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Abstract

Background: Human fertility is linked to sperm quality and therefore the establishment of reference values for normality
is mandatory.

Aims: The first aim was to establish a reference profile of men in the general population by examining the semen of
partners of women with chronic anovulation. The second aim was to determine the prevalence of sperm abnormalities
in this patient group.

Methods: Sperm samples of 304 partners of patients with chronic anovulation were analysed prospectively. Semen
samples were examined according to WHO guidelines, for sperm morphology Tygerberg strict criteria were used. We
compared the results of this study with the cut-off values for normality we obtained in a previous study performed in
our centre.

Results: The mean value was 3.1 ml for volume, 64.7 mill / ml for concentration, 51.9% for progressive motility (grade
a + b motility) and 7.4% for sperm morphology. Single parameter and double parameter abnormalities were observed
in 42.7% and 8.2% of cases respectively. A normal sperm sample for all three parameters was noted in 46% of cases.
Oligo-Astheno-Teratozoospermia was present in 3.0% of cases while azoospermia was found in two patients (0.7%).
Conclusion: We believe that the study of sperm parameters in partners of patients with chronic anovulation can be
used to study the prevalence of sperm abnormalities in the general population. Our data show that semen abnormalities
are not uncommon in partners of women with chronic anovulation, highlighting the importance of a semen examination

in every infertility work-up, even in case of obvious female pathology.
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Introduction

Although the problem of managing male subfertility
changed dramatically since the introduction of
assisted fertilization (IVF, ICSI), routine semen ex-
amination still remains the cornerstone in male sub-
fertility diagnosis, although the usefulness of sperm
evaluation in predicting human fertility has often
been questioned (Polansky and Lamb, 1988; Bonde
et al., 1998; Chia et al., 1998; Jequier, 2005, 2006;
Lewis, 2007). The most important reason for the lim-
ited usefulness of the semen analysis is that it is not
performed optimally in many laboratories (Pacey,
2006). Other factors influencing the value of semen
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analyses are the interejaculatory and geographical
differences in semen quality. In the WHO manual
(1987, 1999) a graph is shown of 60 consecutive
sperm samples of one man. In one sample the con-
centration peaked to more than 170 mill/ml, in seven
cases it felt below 20 mill/ml, the WHO cut-off level.
This finding was confirmed in other studies
(Mallidis et al., 1991; Alvarez et al.,2003). It is also
important to realize that a regional variation in
semen quality exists. Many studies have shown ev-
idence of intra- and intercontinental variations (Fisch
etal., 1996; Auger and Jouannet, 1997; Jorgensen et
al.,2001; Nallella et al.,2006), making it even more
difficult to develop male fertility predictors.



Table 1. — Threshold levels for semen parameters in a fertile versus subfertile population using ROC (= receiver-operating
characteristic) or CART = calcification and regression tree) or based on the assumed incidences of subfertile male in the respective

populations (P10 = percentile 10 of the fertile population).

First author Country Year of Morphology Progressive Concentration
Publication (% normal) motility (%) (mill/ml)

Ombelet (P10) Belgium 1997 5% 28% 143
Ombelet (ROC) 10% 45% 34
Gunalp (P10) Turkey 2001 5% 30% 9.0
Gunalp (ROC) 10% 52% 34
Menkveld (P10) South Africa 2001 3% 20% 20
Menkveld (ROC) 4% 45% 20
Guzick (CART) USA 2001 9% 32% 13.5
Haugen (P10) Norway 2006 4% 43% 16.9
Ho (P10) Singapore 2007 3% 28% -

Ho (ROC) 7% 50% -

Since many decades more sophisticated tests such
as sperm function tests, assessment of nuclear and
mitochondrial DNA and oxidative stress tests were
introduced to increase the accuracy of semen testing,
but some of the promising initial data have already
been questionned (Lewis 2007; Collins et al., 2008).

From a clinician’s point of view a routine semen
examination remains the most important parameter
in deciding which treatment will be used. The con-
ventional parameters given most importance are the
concentration, progressive motility (grade a + b
motility) and sperm morphology. Other popular ad-
ditional tests are the vitality test or hypo-osmotic
swelling test (HOST) and the presence of anti-sperm
antibodies (Lewis, 2007).

