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Spermiogram and sperm head morphometry
assessed by multivariate cluster analysis results
during adolescence (12-18 years) and the effect of
varicocele

Fernando Vasquez!, Carles Soler>?, Patricia Camps*?, Anthony Valverde'*, Almudena Garcia-Molina*?

This work evaluates sperm head morphometric characteristics in adolescents from 12 to 18 years of age, and the effect of
varicocele. Volunteers between 150 and 224 months of age (mean 191, n = 87), who had reached oigarche by 12 years old,
were recruited in the area of Barranquilla, Colombia. Morphometric analysis of sperm heads was performed with principal
component (PC) and discriminant analysis. Combining seminal fluid and sperm parameters provided five PCs: two related to
sperm morphometry, one to sperm motility, and two to seminal fluid components. Discriminant analysis on the morphometric
results of varicocele and nonvaricocele groups did not provide a useful classification matrix. Of the semen-related PCs, the
most explanatory (40%) was related to sperm motility. Two PCs, including sperm head elongation and size, were sufficient to
evaluate sperm morphometric characteristics. Most of the morphometric variables were correlated with age, with an increase
in size and decrease in the elongation of the sperm head. For head size, the entire sperm population could be divided into two
morphometric subpopulations, SP1 and SP2, which did not change during adolescence. In general, for varicocele individuals,
SP1 had larger and more elongated sperm heads than SP2, which had smaller and more elongated heads than in nonvaricocele
men. In summary, sperm head morphometry assessed by CASA-Morph and multivariate cluster analysis provides a better
comprehension of the ejaculate structure and possibly sperm function. Morphometric analysis provides much more information
than data obtained from conventional semen analysis.
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INTRODUCTION
Genetic, environmental, and nutritional factors have a great influence
on the time to reach puberty. Therefore, it is difficult to predict the
age at which a particular individual will achieve his reproductive
maturity, i.e., the sperm production corresponding to that of an adult.
In addition, biomedical information about the age of first conscious
ejaculation (oigarche'), the presence or absence of spermatozoa in
seminal fluid, the biological characteristics of spermatozoa during
this maturational process, and the time required to reach adult
spermatogenesis, is currently scarce and controversial. The few studies
reported on this topic correspond to adolescents under the age of
18 years and are related to different pathologies such as testicular
cancer.”™

The age at which men start producing spermatozoa, whether
spermatogenesis and accessory gland secretions start on one particular
day, and the time required for stabilizing the production, maturation,
and the release of spermatozoa are not known exactly. One of the

problems is the method used to obtain the sample for a semen analysis.
The requirement that adolescents have to masturbate may bring some
conflict with the moral and ethical values of a part of society although
it has been pointed out that masturbation has no effect on health.
On the other hand, varicocele usually increases around adolescence
and is rarely reported to appear later on in adult men. Patients are
commonly referred to the urologist either after detection of a scrotal
mass, classically described as a “bag of worms,” or after detection of
a difference in testicular size during child or a sports-related physical
examination. Most varicoceles are asymptomatic. However, testicular
pain or the presence of a scrotal mass may be the presenting symptom.®

The main objective of this study was to investigate sperm features
in adolescents between 12 and 18 years of age. These data are part of a
social project carried out in Barranquilla, Colombia, directed to develop
a sexual educational program because of the high teenage pregnancy
rate in this area. Therefore, it is necessary to know the mean age at the
onset of sperm production in adolescents from this area to provide the
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best counseling. In addition, we analyzed the effect of varicocele and
used morphometric data analysis to assess sperm subpopulations in
human semen samples from these adolescents.

MATERIALS AND METHODS

Participants

Semen samples were provided by 87 adolescents with ages ranging
from 150 to 224 months (mean of 190.69 + 18.4 months) from the
area of Barranquilla, Colombia. All the participants referred that
had their oigarche and previous ejaculations by self-stimulation.
Ejaculatory abstinence interval ranged between 1 and 16 days (mean
of 4.31 + 2.43 days).

Ethical approval

The study was approved by the Committee of Medical Ethics of
Universidad del Norte and the Program of Sexual Education of teh
School (Barranquilla, Colombia). The purpose of the study was
explained to the participants, and they had to provide a semen sample.
Written informed consent was obtained from all participants and their
parents or tutors.

Collection and analysis of semen samples

A single semen sample was produced by masturbation from each
participant, and conventional semen analysis was performed according
to the World Health Organization (WHO, 1999) recommendations.’
The semen samples were collected at the laboratory of Centro Médico
del Hombre and analyzed within 1 h of collection.

