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Abstract

Purpose To identify the frequency of Y chromosome microdeletions in Indian populations and to quantitatively estimate the
significance of association between these deletions and male infertility.

Methods A total of 379 infertile males (302 azoospermic and 77 oligozoospermic infertile males) and 265 normozoospermic
fertile males were evaluated for Y chromosome microdeletions (YCD) using PCR amplification and gel electrophoresis. Meta-
analyses were performed on AZFa (2079 cases and 1217 controls), AZFb (2212 cases and 1267 controls), AZFc (4131 cases and
2008 controls), and AZFb+c (1573 cases and 942 controls) deletions data to quantitatively estimate the significance of associ-
ation between these deletions and male infertility in Indian populations.

Results The results revealed that out of 379 infertile azoospermic and oligozoospermic males, 38 (10.02%) had AZF deletions.
No deletion was found in control samples. The highest percentage of deletions was observed in the AZFc region, followed by
AZFa and AZFb. Qualitative analysis showed that AZF deletions were present in 0.59 to 32.62% (average 13.48%) of infertile
cases in Indian populations. Meta-analysis revealed a significant association of AZFa (OR = 6.74, p value =0.001), AZFb (OR =
4.694, p value =0.004), AZFc (OR = 13.575, p value = 0.000), and AZFb+c (OR =5.946, p value = 0.018) deletions with male
infertility.

Conclusion AZF deletions were seen in 10.02% of azoospermic and oligozoospermic cases with the highest frequency of AZFc
deletions. Pooled analysis for all studies showed deletion frequency from 0.59 to 32.62% (average = 13.48%). Meta-analysis
showed significant association of AZFa, AZFb, and AZFb+c deletions with male infertility. Analysis of Y chromosome
microdeletions should be reckoned as an essential testing for diagnostic and therapeutic purposes.
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Introduction

Y chromosome microdeletions and their relation with azoo-
spermia were first discovered in the year 1976 by Tiepolo and
Zuffardi [1]. The Y chromosome molecular screening has
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prognostic value and is advised in patients with azoospermia
and oligozoospermia. Y-deletion analysis in male infertility
has reached a stage where its clinical adoption is increasing.
Nevertheless, the availability of Y-deletion type and frequency
data for various populations can pose a hindrance in its inclu-
sion in infertility clinics workup. It is noteworthy that certain
deletions are risk factors in one population, but not in others
[2]. Therefore, a careful workup for the Y-deletion frequency
for each population is a pre-requisite for the adoption of dele-
tion analysis in infertility clinics.
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The European Academy of Andrology (EAA) and the
European Molecular Genetics Quality Network (EMQN) rec-
ommended that Y-deletion analysis should be undertaken in a
phased manner, beginning with six deletion markers, followed
by the analysis of further markers to define the deletion. EAA
guidelines have recommended a set of six sequence-tagged
sites (STS) markers covering the AZFa (sY84 and sY86),
AZFb (sY127 and sY134), and AZFc (sY254 and sY255)
regions, which can be analyzed using a multiplex PCR proto-
col. This set of markers can be used to detect almost all (over
95%) clinically important deletions in the AZF region [3].

We sought to determine the frequency of Y chromosome
microdeletions in an Indian population using this set of
markers. Over the past two decades, a number of studies from
the Indian sub-continent have analyzed Y-deletion in Indian
populations. We pooled data from all Indian studies to figure
out the level of association between various Y-deletions and
male infertility and to estimate the overall frequency of Y
chromosome deletions in Indian populations.

Materials and methods
Subjects and sample collection

The study was approved by the Institutional Ethics Committee
of CSIR-Central Drug Research Institute, Lucknow. Infertility
was defined as the inability of initiating a pregnancy after
1 year or more of regular unprotected sexual intercourse.
Informed written consents were obtained from all the partici-
pants of the study. The subjects were of Indo-European
(Caucasians) ethnicity. Detailed medical history was obtained
from each patient, and physical examination was performed
before sample collection. Individuals with known history of
genital tract obstruction/dysfunction (varicocele, obstructive
azoospermia) and congenital defects in structure of the uro-
genital system (Young’s syndrome, cystic fibrosis, etc.), pa-
tients undergoing radiotherapy and those exposed to radia-
tions as a part of their treatment, those with habitual excessive
alcohol consumption and drug abuse (ecstasy, marijuana, and
recreational substances), or those with known karyotype ab-
normalities were excluded.

