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Context: European and North American guidelines recommend Y-chromosome micro-
deletion (YCM) screening in azoospermic and oligozoospermic men with sperm con-
centrations of <5 million sperm/ml; however, numerous studies have suggested that
YCMs are rare when sperm concentrations are >1 million sperm/ml.

Objective: We systematically reviewed and meta-analyzed European and North Ameri-
can studies to determine the prevalence of a complete YCM in oligozoospermic men with
sperm concentrations of >0-1, >1-5, and >5-20 million sperm/ml, and to determine
whether 1 or 5 million sperm/ml is the most appropriate sperm concentration threshold
for YCM screening.

Evidence acquisition: A systematic review of MEDLINE, EMBASE, Cochrane Library, and
ClinicalTrials.gov was performed for studies assessing the prevalence of a complete YCM
in oligozoospermic men in European and North American studies.

Evidence synthesis: Thirty-seven studies were identified during a systematic review (n=12
492 oligozoospermic men). All complete YCMs in oligozoospermic men were AZFc micro-
deletions. Eighteen studies contained data conducive to meta-analysis (n=10 866 men).
Comparing the pooled estimated prevalence by sperm concentration, complete YCMs were
significantly more common in men with sperm concentrations of >0-1 million sperm/ml
(5.0% [95% confidence interval {Cl}: 3.6-6.8%]) versus >1-5 million sperm/ml (0.8% [95% CI:
0.5-1.3%], p < 0.001). YCMs were similar in men with sperm concentrations of >1-5 and
>5-20 million sperm/ml (0.8% [95% CI: 0.5-1.3%] vs 0.5% [95% CI: 0.2-0.9%], p = 0.14).
Conclusions: In Europe and North America, the majority of YCMs occur in men with
sperm concentrations of <1 million sperm/ml, with <1% identified in men with >1
million sperm/ml. Male infertility guidelines for North America and Europe should
reconsider the sperm concentration screening thresholds to recommend testing for
YCMs only for men with sperm concentrations of <1 million sperm/ml.

Patient summary: Complete Y-chromosome microdeletions (YCMs) are rare in men
with >1 million sperm/ml. Routine screening for YCMs should occur only if sperm
concentration is <1 million sperm/ml.

© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

In 1976, Tiepolo and Zuffardi [1] identified regions of the Y
chromosome responsible for controlling spermatogenesis.
Microdeletions in these subregions (deemed Azoospermia
Factor genes—AZFa, AZFb, and AZFc—also known as
Y-chromosome microdeletions [YCMs]) result in an azoo-
spermic or oligozoospermic phenotype [2]. Since this time,
numerous studies around the world have been performed to
determine the frequency of YCMs in azoospermic and
oligozoospermic men [3-39]. Early YCM prevalence
studies categorized men as either “severely oligozoosper-
mic” (>0-5 million sperm/ml) or “oligozoospermic” (>5-
20 million sperm/ml) [28]. The current guidelines from the
European Association of Urology (EAU) and the American
Society for Reproductive Medicine report the prevalence of
YCMs in severely oligozoospermic men as 3-7% and 5%,
respectively. Both guidelines recommend screening men for
YCMs if sperm concentrations are <5 million sperm/ml
[40,41]. However, no study has ever definitively determined
that 5 million sperm/ml was the ideal threshold, as
most studies have used varying definitions of oligozoos-
permia and severe oligozoospermia when reporting YCM
prevalence.

Over the past decade, there has been speculation about
whether the sperm concentration screening threshold of
5 million sperm/ml for YCM is too broad. Lo Giacco et al [20],
the European Academy of Andrology (EAA), and the
European Molecular Genetics Quality Network (EMQN)
have theorized that a threshold of 2 million sperm/ml may
be more appropriate [42]. More recently, Johnson et al [14]
found in their UK population that if only men with sperm
concentrations of <0.5 million sperm/ml were to be
screened for YCMs, this would identify all complete YCMs
and save the health care system £55 000 over the course of
their study.

To determine the prevalence of YCMs in oligozoospermic
men and to compare sperm concentrations thresholds of
1 and 5 million sperm/ml, we performed a systematic
review and meta-analysis.

2. Evidence acquisition
2.1. Study design

The protocol for this systematic review and meta-analysis
was based on the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) [43] and
was prospectively registered in the PROSPERO database
(CRD42017068394, available online at www.crd.york.ac.uk/
prospero). The meta-analysis was performed in accordance
with the Meta-analysis of Observational Studies in Epide-
miology guidelines.

2.2. Literature search

A comprehensive review of the literature was performed by
systematically searching MEDLINE, EMBASE, Cochrane
Library, and ClinicalTrials.gov from database inception

through February 2019, to identify studies reporting the
prevalence of complete YCMs in men who had performed a
semen analysis and subsequently were found to be
oligozoospermic. Search terms were related to YCMs
without language restriction. Full details of the search
strategy are provided in the Supplementary material.
Additional articles were identified by assessing the refer-
ence lists from select articles, searching relevant conference
abstracts, and speaking to experts in the field. When studies
did not provide complete information for analysis, study
investigators were contacted.

