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BACKGROUND: A study was undertaken to assess the components of biological variation of seminal parameters in

healthy subjects. METHODS: Twenty donor candidates were included in a 10-week follow-up study. Within- and

between-subject biological variation, indices of individuality and heterogeneity, coef®cient of reliability, critical dif-

ferences, analytical goals and the lowest value observed with a <5% probability of having a true value less than the

World Health Organization (1999) reference value were estimated for the following seminal parameters: concentra-

tion, total motility (WHO grades a + b + c), progressive motility (grades a + b), rapid progressive motility (grade a),

sperm morphology and vitality. All analysis was performed by a single technician according to WHO 1999 guide-

lines for routine semen analysis. Analytical variation was assessed on different types of quality control material

(frozen straws, sperm suspension, videotape, and slides) and at different (low, medium, high) quality levels.

RESULTS: The analytical variation observed depended on the quality control material used and the level of semen

quality. Concentration was the semen parameter with highest within- and between-subject variation, and vitality

the lowest. Indices of individuality were all <0.7, and coef®cients of reliability were high (0.68±0.84). The critical dif-

ference for sequential values signi®cant at P < 0.05 for vitality, progressive motility and morphology (34.4, 49.2 and

58.0% respectively) were lower than for concentration (77.8%). CONCLUSIONS: The study results showed that

conventional reference values for seminal parameters have little diagnostic value because of their marked

individuality, though seminal parameters can be useful for assessing differences in an individual's serial results, in

particular of progressive motility, morphology and vitality.
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Introduction

If a series of samples is taken from one individual for a

particular laboratory test, then the results are not all exactly the

same. The test results of any person vary over time, due to three

factors: (i) pre-analytical in¯uences (in the case of semen,

sexual abstinence period, transport of the sample to the

laboratory, etc.); (ii) analytical random (precision) and sys-

tematic error (bias); and (iii) inherent biological variation

around the homeostatic setting point (this is called within-

subject biological variation). If the same tests were to be

performed on different individuals, the means of the results

would not be found all to be exactly the same. Individual

homeostatic setting points usually vary, and this difference

between individuals is called between-subject biological

variation. When for an analyte, within-subject biological

variation is much less than between-subject biological vari-

ation, the analyte is said to have marked individuality (Fraser,

2001). Although substantial published data are available on

biological variation for many analytes, the most recent and

extensive listing (Ricos et al., 1999) does not include data on

semen parameters.

Applications in the clinical laboratory of biological variation

data include setting analytical quality speci®cations, determin-

ing the change that must occur in an individual's serial results

before the change is signi®cant, calculating the reliability

coef®cient to be used in epidemiology, and deciding the utility

of traditional population-based reference values. In relation to

the latter application, for analytes with marked individuality

the dispersion of values for any individual spans only a small

part of the reference interval. Reference values are then of little

utility, particularly for deciding whether any change has

occurred. For analytes with little individuality, the distribution

of values from a single individual covers much of the entire

distribution of the reference interval derived from reference

subjects. Thus, conventional reference values are of signi®cant

value in many clinical settings.

Numerous studies have been reported on the biological

variation for semen parameters. The controversies concerning
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much of the published data are partly due to the fact that

previous studies dealt with the interval between samples and

the duration of the study (Hotchkiss, 1941; MacLeod and

Heim, 1945; McLeod and Gold, 1951; Freund, 1962; Heuchel

et al., 1983; Poland et al., 1985; Schwartz et al., 1986; Bostofte

et al., 1987; Knuth et al., 1988; Schrader et al., 1988;

Mallidis et al., 1991).

The aim of the present study was to determine the within-

and between-subject biological variation of seminal parameters

by using individual means (homeostatic values) obtained from

week-to-week data over 10 weeks, a period containing only

one spermatogenic cycle (Sharpe, 1994).

Materials and methods

Subjects

For this study of the biological variation of seminal parameters, 33

donor candidates (aged 18±24 years) with no previous history of

andrological pathology were invited to participate, and each gave their

informed consent for participation. Semen quality was not a limiting

factor for inclusion. The subjects agreed to maintain uniform weekly

habits (no medication, and no unusual meals, physical exercise or

sexual habits). Only 20 subjects free of disease and taking no

medication for the duration of the study provided a semen specimen

each week (6 1 day) for 10 weeks. All semen samples were collected

by masturbation in the laboratory after 3±4 days of sexual abstinence.

