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Abstract The present study is based on a PubMed search and compares the clinical validity of classical semen parameters (CSP) and
the sperm chromatin structure assay (SCSA) in different clinical contexts. The PubMed database was searched using keywords on the
sperm diagnostic test for pregnancy in three clinical scenarios: (i) couples attempting to conceive; (ii) couples who had been
attempting to conceive for 12 months without success; and (iii) couples treated with intrauterine insemination (IUl). There was a
considerable heterogeneity among the studies included. For couples attempting to conceive following a SCSA that produced an
abnormal result, the likelihood of male factor infertility ranged from a pre-test value of 7.5% to a post-test value of 32.1% [95% con-
fidence interval (Cl) 15.7—54.5], while after CSP with an abnormal result, the post-test probability was 17.3% (95% Cl 11.8—24.5).
For a pre-test prevalence of male factor infertility of 50%, the post-test probability of male factor infertility after an abnormal test
is very similar for both SCSA and CSP. In couples treated with IUI, the clinical validity of SCSA is higher than that of sperm morphol-
ogy alone, but not enough to introduce SCSA as a test in male infertility work-up. nline
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Introduction parameters (CSP) (Kvist and Bjorndahl, 2002; World Health

Organization [WHO], 1999). Nevertheless, the clinical value
Traditionally, the definition of a male factor has been based of CSP has been questioned (Alvarez et al., 2003; Bonde
on the concentration, motility and morphology of spermato- et al., 1998; Glazener et al., 1987; Lewis, 2007; Nallella
zoa in semen, which are referred to as the classical sperm et al., 2006; Swan, 2006). In consequence, other functional
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tests have been proposed for a more direct assessment of
male fertility potential. Among such tests are those based
on an analysis of DNA stainability to estimate DNA damage
or fragmentation. The introduction of the sperm chromatin
structure assay (SCSA), first described in 1980, enabled the
level of DNA breaks to be quantified by means of the DNA
fragmentation index (DFl) using a flow-cytometric tech-
nique (Evenson et al., 1999).

Sperm DNA fragmentation assessment has been recom-
mended as a complementary test in male infertility work-
up by some authors (Evenson and Wixon, 2008; Saleh
et al., 2002, 2003), especially in order to choose the most
appropriate assisted reproduction treatment (Erenpreiss
et al., 2006). However, other authors have suggested that
this investigation should be introduced as a routine test in
infertile men, based on the observation that a significant
proportion of men with normal CSP have high levels of al-
tered DNA stainability, which was interpreted as DNA dam-
age (Erenpreiss et al., 2008; Nicopoullos et al., 2008).
However, before introducing any diagnostic test into clini-
cal practice, its clinical validity needs to be compared with
that of existing methods (Bossuyt et al., 2000).

One way to assess the usefulness of a test is to calculate
the ratio of the probability of a given test proving positive
for patients with a specific condition (e.g. subfertility
caused by a male factor) to the probability of the same test
producing a positive result for patients without this condi-
tion (e.g. fertile men). This is termed the likelihood ratio
(LR) and it represents the magnitude of change from a clini-
cian’s initial suspicion of the presence of disease (pre-test
probability) to the likelihood of disease after the test result
(post-test probability). The likelihood ratio is of enormous
practical value, and it is becoming the preferred way of
expressing and comparing the usefulness of different tests
(Greenhalgh, 1997; Sackett et al., 1991). It is also necessary
to determine the pre-test probability of disease (clinical
scenario) in order to define the clinical validity of a test.