2.3. Study selection

A study was included in the systematic review if it
(1) reported the prevalence of YCMs in men who were
found to be oligozoospermic on semen analysis, (2) assessed
at least two sequence tag sites (STSs) per AZF region to
prevent polymerase chain reaction (PCR) artifact that could
result in false positives, (3) employed appropriate internal
positive and negative controls to ensure accurate reporting,
(4) reported and defined a complete YCM or presented all
YCMs for each STS, (5) utilized a multiplex PCR for the
analysis of YCMs as recommended by EAA/EMQN guidelines
to prevent false positives, and (6) took place in a clinic
located in Europe or North America. This study was limited
to Europe and North America to decrease study heteroge-
neity—as geographic variation has been demonstrated to
be associated with differing prevalence of YCMs [34]. To be
included in the meta-analysis, the above criteria for
inclusion in the systematic review must be satisfied; in
addition, the studies were required to report the prevalence
of YCMs in sperm concentrations of >0-<1 million sperm/
ml and/or >1-5 million sperm/ml, as well as to test, at a
minimum, the STSs sY254 and sY255 of the AZFc region—the
two STSs recommended by the EAA/JEMQN and demon-
strated to identify >95% of clinically relevant deletions
[42]. For the meta-analysis, a complete YCM was defined by
the absence of both sY254 and sY255. YCMs were confirmed
by authors by viewing either the deidentified individual
patient deletion data or confirming the protocol by which
laboratories determine a partial versus a complete YCM.

A study was excluded if (1) it did not report semen
concentrations; (2) it did not report the prevalence of YCMs;
(3) it reported only the prevalence of partial YCM; (4) it was
a case-control study that did not assess the association of
YCM with infertility, but assessed the association between
YCM and other urological conditions, such as cryptorchi-
dism, testicular torsion, recurrent pregnancy loss, hypospa-
dias, testicular cancer, etc.; or (5) a clear definition of
complete YCM could not be elucidated or the study did not
present YCM for individual STSs. Only complete YCMs were
included in this manuscript, as the association between
impaired sperm concentrations and partial YCMs, such as
gr/gr, b2/b3, and b1/b3, is weakly correlated. No general
agreement has been reached regarding routine testing for
partial YCM deletions [42].

Only published articles were included in analysis. If
authors did not provide complete information in published
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manuscripts, authors were contacted for further informa-
tion. When several studies involved the same study
population, the most comprehensive one was used. Two
trained reviewers (T.P.K. and J.R.K.) screened titles and
abstracts, and then reviewed the full text of selected studies
to assess eligibility. Discrepancies were resolved by discus-
sion and adjudication of a third reviewer (R.M.C.). A flow
diagram for study selection is given in Fig. 1.

24. Data collection

The following information was extracted independently by
two trained investigators (T.P.K. and J.R.K.) using a
standardized form. For each YCM group (>0-<1 million
sperm/ml; >1-5 million sperm/ml; and >5-20 million

2669 Records identified through
database searching
1474 MEDLINE

1182 EMBASE
10  The Cochrane Library
3 ClinicalTrials.gov

sperm/ml), we extracted individual study inclusion criteria,
geographic location of the study, STSs used, number of
oligozoospermic men screened for complete YCM, number
of oligozoospermic men with complete YCM, date of
publication, and protocol used for defining complete
YCM. Discrepancies were resolved by discussion and
adjudication of a third reviewer (R.M.C.).

2.5. Quality assessment

Risk of bias was assessed by two trained investigators (T.P.K.
and J.RK.) using the Newcastle-Ottawa Scale; the nine
domains are described in the Supplementary material.
Discrepancies were resolved by discussion and adjudication
by a third reviewer (R.M.C.).

6 Articles found from hand searching
or communication with authors

A

2580 Excluded based on review of title

2023 Wrong population or outcome
557 Duplicates

and abstract

}

95 Full text screened

v

58 Excluded after review of full text

13  Did not report number of men screened
12 Did not report full results

11 Do not assess prevalence

9 Reported in more detail elsewhere

7 Outside included geographic range

3 Review Article

3 Do not utilize PCR

v

37 Studies identified for Qualitative systematic review

5 16 Do not report men screened for oligospermic groups
3 Do not assess sY254 & sY255

y

18 Studies Included in quantitative meta-analysis

Fig. 1 - Flow diagram for study selection. PCR=polymerase chain reaction.
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2.6. Data synthesis

A meta-analysis was performed using the random-effect
model with between-study heterogeneity measured by
Cochrane’s Q tests and the P statistic [44], utilizing the
package metaprop in R 3.4.1 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical tests were two
sided and used a significance threshold of p < 0.05.

Our primary outcome was the prevalence of YCM (rate of
complete YCM per oligozoospermic male screened for
complete YCM) among men with >0-<1, >1-5, and >5-20
million sperm/ml.

