular sperm group and ejaculated sperm group (risk ratio: 1.06, 95%
Cl: 0.54-2.06, P = 0.87). The third meta-analysis of 386 cycles in seven studies showed no significant difference in clinical
pregnancy rates between the testicular sperm group and the ejaculated sperm group (risk ratio: 1.24, 95% Cl: 0.66-2.34, P=0.50).
Inevitable heterogeneity weakened our results. However, our results indicated that testicular sperm and ejaculated sperm yield
similar ART outcomes, representing a meaningful result for clinical treatment. More properly designed studies are needed to further

confirm our conclusions.
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INTRODUCTION

Infertility is defined as the inability to conceive or deliver descendants
within 1 year of regular (scheduled) unprotected sexual intercourse.'
Approximately 15% of couples suffer from infertility,” and male
infertility accounts for approximately 50% of these cases. In total,
15%-30% of male infertility is attributed to genetic factors.> Genetic
causes, including Y chromosome microdeletions and chromosomal
aberrations, represent the primary reasons for male infertility due to
azoospermia and severe oligozoospermia.*

The locus defined as azoospermia factor (AZF) in Yql1 contains
the genes necessary for normal spermatogenesis, and deletions in this
locus have been correlated with male infertility. This locus is divided
into three major regions named AZFa, AZFb, and AZFc.’ The AZFa
region was associated with Sertoli-cell-only syndrome (SCOS),>¢ the
AZFb region was associated with meiotic arrest (MA),>”® and the AZFc
region was associated with a variable phenotype, ranging from severe
oligozoospermia (SOZ) to secretory azoospermia (SAZ).>* Within

the AZFc region, it is located in the deleted azoospermia (DAZ) gene
family, with the identification of four loci, DAZ1-4." Deletions of the
DAZI1/DAZ2 gene doublet were found to be responsible for severe
oligozoospermia, with possible evolution to secretory azoospermia
with different testicular phenotypes,' but later demonstrated that only
DAZ]1 was responsible for this phenotype.'? The impact on infertility
treatments using testicular and ejaculated sperm in patients with AZF
microdeletions was recently reviewed.'>!*

Sperm retrieval is unlikely in AZFa or AZFb microdeletion
patients, while sperm is relatively likely to be retrieved by operation
in men with AZFc microdeletions (up to 70%)."* Some studies have
explored the results of intracytoplasmic sperm injection (ICSI) in
males suffering from Y chromosome microdeletions. A previous
study showed that in males with high DNA fragmentation, both
clinical pregnancy rate and live birth rate were significantly increased
in the testicular sperm group compared with those in the ejaculated
sperm group.'
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AZFc microdeletions may cause azoospermia or severe
oligozoospermia. In men with azoospermia or oligozoospermia
caused by AZFc microdeletions, the choice of testicular sperm or
ejaculated sperm to perform ICSI is debated. Sabbaghian et al.'” found
that the pregnancy rate with ICSI for the ejaculated sperm group
was increased compared with that of the testicular sperm group. The
relative success rates of testicular sperm and ejaculated sperm from
AZFc microdeletion patients need to be clarified. Considering the
risks of clinical complications of testicular puncture, studies of assisted
reproductive outcomes for testicular sperm and ejaculated sperm from
men with severe oligozoospermia are important.

In this study, we compared the assisted reproductive technology
(ART) outcomes for testicular sperm and ejaculated sperm for ICSI in
AZFc microdeletion patients. The ART outcomes compared include
live birth rates, clinical pregnancy rates, and abortion rate.

MATERIALS AND METHODS

Meta-analyses were performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA) and the
Meta-analysis of Observational Studies in Epidemiology (MOOSE)
recommendations for study reporting.**-

Data sources and search strategy

Electronic searches were conducted in PubMed, Web of
Science, and Embase databases without restriction of region,
publication type, or language. The following MeSH terms and
their combinations were searched in (title/abstract): (AZFc) AND
(((((((Oligozoospermia) OR Low Sperm Count) OR Sperm Count,
Low) OR Oligoasthenoteratozoospermia) OR Hypospermatogenesis))
OR azoospermia). Related articles were searched to broaden our study.
Full texts of non-English studies were searched in the library of Jinan
University (Guangzhou, China). The most recent article was considered
when multiple articles shared the same population.