A test used in the investigation of male infertility can be
put into practice in different clinical scenarios with differ-
ent pre-test probabilities. First, when a couple decide to
try to conceive, men with a normal result may be encour-
aged to try longer, but a man with an abnormal result is
not likely to cause a spontaneous pregnancy and the couple
is best helped if an infertility investigation with semen anal-
ysis according to international standards is initiated without
further delay (Lefiévre et al., 2007). The prevalence of male
factor subfertility in this scenario has been estimated at
7.5% (15% of couples are subfertile and male factors are be-
lieved to be involved in half of them). Second, a male factor
test may be performed when a couple has been trying to
conceive for 12 months without success (subfertile pa-
tients), and so a diagnostic test is required to determine
the cause of this infertility and to predict which couples
are likely to conceive spontaneously during the forthcoming
months, and which are not. The prevalence of a male factor
among subfertile couples attending a tertiary referral cen-
tre is 50%. Third, male factor subfertility is tested when as-
sisted reproduction treatment is required. In this case,
recent meta-analyses have shown that DNA fragmentation
does not predict clinical pregnancy when IVF or intracyto-
plasmic sperm injection is performed (Collins et al., 2008;
Zini et al., 2008). Therefore, the only use of the DNA frag-

mentation test in relation to assisted reproduction treat-
ment is to decide whether or not to carry out intrauterine
insemination (IUl) or to pass directly to IVF.

This paper, based upon a PubMed search, compares the
clinical validity of CSP and SCSA in different clinical scenar-
ios in order to determine whether the introduction of DNA
fragmentation assessment would give more information
than that obtained from CSP.

Materials and methods

In order to compare the clinical validity of SCSA and CSP in
diagnosing male factor infertility, the results of the system-
atic reviews or meta-analyses that have been published
regarding each clinical situation were compared, and when
none was found, a systematic search was performed.

Systematic reviews and meta-analyses were only found
for 1Ul (Cocuzza et al., 2007; Evenson and Wixon, 2006;
Van Waart et al., 2001) (Table 1). For other clinical situa-
tions, a systematic review of PubMed was performed (from
1993 to August 2008). The systematic search for papers rel-
evant to this study produced only limited results, which
were supplemented by consulting other information sources
via citations and an extensive review of the literature. For
the systematic search, the terms ‘semen’, ‘pregnancy’
and ‘human’ for humans were combined and initially ob-
tained 1592 hits. After scanning of citations and abstracts,
1563 of these were excluded. Thus, a total of 29 possible
relevant publications were analysed. After reviewing these
papers, a further six were excluded because they compared
normozoospermic with oligoastenozoospermic patients, and
a further eight because they were based on the time to
pregnancy. Of the 15 potentially useful articles, the study
only included the ones that contained (or enabled the
reconstruction of) 2 x 2 tables (true positive, false positive,
true negative and false negative), such that the diagnostic
efficiency statistics could be derived. According to Stan-
dards for Reporting of Diagnostic Accuracy (STARD) an
abnormal result is denominated positive (Bossuyt et al.,
2003). Therefore, the number of publications included was
further reduced to 11, of which three were included in
the group of Natural Relations (two SCSA and one CSP),
and eight in the group of fertile versus infertile (two SCSA
and six CSP). These studies are described in Table 1.

In order to compare the clinical validity of SCSA and CSP,
a statistical analysis was carried out as described below.
The following diagnostic efficiency statistics were used for
this comparison: sensitivity, specificity, positive LR (LR+)
and negative LR (LR—). In addition, whenever possible,
the positive predictive value (PPV) and the negative predic-
tive value (NPV) were calculated. To investigate all studies
standardized for different levels of prevalence, predictive
values with fixing values of prevalence were calculated for
a prevalence of 7.5% (cf. couples attempting to conceive;
PPV-7.5; NPV-7.5), 50% (cf. fertile versus subfertile couples;
PPV-50; NPV-50) and 85% (cf. couples receiving IUl; PPV-85;
NPV-85), and unconditional PV (uPPV; uNPV) were calcu-
lated (Jialiang et al., 2007).