A subgroup analysis was performed using a stratified
meta-analysis to compare the prevalence of a complete YCM
between studies that utilized the EAA/JEMQN criteria for
defining a complete YCM and studies that used an internal
laboratory protocol to define a complete YCM, in order to
determine whether there was a significant difference
between the STSs suggested by the EAA/JEMQN and the
definitions of other reputable laboratories. A subgroup
analysis was also performed to determine whether North
American studies differed significantly from European
studies.

The influence of individual studies was examined by
serial exclusion in a sensitivity analysis. Publication bias
was investigated using a funnel plot and Egger’s test [45].

2.7. Cost-benefit analysis

A cost-savings analysis was performed to estimate the
savings if the screening threshold was changed from 5 to
1 million sperm/ml. The cost per test was obtained from a
2018 publication by Johnson et al [14]—£190, €220, or $247.
Currency conversions were based off exchange rates at the
time of publication.

3. Evidence synthesis
3.1. Study characteristics

3.1.1.  Qualitative systematic review

A total of 37 studies were identified during the systematic
review with 12 492 oligozoospermic men (Table 1). All
deletions in oligozoospermic men were AZFc microdele-
tions. A total of 261 YCMs were identified in oligozoos-
permic men. Of the YCMs identified, 92.8% (242/261) were
found in oligozoospermic men with sperm concentrations
of >0-<1 million sperm/ml, 5.7% (15/261) were found in
men with >1-5 million sperm/ml, and only 1.5% (4/261)
were found in men with >5-20 million sperm/ml.

3.1.2. Quantitative meta-analysis

Data for meta-analysis were extracted from 18 studies
involving 10 866 men. Of these, all 18 studies reported the
prevalence of complete YCMs in oligozoospermic men with
sperm concentrations of >0-<1 million sperm/ml, 16 stud-
ies reported prevalence in men with >1-5 million sperm/
ml, and 13 studies reported prevalence in men with >5-20
million sperm/ml (these men were used as a comparison

group). Sixteen studies were reported from a European
academic center and two from a North American center. All
studies utilized a cross-sectional study design. For all
studies, the risk of bias was low, as the majority of studies
were graded to be very good or good (Supplementary
Table 2).

The median number of oligozoospermic men per study
screened for YCMs was 375 (range: 38-2448 men). The
median number of oligozoospermic men per study screened
for YCMs with sperm concentrations of >0-<1 million
sperm/ml was 146 (range: 10-1069), that of men with >1-5
million sperm/ml was 139 (range: 16-561), and that of men
with >5-20 million sperm/ml was 90 (range: 20-1076).

3.2 Cumulative incidence of YCMs in oligozoospermic men

Fig. 2 illustrates the results of the meta-analysis for the
prevalence of complete YCMs, stratified by the thresholds of
1 and 5 million sperm/ml. The cumulative incidence of
complete YCMs in men with sperm concentrations of >0-
<1 million sperm/ml was 5.0% (95% confidence interval [CI]:
3.6-6.8%; heterogeneity: I? = 75%, p < 0.01). The cumulative
incidence of complete YCMs in men with >1-5 million
sperm/ml was 0.8% (95% CI: 0.5-1.3%; heterogeneity: I* =
0.0%, p = 0.6). There was a significant between-group
difference when the incidence in these two groups was
compared (5.0% vs 0.8%, p < 0.0001). The cumulative
incidence of complete YCMs in men with sperm concentra-
tions of >5-20 million sperm/ml was 0.5% (95% CI: 0.2-
0.9%; heterogeneity: I? = 0.0%, p = 0.8). When this group was
compared with men with sperm concentrations of >1-5
million sperm/ml, no significant between-group difference
was evident (0.8% vs 0.5%, p = 0.1).

3.3. Analysis by study-level characteristics to address
heterogeneity

To determine whether the continent of study was a source
of heterogeneity in this study, we performed a stratified
meta-analysis. For men with >0-<1 million sperm/ml,
there was no significant difference in the prevalence of
complete YCMs by geographic location (North American
studies 4.1% vs European studies 4.9%, p = 0.9; heterogene-
ity: I =88%, p < 0.01 and I? = 71%, p < 0.01, respectively). For
men with >1-5 million sperm/ml, there was again no
difference when comparing geographic locations (North
American studies 0.6% vs European studies 0.8%, p = 0.6;
heterogeneity: I> = 0.0%, p = 0.8 and I* = 2.0%, p = 0.4,
respectively). There was also no significant difference when
using the EAA/JEMQN protocol versus individual laboratory
protocol; in men with >0-<1 million sperm/ml, studies
using EAA/JEMQN protocol had a YCM prevalence of 4.3%,
while studies using internal laboratory protocol had a
prevalence of 5.7% (p = 0.4; heterogeneity: I* = 85%, p <
0.01 and I* = 59%, p < 0.01, respectively). Moreover, no
significant difference was seen between protocols for men
with >1-5 million sperm/ml (EAA/EMQN protocol 0.4% vs
internal laboratory protocol 1.0%, p = 0.2; heterogeneity: I* =
36%, p = 0.2 and I° = 0.0%, p = 0.9, respectively).