Sample size was calculated using an online calculator
(http://osse.bii.a-star.edu.sg/calculationl.php), setting the
desired power to 80%, significance level to 95%, minor
allele frequency in cases to 10%, and in controls to 0%
(computed from overall data for Indian populations). This
suggested a sample size of 73 each for case and control
groups. Sample collection and semen analysis were
performed as per the WHO criteria [4]. Semen analyses
were carried out thrice, after 3 to 4 days of sexual
abstinence to ascertain infertility status of the patients.
The classification of patients was done as azoospermic
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(absence of sperm in semen) and oligozoospermic (sperm
count, < 15 million/ml). After screening 391 patients, we
collected 379 patient samples, consisting of 302
azoospermic and 77 oligozoospermic infertile males.
Twelve patients were excluded due to reasons stated in
the exclusion criteria. The diagnosis of azoospermia was
confirmed after semen centrifugation followed by pellet
analysis that was performed at least twice to ascertain
azoospermic phenotype. For comparison purposes, 265
normozoospermic proven fertile volunteer males with age
group (23-38 years) were included. The controls belonged
to the same age-group and had the same ethnicity as pa-
tients. A confirmation of paternity in the last 2 years was
considered as a proof of their fertility status. For genetic
analysis, we collected a 3-ml blood sample from each par-
ticipant in EDTA-coated tubes.

DNA isolation

Genomic DNA was isolated from peripheral blood samples
using DNA/RNA extraction kits (Illumina, San Diego, CA,
USA), following the manufacturer’s protocol. DNA concen-
tration and purity were estimated using spectrophotometry
(NanoDrop 2000, Thermo Fisher Scientific, Waltham, MA,
USA) and agarose gel electrophoresis.

Deletion analysis

Y-deletion analysis was performed according to the recom-
mendations of the European Academy of Andrology (EAA)
and the European Quality Monitoring Network Group
(EMQN), which included six standard sequence-tagged site
(STS) markers (sY86 and sY84 for AZFa, sY127 and sY 134
for AZFb, and sY255 and sY254 for AZFc) and two control
primers specific to SRY and ZFY regions [3]. The sequences
of primers used in this study along with their product size and
annealing temperature are given in Table 1.

The total reaction volume was 10 pl, which consisted of
5 ul of master mix, 0.5 ul of both forward and reverse STS
markers, and 4 ul diluted DNA samples. The mixture was
centrifuged at 2000g for 10 s. The cycling conditions were
as follows: initial denaturation at 95 °C for 10 min follow-
ed by 94 °C for 30 min, primer annealing at 56-57 °C for
25 s and 72 °C for 1 min for polymerization followed by a
final polymerization step at 72 °C for 10 min. The analysis
of the reaction products was done by electrophoresis at
100 V on 2% agarose gel (Sigma, USA). PCR bands were
visualized by the ChemiDoc XRS+ system (CA, USA). In
order to rule out the methodological errors, the samples
with observed deletion were repeated twice to confirm
the genotype as true deletions.
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Table1  Sequences of the sequence-tagged site (STSs) primers used for
deletions analysis
Region Primers Forward Reverse Product Annealing
size temperature
(bp) °C)
AZFa SY84 5'-AGA AGG 5-GCC TAC 326 57
GTC CTG TAC CTG
AAA GCA GAG GCT
GGT-3' TC-3'
SY86 5'-GTG ACA 5-ACACAC 318 56
CAC AGA AGA GGG
CTATGC ACA ACC
TTC-3' CT-3'
AZFb SY127 5-GGCTCA 5-CTG CAG 274 56
CAA ACG GCA GTA
AAA AGA ATA AGG
AA-3 GA-3'
SY134 5-GTC TGC 5-ACC ACT 301 57
CTC ACC GCC AAA
ATA AAA ACT TTC
CG-3' AA-3'
AZFc SY254 5-GGG TGT 5-GAA CCG 380 57
TAC CAG TAT CTA
AAG GCA CCA AAG
AA-3 CAG C-3'
SY255 5-GTTACA 5-CTC GTC 123 57
GGATTC ATG TGC
GGC GTG AGC
AT-3' CAC-3'
Internal SRY 5'-GAATAT 5-GCT GGT 472 57
con- TCC CGC GCT CCA
trols TCT CCG TTC TTG
GA-3' AG-3'
ZFX/Y 5-ACCRCT 5-GCACYT 495 57
GTA CTG CTT TGG
ACT GTG TAT CYG
ATT ACA AGA AAG
C-3’ T-3’

Statistical analysis

The frequency of Y-deletions was compared between cases and
controls using an online biostatistical tool (www.vassarstats.net).
p values < 0.05 were considered to be statistically significant.