In all cases, the point estimations of the diagnostic effi-
ciency statistics and the asymptotic confidence intervals
were calculated. For the case of uPPV and uNPV, bootstrap
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Table 1 Studies included in systematic review.
Study Clinical Spectrum of Test Seminal TP FN FP TN
scenario patient parameter
Evenson et al. Attempting to Couples SCSA DFI 6 25 4 109
(1999) conceive attempting
to conceive
Spano et al. Attempting to First pregnancy SCSA DFI 25 84 4 102
(2000) conceive planners with no
previous
knowledge of their
fertility capability
Bonde et al. Attempting to Couples CSP  Sperm concentration 49 120 28 221
(1998) conceive attempting to
conceive
Chohan et al. Fertile versus Fertile donors, SCSA DFI 12 48 0 7
(2006) subfertile patients  subfertile men
Saleh et al. Fertile versus Fertile donors, SCSA DFI 53 39 0 15
(2002) subfertile patients  subfertile men CSP  Concentration, 21 71 1 15
motility, morphology
Bartoov et al. Fertile versus Subfertile males, CSP  Semen analysis index 43 64 3 98
(1993) subfertile patients fertile males
Guzick et al. Fertile versus Subfertile males CSP  Sperm concentration 113 652 27 669
(2001) subfertile patients men with proven
fertility
Menkveld et al. Fertile versus Oligozoospermic ~ CSP  Morphology 77 26 24 83
(2001) subfertile patients subfertile males,
fertile men
Nallella et al. Fertile versus Subfertile males, CSP Percentage motility 123 43 6 50
(2006) subfertile patients men with proven
fertility
Ombelet et al. Fertile versus Subfertile couples, CSP  Normal count 85 51 27 117
(1997a) subfertile patients fertile men
Bungum et al. Intrauterine Unexplained SCSA DFI 22 86 1 22
(2004) insemination subfertility
Bungum et al. Intrauterine Unexplained SCSA DFI 64 245 2 76
(2007) insemination subfertility
Karabinus and Intrauterine Whole subfertile  CSP  Morphology 50 441 3 44
Gelety (1997) insemination population
Lindheim et al. Intrauterine Whole subfertile ~ CSP  Morphology 98 62 1 15
(1996) insemination population
Matorras et al. Intrauterine Whole subfertile ~ CSP  Morphology 154 89 18 10
(1995) insemination population
Montanaro Gauci Intrauterine Whole subfertile ~ CSP  Morphology 37 239 1 35
et al. (2001) insemination population
Ombelet et al. Intrauterine Whole subfertile ~ CSP  Morphology 295 384 40 76
(1997b) insemination population
Toner et al. Intrauterine Whole subfertile ~ CSP  Morphology 80 274 6 35
(1995) insemination population

CSP, classical semen parameters; DFI, DNA fragmentation index; FN, false negative; FP, false positive; TN, true negative; TP,
true positive; SCSA, sperm chromatin structure assay.

intervals were computed because explicit expressions for
standard errors of estimates were not available (Jialiang
et al., 2007). When the 2 x 2 tables contained zero cells,
reasonable estimates of some parameters (likelihood ratios,
odds ratio, etc.) were not possible. In order to avoid these
problems, 0.5 was added to all cells of the table (Zhou

et al., 2002). Post-test probability was calculated using a
likelihood ratio nomogram (Fagan, 1975).

It was anticipated that, in accordance with other diag-
nostic reviews (Collins et al., 2008), there would be consid-
erable heterogeneity of results among the different studies.
For each of the tests in the different clinical scenarios, the
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heterogeneity of the diagnostic test properties was assessed
by Cochran’s Q test (Greenland, 1987). In addition, the het-
erogeneity was quantified by the /? value, i.e. the propor-
tion of variability across studies that is due to
heterogeneity rather than chance (Higgins and Thompson,
2002). Very high values in this respect (above 0.5) reflect
a high degree of heterogeneity and suggest the need for a
more detailed study of the subgroups included. In this re-
port, the small number of studies did not allow for a de-
tailed exploration of the reasons for heterogeneity using
meta-regression techniques. Finally, a pooled estimation
of the diagnostic efficiency statistics for each test was per-
formed and compared SCSA and CSP using the method pro-
posed by Dersimonian and Laird (1987), which is affected
only to a minor degree by heterogeneity among the studies.
To calculate the pooled diagnostic odds ratio and LR, a cor-
rection factor of 0.5 was added to all four cells in the 2 x 2
table and logs were used in accordance with the recommen-
dations of Gart and Zweiful (1967). The data for the differ-
ent studies were analysed using STATA version 10.1 software
(StataCorp LP, College Station, TX, USA).