Table 1 - Characteristics of included YCM studies.

Sequence tag sites

>0-1 million

>1-5 million

>5-20 million

sperm/ml sperm/ml sperm/ml
Authors/year Year Inclusion criteria Level of data Country AZFc Criteria for identifying Complete Men Complete Men Complete Men
complete YCM YCM screened YCM screened YCM screened
Studies included in Johnson (2019) [14] 2018 Consecutive oligospermic  Confirmed criteria (EAA/ UK sY254, sY255 EAA/EMQN criteria 12 279 0 236 0 405
quantitative meta- infertile men who had a  EMQN)
analysis genetic analysis
Goncalves (2017) [11] 2017 Infertile oligospermic men Confirmed criteria and Portugal sY1197, sY1192, BPY2, sY152, EAA/EMQN criteria 46 736 0 342 0 186
individual STSs sY254, sY 255, DAZ1, sY1291,
CDY1, sY157, sY1201, and
sY1206
Olesen (2017) [24] 2017 Infertile men whose Confirmed criteria (EAA/  Denmark sY254, sY255 EAA/EMQN criteria 3 240 0 230 0 149
partner was undergoing EMQN)
IVF or ICSI
Punab (2017) [29] 2017 Oligospermic infertile men Confirmed criteria (EAA/  Estonia sY254, sY255 EAA/EMQN criteria 1 130 1 360 3 813
undergoing evaluation EMQN)
Lo Giacco (2014) [20] 2014 Consecutive oligospermic  Confirmed criteria (EAA/  Spain sY254, sY255 EAA/EMQN criteria 2 154 0 123 0 61
infertile men undergoing EMQN)
evaluation
Stahl (2010) [35] 2010 Consecutive severely Confirmed criteria New York, USA sY153, Fr15-11pr, Y6HP52pr, Partial deletions in AZFc 26 257 1 155 - -
oligospermic sY147, sY149, sY254, sY255, region were considered
sY157, sY158 nondeletions
Yatsenko (2010) [39] 2010 Severely oligospermic men Confirmed individual STSs Texas, USA sY149, sY254, sY255, sY243, Deletion of a minimum of 2 157 1 214 1 85
evaluated for infertility sY269 sY254, sY255 for complete
AZFc, deletion of all
regional STSs for AZFa and
AZFb
Simoni (2008) [34] 2007 Men presenting for Confirmed criteria (EAA/  Germany sY254, sY255 EAA/EMQN criteria 25 1069 1 506 - -
infertility EMQN)
Ferlin (2007) [9] 2007 Consecutive oligospermic  Confirmed criteria Italy sY254, sY255, sY1291, AZFc required deletion of 45 811 6 561 0 1076
infertile men undergoing sY1125, sY1190, sY1206, sY1192, sY1191, sY254,
evaluation sY1201, sY159, sY160 sY255, sY1291, sY1190,
sY1206
Chernykh (2006) [6] 2006 Men from infertile married Confirmed criteria (EAA/  European Russia sY254, sY255 EAA/EMQN criteria 15 145 2 64 0 240
couple with EMQN)
pathozoospermia
Medica (2005) [23] 2005 Male partners of infertile ~Confirmed criteria (EAA/  Croatia sY254, sY255 EAA/EMQN criteria 1 10 0 17 0 25
couples attending the EMQN)
outpatient infertility clinic
Cruger (2003) [7] 2003 Men referred for ICSI Deletions reported in Denmark sY254, sY255 Deletion of all regional 1 47 0 92 0 90
results STSs
Loginova (2003) [21] 2003 Men presenting for Deletions reported in European Russia sY153, sY149, sY254, sY255, Undefined by authors 4 23 0 16 0 20
infertility results sY269, sY202, sY158 *deletion of sY254, sY255
applied*
Dohle (2002) 8] 2002 Infertile couple requesting Deletions reported in The Netherlands sY254, sY255 Deletion of all regional 5 113 - - - -
ICSI with sperm results STSs
concentration 1 000
000 sperm/ml
Bor (2002) [4] 2002 Men in couples who were All STS deletions report in Denmark sY144, sY150, sY152, sY153, Undefined by authors 2 147 0 94 0 81
candidates for ICSI due to figure sY155, sY255, sY254, SPGY, *deletion of sY254, sY255
male factor infertility sY277, sY243, sY269, sY158, applied*
sY272, sY273, sY166
van der Ven (1997) [37] 1997 Men in a couple All STS deletions report in Germany sY147, sY149, sY254, sY255, Undefined by authors 1 32 0 47 0 79
undergoing in vitro figure sY157 *deletion of sY254, sY255
fertilization applied*
Kremer (1997) [19] 1997 Couple requesting ICSI, Deletions reported in The Netherlands sY254, sY255 Deletion of all regional 7 111 - - - -
infertile >12 mo, sperm results STSs
concentration 1 000
000 sperm/ml
Qureshi (1996) [30] 1996 Men from a large infertility All STS deletions report in UK sY147, sY233, sY232, sY149, Undefined by authors 2 21 0 17 - -
group with oligospermia  figure sY254, sY255, sY202, sY158 *deletion of sY254, sY255
applied*
Kovacheva (2018) [16] 2018 Infertile men referred for Deletions reported in Bulgaria sY254, sY255 EAA/EMQN criteria 0 46 ° 0 46 * - -

assisted reproductive
technologies

results
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Table 1 (Continued)

