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Introduction

The advent of assisted reproductive technologies (ARTs) 
has enabled many subfertile men to achieve paternity. 
A subset of these subfertile men have Y chromosome 
microdeletions (YCMs). YCM are small deletions that 
range between 0.8–7.7 Mb, making them undetectable 
in karyotypes (1). Primarily, these deletions occur within 
a region known as the azoospermic factor (AZF) gene 
locus (2) and can involve complete, partial or combinatory 

deletions of the AZFa, AZFb, AZFc and AZFd regions (3).  
Depending on the extent of deletion, men present with 
varying degrees of severity in sperm counts and testis 
histology. For instance, complete absence of the AZFc locus 
leads to oligozoospermia or azoospermia, and histologically 
feature sertoli cell only (SCO) syndrome, maturation 
arrest (MA) or hypospermatogenesis (HS) (3). On the 
other end of the spectrum, partial deletions of AZFc (gr/
gr deletions) are more benign and presentations range from 
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Figure 1 PRISMA flow diagram describing inclusion and exclusion process. From: Moher D, Liberati A, Tetzlaff J, et al. Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.
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normozoospermia to azoospermia, with most histological 
biopsies showing MA (4,5). Additionally, flanking the YCM 
locus are the pseudoautosomal regions (PARs) that have 
been implicated in health abnormalities including stature 
differences and neuropsychiatric disorders (6,7). Copy 
number variants (CNVs) within PARs have been associated 
with terminal AZF deletions, and these are further  
reviewed (8). Evidently, YCM and alterations to nearby 
genetic regions can significantly impair spermatogenesis, 
cause male infertility and impact offspring health.

Men with cryptic or absent sperm counts who cannot 
conceive naturally often typically undergo surgical sperm 
retrieval, such as microdissection testicular sperm extraction 
(microTESE), and subsequent assisted fertilization techniques, 
such as in vitro fertilization (IVF) with intracytoplasmic 
sperm injection (ICSI), in order to conceive. MicroTESE is 
a surgical procedure involving general anesthesia, whereupon 
a urologist precisely extracts sperm from dilated seminiferous 
tubules under microscopic guidance (9).

Little information is known regarding the success rates of 
ART in large samples of men with YCM, and the effects of 
YCM on the health of offspring and on recurrent pregnancy 
loss (RPL). This review was performed to summarize the 
effects of YCM pertaining to IVF ICSI results, health of 
offspring and RPL.

Material and methods

Publications were identified using the PubMed search 

engine. Inclusion criteria included full text availability 
and English language studies published between January 
1997–May 21, 2019 with the following search terms: “Y 
chromosome microdeletion”, “fertilization”, “offspring”, 
“sperm retrieval”, “therapy”, “gr/gr”, “AZFa”, “AZFb”, 
“AZFc”, “microTESE”, “micro-TESE”, “microdissection 
testicular sperm extraction”, “micro TESE”, “male 
inferti l ity”,  and “hormone therapy”. Six hundred 
publications were extracted, and upon duplication removal, 
a total of 560 articles remained. Twenty-nine articles after 
the initial search were added. All abstracts were read, and 
those containing pertinent information were included. 
A total of 78 papers are included in this review article. 
A diagram of the inclusion and exclusion processes are 
represented as a Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) in Figure 1.

Y chromosome microdeletions

Male factor infertility accounts for approximately 50% of 
all couples seeking infertility assessments. The prevalence 
of YCM among oligozoospermic or azoospermic infertile 
men vary depending on ethnicity and geographic region, 
but it is estimated to be approximately 7.6% (10). Clinically 
significant microdeletions of the Y chromosome involved 
with spermatogenesis are typically located in the long 
arm (Yq) of the chromosome, which contains the AZF 
locus. The AZF locus has been genetically mapped and 
is separated into four genetic loci (AZFa, AZFb, AZFc, 
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AZFd). The severity of impaired spermatogenesis is 
greatest in deletions closer to the centromere (AZFa 
followed by AZFb, then AZFc), with AZFd being clinically 
insignificant. In addition to the specific locus deleted, 
the size of the deletion is significant for prognosis, with 
multiple deletions being more detrimental to sperm counts 
than single deletions. Some men with YCMs will have rare 
sperm in their ejaculate, while others will require surgical 
sperm retrieval from the testis. In the presence of sperm, 
nearly all men with YCMs will require IVF with ICSI due 
to limited number of sperm to maximize their odds of 
paternity.