In order to avoid seasonal in¯uence on the seminal parameters,

samples were collected between October 2001 and March 2002.

Once collected, the samples were kept at 37°C for 45 min before

assessment.

In order to avoid between-observer variability, all analyses were

performed by a single experienced technician who rigorously

followed the WHO (1999) guidelines for routine semen analysis.

Internal quality control was performed throughout the study

period, with acceptable agreement between the experienced

technician and another technician (between-technician coef®cient of

variation <13%). In addition, the centre participated in two external

quality control programmes, the European Society of Human

Reproduction and Embryology (ESHRE) scheme based in

Stockholm and the Spanish programme of external quality control

on semen analysis under the auspices of the Association for the Study

of Reproductive Biology (ASEBIR). The semen characteristics

evaluated were sperm concentration, percentage of total motile

spermatozoa (grades a + b + c), percentage of progressive motile

spermatozoa (grades a + b), percentage of rapid motile spermatozoa

(grade a), percentage of normal forms of spermatozoa and percentage

of living spermatozoa.

Analytical variation

The assessment of components and total analytical variation in semen

analysis was made with quality control materials and with semen

samples obtained from healthy volunteers who gave their informed

consent. Total analytical variation was calculated according to

published recommendations (National Committee for Clinical

Laboratory Standards, 1985). Two aliquots of quality control

materials were analysed in each batch, with two batches per day for

10 days. In total, 40 values from each quality control material for each

seminal parameter were obtained. The quality control material for the

assessment of analytical variation of sperm concentration used was:

frozen straws kept at ±196°C with cryoprotectant added, pools of

formalin (1%) semen suspension, and aliquots from a formalin semen

suspension. Frozen straws and videotape were used for the study of

analytical variation of sperm motility. All straws for the motility

assessment were thawed for 10 min at 37°C before analysis.

Analytical variation of sperm morphology was studied using frozen

straws and unstained and stained smears (Diff-Quick). Analytical

variation of sperm vitality was analysed on Eosin Y-Nigrosin smears

and frozen straws. All quality control materials were prepared at

different levels of semen quality: low (sperm parameter lower

than WHO, 1999 reference value), medium (sperm parameter

near WHO reference value) and high (sperm parameter higher

than WHO reference value). Analytical variation was expressed by

means of the coef®cient of variation (CV = 100 3 standard deviation/

mean).

Biological variation

Before analysing the data from the candidate donors, the Dixon

method was used (Dixon, 1953) to exclude outlying values from a

single subject and to eliminate mean outlying values. One datum from

concentration and one from rapid motility were rejected as outliers.

Outliers were replaced by their respective means. The Shapiro±Wilk

test was applied separately to the set of results from each individual to

analyse the normality of results. All results ®tted a Gaussian

distribution. Although the Cochran test indicated that within-subject

variances were moderately non-homogeneous for concentration, rapid

motility and morphology, the bias produced by applying ANOVA to

compute the total within- and between-subject variances was

considered negligible (Fraser and Harris, 1989) because the indices

of heterogeneity (see below) for all semen parameters studied were

non-signi®cant.

It was assumed that the within-subject variation on seminal

parameters (as for most analytes and cell parameters in healthy

subjects) was a random independent ¯uctuation around a homeostatic

set-point, depending only on analytical imprecision and biological

variation (Harris, 1970; Fraser, 1988). The total variability, total

within-subject variance (s2
Bw+a) (including both analytical variance

and within-subject biological variance) and total between-subject

variances (s2
Bb+a) (including both analytical variance and between-

subject biological variance) were separated with ANOVA according

to published methods (Fraser and Harris, 1989). The computed

variances for the respective semen parameters were transformed

into the corresponding coef®cients of variation (CVBw+a and

CVBb+a respectively) using the overall means of the seminal

parameters. The within-subject (CVBw) and between-subject (CVBb)

values were calculated from the CVBw+a and CVBb+a values using the

formulas:

CV2
Bw = CV2

Bw+a ± CV2
a

CV2
Bb = CV2

Bb+a ± CV2
a

The subtracted CVa corresponded to the CV obtained to the similar

concentration or percentage in the experiment on analytical variation,

as indicated in Table I.