Sequence tag sites

>0-1 million

>1-5 million

>5-20 million

sperm/ml sperm/ml sperm/ml
Authors/year Year Inclusion criteria Level of data Country AZFc Criteria for identifying Complete Men Complete Men Complete Men
complete YCM YCM screened YCM screened YCM screened
Studies included Khurana (2014) [15] 2014 Men seeking fertility Deletions reported in Ohio, USA sY152, sY158, sY254, sY255 Deletion of all regional 0 205 0 205 - -
in Qualitative evaluation with sperm results STSs
Systematic Review concentration <2.5
million/ml
Tzschach (2001) [36] 2001 Men who presented with  Deletions reported in Germany sY147, sY152, sY148, sY254, Deletion of all regional 0 64 ° 0 64 ° - -
oligo- or azoospermia to  results sY153, sY158 STSs
an infertility center
Plaseski (2006) [27] 2006 Infertile/subfertile males  All STS deletions report in Macedonia sY254, sY255 Deletion of all regional 1 52 ? 0 52 ° 0 27
attending an andrology figure STSs
outpatient clinic
Raicu (2003) [31] 2003 Men referred for fertility ~ All STS deletions report in Romania sY254, sY255 Deletion of all regional 2 6 0 19" - -
evaluation figure STSs
Calleja Macias (2003) [5] 2003 Men with oligospermia All STS deletions report in  Mexico sY242, sY239, sY208, sY254, Undefined by authors 0 16 * 0 16 * - -
presenting for clinical table sY255, sY157 *deletion of sY254, sY255
treatment applied*
Gruber (2003) [12] 2003 Men seeking assisted Deletions reported in Austria sY242, sY239, sY208, sY254, Deletion of all regional 0 154 2 0 1542 0 115
reproductive treatments at results sY255, sY157 STSs
a fertility center
Ioulianos (2002) [13] 2002 Patients presenting with  All STS deletions report in Cyprus sY152, sY254, sY255, sY157, Undefined by authors 0 48 ° 0 48 @ - -
infertility and sperm figure sY158 *deletion of sY254, sY255
concentration <2 million applied*
sperm/ml
Peterlin (2002) [26] 2002 Infertile men attending an All STS deletions report in Slovenia sY153, sY152, sY155, sY147, Deletion of all regional 2 70 0 16 0 48
infertility clinic figure sY156, sY149, sY254, sY157, STSs
sY202, sY243
Krausz (2001) [18] 2001 Consecutive patients Deletions reported in France sY145, sY147, sY152, BPY2,  Deletion of all regional 3 52 0 30 0 49
seeking ICSI treatment results sY254 STSs
Friel (2001) [10] 2001 Men attending a fertility ~ All STS deletions report in Ireland sY220, sY245, sY242, sY262, Deletion of all regional 0 7° 0 7° - -
clinic Table sY257, sY254, sY255, sY272, STSs
sY273, sY269, sY243
Aho (2001) [3] 2001 Oligospermic men who All STS deletions report in Finland sY153, Y6HP52pr, sY147, EAA/EMQN criteria 10 133 ° 2 133 * - -
underwent evaluation of  figure sY146, sY149, sY254, sY255
male factor infertility
Martinez (2000) [22] 2000 Men with severe All STS deletions report in Spain sY147, sY149, sY157 Deletion of all regional 1 712 0 712 - -
spermatogenic failure figure STSs
Van Landuyt (2000) [38] 2000 Male infertility patients All STS deletions report in Belgium sY153, sY152, FR15-11, Undefined by authors 5 1212 0 1212 - -
with normal karyotype & figure Y6HP52, sY147, sY262, *deletion of sY254, sY255
unexplained sY232, sY239, sY204, sY149, applied*
oligozoospermia sY254, sY255, sY267, sY243,
sY269, sY202, sY157, sY158
Seifer (1999) [33] 1999 Infertile oligospermic men All STS deletions report in France sY153, sY147, sY149, sY254, Undefined by authors 3 32° 0 32° - -
figure sY255, sY158, sY160 *deletion of sY254, sY255
applied™
Oliva (1998) [25] 1998 Men at an infertility clinic All STS deletions report in Spain sY154, sY254, sY269, sY202, Deletion of all regional 1 136 * 1 136 * - -
and who were referred to figure sY158, sY160 STSs
genetic counseling prior to
ICSI
Krausz (1999) [17] 1998 Males presenting with All STS deletions report in France sY153, sY152, sY155, sY154, Undefined by authors 1 71° 0 712 - -
infertility associated with figure sY147, sY149, sY208, sY207, *deletion of sY254, sY255
reduced sperm counts sY254, sY255, sY247, sY158 applied*
Pryor (1997) [28] 1997 Consecutive oligospermic  All STS deletions report in Minnesota, USA sY147, sY154, sY240, sY245, Undefined by authors 1 30° 0 30° 0 42
infertile men undergoing figure sY203, sY242, sY148, sY262, *deletion of sY254, sY255
evaluation sY221, sY233, sY232, sY239, applied*
sY257, sY249, sY156, sY224,
sY231, sY294, sY201, sY149,
sY206, sY208, sY254, sY255,
sY267, sY248, sY269, sY202,
sY247, sY157, sY158, sY159
Reijo (1996) [32] 1996 Patients presenting with  All STS deletions report in Massachusetts, USA sY142, sY143, sY254, sY283, Deletion of all regional 2 35 - - - -

