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Abstract

Background
Deletions of the azoospermia factor a (AZFa), P5/proximal-P1 (AZFb), P5/distal-P1 and/or 
AZFc regions of the human Y chromosome are established causes of azoo- and oligozoospermia. 
The effect on spermatogenesis of a recently described recurrent partial AZFc deletion, the so 
called gr/gr deletion, is at present unclear.

Methods
We used a dual approach to determine the effect of the gr/gr deletion on spermatogenesis. 
First, we conducted a systematic review and meta-analysis to summarize present knowledge 
on the effect of the gr/gr deletion. Second, we studied a cohort of 1041 consecutively included 
men that were part of a subfertile couple but were unselected for sperm count. We employed 
a genotype-based approach by screening all men for the gr/gr deletion and comparing semen 
quality of men with a gr/gr deletion and men without a deletion. 

Findings
We included seven studies in the meta-analysis. Men with the gr/gr deletion had azoo- or 
oligozoospermia significantly more often than men without the deletion (oR 2.39, 95%CI 1.6 
to 3.53). In our cohort, we identified 25 men with a gr/gr deletion. Men with this genotype had 
a lower sperm concentration (median 34x106 vs. 53x106, p=0.017), total sperm count (median 
108x106 vs. 152x106, p=0.006) and total motile sperm count (median 20x106 vs. 50x106, 
p=0.010).

Interpretation
Although not all men with gr/gr deletions suffer from azoo- or oligozoospermia, gr/gr deletions 
significantly reduce sperm counts. To our knowledge the gr/gr deletion is the first true genetic 
risk factor for azoo- or oligozoospermia.
 

opmaak westerveld.indd   84 15-10-2008   10:20:05



85

gr/gr deletions

Introduction

In the Western world, 10-15% of couples suffer from subfertility, i.e. the inability to conceive 
spontaneously after one year of unprotected intercourse. In about 35% of couples the male 
partner is diagnosed with azoospermia, i.e. the complete absence of spermatozoa from the 
ejaculate, or oligozoospermia defined by the WHo criteria for normal spermatogenesis as 
a concentration <20x106/ml or a total sperm count <40x106 (1-3). To overcome subfertility 
due to azoo- or oligozoospermia, intracytoplasmic sperm injection (ICSI) with ejaculated or 
surgically retrieved spermatozoa is commonly used. The European and American registries 
together reported a total of 212,797 ICSI-cycles in 2003 (4, 5).

Spermatogenesis is a multi-factorial process in which both genetic and environmental 
factors play a role (6). Although thousands of genes are expressed throughout spermatogenesis, 
the only known genetic causes of azoo- and oligozoospermia are structural and numerical 
chromosomal abnormalities and Y-chromosome deletions. Apart from these causal genetic 
abnormalities, it is generally assumed that many genetic variants exist that do not completely 
disrupt spermatogenesis but predispose to azoo- or oligozoospermia (7, 8). This means 
that they do not lead to the phenotype per se, but increase the probability of the phenotype 
occurring compared to men without the variant. So far however, not a single genetic risk factor 
for azoo- or oligozoospermia has convincingly been established.

With respect to Y-chromosome deletions, four recurrent deletions that cause azoo- or 
oligozoospermia have been identified to date, i.e. azoospermia factor a (AZFa), P5/proximal-P1 
(AZFb), P5/distal-P1 and AZFc deletions (9-12). These deletions are present in 10-18% of 
European men with azoo- or oligozoospermia, and together they represent the most common 
known genetic cause of azoo- and oligozoospermia (13).

Recently, we identified a novel Y-chromosome deletion, termed the gr/gr deletion, that 
removes half of all genes in the AZFc region (14). The deletion was detected in 9 out of 246 men 
with azoo- or oligozoospermia and was absent in 148 men with normozoospermia. Findings in 
later studies were not as clear cut, with some studies confirming and others failing to confirm 
an association between the gr/gr deletion and azoo- or oligozoospermia (15-25).