The index of heterogeneity (IH) (ratio of CVBw+a to the theoretical

CV) was obtained by applying the following formula:

IH = CVBw+a/[(2/n ± 1)1/2 3 100]

where n is the number of samples per individual. In the present study,

with 10 data for each subject, an IH < 1.45 indicated that the within-

subject data were homogeneous because the index was <{1 + 2[1/

(2n)1/2]} (hypothesis of non-heterogeneity of true within-subject

variances) (Harris, 1970).
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The index of individuality (II), CVBw+a/CVBb, describes the

relationship between within-subject and between-subject variation

and was used to evaluate the usefulness of conventional population-

based reference values. If the index was low (< 0.60), an abnormal

value for a person was likely to appear within the reference interval;

conversely, the marker was useful for assessing differences in an

individual's serial results. A high index (> 1.4) distinguished abnormal

and normal values.

The critical differences (CD) at a signi®cant level of P < 0.05 were

calculated according to the following formula:

CD (%) = 2.77 3 [(CVBw )2 + (CVa)2]1/2

The CD, also called the least signi®cant change and reference change

value, is the minimum difference between two successive measure-

ments in an individual that can be considered to re¯ect a true

biological change.

The desirable imprecision (CVD), bias (expressed as relative

deviation RDD, %) and total error (TED) for each WHO (1999)

procedure for routine semen analysis, were calculated using the

following criteria according to Fraser et al. (1997):

CVD < 0.75 CVBw

RDD � 0:375
�����������������������������
CV2

Bw ÿ CV2
Bb

p
TED � 1:65 � CVD � RDD

From the above variance components, the reliability coef®cient (R)

was computed; this was the ratio of the between-subject-person

variance to the total observed population variance:

R � CV2
Bb=�CV2

Bw � CV2
Bb � CV2

a�

To compute the lowest value observed (xobs) from seminal parameters

with a <5% probability of having a true value less than WHO (1999)

reference values (RV), the following approach was used:

xobs � RV� 1:96
�����������
s2

Bw�a

q

Results

The values obtained for analytical imprecision are shown in

Table I. The CVa for semen parameters depended on the

quality control material used and the level of semen quality.

Cryopreserved sperm always showed the highest CVa. Among

semen parameters at medium level of quality, vitality showed

the lowest CVa, whereas rapid motility showed the highest.

The means and the components of biological variation of the

semen characteristics found in the study, expressed in terms of

CV, are listed in Table II. Sperm vitality showed a lower

within-subject variability than other semen characteristics, and

sperm concentration showed the highest. Sperm concentration,

rapid motility and percentage of normal forms showed high

between-subject variabilities compared with other semen

parameters. All semen characteristics studied showed an II <

0.70 (Table III). Total and progressive motility, morphology

and vitality showed CD lower than that of concentration and

rapid motility. All semen parameters showed homogeneity

since all IH were < 1.45. The reliability coef®cients ranged

from 0.68 (index of individuality = 0.68) for total motility to

0.83 (index of individuality = 0.44) for rapid progressive

motility.

The lowest values observed for semen parameters with a

<5% probability of having a true value less than the WHO

(1999) reference value are listed in Table III. These data were

not calculated for total motility because there was no WHO

(1999) reference value available. The analytical goals based on

biological variability are shown in Table IV.

Discussion

The analytical variations observed for semen parameters were

similar to the intra-technician variations reported by other

authors in programmes of internal quality control (Neuwinger

et al., 1990; Cooper et al., 1992). Although the present results

Table I. Mean values and analytical variation with different control materials at different quality levels

Analytical parameter Low level Medium level High level

Mean CVa Mean CVa Mean CVa

Sperm concentration (3106/ml)
Frozen straws 8.9 10.4 40.6 11.8 115.6 11.6
Semen pool 8.8 8.2 43.3 8.4a 123.7 7.9
Aliquots semen pool 9.2 9.9 53.0 10.9 102.8 10.8
Motility `a+b+c' (% motile forms)
Frozen straws 15.4 12.5 51.8 8.9a 75.2 8.7
Videotape 10.4 7.4 51.9 5.8 71.4 5.3
Motility `a+b' (% motile forms)
Frozen straws 10.5 13.5 43.7 9.2a 67.9 9.6
Videotape 10.4 9.7 40.6 7.3 4.4 6.9
Motility `a' (% motile forms)
Frozen straws 4.5 16.8 23.9 12.9a 44.4 12.8
Videotape 4.8 10.8 21.3 7.5 38.2 7.8
Morphology (% normal forms)
Frozen straws 3.6 17.9 14.6 14.2 26.2 13.7
Unstained smears 4.7 9.2 15.1 7.3a 24.9 6.6
Stained smears 6.7 9.9 13.8 7.0 23.4 7.1
Vitality (% live forms)
Frozen straws 23.2 13.4 40.3 9.6 82.1 9.7
Stained smears 15.1 10.3 52.2 6.9a 76.2 7.4

aValues used to calculate components of biological variability.
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on CVa for concentration and vitality were in agreement with

those of others (Auger et al., 2001), the motility results were

lower in the present study than in the cited paper.