Meta-analysis

A few studies over the last two decades have analyzed Y-
deletions in various populations across the world (Fig. 1)
and Indian sub-continent [2, 5—14]. Most of these studies sup-
ported the association of Y-deletions with male infertility;
however, the frequency of different deletions varied across
the studies. Therefore, we undertook meta-analyses by
pooling all the published data for Indian populations in order
to figure out the overall deletion frequency and its quantitative
relation with infertility.

Identification of studies

Relevant studies were selected using a systematic search in
public databases “PubMed (www.pubmed.com),”
“GoogleScholar (scholar.google.co.in),” and “ScienceDirect
(www.sciencedirect.com).” Literature search was conducted
using the keywords “Y chromosome deletions,” “AZF dele-
tions,” “AZFa deletions,” “AZFb deletions,” “AZFc dele-
tions,” and “male infertility” in various combinations. All
the articles were carefully read for the exclusion of irrelevant
studies. Only the studies published in English language were
included for further analysis. We did not specify a minimum
sample size as the standard for inclusion of a study in the
analysis. To avoid the occurrence of “double-counting” of
the data and overstating of the risk estimate, we included the
studies with the largest and most complete data for duplicate
studies. Some of the studies had not provided data for the
control group, forcing their exclusion. To prevent errors in
the pooled analysis, the data extraction was performed by
VS and WA, independently, and discrepancies were resolved
by discussion.

Data extraction

The data against the following variables were obtained from
each study: first author’s name, year of publication, source of
the samples, and deletion frequency in the cases and controls.

Inclusion and exclusion criteria

The hits obtained through literature search were subjected to
well-defined inclusion/exclusion criteria to select the studies
for pooled analysis. Inclusion criteria were as follows: (i) the
study aimed at analyzing the association of AZF deletions
with male infertility risk, (ii) each of the trial was an indepen-
dent case-control study, (iii) inclusion of the patients was per-
formed according to the standard diagnostic parameters, (iv)
the purpose of all the studies was similar, and (v) standard
methods were used to analyze the AZF deletions. The studies
that failed to provide a detailed description of the subjects, raw
data, and other information required to specifically understand
the study design and the data therein were excluded.

Statistical analysis

The meta-analysis was performed using the Comprehensive
Meta-Analysis software (version-2). Dichotomous data in the
form of the number of individuals having AZFa, AZFb,
AZFc, and AZFb+c deletions in the case and control groups
and the total sample size in each group were fed into the
software. Odds ratio (OR) and 95% CI were chosen as the
“effect size.” The heterogeneity between individual studies
was tested using chi-square-based Q test, and p values > 0.10
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Fig. 1 The frequency of Y-deletions across various populations in the world

suggested a lack of heterogeneity across the studies. The
pooled OR and the corresponding 95% Cls were computed
using the fixed effects model (the Mantel-Haenszel method) in
the absence of heterogeneity among pooled studies, failing
which, a random effects models was preferred (DerSimonian
and Laird 1986). The presence of publications bias was
assessed using the funnel plot of standard error (std error vs
log odds ratio) and the Egger’s regression test of significance.
A sensitivity analysis was performed to identify the studies
that could have significantly biased the overall conclusion.

Trial sequential analysis (TSA)

The outcomes of a meta-analysis could be subject to system-
atic (bias) or random errors (play of chance) due to repeated
significance testing, dispersed data, and potential publication
bias. Bias from trials with publication bias, small trial bias,
and low methodological quality may result in false p value.
Therefore, we utilized trial sequential analysis (TSA) tool
(Copenhagen Trial Unit, Center for Clinical Intervention
Research, Denmark) to overcome these limitations, detect
false-positive or false-negative errors, and calculate the re-
quired information size (RIS) for reliability of meta-analysis
[15]. TSA calculates the required information size (number of
samples) by adjusting the significance level for dispersed data
and confirms statistical reliability of the data. Some of the
earlier studies have demonstrated that the outcomes of TSA
are more reliable than those of the traditional meta-analysis
[16, 17]. RIS was calculated considering an overall type I error
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of 5% and type 11 error of 20%. A two-sided graph is plotted
by TSA, where red straight lines are indicative of significance
boundaries of the conventional meta-analysis, the blue line
shows cumulative Z-score, and the red lines sloping inwards
represent trial sequential monitoring boundaries with adjusted
p values.