If semen analyses are used in clinical practice to
assess the male fertility potential, the methods for
semen examination should be standardized and
threshold values for fertility/subfertility should be
calculated for the most important semen parameters.
Although the WHO (1999) suggests that each
laboratory should determine its own reference range
for each variable, until today only six studies have
been attempted to define threshold values for
normality by comparing a fertile with an infertile
population in their specific population (Table 1,
Ombelet et al., 1997a; Gunalp et al., 2001;
Menkveld et al., 2001; Guzick et al., 2001; Haugen
etal.,2006; Ho et al.,2007). In most studies the pre-
dictive power of sperm parameters was calculated
using the ROC (receiver-operating characteristic)
curve. Guzick et al. (2001) used the calcification and
regression tree (CART) for analysis. By using ROC
analysis a cut-off point for normality can be calcu-
lated with a relatively high sensitivity and specificity,
but with low positive predictive value. According to
such threshold values too many men will be classi-
fied as subfertile probably leading to unnecessary

and costly infertility treatment (van der Merwe et al.,
2005). Others have used the 10™ percentile of the
fertile population as the cut-off value which seems
to be more advisable for clinical use since these val-
ues have a much higher positive predictive value,
with the negative predictive value not much lower
compared to the higher cut-off values based on
ROC curves. A summary of the different cut-off val-
ues published in the literature is shown in
Table 1.

Also important but difficult to obtain is the study
of the sperm profile in a general population. To se-
lect a population not biased by important interfering
factors is not easy because the population we are
searching for has to be a mirror of the general
population during the reproductive period. Using
donors of a semen donor insemination program as
the reference population for normality is certainly
not the best option since this population is positively
biased for fertility. Army recruits are biased by age.
Partners of tubal factor patients can be biased by a
positive history of infection (tubal factor due to
pelvic infection) or a good fertility history (women
with tubal sterilisation). A good reference group to
study semen profiles in a general population are part-
ners of women who have been diagnosed to have
chronic anovulation. Patients with chronic anovula-
tion are not infrequently seen in an infertility clinic
and it is very easy to convince the partners to deliver
a semen sample.

On the other hand, when the diagnosis of chronic
anovulation is made during an infertility work-up, it
is not uncommon that ovulation induction with timed
coitus are offered as a first line treatment without ex-
amining a sperm sample. To investigate the preva-
lence of sperm abnormalities in partners of patients
with chronic anovulation was a secondary goal of
this prospective study.
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Materials and Methods

All sperm samples of 304 consecutive partners of
patients with chronic anovulation were analysed
prospectively during a 10-years period from 01-01-
1999 until 31-12-2008 at the Genk Institute for Fer-
tility Technology. Chronic anovulation was defined
as fewer than 3 menstrual periods per year. Patients
were classified according to the WHO classification
for anovulation (Figure 1). Patients delivered a fresh
semen sample after two days of abstinence. None of
the men reported fever or other illnesses during the
8 weeks prior to and during the study. Semen sam-
ples were processed within 1 hour of production and
liquefaction. Semen analysis was performed accord-
ing to World Health Organization (WHO, 1992,
1999) guidelines by the same laboratory technician.
In our laboratory standardisation of sperm analysis
is ensured by participation in internal (monthly) and
external quality assessment schemes (organised by
the Belgian Scientific Institute of Department of
Health). The following fresh WHO semen para-
meters were studied: volume, concentration, mor-
phology grade a motility, progressive motility (grade
a + b), the hypo-osmotic swelling test (HOST) and
antisperm antibodies IgG and IgA. Motility was
analysed on a wet semen preparation on a glass slide
at 37°C, using a fixed volume (14.5 ul for neat
semen and 18.5 ul for prepared or washed semen).
The grading system described by the WHO (1992,
1999) was implemented: Grade a motile spermato-
zoa are rapid progressive spermatozoa with a speed
of 25 pm/sec; grade b spermatozoa are slow
progressive with a speed of 5-24 pm/sec; grade c
spermatozoa are non-progressive sperm cells and
grade d spermatozoa are immotile spermatozoa.
Sperm morphology was scored using strict criteria
(Kruger et al., 1986, 1988) on Papanicolau modified
stained sperm smears. Sperm concentration was
determined using the haemocytometer method on
two separate sperm preparations of the semen
sample, one for each side of the Neubauer counting
chamber.