Study selection: inclusion and exclusion criteria

This analysis included prospective or retrospective comparative cohort
studies that compared clinical pregnancy, pregnancy loss, or live birth
rates. Only studies that controlled for baseline factors (such as age,
follicle-stimulating hormone [FSH], luteinizing hormone [LH], or
testosterone) were included. In all included cohort studies, infertile
couples received ART treatment in the form of ICSL.

Regarding exclusion criteria, editorials, case reports, reviews,
animal studies, and letters were excluded. Second, studies for which
the full text could not be identified were excluded. Third, studies for
which the data could not be extracted were excluded. The studies were
assessed for the inclusion criteria and exclusion criteria separately by
two authors (YZ and HL). All differences were settled by senior authors
through discussion and arbitration (JHD and CCD).

Data quality assessment

The methodological quality of studies was assessed using a modified
Newcastle-Ottawa scale (NOS). This scale contains three factors:
patient selection, comparability of research groups, and outcome
evaluation.» NOS scores were adjusted for the weight of representative
values, subjects, and confounding factors associated with the subjects.
Studies received high NOS scores if bias factors were well controlled.
Evidence quality assessments were performed separately by two
reviewers (WJL and HBZ), and differences were settled through
discussion with senior authors (XZZ and JHD).

Retrospective cohort studies receiving NOS scores of 6 or greater were
regarded as high-quality studies.
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Data extraction and concerned outcome

Data from included studies were extracted by two primary authors
(YZ and YGT). Differences were settled by discussion with senior
authors (CCD and XZZ). Data from studies in which the outcome of
ICSI was compared between testicular sperm and ejaculated sperm
were extracted. The extracted data were recorded in 2 x 2 tables.

The live birth rate was the outcome of greatest interest. Live
birth refers to achieving at least one live birth in one ICSI cycle.
The secondary outcome investigated was abortion rate. A clinical
pregnancy that is aborted before 12 weeks of gestation is defined
as an abortion. The tertiary outcome investigated was the clinical
pregnancy rate.

Statistical analyses

Our meta-analyses were based on the PRISMA guidelines.'
Meta-analysis was performed using Review Manager 5.3 (Cochrane
Collaboration, Oxford, UK). Relative risk was used to compare the
live birth, clinical pregnancy, and abortion rates in the ejaculated
sperm group and the testicular sperm group in individual studies.
Meta-analysis results were described using 95% confidence intervals
(CIs). P < 0.05 indicated a statistically significant result.

Forest plots were used to evaluate the heterogeneity of ICSI outcome.
The statistical heterogeneity of the included studies was evaluated at a
significance level of P < 0.10 through I’ statistics and Chi-square tests.
A random-effects model was adopted when heterogeneity was noted;
otherwise, the fixed-effects model was adopted.”® Sensitivity analyses
were performed using Review Manager 5.3. To evaluate potential
publication bias, StataSE 12.0 (StataCorp, College Station, TX, USA)
was used to produce funnel plots.*

RESULTS

Collection and inclusion of studies for meta-analyses

In our meta-analyses, 859 studies were identified from electronic
databases. First, 177 duplicate studies were deleted. Second,
457 unrelated studies, two studies using animal models, and
65 noncomparative studies were excluded. Third, 32 reviews or
guidelines, 101 meeting abstracts, and two letters or comments were
excluded. Fourth, 14 studies with unextractable data were excluded.
Finally, seven studies meeting inclusion criteria were included in the
meta-analyses (Figure 1).

Characteristics of the included studies

To detect Y chromosome microdeletions, polymerase chain reaction
(PCR) was performed in all included studies. The ages of patients with
AZFc deletions in the testicular sperm group and the ejaculated group
inincluded studies are similar. Patients of all included studies received
no hormonal treatment before sperm collection or retrieval. No severe
female factors that would influence the assisted reproductive outcome
were mentioned in any of the included studies.

The major characteristics of the seven included studies and NOS
scores are presented in Table 1. Details of the modified NOS assessment
are shown in Supplementary Table 1. All included studies were
retrospective cohort studies. The patients included in the study came
from different countries around the world. All seven studies were
written in English. The size of the effective cycles in included studies
varied from 8 effective cycles® to 195 effective cycles.”® The meta-
analysis of live birth rate included five studies containing 106 effective
cycles.!*1726-2 The meta-analysis of abortion rate included five studies
containing 106 effective cycles.'>!”?2® The meta-analysis of clinical
pregnancy rate included seven studies with 386 effective cycles.!*'"##



NOS of included studies

We considered studies with scores greater than or equal to 6 as
high-quality studies. The studies achieved high-modified NOS scores:
two studies scored 9, four studies scored 8, and one study scored 7. No
studies received scores lower than 6.