In view of these discrepancies the aim of the present study was to provide better insight 
into the effect of the gr/gr deletion on spermatogenesis hypothesizing that the deletion may 
act as a risk factor for azoo- or oligozoospermia. To this end we used a dual approach. First, we 
performed a systematic review and meta-analysis of the literature. Second, we studied a cohort 
of 1041 consecutively included men that were part of a subfertile couple but were unselected 
for sperm count. We employed a genotype-based approach by screening all men for the  
gr/gr deletion and comparing semen quality of men with a gr/gr deletion and men without a 
deletion.
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Methods

Meta-analysis
For the meta-analysis, we followed the HuGE (Human Genetic Epidemiology) and MooSE 
(Meta-analysis of observational Studies in Epidemiology) guidelines (26, 27). We searched 
MEDLINE and EMBASE for all published association studies on the effect of the gr/gr 
deletion on spermatogenesis with the following search strategy: (gr/gr oR Y-chromosome 
microdeletion oR partial AZFc deletion) AND (spermatogenesis oR spermatogenic failure 
oR hypospermatogenesis), limited to articles published in English over the past 5 years. In 
addition, we scanned the reference list of relevant articles. This search was performed in 
duplicate by two independent reviewers (LV and SR). Studies were included that defined gr/
gr deletions on the basis of the STS/PCR results provided in the original report by Repping, 
et al. (sY1291 negative, sY1161, sY1191, sY1206 and sY1201 all positive) and that included 
azoospermic and/or oligozoospermic cases and normozoospermic controls. Data were 
extracted independently and in duplicate by two reviewers (LV and SR) using a standardized 
extraction form. These authors also independently assessed study quality in a standardized 
manner. Any disagreement was settled by a third author (FV).

Cohort analysis
We consecutively included male partners of subfertile couples, who presented at the Center 
for Reproductive Medicine of the Academic Medical Center from January 2000 until July 2007. 
These men were unselected for sperm count since they were included prior to semen analyses. 
The study was approved by the Institutional Review Board of the Academic Medical Center 
and written informed consent was obtained from all men.

We excluded men with known causes of spermatogenic failure: i.e. hyperprolactinemia, 
hypogonadotrophic hypogonadism, previous chemo- or radiotherapy, bilateral cryptorchidism, 
surgery of the vas deferens, orchitis, and bilateral orchidectomy. Men were also excluded if the fertility 
workup identified retrograde ejaculation, obstructive azoospermia, an AFZa, P5/proximal-P1, P5/
distal-P1 or AZFc deletion, or numerical or structural chromosome abnormalities.

As part of the fertility workup for each patient at least two semen analyses were performed 
according to WHo guidelines (2) and retrospectively linked to each included patient.

Deletion screening
Genomic DNA was extracted from peripheral blood leukocytes collected from a venous blood 
sample. Deletion screening was performed using six plus/minus PCR assays (sY142, sY1197, 
sY1191, sY1291, sY1206, sY1201) as described previously (14).

Statistical analysis
We used Cochrane Collaboration’s RevMan 4.2 software (http://www.cc-ims.net/RevMan) 
to perform the meta-analysis. As initial analysis indicated that heterogeneity did not preclude 
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combined analysis of the seven studies, we carried out a meta-analysis of the odds ratios in the 
seven studies using a fixed-effects model.

In the cohort study, we analyzed the average of all available semen analyses for each patient. 
Semen quality of both genotype groups was compared using either T-tests for parameters for 
which we confirmed normal distribution or Mann-Whitney tests for semen parameters that 
were not normally distributed. Data were tested one-sidedly since the hypothesis was that gr/
gr deletions would decrease and not increase semen quality. Analyses were carried out using 
the statistical package SPSS for Windows 14.0.2.

We used the R code provided in supplementary information to plot the distributions of 
total sperm counts for men with and without the gr/gr deletion and to estimate the smoothed 
distributions.

Findings

Systematic review and meta-analysis
our search returned 78 studies of which the abstracts were reviewed. Sixty-one studies 
were discarded, because they were reviews (n=7), case reports (n=1) or because they did not 
study the effects of the gr/gr deletion on spermatogenesis (n=53). The remaining 17 papers 
were retrieved in full. of these, 10 were excluded because of inappropriate sampling or 
because of inappropriate methods to screen for gr/gr deletions. Consequently, seven studies 
remained for meta-analysis (Figure 1). The I2 statistic (44.5%, p=0.09) indicated no significant 
statistical heterogeneity between studies. In total, these seven studies included 1918 azoo- or 
oligozoospermic cases and 1261 normozoospermic controls. Men with the gr/gr deletion had 

10 excluded for inappropriate sampling

7 papers included in meta-analysis

17 papers met search criteria

61 excluded after review of abstract

78 potentially relevant papers identified

Figure 1. Study selection.
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azoo- or oligozoospermia significantly more often than men without the deletion (124/1918 
(6.5%) versus 34/1261 (2.7%), oR 2.39, 95% CI 1.61 to 3.53) (Figure 2).

Cohort 
We consecutively included 1041 men. Characteristics of these men are summarized in Table I. 
We found a gr/gr deletion in 25 men (2.4%). Semen characteristics of these men are presented 
in Table II.