In general, beside AZFc deletions, other complete 
d e l e t i o n  t y p e s  r e s u l t  i n  s e v e r e  i m p a i r m e n t  o f 
spermatogenesis and thus, poor or non-existent sperm 
retrieval rates (SRRs). Given this, sperm retrieval 
techniques are often not offered for men with AZFa and/or 
AZFb deletions. As a result, ART data is widely unavailable 
for these men. In the literature, men with AZFa and/or 
AZFb deletions who undergo successful sperm retrieval and 
subsequent ART typically have partial deletions. However, 
a case report published in 2016 (11) reported a severely 
oligoasthenozoospermic man with a complete AZFb 
deletion who underwent ICSI which resulted in the delivery 
of a healthy boy, who obtained the same deletion as his 
father. Although limited, studies including male participants 
with complete AZFa and/or AZFb YCM are included in 
[http://cdn.amegroups.cn/static/application/d4e5346eea8c
05fb1f5182fa0e59c07b/tau-19-672-1.pdf; year 1998–2010: 
(12-30); year 2010–2018 (31-44)] of this review.

IVF outcomes

The advent of IVF, and ICSI, has enabled infertile men 
with YCM to have their own offspring. Depending on the 
type and size of YCM, ICSI success varies. Pertinent studies 
with sufficient information on ICSI success are included in 
[http://cdn.amegroups.cn/static/application/d4e5346eea8c
05fb1f5182fa0e59c07b/tau-19-672-1.pdf; year 1998–2010: 
(12-30); year 2010–2018 (31-44)]. Because any YCM 
besides AZFc-deletions failed with sperm retrieval, success 
rates are only calculated in AZFc-deleted men.

The SRR, fertilization, clinical pregnancy and live birth 
rates were totaled from 34 studies, between 1998 and 
2018, categorized based on the type of YCM and resulting 
phenotype (ranging from azoospermia to oligozoospermia) 
[http://cdn.amegroups.cn/static/application/d4e5346eea
8c05fb1f5182fa0e59c07b/tau-19-672-1.pdf; year 1998–

2010: (12-30); year 2010–2018 (31-44)]. Furthermore, we 
present the number of embryo transfers, cleaved embryo 
rate and birth defect rate for the studies that provided 
the data. Those studies that listed a percentage without 
the corresponding frequency were omitted (i.e., 60% vs. 
6/10) due to inability to sum the values. The reviewed 
studies spanned different time periods and used different 
sequencing technologies to define the YCM types; thus, we 
defined “Men with YCM” as men who had an incomplete 
or complete deletion in the AZF loci (AZFa, AZFb, AZFc). 
“Men without YCM” were defined as sub-fertile or infertile 
men who had no detectable YCM but underwent ART 
and were used as the comparative group in the calculated 
data. Men without any YCM had a fertilization, clinical 
pregnancy, and live birth rate of 69.8% (3,940/5,645), 
42.2% (265/628), and 43.2% (134/310) respectively. Men 
with any deletion had a fertilization, clinical pregnancy, and 
live birth rate of 61.8% (5,440/8,801), 30.4% (249/818) and 
25.4% (223/879), respectively.

The fertilization rate (FR) for men with any deletion type 
when sperm was testicular-derived (mTESE) or ejaculate-
derived were 38.6% (73/189) and 60.5% (1,389/2,297), 
respectively. For men with or without a deletion, the FR 
from testicular origin was 45.9% (177/386) and from 
ejaculate origin was 63.5% (2,723/4,287). Although the 
heterogeneity and other potentially confounding factors of 
the studies were not considered, it appears that the FR is 
higher amongst men whose sperm is from the ejaculate.