Major result of meta-analysis: live birth rate

Five studies with 106 cycles were included in the meta-analysis of live
birth rate. The live birth rate of the testicular sperm group was not
different from that of the ejaculated sperm group (risk ratio: 0.97, 95%
CI: 0.73-1.28, P = 0.82; Figure 2).

Secondary outcome of meta-analysis: abortion rate

Pooling the data from five studies with 106 cycles reporting abortion
rate, our meta-analysis showed that the abortion rate was not different
between the testis sperm group and the ejaculated sperm group
(risk ratio: 1.06, 95% CI: 0.54-2.06, P = 0.87; Figure 3).

Tertiary meta-analysis result: clinical pregnancy rate

Seven studies with 386 cycles were included in the meta-analysis
of clinical pregnancy rate. The clinical pregnancy rate exhibited
no significant difference between the testis sperm group and

[ PubMed (n=158) ][ Web of science (n=123) ][ Embase (n=578) ]

Initial identified studies
from online databases
(n=859)

Titles and abstracts
screened (n=682)

Duplications (n=177) ]

-

Excluded studies (n=526)
Unrelated topics (n=457)
Animal model (n=2)
Non-comparative studies (n=65)
Full text not found (n=2)

-

Full text screened
(n=156)

-

Exclude studies (n=149)
Meeting abstracts (n=101)
Reviews or guidelines (n=32)
Letters or comments (n=2)
Duplicate reports (n=0)

Data not extractable (n=14)

-

| Included study (n=7) I

Figure 1: Flow diagram of the studies identified, included, and excluded.
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the ejaculated sperm group (risk ratio: 1.24, 95% CI: 0.66-2.34,
P =0.50; Figure 4).

Sensitivity analysis and publication bias

Seven cohort studies with high NOS scores were included in the
sensitivity analysis. There was no change in the significance of live
birth rate, abortion rate, or clinical pregnancy rate.

Funnel plots of studies included in meta-analyses of live birth rate
showed no significant publication bias (P = 0.37; Figure 5). There was
no significant publication bias in studies on abortion rate (P = 0.796)
or clinical pregnancy rate (P = 0.59).

DISCUSSION

Herein, we performed the first systematic review and meta-analysis
to compare ART outcomes between testicular sperm and ejaculated
sperm of infertile patients with AZFc region microdeletions. Our
meta-analyses showed that live birth rate, clinical pregnancy rate, and
abortion rate were not different between testicular sperm and ejaculated
sperm groups among men with AZFc microdeletions.

AZFc microdeletions play an important role in spermatogenic
failure, resulting in oligozoospermia or nonobstructive azoospermia.
However, patients with AZFc microdeletions are able to reproduce
by ICSL In previous studies, the influences of spermatozoa source
on ART outcome remain unclear. Esteves et al.'® revealed that testis
sperm tends to achieve better clinical outcomes than ejaculated
sperm among patients with high DNA fragmentation. However, Tsai
et al.’® showed that the clinical outcome was not different between
testicular sperm or ejaculated sperm for ICSI in extreme severe
oligoasthenoteratozoospermia patients. Kihaile et al.*® reported that
as long as sperm could be obtained for ICSI cycles in males with AZFc
microdeletions, the embryo quality was the same as that traditionally
obtained with in vitro fertilization (IVF). Gongalves et al.”® indicated
that there were no significant differences in embryological and clinical
parameters between testicular sperm extraction (TESE) and ejaculated
sperm (EJAC) cycles."”

The effect of sperm source on embryo development and ART
outcome is worthy of attention. Some previous studies®'-*> generally did
not focus on the sperm source, so azoospermia patients with testicular
sperm and oligozoospermia patients with ejaculated sperm were
included in one group. It is not clear whether sperm source influences
embryo development and clinical outcome in patients with AZFc
microdeletions. Therefore, in our meta-analysis, to evaluate the effect
of sperm source on ART outcome in males with AZFc microdeletions,
we divided patients with AZFc microdeletions into a testicular sperm
group and an ejaculated sperm group. Our meta-analyses showed
that clinical pregnancy rate, abortion rate, and live birth rate were
not significantly different between the testicular sperm group and the
ejaculated sperm group. According to our meta-analysis data, the sperm

Table 1: The main characteristics and the Newcastle-Ottawa scale scores of included studies