Results
Deletion analysis

The deletion analysis was performed in 644 subjects (302
azoospermic; 77 oligozoospermic, and 265 normozoospermic
fertile controls). Thirty-eight (10.02%) of 379 infertile patients
presented with AZF microdeletions. The frequency of
microdeletions was 10.93% (33 out of 302) and 6.49% (5
out of 77) in azoospermic and oligozoospermic males, respec-
tively. The azoospermic patients showed a higher number of
deletions in comparison to oligozoospermic patients (Table 2).
No deletions were detected in the control group. We computed
the power of the study and found it to be 100%.

Table2 The frequency of AZF deletions in infertile and fertile subjects

Group AZFa AZFb AZFc
Infertile group (n=379) 7 (1.8%) 8 (2.11%) 23 (6.07%)
Fertile group (n=265) 0 (0%) 0(0%) 0 (0%)
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Table 3 Statistical analysis of deletion data between azoospermic and control groups (Fisher’s exact probability test)

Deletions Azoospermia group Cases N=302 (%) Controls N=265 (%) Statistical comparison/one tailed p value*
AZFa With deletions 7(2.3) 0(0) 0.0117

AZFb With deletions 8(2.6) 0 (0) 0.0061

AZFc With deletions 18 (5.9) 0 (0) 0.000009

AZFc deletions were most frequent

AZFc deletions were the most common deletions (6.07%) in
comparison to the AZFa (1.8%) and AZFb (2.11%) deletions
(Table 2). We found AZFc deletions in 18 azoospermic (5.9%)
and five oligozoospermic men (6.49%) (Tables 3 and 4). The
comparison of AZFc deletions frequency revealed a highly sig-
nificant difference between cases and controls (p <0.001)
(Table 2) with an increased infertility risk in deletion carriers
(Tables 3 and 4). AZFa (2.3%) and AZFb (2.6%) deletions were
seen in comparable frequencies in azoospermic cases only
(Table 3).

Meta-analysis

A comparison across the published studies showed the frequency
of AZF deletions from 0.59 to 32.62% (average = 13.48%) in
infertile patients [2, 5-14] (Fig. 2). All the cases which were
included in these studies were pathologically confirmed with
age-matched controls recruited from healthy populations. The
main characteristics of these studies are depicted in the
Supplementary data 1. As the studies pooled in the present anal-
ysis were performed across different laboratories in India, a het-
erogeneity test was run, which showed a lack of heterogeneity
(p>0.1). Therefore, the conclusions could be drawn on the basis
of fixed effects model; however, we have presented results of
both fixed and random effects models of analysis (Table 5).

AZFa deletion

Literature search identified nine studies on AZFa deletions.
Two studies, viz., Dada et al. and Singh et al., were excluded
as they did not find any deletion in the AZFa region [10, 13].
Hence, seven case-control studies (2079 cases and 1217 con-
trols), including the present study, were included in the meta-
analysis (Fig. 3). Qualitative analysis of the pooled data
showed that the AZFa deletion frequency ranged from 1.18

to 10.63% (average =4.00%) (Fig. 2). Heterogeneity test
showed no significant heterogeneity across the studies (Q val-
ue=6.72, df (Q)=6, I* value=10.82, p value =0.34).
Quantitative meta-analysis suggested a significant association
of AZFa deletions with male infertility risk (fixed effects mod-
el: OR =6.74, p value =0.001; random effects model: OR =
6.64, p value=0.02) (Fig. 4). AZFa deletions displayed the
presence of publication bias (Supplementary Fig. 1).
Sensitivity analysis was performed by removing studies based
on sample size (less than a hundred) in either of the compar-
ison groups. However, no notable difference in the effect size
or p value was observed, ruling out the presence of sensitive
studies in the pool.