The conventional semen analysis included the following semen
parameters: semen volume (ml), total sperm count (millions
per ejaculate), sperm concentration (million ml™!), total
motility (progressive + nonprogressive, %), progressive motility (%),
vitality (live spermatozoa after staining with eosin-nigrosin, %), sperm
morphology (normal forms, after staining with Papanicolau, %), pH
and fructose levels (umol per ejaculate).

In addition, 64 samples from the total population were analyzed
by the ISAS® vl (Proiser R+D S.L., Paterna, Valencia, Spain)
CASA-Morph system to obtain the sperm head morphometric
characteristics. For the morphology assessment, air-dried fixed
semen smears were stained with Diff-Quik (Medion Diagnostics,
Didingen, Switzerland) following the kit instructions, washed
free of excess colorant water, air dried, and mounted with
Eukitt (Sigma-Aldrich, St. Louis, MO, USA).

All analyses were performed by the same technician (PC) from the
camera Proiser 782M attached to a microscope UB203 (UOP/Proiser,
Paterna, Valencia, Spain) with an eyepiece 100 x oil immersion
bright feld objective. The final resolution of the images was 746 x 578
pixels. Depending on the quality of the staining, between 100 and
220 images were randomly captured from the smears. The ISAS® v1
system outcomes include head descriptors: length (um), width (um),
area (Um?), perimeter (Lm), Ellipticity (L/W), Elongation ([L - W]/
[L + W]), Regularity (tLW/4A), Rugosity (4mA/P?) (shape factors are
dimensionless), and percentage of head covered by the acrosome (%).

Statistical analysis

Discriminant analysis was performed on the effect of the absence or
presence of varicocele to obtain a classification matrix. This analysis
was performed by considering the standard semen parameters and
morphometric characteristics independently, using the linear stepwise
procedure to identify those parameters that were most useful in
classifying individuals into one of the two categories. In both cases,
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variables were first added to the discriminant functions one by one until
the addition of extra variables did not result in a significantly better
discrimination. In both cases, it was found that all the variables were
useful for discrimination. The classification matrix obtained after this
discriminant analysis was applied to the whole population to establish
the proportion of cases in each category.

Principal component analysis (PCA) for semen parameters and
for the CASA-Morph morphometric characteristics was as follows:
the database was obtained from 87 donors and for the morphometric
database, a total number of 11 358 spermatozoa were analyzed from
64 donors. An additional database was produced by combining the
seminal data with the sperm morphometric data of each volunteer.
To select which components should be used in the next round of
analysis, the criterion used for selecting the number of principal
components (PCs) with an eigenvalue (variance extracted for that
particular PC) >1 (Kaiser criterion) was followed. The second step was
to perform a two-step cluster procedure with the sperm-derived indices
obtained after the PCA. Varimax rotation with the Kaiser normalization
method was used for the definition of the PCs.

The correlation between the different parameters and PC with
age was assessed from linear Pearson’s correlation coefficients.
Because of the high number of correlations made with morphometric
parameter variables, the Bonferroni correction was used to establish
the significance level.

Finally, we performed an additional study directed to analyze
the morphometric subpopulations in the sperm samples, for which a
nonhierarchical analysis with the k-means model that uses Euclidean
distances to calculate the center of the clusters was developed.
Spermatozoa were then assigned to one of these clusters according to
morphometric descriptors.

Morphometric data obtained from the subpopulations belonging to
the nonvaricocele and varicocele groups were first tested for normality
and homoscedasticity using Shapiro-Wilks and Kolmogorov-Smirnov
tests, respectively. Because no parameters satisfied both criteria,
nonparametric analyses were performed using a Kruskal-Wallis test.

Multivariate analysis of variance (MANOVA) was based on Wilk’s
lambda criterion and cluster analysis on the average linkage method.
The multivariate linear model: Y=XB+E, where X is the design matrix,
B the vector of regression parameters and E the matrix of random
deviations. E~N(0,02). When the Bonferroni correction was not
needed, the level of significance was set to P < 0.05. All statistical
analyses were performed with SPSS software version 20.0 for Windows
software (SPSS Inc., Chicago, IL, USA).

RESULTS

Oigarche

The results of the questionnaire used before sampling indicated that
the mean age for the appearance of the first conscious ejaculation was
of 12.8 £ 1.0 years (range of 10-15 years of age).