Article Year  Area Study Participant ~ Matching’  Treatment  Outcome measurement  Modified quality scores
(n)
Oates et al.?’ 2002 USA Retrospective cohort study 44 1,2,3,4 ICSI CP, PL, LB 9
Choi et al.?¢ 2004 USA Retrospective cohort study 22 1,2 ICSI CP, PL, LB 9
Kihaile et al.?® 2004  Japan Retrospective cohort study 8 1 ICSI CP 7
Stouffs et al.?® 2005 Belgium  Retrospective cohort study 40 1 ICSI CP, PL, LB 8
Patrat et al.?® 2010 France Retrospective cohort study 39 1 ICSI CP, PL, LB 8
Sabbaghian et al.'” 2018 Iran Retrospective cohort study 38 1 ICSI CP, PL, LB 8
Gongalves et al.’? 2017  Portugal  Retrospective cohort study 195 1 ICSI CP, PL, LB 8

21: age (year); 2: FSH (mIU ml); 3: LH (mIU ml-); 4: testosterone (ng dlI-!). CP: clinical pregnancy; PL: pregnancy loss; LB: live birth; ICSI: intracytoplasmic sperm injection;

FSH: follicle-stimulating hormone; LH: luteinizing hormone
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Testicular sperm Ejaculation sperm Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Oates et al.?’ 2002 2 3 9 12 12.0% 0.89[0.37,2.11] I

Choi et al.?® 2004 3 5 3 5 10.0% 1.00[0.36, 2.75] I —

Stouffs et al.** 2005 3 6 1 1 7.8% 0.67[0.22, 1.98] —_—T

Sabbaghian et al.® 2018 3 4 9 13 14.1% 1.08 [0.55, 2.12]

Gongalves et al.” 2017 28 40 12 17 56.1% 0.99[0.69, 1.43]

Total (95% Cl) 58 48 100.0% 0.97[0.73, 1.28]

Total events 39 34

Heterogeneity: Chi?=0.62, df=4 (P=0.96); I*=0% I + + + {
0.01 0.1 1 10 100

Test for overall effect: Z=0.23 (P=0.82)

Favours (experimental) Favours (control)

Figure 2: Forest plot and meta-analysis of the live birth rate. Cl: confidence interval; M-H: Mantel-Haenszel method; df: degree of freedom.

Testicular sperm Ejaculation sperm Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Oates et al.?” 2002 1 3 2 12 6.7% 2.00[0.26, 15.38] -
Choi et al.*® 2004 2 5 2 5 16.8% 1.00[0.22, 4.56]
Stouffs et al.* 2005 2 6 0 1 6.5% 1.43[0.11, 19.20]
Gongalves et al." 2017 12 40 5 17 58.9% 1.02[0.43, 2.45] _._
Sabbaghian et al.?* 2018 0 4 2 13 11.0% 0.56 [0.03, 9.77]
Total (95% Cl) 58 48 100.0% 1.06 [0.54, 2.06]
Total events 17 1
Heterogeneity: Chi?=0.63, df=4 (P=0.96); I*=0% I + + + {
Test for overall effect: Z=0.17 (P=0.87) 0.01 0.1 1 10 100
Favours (experimental) Favours (control)
Figure 3: Forest plot and meta-analysis of the abortion rate. Cl: confidence interval; M-H: Mantel-Haenszel method; df: degree of freedom.
Testicular sperm Ejaculation sperm Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Oates et al.?” 2002 3 1" 12 33 15.8% 0.75[0.26, 2.18] —
Choi et al.® 2004 5 7 5 15 18.7% 2.14[0.91, 5.04] )
Kihaile et al.*? 2004 0 2 3 6 4.8% 0.33[0.02, 4.65]
Stouffs et al.?® 2005 6 27 1 13 7.3% 2.89[0.39, 21.58] -1 -
Patrat et al.*® 2010 0 5 13 34 4.6% 0.22[0.01,3.17]
Gongalves et al." 2017 40 143 17 52 24.7% 0.86[0.53, 1.37] —a—
Sabbaghian et al.® 2018 4 4 13 34 24.1% 2.33[1.40, 3.89] -
Total (95% Cl) 199 187 100.0% 1.24[0.66, 2.34]
Total events 58 64
Heterogeneity: Tau?=0.36; Chi?=16.77, df=6 (P=0.01); *=64% ! + t + J
0.01 0.1 1 10 100

Test for overall effect: Z=0.68 (P=0.50)

Favours (experimental) Favours (control)

Figure 4: Forest plot and meta-analysis of the clinical pregnancy rate. Cl: confidence interval; M-H: Mantel-Haenszel method; df: degree of freedom.