infertility and sperm
concentration <1 million
sperm/ml

figure

sY277

STSs

Sequence tag sites required for inclusion in quantitative meta-analysis (sY254 & sY255) are bolded.
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Sperm concentration 0—1 million sperm/ml 1-5 million sperm/ml 5—20 million sperm/ml

Complete  Men Prevalence (%) Complete  Men o Prevalence (%) Complete  Men 5 Prevalence (%)
Study authors YCM screened Prevalence (%) 195% CI] YCM _ screened Prevalence (%) 195% CI] YCM  Screened Prevalence (%) 195% CI]
Johnson (2018) 12 279 =l— 43 [22; 7.4] 0 236 0 405 - 0.0 [0.0; 0.9]
Goncalves (2017) 46 736 — 6.2 [4.6; 8.2] 0 342 0 186 e 0.0 [0.0; 2.0]
Olesen (2017) 3 240 =— 1.2 ] 0 230 i 0 149 e 0.0 [0.0; 2.4]
Punab (2017) 1 130 - 8.5 1 360 - 3 813 “ 0.4 [0.1; 1.1]
Lo Giacco (2014) 2 154 1.3 [0.2; 4.6] 0 123 — () 61 — 0.0 [0.0; 5.9]
Yatsenko (2010) 2 157 —+—— 1.3 [0.2; 4.5] 1 214 #— 1 85 — 1.2 [0.0; 6.4]
Stahl (2010) 26 257 _— 102 [6.7;14.5] 1 155 =
Simoni (2008) 25 1069 == . 1 506
Ferlin (2007) 45 811 —— Y 6 561  d— 0 1076 0.0 [0.0; 0.3]
Chernykh (2006) 15 145 —_— i 2 64 ; 0 240 o+ 0.0 [0.0; 1.5]
Medica (2005) 1 10 Y .0 [0.3;44.5] 0 = I 5] 0 25 E 0.0 [0.0;13.7]
Cruger (2003) 1 47 —— 1 [0.1;11.3] 0 92 w— 0.0 [0.0; 3.9] 0 90 = — 0.0 [0.0; 4.0]
Dohle (2002) 5 18 ——— 4.4 [1510.0]
Loginova (2002) 4 23 17.4 [5.0;38.8] 0 16 0.0 [0.0;20.5] 0 20 0.0 [0.0;16.8]
Bor (2002) 2 147 ——— 14 [0.2; 48] 0 9% H— 0.0 [0.0; 3.8] 0 81 — 0.0 [0.0; 4.5]
Van der Ven (1997) 1 32— 3.1 [0.1;16.2] 0 A — 0.0 [0.0; 7.5] 0 79 — 0.0 [0.0; 4.6]
Kremer (1997) 7 111 —_— 6.3 [2.6;12.6]
Qureshi (1996) 2 21— 9.5 [1.2;30.4] 0 17w 0.0 [0.0;19.5]

<=
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Prevalence of complete YCM (%)

Prevalence of complete YCM (%) Prevalence of complete YCM (%)

Fig. 2 - Forest plot assessing cumulative incidence of complete YCM. CI=confidence interval; YCM = Y-chromosome microdeletion.

34. Sensitivity analysis

For the >1-5 and the >5-20 million sperm/ml groups,
sensitivity analysis demonstrated that no individual study
affected the rate of complete YCMs by more than 0.1%. In
these same two groups, omission of no study increased I
heterogeneity beyond 0.0%. When assessing men with >0-1
million sperm/ml, no study affected the rate of complete
YCMs by more than 0.5% (Supplementary Table 2).

3.5. Assessment of publication bias

Funnel plots revealed mild asymmetry for studies assessing
sperm concentrations of >0-1 million sperm/ml, but no
asymmetry for studies assessing sperm concentrations of
>1-5 or >5-20 million sperm/ml, suggesting that the
pooled estimates in these groups were not biased secondary
to small study effects (Fig. 3). The Egger et al regression
asymmetry test supported this, as studies assessing >0-1
million sperm/ml approached but did not meet an
asymmetric distribution (z = -1.8, p= 0.07) [45]. Addition-
ally, no asymmetry was detected in studies assessing the
>1-5 million sperm/ml (z = -1.2, p= 0.2) or >5-20 million
sperm/ml (z = 0.09, p= 0.9) groups.