Unlike the FR, the clinical pregnancy and live birth rates 
show opposite trends. The clinical pregnancy rates amongst 
men with any deletion type were 38.5% (10/26) and 
31.4% (54/172) for testicular and ejaculate-derived sperm, 
respectively. For all men (with or without a deletion), the 
rates were 48.7% (19/39) and 32.1% (108/336) for testicular 
and ejaculate-derived sperm, respectively. Analogous to 
clinical pregnancy trends, the live birth rates are higher 
amongst testicular-derived sperm. The live birth rates for 
AZF-deleted men are 42.9% (9/21) and 25.3% (43/170) 
for testicular and ejaculate-derived sperm. There were no 
men without an AZF deletion that underwent mTESE, so 
the live birth rate is the same for men with or without an 
AZF deletion. However, for men with or without a deletion 
whose sperm was obtained from the ejaculate, the live birth 
rate was almost identical (25.4%, 73/287) in these studies.

Though it has not been directly investigated in 
men with YCM, there are studies that suggest there 
may be a role for testicular sperm retrieval for ART in 
cryptozoospermic men who have prior unsuccessful IVF 
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processes with ejaculated sperm. In a systematic review 
and meta-analysis by Kang et al. (45), testicular sperm 
lead to higher good-quality embryo rate, implantation 
rate and pregnancy rate when compared to ejaculated 
sperm. Similarly, Ketabchi (46), in a prospective cohort 
study, also found that TESE or percutaneous epidydimal 
sperm aspiration produced significantly better outcomes 
compared to ejaculated sperm. These results suggest 
testicular sperm may be superior to ejaculated sperm when 
it comes to ART; however, other confounding variables 
in these studies such as elevated DNA fragmentation 
and recurrent failure of IVF cycles may contribute 
to these findings. However, Abhyankar et al .  (47)  
conducted a meta-analysis with five cohort studies that 
suggests there is no difference in pregnancy rates or FRs 
between using testicular and ejaculated sperm for ICSI 
in cryptozoospermic men. One of the cohort studies 
included in the meta-analysis involved retrospectively 
examining cryptozoospermic men who first had ART with 
ejaculated sperm then ART with testicular sperm (48). In 
this study, testicular sperm compared to ejaculate resulted 
in higher pregnancy and implantation rates. It appears for 
cryptozoospermic men, despite some conflicting results, 
there may be a role for testicular sperm retrieval for ART 
if IVF with ejaculated sperm fails. In azoospermic men, 
this is less relevant because azoospermic men are less likely 
to have ejaculated sperm for IVF. In conclusion, testicular 
sperm retrieval for ART in cryptozoospermic men who 
have prior unsuccessful IVF processes with ejaculated 
sperm may be applicable for severely oligozoospermic 
men with YCM, though further research examining this 
approach in this specific population is necessary before 
conclusions can be reached.

The AZFc deletion subtype has the highest SRR. 
Given this, men with AZFc deletions have had the most 
opportunities of attempting ICSI. Of the studies in [http://
cdn.amegroups.cn/static/application/d4e5346eea8c05fb1f5
182fa0e59c07b/tau-19-672-1.pdf; year 1998–2010: (12-30);  
year 2010–2018 (31-44)] that had data on clinical pregnancy 
and live births amongst AZFc-deleted men, the clinical 
pregnancy and live birth rates were 28.6% (167/584) 
and 23.4% (94/402), respectively. The United States 
CDC reports that in fresh embryos from fresh nondonor 
eggs, the percentage of transfers resulting in pregnancies 
ranged from 52.9% (age <35) to 15.2% (age >42) and the 
percentage of transfers resulting in live births ranged from 
45.7% (age <35) to 7.8% (age >42) (49). Similarly, the 
clinical pregnancy and live birth rates for non-AZF deleted 