Begg’s funnel plot with pseudo 95% confidence limits

054

LogES
o
1
o
o

-0.5

1.0

T T T T
0 0.2 04 0.6

Standard error of logES
Figure 5: Funnel plots illustrating the meta-analysis of live birth rate. ES:
effect size.

source may not affect the clinical outcome. Consistent with our meta-
analysis, Zhu et al.** reported that their testicular sperm group exhibits
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comparable clinical outcomes to their ejaculated sperm group in AZF
microdeletion patients. The fertilization rate and cleavage rate in the
testicular sperm group were the same as those noted in the ejaculated
sperm group, and the abortion rate, clinical pregnancy rate, and live
birth rate were also similar.”

AZFc microdeletions were the major causes of spermatogenesis
failure. Four effective protein-coding genes correspond to the
AZFc interval: DAZ, chromodomin Y-linked 1 gene (CDY1I),
protein tyrosine phosphatase-non-receptor type 13 like on the Y
chromosome 2 gene (PRY2) and basic protein on Y chromosome
2 gene (BPY2).** Studies show that AZFc-related gene families
encode proteins with definite spermatogenesis functions, such as (1)
protein ubiquitination;* (2) germ cell apoptosis;* (3) transcriptional
regulation and chromatin remodeling;*” and (4) transport, storage,
and translation activation of developmental regulatory transcripts.*
Although the loss of AZFc genes may influence spermatogenesis,
mature sperm can be generated. AZFc microdeletions contribute
to 5%-10% of azoospermia and 2%-5% of severe oligozoospermia
cases. Men with AZFc microdeletions can achieve pregnancy by ICSI



with fresh ejaculated sperm at rates similar to those of men without
AZFc microdeletions.’

Testicular-retrieved sperm are widely used in cases of obstructive
azoospermia and nonobstructive azoospermia. SAZ was suggested to
be a treatable situation after it was shown that sperm could be retrieved
from the testis in cases of MA and hypospermatogenesis (HP).* This
was then extended to cases with SCOS and ICSL** Studies also
provided probabilities of successful TESE and ICSI in SCOS, MA,
and HP** For patients suffering from poor sperm parameters or
having experienced previous failed ART cycles, the use of testicular
spermatozoa for ICSI might result in better pregnancy rates than
ejaculated sperm.*®* In contrast to these studies,*** our meta-analysis
showed that ART outcomes were not different between testicular sperm
and ejaculated sperm groups. AZFc might not influence sperm DNA
fragmentation; thus, the ART results of testicular sperm from males
with AZFc microdeletions were not better than those of ejaculated
sperm. This finding is important for clinical treatment. Testicular
sperm retrieval is an invasive surgical procedure for male patients and
is associated with complications including bleeding, infection, and
irreversible testicular tissue damage. Given that the ART outcomes
were not different between testicular sperm and ejaculated sperm
in patients with AZFc microdeletions, ejaculated sperm should be
prioritized over testicular puncture for ICSI.

The advantages of our meta-analysis were as follows. First, our
meta-analysis was the first to compare ART outcomes of testis sperm
and ejaculated sperm in AZFc microdeletion patients. Second, our
meta-analysis innovatively compared ART outcomes, including
abortion, clinical pregnancy, and live birth rate. The clinical pregnancy
rate, abortion rate, and live birth rate are crucial ART metrics that
represent various stages of the ART treatment. A combination of the
ART outcomes provides more credible predictions of ART outcomes.
Third, publication bias was assessed by StataSE 12.0 with exact
Pvalues and a funnel plot. The limitations of this meta-analysis should
be noted. First, the major limitation was the fact that all of the six
included studies were retrospective studies. Second, the heterogeneity
of included studies, which is inevitable due to the inclusion of distinct
participants, might increase experimental bias. Although heterogeneity
exists, confounding factors were controlled to some extent, and ART
progression and outcome evaluation standards were adopted in all
included studies.

CONCLUSIONS

This systematic review and meta-analysis concluded that clinical
pregnancy rate, abortion rate, and live birth rate in ICSI cycles did not
differ between testicular sperm and ejaculated sperm groups among
males exhibiting AZFc microdeletions. Given that the source of sperm
did not influence ART outcome, ejaculated sperm should be given
priority over testicular puncture for ICSI, and this finding is important
for the clinical treatment of severe oligozoospermia patients with AZFc
microdeletions. The inevitable heterogeneity of the included studies
prevented us from drawing precise conclusions. Properly designed and
rigorously controlled studies, especially randomized controlled trials,
should be performed to further confirm our meta-analysis results.