A hypo-osmotic swelling test was performed in
275 semen samples (Jeyendran et al., 1984). In our
search for seminal antisperm antibodies, we per-
formed the modified mixed antiglobin reaction
(MAR) for immunoglobulin G and A (SpermMar,
Fertipro, Belgium) (Jager et al., 1978; Andreou et
al., 1995).

Using the MedCalc programme, summary statis-
tics of different sperm parameters were calculated.
The results of this study were compared with the re-
sults obtained in a previous study (Ombelet et al.,
1997a), using the threshold levels for normality
based on the 10™ percentile of the fertile population.
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The cut-off values used were 14.3 mill/ml for con-
centration, 28% for progressive motility, 5% for
sperm morphology and 48% for HOST. The results
were also compared with the WHO (1992) cut-off
values. Subsequently the percentage of abnormal re-
sults could be examined for all investigated semen
parameters in our study population. The study was
approved by our local ethical committee.

Results

Three hundred and four different sperm samples of
partners with chronic anovulation could be evalu-
ated. The women were classified as WHO class 1
(hypogonadotropic hypogonadal anovulation) in
6.9% of cases. The majority of women (83.2%) were
WHO class II anovulatory patients, most of them
with polycystic ovary syndrome (PCOS). In 9.3% of
the studied patients a premature ovarian failure or
ovarian resistance could be observed (Table 2,
Fig. 1).

Two cases of azoospermia could be detected
(0.7%). The mean and median values for the most
conventional sperm parameters were the following:
3.1 and 2.8 ml for volume, 64.7 and 57.0 mill/ml for
sperm count, 16.2 and 16.0% for grade a motility,
51.9 and 54.0% for progressive motility and 7.4 and
7.0% for sperm morphology (Fig. 2). As mentioned
before, we compared the results of this study with
the threshold values for normality observed in a pre-
vious study using cut-off values for normality based
on the 10™ percentile of a fertile population (Table 1,
Ombelet et al., 1997a). An abnormal result for
concentration (Oligozoospermia) and motility (As-
thenozoospermia) was shown in respectively 10.2%
and 27.3% of the samples. In 29.9% a low sperm
morphology score could be found (Teratozoosper-
mia). If we compared our results with the threshold
levels described by the WHO (1999), oligozoosper-
mia and asthenozoospermia were found in respec-
tively 13.8 and 559% of cases. For sperm
morphology all samples (100%) should be classified
as teratozoospermic if the WHO cut-off values are
used. Table 3 & 4 show the distribution of the dif-
ferent sperm abnormalities. A normal sperm sample
for all investigated parameters was noted in 46% of
our patients. Figure 3 shows the percentages of the
combination of abnormalities. Single parameter ab-
normalities and double parameter abnormalities
were observed in 42.7% and 8.2% of cases respec-
tively. Oligo-astheno-teratozoospermia (OAT) was
present in 3.0%.

A subnormal HOST was found in 8.3% and 8.5%
of cases using the Genk and WHO cut-off values re-
spectively. A positive MAR for IgG and/or IgA
(> 50%) was observed in 6 cases (2.2%).



Table 2. — General data of the studied population of 304 couples (WHO Classification of anovulation).

Number (%) Mean Median Range
Age Women 29.7 290 19-45
Age Men 322 31.0 20-63
WHO Class I 21/304 (6.9%)
WHO Class II 253/304 (83.2%)
WHO Class III 30/304 (9.8%)
Discussion 1988; Menkveld et al., 1990). When using strict

There is general agreement that standardization of
semen analysis is useful and essential, but this is
where the consensus ends. According to previous re-
ported questionnaires (Helmerhorst er al., 1995;
Ombelet et al., 1997b), there is a wide divergence in
opinion as to what can be considered as normal
semen. Sperm analysis results show a wide range of
values for any given sample, most probably not only
related to different methodology, but also as a result
of persistent errors in laboratory evaluation of sperm
samples (Matson, 1995; Ombelet et al., 1997d;
Cooper et al., 2002; Pacey, 2006; Lewis, 2007).