Men with the gr/gr deleted genotype had a significantly lower sperm concentration (median 
34x106 vs. 53x106, p=0.017), total sperm count (median 108x106 vs. 152x106, p=0.006) and total 

Figure 2. Meta-analysis of previous case-control studies.
Plotted are the individual and the total combined odds ratios with 95% confidence intervals. odds ratios below 
one indicated that the gr/gr deletion is more common among controls, while odds ratios above one indicate that 
the gr/gr deletion is more common among cases. The combined odds Ratio is 2.39 (95% CI 1.61 to 3.53). 

Table I. Patients characteristics

 Cohort (n=1041) Cohort without gr/gr Cohort with gr/gr
  deletions (n=1016) deletions (n=25)

Age (years) 39.8 ± 6.9 39.8 ± 6.8  36.9 ± 7.1
   
Ethnicity/ Country of origin
  O Caucasian 698 (67) 686 (67) 12 (48)
  O Surinam & Antilles  102 (10) 99 (10) 3 (12)
  O Moroccan 31 (3) 27 (3) 4 (16)
  O Turkish  25 (2) 23 (2) 2 (8)
  O other 39 (4) 37 (4) 2 (8)
  O unknown  122 (12) 120 (12) 2 (8)
   
Semen qualitya

  O volume (ml) 3.3 ± 1.5 3.3 ± 1.7 3.5 ± 1.6
  O concentration (106/ml) 52 (16-89) 53 (16-90) 34 (4-65)
  O motility (% progressive) 32 ± 16 30 ± 17 26 ± 18
  O morphology (% normal) 37 (25-46) 37 (25-46) 32 (22-41)
  O total count (106) 149 (44-281) 152 (45-284) 108 (5-171)
  O total motile count (106) 49 (7-110) 50 (7-113) 20 (1-74)
a based on 2495 semen analyses (on average 2.4 semen analyses per patient)
Age and semen data are presented as mean ± SD or median (25th-75th perc.), ethnicity data as number (%)
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motile sperm count (median 20x106 vs 50x106, p=0.010), than men without the deletion (Figure 
3). Semen volume, sperm motility and sperm morphology were not significantly different.
The distributions of the total sperm counts of men with and without gr/gr deletions are plotted 
in Figure 4. The total sperm count varied from 0 to 972x106 in men without a deletion and from 
0 to 321x106 in men with a gr/gr deletion.

Interpretation

Meta-analysis of seven case control studies showed that men carrying a gr/gr deletion had 
azoo- or oligozoospermia significantly more often than men without the deletion. In our 
genotype-driven cohort study, we observed a significant reduction in sperm counts, but not 
in volume, motility and morphology, in men with the gr/gr deletion. In other words, the gr/gr 
deletion indeed acts as a risk factor by predisposing to azoo- or oligozoospermia.

More than half of the previous case-control studies investigating the effect of gr/gr  
deletions (10/17) could not be included in the meta-analysis since they applied fertility-based 
sampling, i.e. ’proven fertile men’ or ’fathers’ were selected as controls. Fertility, however, is a 
characteristic of the couple, which in turn is heavily dependent on the characteristics of the 

Figure 3. Comparison of semen parameters of 
men with and without a gr/gr deletion.
Comparison of median parameters for concen-
tration (A), total sperm count (B), total motile 
count (C), and comparison of mean values for 
semen volume (D), motility (E) and morpho- 
logy (F). 
* indicates statistical significance.
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Table II. Semen characteristics of men carrying a gr/gr deletion

Patient ID Total Count Concentration Total Motile Volume (ml) Grade A  Normal
 (x106) (x106/ml) Count (x106)  Motility (%) Morphology (%)

01.0139.3 0 0 0 1.3 0 0
01.0141.3 0 0 0 3.7 0 0
AMC0387 0 0 0 2.7 0 0
AMC0439 0 0 0 4.1 0 0
AMC1026 0 0 0 5.2 0 8
AMC0785 1 0 0 6.5 23 10
AMC1064 9 7 1 1.4 11 39
AMC0889 12 9 1 1.5 9 19
AMC0826 44 34 20 1,3 46 30
01.9008.3 55 8 6 6.5 12 38
01.2004.3 63 19 8 3.3 17 26
AMC0528 97 32 20 2.8 24 39
AMC1237 108 76 51 1.4 44 25
AMC0569 117 67 38 1.8 32 51
AMC0817 123 24 13 5.1 13 22
AMC0372 133 37 59 3.6 44 41
AMC1285 150 50 63 3.0 43 19
AMC0524 155 58 75 2.3 35 54
AMC1057 158 63 10 2.4 5 50
AMC1044 184 59 73 3.2 40 60
AMC1016 195 98 81 2.0 42 25
AMC0655 201 105 106 1.9 53 35
AMC1260 224 53 96 4.1 39 32
AMC0530 270 83 82 3.3 31 8
AMC0802 321 83 106 3.9 33 10