Reproducibility in the assessment of sperm parameters is

dependent upon operator training and continuous monitoring.

For this purpose, the technician herein participated in internal

quality control programmes, with acceptable agreement

between technicians, and also in external quality control

schemes (ESHRE and ASEBIR programmes).

For total within-subject variability for percentage of normal

forms, a CVBw+a value of 20.9% was found, which was higher

than previously reported values of 16% (Poland et al., 1985)

and 9% (Knuth et al., 1988). The criteria used to assess normal

forms by these authors were different from those in the present

study, and this had a direct impact on subject variability. The

present percentage of normal forms was lower than that

obtained by other authors but, as has been shown, it was in

agreement with that of another group (Cooper et al., 1992); the

CVa of the percentage of normal forms is inversely related to

the percentage of normal forms. A comparison of the present

®ndings with those of other authors who studied within-subject

variability for morphology is not possible as they determined

the percentage of abnormal forms (Hotchkiss, 1941; MacLeod

and Heim, 1945; McLeod and Gold, 1951; Freund, 1962;

Schwartz et al., 1986; Bostofte et al., 1987).

Today, quality control plays a very important role in the

andrology laboratory (World Health Organization, 1999), but

before laboratory quality can be controlled it is essential to

know exactly what level of quality is needed to ensure

satisfactory clinical decision making. Different proposals have

been published regarding the quality requirements of methods

of analyte measurement (Petersen et al., 1999). One group

(Cotlove et al., 1970) proposed that minimally acceptable CVa

for assays should be equal to or less than half of the within-

subject variation (< 0.5 CVBw). However, for assays that with

currently available techniques could not easily meet the

analytical goals (< 0.5 CVBw), others (Fraser et al., 1997)

suggested a new analytical goal (< 0.75 CVBw). The present

authors recommend the use of the former goals because the

WHO (1999) techniques are carried out manually. The goals

for precision (CVa) were met for all semen parameter assays,

except for some assays in which frozen straws were used as

quality control material. For this reason, the present authors

agree with others (Clements et al., 1995) in rejecting

cryopreserved samples as part of routine quality control in

the laboratory. Recently, it has been shown (Johnson et al.,

2003) that Westgard quality control rules are repeatedly

violated when frozen sperm pellets are used as quality control

material and in computer-assisted semen analysis (CASA)

systems. Therefore, the present authors do not consider these

rules acceptable as a daily-use quality control material for

semen analysis.

These analytical goals can be used to study other semen

analysis techniques. For example, one group (MartõÂnez et al.,

2000) evaluated sperm quality analyser-IIB, and in the

imprecision assay observed mean CVa values of 17.2, 11.1

and 6.3% for concentration, total motility and normal forms

respectively. All assays met the analytical goals previously

established. However, the goal for precision assays of sperm

motility was not met by two groups (Clements et al., 1995;

Johnson et al., 2003) who used frozen straws and CASA (CVa

= 18.4% and 28.4% respectively). These results suggest a lack

of stability of frozen sperm pellets, most likely due to technical

factors (such as sample preparation, storage conditions,

thawing, etc.). Analytical goals, nevertheless, are targets to

aim for, rather than in¯exible criteria for acceptance or

rejection (Fraser, 2001).

It appears that the less speci®c the semen parameters, the

greater the biological variation. The greatest biological vari-

ations, both within- and between-subjects, were found for

sperm concentration. The large ¯uctuations of sperm concen-

trations in an individual may re¯ect variations in sperm

production in normal germinal epithelium, while the high

between-subject variability re¯ects differences in homeostatic

set-points among individuals, probably arising from such

Table IV. Analytical goals for semen parameters using biological variation

Parameter CVD RDD TED

Concentration <20.1 <23.4 <56.6
Total motility <13.8 <13.1 <35.8
Progressive motility <11.4 <13.5 <32.3
Progressive rapid motility <14.1 <20.7 <43.9
Morphology <14.7 <18.1 <42.3
Vitality <7.7 <10.4 <23.2

CVD = desirable imprecision; RDD = desirable relative deviation; TED =
desirable total error.