An important breakthrough in the history of
semen analysis was the publication of the WHO
guidelines for semen analysis (WHO, 1980), three
times revised during the following twenty years
(WHO, 1987, 1992, 1999). The WHO criteria pub-
lished in 1992 and 1999 were obviously authority
based and not based on evidence. Meanwhile, more
stringent criteria for sperm morphology assessment
known as the Tygerberg strict criteria were intro-
duced by Kruger and Menkveld (Kruger et al., 1986,

Tygerberg criteria for sperm morphology, many re-
ports showed an excellent association of sperm mor-
phology and fertilization, not only in vitro (Kruger
et al., 1986; 1988; Oehninger et al., 1988; Ombelet
et al., 1994, 1995) but also in vivo (Ombelet et al.,
1997a; 1997c, Van Waart et al., 2001; Lee et al.,
2002; Slama et al., 2002 ). On the other hand, several
quality control studies also demonstrated that con-
siderable variation existed with visual evaluation of
sperm morphology, not only between but also within
different observers (Cooper et al., 1992; Ombelet et
al., 1997b; 1997d; Keel et al., 2002, Eustache and
Auger, 2003). Identical conflicting results consider-
ing the quality of semen examinations was described
for all semen parameters in so far that accreditation
should be mandatory for all andrology laboratories
in order to improve the standards of accuracy and to
justify the value of a semen analysis in any clinical
situation (Jequier 2005, 2006).

Concerning the study for ‘normal’ ranges for fer-
tile and infertile sperm, Bonde et al. (1998) studied
the association between semen quality and the prob-
ability of conception in a single menstrual cycle in

sponsiveness to GnRH.

resistance (follicular form).

Hyperprolactinemic anovulation

WHO Class 1: Hypogonadotropic hypogonadal anovulation

Women with low or low-normal serum follicle-stimulating hormone (FSH) concentrations and low serum estradiol
concentrations due to decreased hypothalamic secretion of gonadotropin-releasing hormone (GnRH) or pituitary unre-
WHO Class 2: Normogonadotropic normoestrogenic anovulation

Normal amounts of gonadotropins and estrogens are possible FSH secretion during the follicular phase of the cycle is
normal. This group includes women with polycystic ovary syndrome (PCOS).

WHO Class 3: Hypergonadotropic hypoestrogenic anovulation

The primary causes are premature ovarian failure (absence of ovarian follicles due to early menopause) and ovarian

These women are anovulatory because of hyperprolactinemia. They may have regular anovulatory cycles, but most
have oligomenorrhea or amenorrhea. Their serum gonadotropin concentrations are usually normal.

Fig. 1. — World Health Organization classification of anovulation
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Volume (ml)

Arithmic mean (95%Cl)

64.7 (59.8-69.5)

Median (95% CI)

57.0 (51.0-65.2)

Percentile 5-10-90

8.0-12.8-120.0

Range 0.2-84

Arithmic mean (95% Cl) 3.1 (3.0-3.3)

Median (95% Cl) 2.8 (2.6-3.1) T

Percentile 5-10-90 1.0-14-52 ; —
Concentration (mill/ml) xr

Range 0.0 -257.0 il

Arithmic mean (95%Cl)

16.2 (15.0-17.4)

Median (95% ClI)

16.0 (14.0-17.0)

Percentile 5-10-90

2.0-3.0-30.0

Morphology (%)

Range 0.0-23.0 il

Arithmic mean (95%Cl) 7.4 (6.9-7.9) ::

Median (95% Cl) 7.0 (6.0-8.0) o+

Percentile 5-10-90 1.0-15-135 ok —
Motility grade A (%) T

Range 0.0 - 49.0 al

Progessive motility (grade a + b) (%)

Range

0.0-82.0

Arithmic mean (95% CI)

51.9 (50.4-53.4)

Median (95% ClI)

54.0 (53.0-56.0)

Percentile 5-10-90

26.7 - 36.9 - 66.0

HOST (%)

Range

21.0-90.0

Arithmic mean (95%Cl)

65.1 (63.6-66.6)

Median (95% CI)

65.0 (64.0-67.0)

Percentile 5-10-90

42.0-50.0-80.0

FIT

Fig.2. — Semen profile results of 304 partners of infertile women with chronic anovulation (CI = Confidence Interval, HOST = hypo-

osmotic swelling test).
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Table 3. — Characteristics of sperm abnormalities in semen samples of 304 partners of women with chronic anovulation (HOST
= hypo-osmotic swelling test, O = Oligozoospermia, A = Asthenozoospermia, T = Teratozoospermia ). Thresholds levels for
normality are based on the Percentile 10 of a fertile population in the same centre (Ombelet ez al., 1997).