AUTHOR CONTRIBUTIONS

JHD took responsibility for data integrity and the accuracy of this
meta-analysis. CCD and JHD designed the study. YZ and HL carried
out the execution of the inclusion criteria and exclusion criteria and
collected data from included studies. WJL and HBZ carried out the
evidence quality assessments. YZ and YGT performed the data analysis

AZFc deletion sperm yield similar ART outcomes
Y Zhou et al

and explanation. YZ and CCD wrote the manuscript and performed the
statistical analysis. YZ, CCD, and WJL revised the manuscript. XZZ,
JHD, YZ, and CCD provided the administrative and technical support.
CCD, XZZ, and JHD are the supervisor of this study. All authors read
and approved the final manuscript.

COMPETING INTERESTS
All authors declared no competing interests.

ACKNOWLEDGMENTS

This research was funded by the Project of Medical Science and Technology
Research Foundation of Guangdong Province (No. A2019336) and Guangzhou
Science and Technology Plan Project (No. 201707010394).

Supplementary Information is linked to the online version of the paper on
the Asian Journal of Andrology website.

REFERENCES

1 Nailwal M, Chauhan JB. /n silico analysis of non-synonymous single nucleotide
polymorphisms in human DAZL gene associated with male infertility. Syst Biol
Reprod Med 2017; 63: 248-58.

2 Nailwal M, Chauhan JB. Gene scanning for microdeletions in the azoospermia
factor region of Y-chromosome in infertile men of Gujarat, India. J Clin Diagn Res
2017; 11: GCO1-6.

3 Ferlin A, Raicu F, Gatta V, Zuccarello D, Palka G, et al. Male infertility: role of genetic
background. Reprod Biomed Online 2007; 14: 734-45.

4 Hackstein JH, Hochstenbach R, Pearson PL. Towards an understanding of the
genetics of human male infertility: lessons from flies. Trends Genet 2000; 16:
565-72.

5 Vogt PH, Edelmann A, Kirsch S, Henegariu O, Hirschmann P, et al. Human
Y-chromosome azoospermia factors (AZF) mapped to different subregions in Yq11.
Hum Mol Genet 1996; 5: 933-43.

6 Kamp C, Huellen K, Fernandes S, Sousa M, Schlegel PN, et al. High deletion
frequency of the complete AZFa sequence in men with Sertoli-cell-only syndrome.
Mol Hum Reprod 2001; 7: 987-94.

7  Repping S, Skaletsky H, Lange J, Silber S, Van Der Veen F, et al. Recombination
between palindromes P5 and P1 on the human Y chromosome causes massive
deletions and spermatogenic failure. Am J Hum Genet 2002; 71: 906-22.

8  Soares AR, Costa P, Silva J, Sousa M, Barros A, et al. AZFb microdeletions and
oligozoospermia — which mechanisms? Fertil Steril 2012; 97: 858-63.

9 Foresta C, Moro E, Ferlin A. Y chromosome microdeletions and alterations of
spermatogenesis. Endocr Rev 2001; 22: 226-39.

10 SaxenaR, de Vries JW, Repping S, Alagappan RK, Skaletsky H, et al. Four DAZ genes
in two clusters found in the AZFc region of the human Y chromosome. Genomics
2000; 67: 256-67.

11 Fernandes S, Huellen K, Goncalves J, Dukal H, Zeisler J, et al. High frequency
of DAZ1/DAZ2 gene deletions in patients with severe oligozoospermia. Mol Hum
Reprod 2002; 8: 286-98.

12 Fernandes AT, Fernandes S, Gongalves R, S& R, Costa P, et al. DAZ gene copies:
evidence of Y chromosome evolution. Mol Hum Reprod 2006; 12: 519-23.

13 Gongalves C, Cunha M, Rocha E, Fernandes S, Silva J, et al. Y-chromosome
microdeletions in nonobstructive azoospermia and severe oligozoospermia. Asian J
Androl 2017; 19: 338-45.

14 Tiepolo L, Zuffardi O. Localization of factors controlling spermatogenesis in the
nonfluorescent portion of the human Y chromosome long arm. Hum Genet 1976;
34:119-24.

15 Hopps CV, Mielnik A, Goldstein M, Palermo GD, Rosenwaks Z, et al. Detection of
sperm in men with Y chromosome microdeletions of the AZFa, AZFb and AZFc
regions. Hum Reprod 2003; 18: 1660-5.