Sperm Concentration 0—1 million sperm/ml

o - : o -

Sperm Concentration 1-5 million sperm/ml

3.6. Cost-benefit analysis

A total of 7756 oligozoospermic men included in this meta-
analysis were tested who had sperm concentrations of >0-
5 million sperm/ml. Testing for all these men cost
approximately €1 706 320 ($1 915 732 or £1 473 640). If
a threshold of 1 million sperm/ml was applied to screen
patients for YCM testing, only 4482 men would have
received testing—this would result in a 57.8% savings or
€986 040 ($1 107 054, or £851 580).

4. Conclusions

Our systematic review and meta-analysis of 37 cross-
sectional studies with 12 492 oligozoospermic men
demonstrates that all YCMs in oligozoospermic men were
AZFc deletions. Overall, the prevalence of YCMs was
significantly higher in men with >0-<1 million sperm/ml
(5.0%) than in men with >1-5 million sperm/ml (0.8%) or
>5-20 million sperm/ml (0.5%).

While the prevalence of complete YCMs in men with
nonobstructive azoospermia is consistently in the 8-15%
range, the literature reports a wide range (0-44%) for
severely oligozoospermic men (>0-5 million sperm/ml)

Sperm Concentration 5-20 million sperm/ml

.
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L
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Fig. 3 - Funnel plot to assess publication bias/small study effects.

Log odds
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[34]. This wide range is multifactorial. Some studies use
only one STS to diagnosis a YCM, when at least two STSs are
key to prevent false positives. Some studies report a partial
YCM as a complete YCM; additionally, early studies did not
differentiate between partial and complete YCMs. Some
studies combine azoospermic and oligozoospermic men,
such as a meta-analysis of YCMs in Iranian men, which
found that 12% of men with sperm concentration of <5
million sperm/ml were found to have a YCM [46]. Some
studies use simplex PCR, which results in a higher rate of
false positives that do not occur with the modern multiplex
PCR. Geographic location can also result in variation [42]. In
order to account for these factors and decrease heteroge-
neity in our study, we had four important considerations.
First, we required testing of at least two STSs for each AZF
region to be included in the systematic review, and, to be
included in the meta-analysis, studies had to assess sY254
and sY255 at a minimum, which are the two STSs
recommended for screening AZFc deletions. Second, we
examined the STS results for each patient using the original
deidentified or published data, or we confirmed the process
by which each primary study laboratory determined a
“partial” versus a complete YCM. Third, we only included
studies that used a multiplex PCR. Lastly, we focused on
Europe and North America to minimize potential impact of
geographic variability. These study design factors lend
greater strength to our study and support the validity of our
point estimates.

In oligozoospermic men with YCMs, it is possible for
couples to achieve pregnancy naturally, and YCMs do not
appear to significantly impact fetal development after
conception [42]. However, male offspring will inherit these
YCMs from their fathers and may be infertile as well; thus,
genetic counseling is warranted when YCMs are identified
[42]. Couples may opt to undergo in vitro fertilization with
preimplantation genetic testing for aneuploidy (PGT-A) to
select for female progeny for embryo transfer or use donor
sperm, preventing inheritance of these microdeletions.
Therefore, screening for YCMs has both clinical and ethical
implications for patients and their families.

Determining thresholds for genetic screening must
weigh these implications with the monetary and psycho-
logical costs of screening. Genetic screening continues to
increase in frequency, and several known gene mutations
exist that, when identified, can affect clinical decision
making in reproductive medicine and elsewhere. BRCA1/2 is
perhaps the most well known of these genes; however, not
everyone with a family history of breast cancer is
recommended to undergo screening [47]. The European
Society for Medical Oncology (ESMO) recommends screen-
ing only when the family history is deemed “high risk.”
While several questionnaires are recommended to stratify
the level of risk, the ESMO recommends screening only if
there is >10% likelihood of identifying a BRCA1 or a BRCA2
mutation [47]. Within the field of reproductive medicine,
noninvasive prenatal testing using cell-free DNA for the
screening of trisomies 13, 18, and 21 is recommended only
for screening when women are deemed “high risk” for a
fetus with aneuploidy [48]. In studies assessing the

prevalence of trisomies in populations deemed high risk,
authors have reported pretest probability of having a
trisomy pregnancy of 6.1% [49]. Noninvasive prenatal
testing is not recommend in low-risk groups, which have
a pretest probability of fetal aneuploidy of significantly <6%
[48]. Thus, even when intervention is possible after each of
these diagnoses—even as drastic as recommending a
mastectomy and an oophorectomy in the case of BRCA
mutations [47|—screening is not universally recommended
for every person potentially at risk. As a comparison, in this
study, we demonstrate that only 0.8% of men with sperm
concentrations of >1-5 million sperm/ml had a complete
YCM—this is substantially lower than the generally accepted
risk thresholds for screening for many other disorders. Thus,
even though an intervention such as PGT-A is possible after
identifying a YCM, the prevalence of YCMs in men with >1
million sperm/ml may not merit screening.