men from the studies in [http://cdn.amegroups.cn/static/
application/d4e5346eea8c05fb1f5182fa0e59c07b/tau-
19-672-1.pdf; year 1998–2010: (12-30); year 2010–2018 
(31-44)] were 42.2% (265/628) and 43.2% (134/310), 
respectively. These data did include studies that reported 
both clinical pregnancy and live birth rate, and live birth 
rates or clinical pregnancy rates. The clinical pregnancy 
and live birth rates in AZFc-deleted men are lower than the 
controls in [http://cdn.amegroups.cn/static/application/d4
e5346eea8c05fb1f5182fa0e59c07b/tau-19-672-1.pdf; year 
1998–2010: (12-30); year 2010–2018 (31-44)]. Although 
the data are minimal, studies have also shown lower quality 
embryo characteristics (17,18,30). However, several studies 
have also shown that YCM in general do not negatively 
affect embryo characteristics (20,21,23,33,36,37,39,50). 
With the heterogeneity contained in the data reviewed 
here, a meta-analysis would provide benefit. Furthermore, 
a prospective multi-center study would importantly 
contribute to accurately determine whether fertilization, 
clinical pregnancy and live birth rates are lower in AZFc-
deleted men compared to AZF-intact men.

Vertical transmission of YCM

Infertile men with YCM will transmit the YCM to their 
male offspring (15,18,27,51-54). Therefore, couples 
attempting ICSI to circumvent male factor infertility are 
regularly counselled regarding the transmission of YCM to 
their sons and consequently, the transmission of impaired 
reproductive fitness. Although the vertical transmission of 
Yq deletions are generally expected, the transmission of the 
identical fertility phenotype is not always present (16,55,56). 
Chang et al. reports a fertile father of four infertile sons, 
who all have the same deletion as the father. This is likely 
due to an increase of the size of the deletion among the 
offspring (16). At the time of that study, the exact molecular 
extensions of the deletions could not be distinguished 
by interval mapping. Another report describes a similar 
case where an infertile son gained a YCM from his fertile 
father via natural conception (57). In this case however, 
the YCM increased in size, which explained the difference 
in phenotypes. There is conflicting data in the literature 
regarding the size of transmitted YCM in the offspring. 
Data in some studies suggest YCM remain the same size 
(16,18,58), whereas other studies report enlarged deletions 
among offspring (57,58). Therefore, the data suggests 
that either identical or enlarged deletions are passed onto 
the progeny. To circumvent transmission of YCM into 
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offspring, it is also possible for couples attempting IVF 
in certain countries to employ preimplantation genetic 
diagnosis (PGD). With this technique, genetic information 
can be obtained from fertilized eggs, allowing couples 
to select for female embryos and therefore avoid the 
risk of transferring YCM to male offspring. The ethics 
surrounding selection of genetic traits, such as sex, however, 
is heavily debated.

With regards to increased frequency of  de novo 
occurrence of YCM in offspring conceived via ICSI, the 
data is inconclusive (58-61). Some of these studies suggest 
an increased frequency of de novo YCMs occur because 
of ICSI, whereas other papers suggest no association is 
present. Due to the inconsistent data and the limited 
number of studies, we cannot confidently conclude whether 
an association between de novo YCM occurrence and ICSI is 
present.

Health abnormalities

New and improved ARTs have enabled infertile men with 
YCM to more easily have offspring. As a result, apart 
from the well-known transmission of AZF deletions and 
subsequently infertility to male offspring, it is critical for 
parents to understand whether other health abnormalities 
are more likely to occur in their children as a result of 
YCM.