Discriminant analysis

From the seminal variables of the participants with no varicocele
and those with varicocele, 72.6% of the original clusters of cases were
correctly assigned to the correspondent class (Table 1). Although this
value is not informative enough for the classification matrix to be a
good predictor of varicocele presence, it can explain the presence of
mathematical differences in the data distribution. This indicates that
the individuals cannot be considered as comprising a homogeneous
population, so it is necessary to consider them as two populations for
subsequent analysis.
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Adolescents with no varicocele were better recognized (83.9%)
than those presenting varicocele (61.3%) (Table 1). The morphometric
data were the least informative, identifying only 58.4% of the cells from
a given class (Table 1). None of these results gave values informative
enough to be considered as good predictors of the classification matrix.
Therefore, they cannot be used for predicting if a given individual has
or has not a varicocele from the whole set of data, including the semen
analysis and the morphometric characteristics.

Semen parameter PCA

Three PCs were generated from the whole population and also
when varicocele and nonvaricocele populations were considered
independently (Table 2). For the whole population, PC1 (40.03% of
the variance) was positively correlated with sperm motility and vitality;
PC2 (15.81%) was positively correlated with seminal volume and
fructose, and PC3 (13.59%) with seminal pH and negatively correlated
with sperm concentration. Adolescents with no varicocele showed
similar PC values except for PC3, where no negative correlation with
sperm concentration was found, providing a considerable significance
for morphology. Larger differences were observed in spermatozoa
from adolescents with varicoceles where PC2 was positively correlated
with sperm concentration and negatively correlated with pH, and
PC3 was correlated with semen volume and fructose levels. The
percentage of variance explained by PC2 and PC3 was very similar
in all cases (Table 2).

Head sperm morphometric parameter PCA
Two PCs were required to explain these population data. For

Table 1: Prediction ability of discriminant analysis to classify
individuals with and without varicocele by taking into account the
seminogram and morphometric data

Varicocele Predicted group Total
No Yes
Original seminogram?
No 83.9 16.1 100
Yes 38.7 61.3 100
Original morphometry®
No 51.9 48.1 100
Yes 35.7 64.3 100

272.6% of the original cluster of cases were correctly classified from 62 cases (31 of
each class); °58.4% of the original cluster of cases were correctly classified from 64
individual (11 358 cells)

both, the whole population and the subpopulations in semen in
adolescents with or without varicocele, PC1 was correlated with shape
parameters (positively correlated with ellipticity and elongation, and
negatively correlated with rugosity) and PC2 with size. In all cases, a
total variance explanation gave similar values (Table 3).

Joint seminal and morphometric parameter PCA

Here, only the whole population was considered. PC1 and PC2 were
correlated with sperm morphometry, PCI alone with size and PC2
with shape, explaining 21.27% and 19.08% of the variance, respectively;
PC3 was related with motility and vitality, PC4 was related with
concentration and sperm count, and PC5 was related with volume,
normal morphology and fructose level, explaining 13.85%, 11.15%, and
9.15%, respectively. This means that morphometry accounts for more
than 40% of the variance and semen analysis for only 35% (Table 4).

Dependence of semen and morphometric parameters on age
Considering the semen parameters as independent variables, only
semen volume (for the whole population [r=0.339, P < 0.01] and also
for each subpopulation [r = 0.374, P < 0.05 and r = 0.362, P < 0.05,
respectively]) and sperm count (for the whole population [r = 0.330,
P < 0.01] and the population with varicocele [r = 0.369, P < 0.05])
showed a positive correlation with age, while the correlation with pH
was negative (for the whole population and with varicocele). Most
of the morphometric parameters, including PCs, showed correlation
with age, even after Bonferroni correction. In general, the elongation/
ellipticity of the cells were reduced with age (Table 5).

Sperm head morphometric subpopulations

Two sperm subpopulations (SP) or clusters of morphometric
characteristics were defined after multivariate cluster analysis for all
participants: SP1 and SP2. The characteristics of these subpopulations
can be described as follows: SP1 included the largest percentage of
spermatozoa (51.2%) and was characterized by a greater head size
while SP2 corresponded to 48.8% of the population. In addition to size
differences, SP1 contained more elongated cells than SP2 but the other
shape parameter values were not different between these subpopulations.
Concerning the donors with varicocele, the percentage of SP1 was higher
with sperm heads more elongated than in SP2, while SP2 had more
elongated sperm head than nonvaricocele donors. MANOVA analysis
showed differences between both subpopulations in the total and each
diagnostic group (Table 6). No correlation was found between the SP1
and SP2 subpopulations and the age of the donors (Figure 1).