Number %
No sperm defects - Normozoospermia 140 46.0%
Single parameter defect 128 42.7%
Oligozoospermia (< 14.3 mill/ml) 7 2.3%
Asthenozoospermia (< 28% total motility) 60 19.7%
Teratozoospermia (< 5% normal forms) 61 20.0%
Double parameter defect 25 8.2%
Oligo-Asthenozoospermia 4 1.3%
Oligo-Teratozoospermia 11 3.6%
Astheno-Teratozoospermia 10 33%
Triple parameter defect (OAT) 9 2.9%
Azoospermia 2 0.7%
HOST (< 48%) 23 /275 8.3%
Ig G +/- IgA sperm antibodies > 50% 6/267 22%

Danish couples. The association between semen
quality and likelihood of pregnancy was assessed by
logistic regression, adjusted for sexual activity and
female factors associated with low fertility. The
probability of conception increased with increasing
sperm concentration up to 40 mill/ml, but higher
sperm densities were not associated with additional
likelihood of pregnancy. Sperm morphology was
strongly related to likelihood of pregnancy inde-
pendently of sperm concentration. Semen volume
and motility were of limited value in pregnancy pre-
diction. Slama et al. (2002) reported on the results
of a large multicentric study in which 942 pregnant
women from Copenhagen, Edinburgh, Paris and
Turku who conceived without medical intervention
were asked for their time to pregnancy (TTP). Their
results highlight the importance of sperm morphol-
ogy parameters and indicate that the effect of pro-
portion of normal sperm on TTP may be independent

of sperm concentration. According to Nallella ez al.
(2006) sperm motility and concentration provide
more accurate information than morphology (WHO
and Tygerberg strict criteria) during infertility eval-
uation. They concluded that redefining the reference
values for concentration and morphology may sig-
nificantly increase the importance of a routine semen
analysis. Other studies in search for normal semen
ranges for fertile and infertile men used many dif-
ferent population groups such as “presumed fertile”
(Fish et al., 1996; Saidi et al., 1999), pregnant wives
(Chia et al., 1998; Swan, 2006) or spontaneous preg-
nancy (Iwamoto et al., 2006; Gao et al., 2008).
Until now, only six studies succeeded to find
threshold values and to discriminate between fertile
and infertile men by comparing a fertile and infertile
population (Table 1, Ombelet et al., 1997a; Gunalp
et al., 2001; Guzick et al., 2001; Menkveld et al.,
2001; Haugen et al., 2006; Ho et al., 2007).

Table 4. — Individual sperm characteristics in our population. Results were considered abnormal if they were below the thresholds
values for normality based on (1) the WHO classification (1999) or (2) the 10" Percentile of a fertile population in the Genk Institute

for Fertility Technology (Ombelet et al., 1997a).

Sperm parameter

Number of men

% of abnormal results

Volume
< 1.5 ml (WHO)
< 1.3 ml (Genk)

Concentration
< 20 mill/ml (WHO)
< 14.8 mill/ml (Genk)

Progressive Motility
< 50% (WHO)
< 28% (Genk)

Normal Morphology
<30% (WHO)
< 5% (Genk)

31/304 10.2%
20/304 6.6%
42/304 13.8%
33/304 10.8%
170/304 55.9%
89/304 29.2%
292/292 100.0%
91/292 31.1%
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46,0%

3,0% 8,2%

42,1%

B Azoospermia

B Single Semen
defect

ODouble semen
defect

OTriple semen
defect

B Normal

Fig. 3. — Distribution of single, double and triple semen abnormalities in a cohort of 304 semen samples of husbands of women with

chronic anovulation.

Although it seems that threshold values for sperm
concentration, motility, and morphology can be used
to classify men as subfertile, of indeterminate fertil-
ity, or fertile, none of the measures, however, are di-
agnostic of infertility.