AZFb deletion

Literature search identified nine studies on AZFb deletions.
One of the studies by Singh and Raman [10] was excluded as
they did not find any deletion in the AZFb region. Hence, a
total of eight case-control studies (2212 cases and 1267 con-
trols), including the present study, were included in the meta-
analysis (Fig. 3). Qualitative analysis of the pooled data
showed that the AZFb deletion frequency ranged from 0.59
to 9.22% (average=3.21%) (Fig. 2). Heterogeneity test
showed no significant heterogeneity across the studies (Q val-
ue=7.92, df (Q)=7, I* value=11.66, p value =0.34).
Quantitative meta-analysis revealed a significant association
of AZFb deletions with male infertility risk (fixed effects mod-
el: OR =4.694, p value = 0.004; random effects model: OR =
4.621, p value = 0.008) (Fig. 4). No evidence of publication
bias was obtained in the case of AZFb deletion (two-tailed p
value = 0.10) (Supplementary Fig. 1).

AZFc deletion

Eleven case-control studies (4131 cases and 2008 controls), in-
cluding the present study, were included in the meta-analysis

Table 4  Statistical analysis of deletion data between oligozoospermic and control groups (Fisher’s exact probability test)

Deletions Oligozoospermia group Cases N=77 (%) Controls N=265 (%) Statistical comparison/one-tailed p value*
AZFa With deletions 0 (0.00) 0(0) -

AZFb With deletions 0 (0.00) 0 (0) -

AZFc With deletions 5(6.49) 0 (0) 0.0005
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Fig. 2 PRISMA flow diagram for screening of literature and selection of studies for meta-analysis

(Fig. 3). Qualitative analysis of the pooled data showed that the
AZFc deletion frequency ranged from 0.97 to 17.02% (average =
6.27%) (Fig. 2). Heterogeneity test showed no significant het-
erogeneity across the studies (Q value=11.71, df (Q) = 10, P
value = 14.60, p value = 0.30). Quantitative meta-analysis re-
vealed a significant association of AZFc deletions with male
infertility risk (fixed effects model: OR =13.575, p value=

0.000; random effects model: OR =13.461, p value =0.000)
(Fig. 5). AZFc deletion displayed the presence of publication
bias (Supplementary Fig. 1). Sensitivity analysis was performed
based on a sample size (less than a hundred) in either of the
comparison groups. However, no notable difference in the odds
ratio or p value was observed, ruling out the presence of sensitive
studies in the pool.

Table 5 Summary of the results of meta-analyses
Type of deletion No. of studies Test model Type of association Test of heterogeneity Publication bias
OR 95% CI p Q P P Egger’s p

AZFa 7 Fixed 6.231 2.062-18.832 0.001 6.728 0.346 10.82 0.00
Random 6.162 6.162-1.909 0.002

AZFb 8 Fixed 4.694 1.631-13.503 0.004 7.923 0.339 11.65 0.10
Random 4.621 1.500-14.233 0.008

AZFc 11 Fixed 13.575 5.729-32.166 0.000 11.710 0.304 14.603 0.00
Random 13.461 5.291-34.242 0.000

AZFb+c 4 Fixed 5.946 1.363-25.936 0.018 1.703 0.636 82.17 0.30
Random 5.946 1.363-25.936 0.018
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Fig. 3 The frequencies of AZF deletions in different populations in India. Blue bars and the red bars indicate the respective frequency for each study and
the average thereof, respectively

AZFb+c deletion

Four case-control studies (1573 cases and 942 controls) fol-
lowing a strict exclusion-inclusion criteria were included in
the meta-analysis (Fig. 3). We did not observe AZFb+c dele-
tion in the present study. Qualitative analysis of the pooled