Figure 4. Distribution of total sperm counts in non-deleted and gr/gr-deleted populations.
Distribution of total sperm counts for (A) men without detectable Y-chromosome deletions and (B) for men 
with gr/gr deletions.  The distribution in (B) is significantly lower than that in (A), P = 0.006 (Wilcoxon rank sum 
test, one sided).   Lines representing the smoothed distributions are superimposed over the histograms in panels 
A and B (see Methods).  (C) The two smoothed distributions superimposed. The grey line indicates the WHo 
cut-off value for normozoospermia that was used in previous studies that included azoo- or oligozoospermic 
cases and normozoospermic controls. 
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female partner. It is well known that even severely oligozoospermic men can father children 
naturally as long as they have a fertile partner. Therefore, ’normozoospermic’ and ’fertile’ are 
not synonymous.

The seven case-control studies that did study men with azoo- or oligozoospermia as cases 
compared with men with normozoospermia as controls lost statistical power by dichotomizing 
at the WHo clinical threshold of normozoospermia and overlooking the fact that sperm count 
is a quantitative measure with a wide distribution. As a consequence, these studies were less 
able to detect genetic abnormalities that tend to lower median sperm counts in a population. 
Such abnormalities act as risk factors for azoo- or oligozoospermia but do not result in the 
phenotype of azoo- or oligozoospermia in every individual. This biological phenomenon 
explains why most previous case-control studies found gr/gr deletions among both cases and 
controls.

Case-control designs have in fact been the prevailing approach to study any genetic or 
environmental determinants of spermatogenesis, which likely have lost statistical power 
as a result of arbitrary dichotomization. In addition, a large number of studies have used 
’fertile’ controls, further diluting their statistical power. We suspect that these two factors 
(arbitrary dichotomization and use of ’fertile’ controls) have contributed substantially to the 
contradictory results for nearly all of these determinants of spermatogenesis (14, 28). Given 
the wide distribution in sperm counts and the presumed small effects of most determinants, 
we propose the use of a genotype-driven approach using the full data on semen parameter 
distributions, as was done in the current cohort study, to unravel the important determinants 
of semen quality.

To our knowledge, the gr/gr deletion is the first true genetic risk factor for azoo- or 
oligozoospermia. Given the fact that all studies on risk factors for azoo- and oligozoospermia 
conducted to date suffered design flaws, the search for other (genetic) factors that influence 
semen quality has only yet begun.
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Supplementary information

Preparation of Figure 4.
We used the R ’density’ function with a Gaussian kernel of bandwidth 80·8 applied to the total 
sperm count data after ’reflecting’ it around 0 to avoid discontinuity at a total sperm count of 
0 (see section 5.6, Density Estimation, Venables and Ripley, Modern Applied Statistic with 
S-PLUS, 3rd Ed., Springer, New York, 1999). We selected 80.8 as the mean of the bandwidths 
chosen by the ’width.SJ’ function (R library MASS) for the two distributions of total sperm 
counts. R is available at http://r-project.org.  In more detail, we generated the plot with the 
following code and then manually edited the text and legends.

# Developed and tested under R version 2.6.1 (2007-03-01)
# For R, see http://r-project.org
# Requires CPAN libraries RSvgDevice and MASS

# 1st spreadsheet
other <- read.csv(‘Cohort.Jan.Jul.2007_for curve fitting.other.csv’)

# grgr spreadsheet
grgr <- read.csv(‘Cohort.Jan.Jul.2007_for curve fitting.grgr.csv’)

# Some sanity checking
dim(other)
# [1] 1016    8

dim(grgr)
# [1] 25  8

names(other)
# [1] “oZ_NUMMER”                   “Semen.volume”               
# [3] “concentration”               “motility”                   
# [5] “morphology”                  “total.count”                
# [7] “total.motal.count”           “total.normoform.motal.count”

names(grgr)
# [1] “oZ_NUMMER”                   “semen.volume”               
# [3] “concentration”               “motility”                   
# [5] “morphology”                  “total.count”                
# [7] “total.motal.count”           “total.normoform.motal.count”