To establish semen profiles for men in the general
population, Lemcke et al. (1997) analysed the semen
parameters of 187 men attending the Institute of Re-
productive Medicine between 1977 and 1993 as vol-
unteers for clinical studies. More than half of the
ejaculates of these healthy men showed at least one
abnormal parameter, so that only 46% of the volun-
teers could be classified as being ‘normozoospermic’
according to WHO guidelines. They concluded that
the limits of normality for semen parameters may re-
quire redefinition.

According to a structured review of the literature
published on semen parameters and in vivo fertility
potential and to establish fertility/subfertility thresh-
olds for sperm morphology using Tygerberg strict
criteria, sperm concentration, and sperm motility,
van der Merwe et al. (2005) suggested that thresh-
olds of < 5% normal sperm morphology, a concen-
tration < 15 mill / ml and a progressive motility of
< 30% should be used to identify the subfertile male.

In our study, sperm parameters were analysed in
a reference population of 304 partners of patients
with chronic anovulation. We found that individual
sperm parameters were below the cut-off value for
normality in more than 40% of samples. Sperm mor-
phology turned out to be the most common sperm
abnormality in our population with 20% of cases
below 5%. According to our results, teratozoosper-
mia and asthenozoospermia are very common in our
population. We found a normal sperm sample
(concentration > 14.3 mill/ml, progressive motility
> 28% and sperm morphology > 5%) in 46% of our
patients. Surprisingly, the same figure (46% normo-
zoospermia) was also described in two other studies
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(Lemcke et al., 1997, Siebert et al.,2007). Oligo-as-
theno-teratozoospermia was found in 3.0% of cases.
Our results highlight the importance of studying the
fertility potential of both partners and it seems that
a lot of woman conceive with ‘so-called’ subfertile
men. On the other hand, in the diagnostic evaluation
of couples with women diagnosed as subfertile due
to chronic anovulation, the examination of a sperm
sample is often neglected although our study proves
that an abnormal semen analysis is not infrequently
found in this population group.

The clinical significance of antisperm antibodies
(ASA) in male subfertility remains unclear. Most
studies demonstrate a clear association between
sperm surface antibodies and the fertility potential
of the male (Adeghe et al., 1988; Hammitt et al.,
1988; Acosta et al., 1994; Lombardo et al., 2001).
Although Barratt et al. (1992) demonstrated a lack
of correlation between low (< 10%) and moderate
(< 50%) ASA positive binding cases and the proba-
bility of conception or the time to conception, it is
generally accepted that male subfertility may be
caused by the presence of sperm surface antibodies,
at least if a level of more than 50% binding is
reached. In our study, severe ASA positive binding
(> 50% for IgG and/or IgA) was observed in only
six cases (2.2%).

Another interesting semen parameter is the hypo-
osmotic swelling test (HOST). This parameter has
been proposed as a useful assay for the evaluation of
the functional competence of the human sperm
membranes. However, the usefulness of the hypo-
osmotic swelling test for evaluation of human sperm
quality remains questionable due to conflicting
reports (Uchida et al., 1992; van den Saffele er al.,
1992; Datta et al., 1996; Tartagni et al., 2002). Ac-
cording to Check et al. (1995), the achievement of
pregnancies in vivo is rare in couples where the male
partner has defective sperm membranes as shown by



HOST scores of < 50%. The same author claims that
a subnormal hypo-osmotic swelling test does not re-
sult in fertilization failure, but implantation failure
(Check, 2006). In our study, 8.3% of men had a sub-
normal HOST-score.It is obvious that more prospec-
tive studies in well-defined cohorts of men in various
populations are required to evaluate the potential ef-
fect of different external (environmental) factors on
male reproductive health. Subsequently, it is really
important from an epidemiological point of view that
the fertility status of different populations are exam-
ined and compared. Prevention of male subfertility
remains an important goal, but this goal can only be
achieved if more information is available on the
present fertility potential in different populations.

This paper describes the results of the first study
examining the sperm profile in partners of women
with chronic anovulation. Because this patients
group is unbiased by selection for male fertility
prognostic factors, it can be used as a reference
group to study sperm quality in the general popula-
tion. This might prove an important tool in male in-
fertility research. This novel strategy may open the
way to better epidemiological studies on sperm qual-
ity in the future.
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