data showed that the AZFb+c deletion frequency ranged from
0.74 to 2.26% (average = 1.66%) (Fig. 2). Heterogeneity test
showed no significant heterogeneity across the studies (Q val-
ue=1.0, df (Q)=3, I? value = 14.60, p value=0.63).
Quantitative meta-analysis revealed a significant association
of AZFb+c deletions with male infertility risk (fixed effects
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Random 6.162 1909 19.883 3.042 0.002
0.01 0.1 1 10 100
Favours A Favours B
AZFDb deletion
Model  Studyname Subgroup within study Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit ZValue pValue
Dadaetal. 2004  Notth India 1143 0046 28531 0082 0935
Athalye et al. 2004 Westem India 0.882 0.044  17.530 -0.082 0.935
Mtra et al. 2008 North India 1.79% 0.072 44517 0.358 0.721 -
Ambulier et al. 2014 Westem India 163 0077 34610 0315 0752 B
Nailwal et al. 2017 Westem India 33514 1973 569164 2430 0015 —B—
Ambulkr etal. 2017 Westem India 1593 0075 33734 0299 0765 1]
Rari et al. 2019 South India 43148 2640 705113 2641  0.008 —-
Present study North India 12.149 0.698 211.408 1713 0.087
Fixed 4.694 1.631 13.503 2.868 0.004
Random 4.621 1.500 14.233 2667 0.008
0.01 0.1 1 10 100
Favours A Favours B
model: OR =5.946, p value =0.018; random effects model: ~ Discussion

OR =5.946, p value = 0.018) (Fig. 5). No evidence of publi-
cation bias was seen in the case of AZFb+c (two-tailed p
value = 0.30) deletion from both tests (Supplementary Fig. 1).

Trial sequential analysis (TSA)

TSA also suggested the requirement of additional trials to
reach 80% study power (Supplementary Fig. 2). This simply
means that further studies are required to strengthen the asso-
ciation observed in this meta-analysis. For AZFa, the required
sample size is 3296; for AZFb, the required sample size is
3479; for AZFc, the required sample size is 6139; and for
AZFb+c, the required sample size is 2515.
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Deletions in the AZF region of the Y chromosome have been
recognized as the most frequent cause of spermatogenic failure
[18-21]. Y-deletion analysis in azoospermic and oligozoosper-
mic patients is strongly recommended by the European
Academy of Andrology (EAA) [3]. The global frequency of Y
chromosome microdeletions is reported to range from 1 to 55.5%
[22]. We found microdeletions in Indian population from a min-
imum of 0.59% to a maximum of 32.62% with an average of
13.48% [2, 5—14]. The phenotype associated with AZF deletions
varies from azoospermia to normozoospermia depending upon
the size of deletion and the genetic background of the population.
It has been suggested that the variations in the frequency of Y-
microdeletions across studies are principally due to the variations
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Flg. 5 The ﬁequencies of AZF m d I tl
deletions in different populations C aeiletion
in India. Blue bars and the red
bars indicate the respective Model  Studyname Subgroup within study _Statistics for each study _Odds raio and 95% CI
frequency for each study and the Odds  Lower  Upper
% ratio limit limit ZValue pValue
average thereof, respectively )
Dadaetal. 2004 Noth India 3510 0186 66373 0837 0403 ‘i.——
Athalye et al. 2004 Westem India 1413 0.073 27.261 0.229 0.819
Singhetal 2005  Notth India 21443 1267 362861 2124 0034 ——
Mtraetal. 2008 Noth India 4242 0217 82964 0952 0341 ]
Ambullaretal. 2014 Westem India 7983 0462 137931 1429 0153 B
Senetal. 2015 Westem India 50977 3704 971100 2882 0004 ——
Bansal et al. 2016 North India 4707 0.271 81854 1.063 0.288 .
Nailwal etal. 2017 Westem India 66515 4004 1104884 2928  0.003 ——
Ambulkar et al. 2017 Westem India 6.333 0.362 110.766 1.264 0.206 .
Rani et al. 2019 South India 293185 18235 4713736 4009 0000 —
Present study North India 12.149 0.698 211.408 1.713 0.087
Fixed 13575 5729 32166 5926 0000
Random 13461 5201 34242 5457 0000
001 01 1 10 100
Favours A Favours B
AZFb+c deletion
Model  Studyname Subgroup within study Statistics for each study Qdds ratio and 95% Cl
Odds  Lower  Upper
ratio limit limit ZValue pValue
Singhetal. 2005 North India 3808 0182 79755 0862 0389 .
Mtraetal. 2008 North India 4242 0217 82964 0952 0341 .
Ambulkaret al. 2017 Westem India 2244 0114 44192 0532 059 .
Rani etal. 2019 South India 27785 1682 458895 2324 0020 ——.—
Fixed 5946 1363 25936 2372 0018
Random 5046 1363 25936 2372 0018
001 01 1 10 100
Favours A Favours B

in the ethnicity of the study participants or the stringency in the
selection criteria of the patients [23].