other.tc <- other$total.count
grgr.tc  <- grgr$total.count

# Some more sanity checking:

summary(other.tc)
#    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
#    0.00   44.69  152.30  188.60  283.50  971.80 

sd(other.tc)
# [1] 171.3569
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summary(grgr.tc)
#   Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
#  0.000   9.067 108.200 104.800 157.800 321.400 

sd(grgr.tc)
# [1] 94.07274

library(MASS) # for width.SJ

(width.SJ(grgr.tc) + width.SJ(other.tc)) / 2

# [1] 80.79584# Please see comments above
plot.w.density.nl.reflected <-
  function(d1, d2, bw, kernel=’gauss’,
           by=40,
           low.adj.factor = 0.5,
           ylab=’’, xlab=’’,
           main1=’’, main2=’’,
           info=’’) {

  d1.r <- c(-(d1[d1 > 0]), d1) # Reflect around 0 but
  d2.r <- c(-(d2[d2 > 0]), d2) # do not include 0. 

  fac2 <- 2 # We only use the non-negative portions of
            # the densities for plotting, so we
            # need to increase their height by 2 to
            # keep area == 1
  
  grgr.line <- 2 # line type 

  density.d1 <- density(d1.r, n=2000, bw=bw, kernel=kernel)
  density.d2 <- density(d2.r, n=2000, bw=bw, kernel=kernel)

  d1.x <- density.d1$x
  d1.y <- density.d1$y
  d1hx <- d1.x[d1.x > 0]
  d1hy <- d1.y[d1.x > 0] * fac2
  
  d2.x <- density.d2$x
  d2.y <- density.d2$y
  d2hx <- d2.x[d2.x > 0]
  d2hy <- d2.y[d2.x > 0] * fac2

  # Some sanity checking
  cat(“\n=====\n”)
  cat(“range(d1.x)”, range(d1.x), “\n”)
  cat(“range(d2.x)”, range(d2.x), “\n”)  
  cat( sum(density.d1$y) * 1214.15 / 1000, “\n”)
  cat( sum(density.d2$y) * 563.8 / 1000, “\n”)
  cat( fac2 * sum(d1.y[d1.x > 0]) * 1214.15 / 1000, “\n”)
  cat( fac2 * sum(d2.y[d2.x > 0]) * 563.8 / 1000, “\n”)
  cat(“\n=====\n”)
  
  low <- - (low.adj.factor  * by)

  high <- max(c(d1, d2))
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  breaks <- seq(from=low, to=high+by, by=by)

  testhist <- hist(d2, breaks=breaks, plot=F)
  yhigh = max(testhist$density)
  ylim <- c(0, yhigh)

  par(xpd=FALSE) # Do clip to plot
  h1 <- hist(d1, breaks=breaks, freq=F,
             ylab=ylab, yaxt=’n’, xlab=xlab, main=main1,
             ylim=ylim)
  lines(d1hx, d1hy)
  abline(h=0)
  par(xpd=TRUE) # Do _not_ clip to plot
  text(-30,
       h1$density[1:3], h1$counts[1:3],
       cex=0.8,
       adj=1)

  h2 <- hist(d2, breaks=breaks, freq=F,
             ylab=ylab, yaxt=’n’, xlab=xlab, main=main2,
             ylim=ylim)
  lines(d2hx, d2hy, lty=grgr.line)
  abline(h=0)
  par(xpd=TRUE) # Do _not_ clip to plot
  text(-30,
       h2$density[c(1,2,4,5)], h2$counts[c(1,2,4,5)],
       cex=0.8,
       adj=1)

  par(xpd=FALSE) # clip to plot
  plot(d2hx, d2hy,
       lty=grgr.line,
       type=’l’,
       xlim=c(0, max(breaks)),
       main=’’,
       ylab=’relative frequencies’,
       yaxt=’n’,
       xlab=xlab,
       ylim=ylim,
       bty=’n’)
  lines(d1hx, d1hy)
  abline(v=0)
  abline(v=40, col=’red’)
  legend(400, 0.80 * yhigh, c(‘gr/gr-deleted’, ‘non-deleted’),
         lty=c(2, 1), bty=’n’)
}

library(RSvgDevice)
devSVG(‘non-del-vs-grgr.svg’)
par(mfcol=c(2, 2))
plot.w.density.nl.reflected(other.tc, grgr.tc, kernel=’gauss’, bw=80.8,
                            ylab=’number of subjects’,
                            xlab=’total sperm count (millions)’,
                            low.adj.factor = 0.001,
                            main1=’non-deleted’,
                            main2=’gr/gr-deleted’
                            )
dev.off()
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