Table 2: Principal components (PC1-PC3) from the total population, divided into no varicocele and varicocele populations, as obtained from

seminogram data

Total No varicocele Varicocele

PC1 PC2 PC3 PC1 pPC2 PC3 PC1 pPC2 PC3
Semen volume 0.718 0.803 0.726
Sperm number 0.578 0.590 -0.430 0.572 0.706 0.463 0.611 0.545
Sperm concentration 0.593 -0.578 0.727 0.416 0.722
Total motility 0.931 0.910 0.949
Progressive motility 0.921 0.918 0.935
Vitality 0.754 0.484 0.591 0.849
Normal morphology 0.621 0.348 0.697 0.698 0.326
Semen pH 0.792 0.734 -0.777
Seminal fructose 0.782 0.680 0.742
Explained variance (%) 40.03 15.81 13.59 40.26 16.63 12.43 41.75 17.78 14.99

Rotation method: varimax standardization with Kaiser. Only eigenvalues >0.3 are shown. PC: principal component
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Table 3: Principal components (PC1, PC2) from the total population,
divided into no varicocele and varicocele populations, obtained from
the morphometric data

Total No varicocele Varicocele

PC1 pPC2 PC1 pPC2 PC1 pPC2
Length 0.717 0.690 0.682 0.724 0.682 0.724
Width -0.569 0.817 -0.518 0.850 -0.518 0.85
Area 0.965 0.965 0.965
Perimeter 0.472 0.868 0.453 0.879 0.453 0.879
Ellipticity 0.990 0.988 0.988
Rugosity -0.948 -0.942 -0.942
Elongation 0.986 0.985 0.985
Regularity 0.368 0.382 0.382
Explained variance (%) 51.70 34.77 50.71 35.73 50.71 35.73

Rotation method: varimax standardization with Kaiser. Only eigenvalues >0.3 are shown.
PC: principal component

Table 4: Principal components (PC1-5) from the total population,
obtained from the pooled seminogram and morphometric data

PC1 pPC2 PC3 PC4 PC5

0.839
0.383

Volume
0.838
0.925

Sperm number
Concentration
0.958
0.936
0.605

Total motility

Progressive motility

Vitality

Normal morphology

pH 0.320
Fructose

0.312
0.701

-0.483
0.641
0.851
0.760
0.992
0.964

-0.513
0.624

Length
Width
Area
Perimeter
-0.975
0.973

Ellipticity
Rugosity

Elongation
Regularity
21.27 19.08 13.85 11.15 9.15

Rotation method: varimax standardization with Kaiser. Only eigenvalues >0.3 are shown.
PC: principal component

Explained variance (%)

DISCUSSION
The oigarche has a similar physiological meaning to that of the
menarche, or first menstruation, in women. However, in latter case, the
information about how and when it takes place is considerable, while
in the case of oigarche, the age of its onset has barely been studied.
The timing of the first ejaculation is mainly related to the development
of the sex accessory glands, the prostate and the seminal vesicles, in
response to the testosterone produced mainly by the testis following
stimulation of the Leydig cells by the LH which is released by the
hypophysis during sexual maturation.®

In this study, the questionnaire used in our adolescent population
showed a range of 10-15 years of age for the onset of the oigarche with a
mean value of 12.8 years. This value is slightly lower than that reported
for adolescents from Israel (13.5 years') and Belgium (13.1 years’)
and significantly lower than that reported for adolescents from
Mexico (14.0 years') and China (14.2 years in the cities and 14.8 in
rural areas'). Certainly, these studies were carried out many years
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ago and the current values might have changed. Spermarche (the
first appearance of spermatozoa in urine) has been recorded in a
few cases (2%) at the age of 11 years,'? being more frequent between
13.4 and 13.8 years of age''* or even later, after 14 years of age.'>'
In contrast to our results, adolescents of 12 years old had a relatively
high concentration of spermatozoa in the ejaculate, implying that
spermarche in our study population probably occurs before this age.
This disparity in the age of oigarche could be explained by the ethnic
diversity found in populations from different continents, subjacent
genetics, socioeconomic status, overall health and welfare status,
certain type of physical exercise, and environmental factors. There are
no scientific data showing that the age of oigarche occurred earlier in
the past decades, as in the case of menarche.!”'