One common argument for a more inclusive YCM
screening threshold is that a greater degree of interobserver
variation exists when lower sperm concentrations are
present. Studies have demonstrated interobserver coeffi-
cients of variation as high as 30% when analyzing low sperm
concentrations [50]. Thus, for a man with a sperm
concentration of 0.8 million sperm/ml, the standard
deviation would be 0.24 million sperm/ml. Such variation
could result in incorrect classification of men who may
merit screening into a group that does not receive screening
for YCMs, if thresholds were lowered to 1 million sperm/ml.
However, this was not seen in our analysis. If individuals
were incorrectly classified due to interobserver variation,
moderate variation in the prevalence of YCMs would be
expected within the 1-5 million sperm/ml group, but the
degree of calculated heterogeneity (I*) was 0%, indicating
low statistical variability between studies. Overall, the
prevalence of YCMs in men with 1-5 million sperm/ml fell
within a relatively narrow range, from 0% to 3.1%. One
possible explanation for this low statistical heterogeneity in
the range of 1-5 million sperm/ml is that most studies have
identified the vast majority (84-91%) of YCMs in azoo-
spermic or oligozoospermic men with sperm concentra-
tions of <0.1 million sperm/ml [14,20]. Thus, even with
interobserver variation in semen concentration, the impact
of misclassification of a man with a complete YCM would be
unlikely, as the majority of these men are well below the
1 million sperm/ml threshold. Nor does it appear that repeat
semen analyses result in variation either, as Simoni et al [34]
followed patients with YCMs with multiple semen analyses
over 2-5 yr and demonstrated only minor variations in
semen parameters that never went above the 1 million
sperm/ml threshold. While our study and the current
guidelines assess a static sperm concentration threshold,
variation in sperm concentration across multiple semen
analyses, while rare, may result in concentrations above and
below the threshold. While included studies that assessed
multiple semen analyses used median semen concentra-
tions to determine whether testing was appropriate,
ultimately the choice for testing for YCMs in a man with
varying sperm concentrations between semen analyses
must be weighed by each clinician.
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Finally, the EAU Male Infertility guidelines provide some
insight into the prevalence of YCMs that merit screening
[41]. The committee cited the YCM prevalence to be 8-12%
in azoospermic men, 3-7% in oligozoospermic men (>0--5
million sperm/ml), and 0.7% in men with sperm concentra-
tions of >5 million sperm/ml. The committee concluded
that, given the low rate of YCMs in men with sperm
concentrations of >5 million sperm/ml, screening is not
recommended above this threshold. Herein, we demon-
strate that the prevalence of YCMs in men with sperm
concentrations of >1-5 million sperm/ml is similarly rare,
with a prevalence of 0.8% YCMs. Therefore, using the same
logic as the EAU Male Infertility Guideline Committee, men
with >1-5 million sperm/ml should also not be screened for
YCMs.

The present comprehensive meta-analysis has several
notable strengths. This is the largest study and the first
meta-analysis to assess thresholds at which oligozoosper-
mic men ought to be considered for screening for YCMs, and
we assessed more than 10 000 European and North
American oligozoospermic men. Additionally, as sperm
concentration and geographic location have consistently
been shown to affect the prevalence of YCMs, we assess both
of these variables. Finally, as there is large variation in STSs
used in various studies, we applied a consistent definition
requiring studies to assess both sY254 and sY255 and
defining a complete AZFc deletion as both of these STSs.

Our study has several potential weaknesses. Very few
studies reported the prevalence of YCMs by ethnicity;
rather, the majority of studies simply report the country of
study. Thus, although it is assumed that the location of the
clinic may roughly correlate with regional ethnicity, these
data are not currently known. Despite controlling for the
majority of known sources of heterogeneity, significant
heterogeneity was seen in the >0-1 million sperm/ml
group, likely due to further acceleration of rates of YCMs as
sperm concentrations approach azoospermia. While asses-
sing multiple thresholds between >0 and 1 million sperm/
ml would have been ideal, the vast majority of the literature
report only thresholds of 1, 5, and 20 million sperm/ml. Our
strict definition of a complete YCM resulted in the exclusion
of several notable studies from the meta-analysis, but the
majority of men identified by the systematic review were
able to be included (10 866 of 12 492 oligozoospermic men,
87%).

This meta-analysis demonstrates that complete YCMs of
the AZFc region are rare (0.8% prevalence) in men with
sperm concentrations of >1 million sperm/ml, with most
complete YCMs in oligozoospermic men being identified in
men with <1 million sperm/ml (5.0% prevalence). Subse-
quent iterations of male infertility guidelines for North
American and European populations should therefore
consider lowering the screening threshold for YCMs in
these populations to severely oligozoospermic men with
sperm concentrations of <1 million sperm/ml.
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