The two flanks of the Y chromosome are PARs. While 
the function of the majority of PAR genes are unknown, 
haploinsufficiency of the short stature homeobox (SHOX) 
gene is associated with shortness and SHOX duplications are 
correlated with variable height (6). Jorgez et al. sought to 
determine whether men with YCM also have genetic defects 
in PARs (7). They proposed that the mechanisms causing 
YCM are associated with genetic aberrations outside the 
AZF regions, such as PARs. The men in this study with 
YCM and PAR CNVs were extremely short (<3rd percentile) 
or had drastically variable statures (<25th percentile, >95th 
percentile), whereas the height of the men without PAR 
CNVs was around the 50th percentile. Interestingly, all men 
with AZFbc deletions and abnormal karyotypes had PAR 
defects (7). Similarly, another study showed that CNVs in 
the PARs were solely present in participants with terminal 
AZFbc deletions (8). They did not identify any PAR CNVs 
in patients with interstitial AZFa, AZFb, AZFc, or AZFbc 
deletions. In addition to growth disorders, and as speculated 
by Jorgez et al., their results showed that patients with PAR 
CNVs were associated with neuropsychiatric disorders (8). 

However, AZF deletions of Yq do not appear to negatively 
affect the intellectual, psychological or motor development 
of children (62).

Chromosomally abnormal embryos were observed 
in patients with YCM, with a significant percentage of 
embryos with monosomy X (30). Multiple authors have 
proposed an association between YCM and 45X/46XY 
due to the mitotic instability of the YCM (32,54,63-67). 
However, data have also shown that embryos from men with 
YCM are at no increased risk of negative characteristics 
(20,21,23,33,36,37,39,50). It may be beneficial for future 
studies to investigate whether the type and size of YCM 
and other confounding variables have an effect on the 
association to better elucidate the relationship between 
YCM and health abnormalities.

Recurrent pregnancy loss

RPL is a heterogenous condition affecting 0.5–3% 
of couples (68,69). It is typically defined as a loss of 
three or more consecutive pregnancies before the 28th 
gestational week. Numerous aetiologies influence RPL, 
such as anatomical, endocrinological, hematological, 
immunological, environmental, and genetic factors (69). 
Despite numerous causes, approximately 50% of couples 
have no explanation for their RPL.

YCMs have been investigated to evaluate their 
association with RPL. Numerous studies have investigated 
the prevalence of YCM among men whose partner has 
experienced RPL, however, results were contradictory 
(70-78). Of the nine relevant papers, five studies state 
it is highly unlikely that an association exists between 
YCM and RPL (72,73,75,76,78).  Two of the four 
papers suggesting an association does exist have been 
argued against due to their patient selection criteria and 
methodology which did not conform to the European 
Academy of Andrology or the European Molecular 
Genetics Quality Network guidelines (78). In Li et al.,  
they identified chromosomal abnormalities in men 
who experience RPL, and subsequently determined an 
association between chromosomal abnormalities and  
YCM (74). However, it was not established whether RPL 
was a result of the chromosomal abnormality or the YCM. 
Therefore, the directionality of the association is unclear. 
In Soleimanian et al., they suggested that there is an 
association between fertile men with specific incomplete 
AZFc loci deletions and RPLs; however the relatively 
small sample size (n=30) in an Iranian population weakens 
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the power of their association (77). In summary, given 
that the majority of the screened studies argue against 
an association, and that several studies have reported no 
changes to embryo characteristics due to YCM, data would 
suggest no relationship exists between RPL and YCMs 
(21,50).

Conclusions

In this review, the effects of YCMs on fertility outcomes 
were systematically reviewed and summarized. Sperm 
retrieval is not generally reported for men with complete 
AZFa and/or AZFb deletions, although exceptional cases 
have been reported, and thus the literature of ICSI results 
amongst these men is limited. For couples that attempt 
ICSI, we suggest there is a decreased fertilization, clinical 
pregnancy and live birth rates amongst men with YCM. 
Therefore, IVF results for men with AZFc deletions 
appear to be lower than men with intact Y chromosomes. 
When a son is born, the deletion is consistently propagated 
and the size of the deletion either remains the same or 
enlarges. The phenotype of infertility, however, is typically 
passed on. Although the data is limited, the literature also 
suggests a minimal or absent association between YCM 
and health abnormalities in offspring and amid YCM and 
RPL.
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