The fact that participants with no varicocele were better
identified as such by their sperm morphometric characteristics after
discriminant analysis than those presenting with varicocele, indicates
that the varicocele is asymptomatic. Even when comparing the whole
population of adolescents, with and without varicocele, there are
differences in their semen characteristics.>'” Most of the existing
scientific literature on semen quality during adolescence is related to
the presence of various pathologies, and not to the evolution of seminal
characteristics in healthy men.>'>? We have found only one study
performed in healthy adolescents, but it was related to body maturation
and classified the individuals according to the Tanner index. Tanner
Stage 5 adolescents present higher testicular volume and sperm count
than Tanner Stage 4.2 Despite differences in the method of analysis,
these data are consistent with our findings of a positive correlation
between these parameters.

PCA of seminal variables in the whole population showed sperm
motility as the most important parameter defining the population.
Morphometry PCs were the same in the whole population and the
diagnostic groups, indicating that these did not depend on varicocele,
but PCA from seminal variables in the whole population indicated
that sperm motility was the most relevant semen parameter. Although
participants with no varicocele had the same pattern as the whole
population, the values of PC2 and PC3 were inverted. The most relevant
and novel finding emerging from this study is that morphometric
parameters (sperm head size and shape) were highly correlated with
sperm quality while standard subjective semen morphology parameter
values were not. This means that to evaluate the quality of a semen
sample, it is more important to perform a CASA-Morph analysis than
to perform conventional semen analysis.

Many clinicians believe that sperm morphology is not relevant in
the evaluation of male fertility, especially the subjective assessment of
sperm morphology. The subjective assessment of sperm morphology
following WHO? criteria was present only in PC5 and accounted
for only 9.2% of the total variance. However, sperm morphometric
analysis by CASA-Morph can explain more than 40% of the variance.
This suggests that the subjective assessment of sperm morphology is
not an efficient method for the evaluation of semen quality, in sharp
contrast to CASA-Morph morphometric analysis.?"

Regarding the changes during adolescence, the increase in semen
volume and total sperm count indicate a likely improvement in
testicular and accessory glands function during this period. The only
variable that decreased as a function of time was pH, reflecting an
increase in seminal fluid acidity. No seminal PC showed correlation
with age, indicating that the correlations observed for volume, sperm
count, and pH were masked when these variables were considered as
part of the general mathematical model.
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It has been noticed that the secretion of seminal plasma increases
with age after oigarche,” but this does not explain the increase in total
sperm count which implies a gradual increase in testicular sperm
production.” The average sperm count in our study was greater than

Table 5: Pearson’s correlation coefficient (r) of the seminogram and
morphometric variables and PCs and the age of the individuals

Total (n=87) No varicocele Varicocele
(n=41) (n=46)
Seminogram
Semen volume 0.339** 0.374* 0.362*
Sperm number 0.330** (n=86) 0.236 0.369* (n=45)
Concentration 0.203 (n=86) 0.076 0.228 (n=45)
Total motility 0.170 0.141 0.099
Progressive motility 0.177 0.118 0.112
Sperm vitality 0.004 (n=86) 0.003 -0.024 (n=45)
Normal morphology 0.053 (n=85b) 0.079 —0.009 (n=44)
pH -0.251* -0.124 -0.310*
Fructose 0.141 (n=63) 0.102 (n=31) 0.216 (n=32)
PC1 -0.085 (n=62) -0.122 (n=31)  -0.219 (n=31)
PC2 0.162 (n=62) 0.136 (n=31) 0.179 (n=31)
PC3 -0.106 (n=62) —-0.008 (n=31) 0.251 (n=31)
Morphometry
Length 0.045** -0.037 0.093**
Width 0.187** 0.181** 0.153**
Area 0.154** 0.102** 0.161**
Perimeter 0.099** 0.037 0.118**
Ellipticity —0.106** —0.175%* —0.046*
Rugosity 0.096** 0.125** 0.056**
Elongation -0.107** —0.155** -0.044*
Regularity 0.034* 0.013 0.044*
PC1 —-0.098** -0.143** —-0.043*
pPC2 0.162** 0.120** 0.160**

For seminogram variables, the number of cases is indicated when different for the whole
considered population, *P<0.05; **P<0.01. For morphometric variables, the total number
was: 11 358; no varicocele: 5369; with varicocele: 5989. After Bonferroni correction for
multiple correlations *P<0.0017; **P<0.0003. PCs: principal components

that reported for Italian® and German? adolescents between 14 and
17 years of age. Using Bonferroni correction, significant morphometric
correlations were found for individual parameters and for PCs. In
general, spermatozoa showed an increase in their head size and a
reduction in elongation during adolescence. The reduction of the
seminal parameter values by PCA showed that three PCs were needed
to explain 69.4% of the variance for the whole population, which
showed slight variations between controls and varicocele donors.
The eight morphometric parameters were reduced to only two PCs,
one referring to shape and the other to size, explaining 86.5% of the
variance. No differences were found in PCs between control and
varicocele groups.