Table II. Mean and components of biological variation for semen
parameters

Mean CVBw+a CVBw CVBb

Concentration (3106/ml) 68.1 28.1 26.8 56.4
Total motility (%) 45.8 20.4 18.4 29.8
Progressive motility (%) 36.1 17.8 15.2 32.8
Progressive rapid motility (%) 17.8 22.8 18.8 51.8
Morphology (%) 12.7 20.9 19.6 44.0
Vitality (%) 62.4 12.4 10.3 25.8

CVBw+a = total within-subject variation; CVBw = within-subject variation;
CVBb = between-subject variation.

Table III. Indices of individuality and heterogeneity, critical differences,
coef®cient of reliability and the lowest value observed with a <5%
probability of having a true value less than the WHO (1999) reference
value for semen parameters.

Parameter II CD (%) IH R xobs

Concentration 0.50 77.8 0.60 0.80 57.5 (3106/ml)
Total motility 0.68 56.5 0.43 0.68 *
Progressive motility 0.54 49.2 0.38 0.77 62.6%
Progressive rapid motility 0.44 63.1 0.48 0.83 32.9%
Morphology 0.48 58.0 0.44 0.82 20.2%
Vitality 0.48 34.4 0.26 0.81 90.2%

*, not calculated, as no WHO (1999) reference value available.
CD = critical differences; IH = index of heterogeneity; II = index of
individuality; R = reliability coef®cient; xobs = lowest value observed with a
<5% probability of having a true value less than the WHO (1999) reference
value.
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factors as genetic characteristics and environment (Auger et al.,

2001). The best homeostatic regulation within an individual

and also the smallest between-subject variability were found

for vitality and total motility. These ®ndings were in accord-

ance with previous studies on within-subject variations of

semen parameters over short periods (3±6 months) (Poland

et al., 1985; Knuth et al., 1988). However, over longer periods

(> 9 months to years) results are contradictory (Heuchel et al.,

1983; Bostofte et al., 1987; Schrader et al., 1988; Mallidis

et al., 1991).

The within-subject (10.3±26.8%) and between-subject

(25.8±56.4%) variability for semen parameters observed in

the present study were similar to those observed by others

(Valero-Politi and Fuentes-Arderiu, 1993) for sexual hormones

in young men (within subjects, 9.4±24.0%; between subjects,

21.3±51.6%), suggesting that there is a similar homeostatic

regulation of reproductive system components.

Semen parameters showed lower levels of variability within-

subjects than between-subjects, and this was in agreement with

a previous report (Heuchel et al., 1983). Thus, the II for semen

characteristics was low (< 0.7). The II is used to assess

objectively the utility of population reference values for

diagnostic purposes, and can rangeÐat least theoreticallyÐ

from zero to in®nity. When the II of an analyte is low (< 0.6), a

typical individual's test results stay within a relatively narrow

interval of the population-based reference value, and compari-

son of an individual's test results with population-based

reference intervals to determine disease status or a change in

disease status is of limited use (Harris, 1974; Fraser and Harris,

1989; Solberg and Grasbeck, 1989). Semen parameters showed

strong individuality (a low II). As shown in Figure 1, this

means that individual subjects can present semen parameters

that are very unusual for them, yet these values are still well

within conventional reference values.

The role of semen parameters as a prognostic factor of a

male's fertility potential is a matter of ongoing debate

(Ombelet et al., 1997a, b; Guzick et al., 2001; Menkveld

et al., 2001). Receiver operating characteristic (ROC) curves

are often used to determine the sensitivity and speci®city of

different cut-offs of semen parameters in order to distinguish

between the fertile and subfertile population, on the basis of the

largest area under the curve. However, numerous authors have

observed that sensitivity of the semen parameters is poor,

indicating a large overlap in the distribution of these variables

in the fertile and infertile groups (Ombelet et al., 1997a, b;

Gunalp et al., 2001; Menkveld et al., 2001).

As commented above, it cannot be concluded from the

present resultsÐunlike other authorsÐthat either morphology

(Ombelet et al., 1997b; Gunalp et al., 2001; Guzick et al.,

2001) or progressive motility (Gunalp et al., 2001) are better

than sperm concentration to distinguish between fertile and

subfertile individuals. However, as the former criterion showed

strong individuality and critical differences between consecu-

tive values (P < 0.05) lower than sperm concentration, it can be

concluded that these parameters are better than concentration

for assessing differences in an individual's serial results.