EAA recommends that Y-deletion analysis should be un-
dertaken in a phased manner, beginning with six primary
markers, followed by the analysis of further markers to define
the deletion. Six markers to initiate the deletion analysis are
SY84 and SY86 for AZFa, SY127 and SY 134 for AZFb, and
SY254 and SY255 for AZFc regions. Failure of PCR ampli-
fication in any of these regions suggests the presence of dele-
tion in that region, but it should be confirmed by repeating
PCR. This strategy of deletion analysis using six markers has
the capability of detecting more than 95% of deletion events
causing male infertility and avoids the use of several primers.
We found that AZFc deletion is most common and significant-
ly affects infertility risk in the study population. In a study on

AZFc partial deletions, we recently reported that gr/gr dele-
tions significantly correlate with the loss of sperm count and
fertility [2]. However, another partial deletion in this region
(b2/b3) was found to be unrelated to infertility in Indian pop-
ulations [24]. Therefore, Y-deletion analysis using six primers
for AZFa, AZFb, and AZFc, followed by gr/gr deletion anal-
ysis may suffice for Indian infertility patients.

In the present study, we aimed to analyze the Y-deletion data
for Indian populations so as to make a way for the interpretation
of their clinical significance. We found the average frequency of
AZFa deletions to be 4.0%, AZFb deletions to be 3.21%, AZFc
deletions to be 6.27%, and AZFb+c to be 1.66% in Indian pop-
ulations. The combined average frequency of AZF deletions in
various Indian populations including the present study was
13.48%. To assess their frequency and correlation with infertility,
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we undertook meta-analysis on all Indian studies that have ana-
lyzed these deletions. Meta-analysis showed that AZFa, AZFb,
AZFc, and AZFb+c deletions are significantly associated with
infertility risk. However, TSA suggested that further studies on
Indian populations are required to confidently establish the ob-
served association. While azoospermic patients displayed dele-
tions in all three regions, oligozoospermic patients had deletions
only in the AZFc region. This suggests that in oligozoospermic
cases, only AZFc deletion analysis could suffice, but
azoospermic patients need to be subjected to analysis of all three
regions. The limitations of this meta-analysis include its limited
application to Indian populations only. Further, the subject re-
cruitment criteria and quality of analysis adopted in each study
may have marginally affected the overall deletion frequency.
Though we adopted the most stringent meta-analysis protocol
using random effects model, the manuscript is still limited by
the quality of data presented in the preceding articles.

Besides its significance in clinical diagnosis of male infertility,
Y-deletion analysis has recently achieved considerable impor-
tance owing to its utility in various assisted reproductive tech-
niques (ART). Studies have shown that patients with Yq
microdeletions display poor embryo quality and decreased over-
all success rate of ART. Furthermore, patients with Yq
microdeletions show low chances of sperm retrieval in tech-
niques such as testicular sperm extraction (TESE) or testicular
sperm aspiration (TESA) [25, 26]. As Y-deletions are vertically
transmitted to all of the male offspring born through assisted
reproductive techniques, its clinical testing can offer genetic
counseling to the couples and help them make informed choices
and advance planning if they still opt for ART. All these reports
highlight that Y-deletion analysis must be recommended as a
routine practice in clinical diagnosis in male infertility as well
as for couples opting for various ART methods. The ignorance of
Y-deletion analysis by clinics hampers decision making and in-
fertility treatment.

Conclusion

The significance of Y-deletion analysis in male infertility is prov-
en beyond doubt. However, the clinical utility in most of the
populations is restricted by the lack of advanced facilities and
the availability of population frequency data. In India, Y-
deletions range in frequency from 0.59 to 32.62% (average =
13.48%). We recommend a simplistic approach to Y-deletion
analysis by utilizing six markers recommended by the EAA.
While azoospermic samples should be subjected to deletion anal-
ysis using six markers, oligozoospermic cases can be subjected to
AZFc partial deletion analysis only. Y chromosome
microdeletions have prognostic value in treatment of infertility.
In the case of males with microdeletion, proper genetic counsel-
ing should be provided to couple if they consider assisted repro-
ductive techniques for infertility management. In case of males
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undergoing TESE, Y chromosome microdeletion screening can
be useful in predicting the chances of sperm retrieval.
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