16 Esteves SC, Roque M, Bradley CK, Garrido N. Reproductive outcomes of testicular
versus ejaculated sperm for intracytoplasmic sperm injection among men with high
levels of DNA fragmentation in semen: systematic review and meta-analysis. Fertil
Steril 2017; 108: 456-67.el.

17 Sabbaghian M, Mohseni Meybodi A, Rafaee A, Saba S, Zamanian M, et al. Sperm
retrieval rate and reproductive outcome of infertile men with azoospermia factor ¢
deletion. Andrologia 2018; 50: €13052.

18 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, et al. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration. PLoS Med 2009;
6: e1000100.

19 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, et al. Meta-analysis
of observational studies in epidemiology: a proposal for reporting. Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) group. JAMA 2000; 283:
2008-12.

@ Asian Journal of Andrology



AZFc deletion sperm yield similar ART outcomes
Y Zhou et al

500

20

21

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

DengC, LiT, Xie Y, Guo Y, Yang QY, et al. Sperm DNA fragmentation index influences
assisted reproductive technology outcome: a systematic review and meta-analysis
combined with a retrospective cohort study. Andrologia 2019; 51: e13263.
Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol 2010;
25: 603-5.

Lewis S, Clarke M. Forest plots: trying to see the wood and the trees. BMJ 2001;
322: 1479-80.

Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions.
New York: Cochrane Collaboration, John Wiley and Sons; 2008. p262-3.

Fan X, Lin T, Xu K, Yin Z, Huang H, et al. Laparoendoscopic single-site nephrectomy
compared with conventional laparoscopic nephrectomy: a systematic review and
meta-analysis of comparative studies. Eur Urol 2012; 62: 601-12.

Kihaile PE, Kisanga RE, Aoki K, Kumasako Y, Misumi J, et al. Embryo outcome
in Y-chromosome microdeleted infertile males after ICSI. Mol Reprod Dev 2004;
68: 176-81.

Choi JM, Chung P, Veeck L, Mielnik A, Palermo GD, et al. AZF microdeletions of the
Y chromosome and in vitro fertilization outcome. Fertil Steril 2004; 81: 337-41.
Oates RD, Silber S, Brown LG, Page DC. Clinical characterization of 42 oligospermic
or azoospermic men with microdeletion of the AZFc region of the Y chromosome, and
of 18 children conceived via ICSI. Hum Reprod 2002; 17: 2813-24.

Stouffs K, Lissens W, Tournaye H, Van Steirteghem A, Liebaers I. The choice and
outcome of the fertility treatment of 38 couples in whom the male partner has a Yq
microdeletion. Hum Reprod 2005; 20: 1887-96.

Patrat C, Bienvenu T, Janny L, Faure AK, Fauque P, et al. Clinical data and parenthood
of 63 infertile and Y-microdeleted men. Fertil Steril 2010; 93: 822-32.

Tsai CC, Huang FJ, Wang LJ, Lin YJ, Kung FT, et al. Clinical outcomes and development
of children born after intracytoplasmic sperm injection (ICSI) using extracted
testicular sperm or ejaculated extreme severe oligo-astheno-teratozoospermia sperm:
a comparative study. Fertil Steril 2011; 96: 567-71.

Liu XH, Qiao J, Li R, Yan LY, Chen LX. Y chromosome AZFc microdeletion may not
affect the outcomes of ICSI for infertile males with fresh ejaculated sperm. J Assist
Reprod Genet 2013; 30: 813-9.

Zhang F, Li L, Wang L, Yang L, Liang Z, et al. Clinical characteristics and treatment
of azoospermia and severe oligospermia patients with Y-chromosome microdeletions.
Mol Reprod Dev 2013; 80: 908-15.

Zhu YC, Wu TH, Li GG, Yin B, Liu HJ, et al. Decrease in fertilization and cleavage
rates, but not in clinical outcomes for infertile men with AZF microdeletion of the
Y chromosome. Zygote 2015; 23: 771-7.

Navarro-Costa P, Goncalves J, Plancha CE. The AZFc region of the Y chromosome:
at the crossroads between genetic diversity and male infertility. Hum Reprod Update
2010; 16: 525-42.

Wong EY, Tse JY, Yao KM, Lui VC, Tam PC, et al. |dentification and characterization
of human VCY2-interacting protein: VCY2IP-1, a microtubule-associated protein-like
protein. Biol Reprod 2004; 70: 775-84.