Repeated measurements on individual subjects allow an

analysis to be made of whether a critical difference has been

exceeded or whether a non-random trend has occurred. The

calculated critical differences, which are close to 50% for both

motility and morphology, indicate that relatively large changes

in these parameters (less than those for concentration, close to

80%) are required before any certainty can be felt that the

change is signi®cant. As shown in Figure 1, for certain sperm

parameters (concentration, morphology and rapid motility)

some subjects appear to have a small CVBw, and some a large

CVBw. This apparent heterogeneity of within-subject variation

can be examined by the index of heterogeneity proposed

previously (Harris, 1970). Indices of heterogeneity for all

semen parameters studied were non-signi®cant. In conse-

quence, for commonly performed semen analysis, the critical

difference detailed here will be generally applicable and useful

in clinical practice. It should be emphasized that the observed

variation is based on measurements in the semen of healthy

individuals. The variation in semen parameters in pathological

men (subfertile) with very low levels cannot be predicted from

the present data (Fraser and Harris, 1989). Moreover, because

the analytical variance must be used for the calculation of the

critical differences, each laboratory should make its own

calculations for these values. Therefore, the critical difference

shown in Table III is shown only for a sample.

Epidemiological studies attempt to relate between-subject

differences in various measured `risk factors' for disease

occurrence. Therefore, it is the between-subject variability in a

measured risk factor that is important in establishing epidemio-

logical risk factor±disease associations (i.e., hopefully, CVBb is

large in relation to CVBw and CVa). The reliability coef®cient

is the ratio of the between-subject variability to the total

observed population variability, and it can range from zero to

1.0 for an epidemiological study, but optimally is near unity.

When the reliability coef®cient is very high, a single

measurement of an analyte concentration in a study participant

will correctly classify that participant with respect to his or her

homeostatic set point. The relatively high reliability coef®cient

found for semen parameters, as shown previously (Poland et al.,

1985), suggests that basic semen measures are relatively stable

within subjects. These authors propose that individuals do have

characteristic patterns of spermatogenesis.

The present ®ndings establish that a man with >583106

spermatozoa/ml, 63% sperm progressive motility, 33% rapid

motility or 20% normal forms has a <5% probability of having

a true value less than the WHO (1999) reference value. As for

other studies (Overstreet and Davis, 1995; Guzick et al., 2001),

it was estimated in the present investigation that instead of a

single value for each semen parameter which supposedly

distinguishes between `normal' and `abnormal', it is better to

have two values that allow for the description of three groups.

Using WHO (1999) reference values, and only from a

theoretical point of view, these results allow three groups to

be de®ned: (i) normal or fertile (men with values higher than

these cut-off values); (ii) pathological or subfertile (lower than

the WHO values); and (iii) intermediate fertility (between the

WHO value and the above cut-off values). This classi®cation

system is clinically meaningful and is appropriate for what is,

biologically, a continuous function. However, this hypothesis

should be checked with clinical data.
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It is interesting that when the minimum observed value was

calculated for semen parameters with a <5% probability of

obtaining a true value less than the reference value for

subfertile patients from a more recent report (Guzick et al.,

2001) rather than previous reference values (World Health

Organization, 1999), a concentration of >513106/ml and

>13% normal morphological features were obtained. These

values were very similar to those reported by these authors

(>49.03106/ml and >13% respectively) to de®ne the fertile

group. Moreover, these values are in accordance with the

results of three studies on the relationship between time to

pregnancy and semen concentrations. In a study on partners of

pregnant women who obtained their pregnancy without

medical assistance (MacLeod and Gold, 1953), the median

time taken to conceive was shorter among subjects with a

sperm concentration >403106/ml than among those with a

sperm concentration between 20 and 393106/ml. A study of

®rst pregnancy planners (Bonde et al., 1998) also indicated that

sperm concentration could indeed in¯uence fecundity up to

403106/ml. Finally, a recent cross-sectional study showed that

increasing sperm concentration up to 553106/ml in¯uenced

time to pregnancy (Slama et al., 2002).

In conclusion, the results of the present study showed that

conventional reference values for seminal parameters have

little diagnostic value because of their marked individuality,

although seminal parameters may be useful for assessing

differences in an individual's serial results, in particular of

progressive motility, morphology and vitality.

Figure 1. Scatterplots for semen parameters in 20 healthy donor candidates for a 10-week follow-up study. Samples were obtained on a
week-to-week basis.
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