Our study shows that using CASA-Morph technology with
multivariate cluster analyses, two sperm subpopulations of spermatozoa
with different morphometric characteristics can be distinguished in
ejaculates from adolescents. These results support the hypothesis that
human ejaculates, like those of other species, comprise heterogeneous
populations of spermatozoa, and so not all spermatozoa should be
considered as a homogeneous population. To our knowledge, this is
the first description of subpopulations of spermatozoa reported in
adolescents on the basis of morphometric analysis.

Even though subpopulation studies have become a topic of utmost
interest, human sperm subpopulation studies are scarcer than those
reported in other mammalian species, and more focused on the
kinematics properties of spermatozoa.”’ * Despite several studies
suggesting that variations in these populations can be related to fertility
patterns in other species,®* to date, there are no reports describing
sperm morphometric subpopulations in humans. We did not find any
relationship between sperm head subpopulation structure and age.
The variations observed herein could be related to the fact that each
individual presents a well-differentiated subpopulation structure, as
it has been observed in other species. Furthermore, more controlled
studies on age and degree of individual maturity are necessary to shed
some light into maturation during adolescence starting, if possible
with younger donors, looking for the onset of sperm production and
follow-up for longer periods to evaluate the individual evolution.
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Figure 1: Distribution of subpopulations (ordinate, %) for each individual (bars) and age (abscissa). Solid bar corresponds to SP1, cross-hatched to SP2.

SPs: subpopulations.
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Table 6: Morphometric SPs values from the total population and divided into no varicocele and varicocele populations, obtained from
morphometric data (means.d.)
Total No varicocele
SP1 SP2 SP1 SP2 SP1 SP2

Length (um) 5.89+0.63 4.91+0.51 5.83+0.65 4.96+0.49 5.96+0.61* 4.87+0.52*
Width (um) 3.53+0.39 3.08+0.34 3.54+0.38 3.15+0.34 3.52+0.41* 3.03+0.33*
Area (um?) 16.49+1.82 12.18+1.56 16.36+1.67 12.55+1.41 16.64+1.95 11.90+1.61*
Perimeter (um) 16.16+1.15 13.66+1.01 16.05+1.15 13.84+0.90 16.29+1.14* 13.53+1.06*
Ellipticity 1.70+0.34 1.62+0.27 1.68+0.34 1.60+0.28 1.73+0.35* 1.63+0.26*
Rugosity 0.80+0.07 0.82+0.05 0.80+0.07 0.82+0.05 0.79+0.07 0.82+0.05
Elongation 0.25+0.09 0.24+0.08 0.24+0.09 0.22+0.08 0.26+0.08 0.23+0.07
Regularity 0.98+0.04 0.97+0.04 0.98+0.04 0.97+0.04 0.98+0.04 0.97+0.04

*P>0.05 comparing the same subpopulation between no varicocele and varicocele groups, after nonparametric ANOVA by the Kruskal-Wallis test. ANOVA: analysis of variance;

SPs: subpopulations; s.d.: standard deviation

The effects of varicocele on male fertility must be analyzed by
taking into account as many parameters as possible. More recently,
sperm DNA fragmentation analysis has been introduced as a new
diagnostic tool for the evaluation of male fertility.** However, a more
holistic approach, using as many variables as possible, will be required
for a better assessment of male fertility potential.

CONCLUSIONS

The results of this study show that CASA-Morph technology combined
with PC and multivariate cluster analyses is a more useful, simple, and
objective approach for the evaluation of male fertility. The thorough
analysis of semen from adolescents requires substantial research and
the absence of ethical barriers. This would allow developing new
studies to provide additional data as in the case of adult males. The
information derived from our study could have practical applications
for future studies related to subpopulation analysis of human ejaculates
in populations of males of different ages with and without varicocele.
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