Stouffs K, Lissens W, Van Landuyt L, Tournaye H, Van Steirteghem A, et al.
Characterization of the genomic organization, localization and expression of four

Asian Journal of Andrology @

37

38

39

40

41

42

43

44

45

46

47

48

49

PRY genes (PRY1, PRY2, PRY3 and PRY4). Mol Hum Reprod 2001; 7: 603-10.
Caron C, Pivot-Pajot C, van Grunsven LA, Col E, Lestrat C, et al. Cdyl: a new
transcriptional co-repressor. EMBO Rep 2003; 4: 877-82.

Kee K, Angeles VT, Flores M, Nguyen HN, Reijo Pera RA. Human DAZL, DAZ and
BOULE genes modulate primordial germ-cell and haploid gamete formation. Nature
2009; 462: 222-5.

Jow WW, Steckel J, Schlegel PN, Magid MS, Goldstein M. Motile sperm in human
testis biopsy specimens. J Andro/ 1993; 14: 194-8.

Craft |, Bennett V, Nicholson N. Fertilising ability of testicular spermatozoa. Lancet
1993; 342: 864.

Schoysman R, Vanderzwalmen P, Nijs M, Segal L, Segal-Bertin G, et al. Pregnancy
after fertilisation with human testicular spermatozoa. Lancet 1993; 342: 1237.
Devroey P, Liu J, Nagy Z, Goossens A, Tournaye H, et al. Pregnancies after
testicular sperm extraction and intracytoplasmic sperm injection in non-obstructive
azoospermia. Hum Reprod 1995; 10: 1457-60.

Tournaye H, Liu J, Nagy PZ, Camus M, Goossens A, et al. Correlation between
testicular histology and outcome after intracytoplasmic sperm injection using
testicular spermatozoa. Hum Reprod 1996; 11: 127-32.

Tournaye H, Verheyen G, Nagy P, Ubaldi F, Goossens A, et al. Are there any predictive
factors for successful testicular sperm recovery in azoospermic patients? Hum
Reprod 1997; 12: 80-6.

Silber SJ, Nagy Z, Devroey P, Tournaye H, Van Steirteghem AC. Distribution of
spermatogenesis in the testicles of azoospermic men: the presence or absence
of spermatids in the testes of men with germinal failure. Hum Reprod 1997; 12:
2422-8.

De Croo |, Van der Elst J, Everaert K, De Sutter P, Dhont M. Fertilization, pregnancy
and embryo implantation rates after ICSI in cases of obstructive and non-obstructive
azoospermia. Hum Reprod 2000; 15: 1383-8.

Sousa M, Cremades N, Silva J, Oliveira C, Ferraz L, et al. Predictive value of
testicular histology in secretory azoospermic subgroups and clinical outcome after
microinjection of fresh and frozen-thawed sperm and spermatids. Hum Reprod
2002; 17: 1800-10.

Esteves SC, Sanchez-Martin F, Sdnchez-Martin P, Schneider DT, Gosalvez J.
Comparison of reproductive outcome in oligozoospermic men with high sperm DNA
fragmentation undergoing intracytoplasmic sperm injection with ejaculated and
testicular sperm. Fertil Steril 2015; 104: 1398-405.

Ben-Ami |, Raziel A, Strassburger D, Komarovsky D, Ron-EI R, et al. Intracytoplasmic
sperm injection outcome of ejaculated versus extracted testicular spermatozoa in
cryptozoospermic men. Fertil Steril 2013; 99: 1867-71.

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
terms.

©The Author(s)(2021)



Supplementary Table 1: Quality assessment of the data according to the modified Newcastle—Ottawa scale

Article Selection Comparability Outcome Modified
ualit,
Representativeness ~ Selection Ascertainment Demonstration that ~ Comparability — Assessment Was follow-up Adequacy scoreé/
of the exposed of the of exposure  outcome of interest  of cohorts on of outcome  long enough of
cohort nonexposed was not present at  the basis of the for outcomes  follow-up
cohort start of study design or analysis to occur of cohorts
Oates et al. 200227 a a a a ab a a a 9
Choi et al. 200426 a a a a ab a a a 9
Kihaile et al. 20042° a a a a a a a b 7
Stouffs et al. 2005%® a a a a a a a a 8
Patrat et al. 20102° a a a a a a a b 8
Sabbaghian et al. 20187 a a a a a a a a 8
Gongalves et al. 201713 a a a a a a a a 8