Results

In all the scenarios analysed, the pooled specificity, PPV,
PPV calculated with a fixing value of prevalence and uPPV
were higher than the pooled sensitivity, NPV, NPV calcu-
lated with a fixing value of prevalence and uNPV,
respectively. In the same way, the increase in the probabil-
ity of male factor subfertility or of non-pregnancy with IUI
after a positive SCSA or CSP result (LR+; rule in disease)

was higher than the increase in the probability of a couple
not presenting male factor subfertility or pregnancy with
IUI after a negative result (LR—; rule out disease).

For couples seeking to conceive, only pooled specificity
showed a significantly higher value for SCSA than for CSP,
while the other pooled diagnostic efficiency statistics ob-
tained were similar in SCSA and CSP (Table 2). In this sce-
nario, after a SCSA with an abnormal result, the likelihood
of male factor subfertility would increase from the pre-test
probability of 7.5% to a post-test probability of 32.1% (95%
Cl 15.7—54.5), and after a CSP analysis with an abnormal re-
sult, it would increase to a post-test probability of 17.3%
(95% CI 11.8—24.5) (Figure 1). These differences in LR are
not statistically significant (Table 2).

In the fertile versus subfertile scenario, almost all the
sensitivity and specificity values were heterogeneous (i.e.
the /7 values were higher than 0.50) (Table 3). Statistically
significant differences (P < 0.05) were only observed in PPV
and NPV, with a higher PPV for SCSA and a higher NPV for
CSP. Nevertheless, these differences disappear with PPV-
50 and uPPV (Table 3). For a pre-test prevalence of male
factor infertility of 50%, the post-test probability of male
factor infertility after an abnormal test is very similar for
SCSA and CSP (Figure 1).

A high degree of heterogeneity was observed among the
studies included in the meta-analysis of sperm morphology
in Ul (Table 4). In this scenario, the clinical validity of SCSA
was higher than that of sperm morphology, with a LR+ value
for SCSA of 6.1 (2.6—14.6) and of 1.9 (1.1—3.0) for sperm
morphology (P < 0.05). For a pre-test probability of non-
pregnancy after IUl of 85%, the post-test probability of
non-pregnancy after an abnormal SCSA was 97.2% and after

Table 2 Diagnostic efficiency statistics not related to prevalence for sperm chromatin structure assay and classical semen

parameters when couples are seeking to conceive.

Study Sensitivity ~ Specificity = Estimated PPV Unconditional Positive Negative Diagnostic
according to positive likelihood likelihood odds ratio
7.5% predictive ratio ratio
prevalence value
SCSA Evenson 0.19 0.96 0.31 0.76 5.47 0.84 6.20
et al. (1999) (0.70—0.36) (0.92—0.99) (0.10—0.68) (0.55—-0.91) (1.36—26.60) (0.66—0.97) (1.53—24.76)
Spano 0.23 0.96 0.33 0.77 6.08 0.80 6.87
et al. (0.15—0.32) (0.92—0.99) (0.17—0.70) (0.65—0.91) (2.57-28.11) (0.71-0.89) (2.78—25.69)
(2000)
Pooled 0.22 0.96 0.32 0.77 5.83 0.81 6.60
(0.15—0.30) (0.94—0.99) (0.13-0.52) (0.66—0.87) (2.30—14.81) (0.73-0.89) (2.77—15.73)
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CSP Bonde 0.29 0.89 0.17 0.65 2.58 0.80 3.19
et al. (0.22—0.36) (0.85—0.93) (0.13—0.26) (0.60—0.73) (1.78—4.28)  (0.72—0.88) (1.98—5.56)
(1998)
Pooled 0.29 0.89 0.17 0,65 2.58 0.80 3.19
(0.22—0.36) (0.85—0.93) (0.11—-0.24) (0.59—-0.72) (1.66—4.00) (0.71—-0.89) (1.91-5.36)
? 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P NS 0.001 NS 0.070 NS NS NS

Values in parentheses are 95% Cl; CSP, classical semen parameters; NS, not statistically significant; SCSA, sperm chromatin structure assay.
2P-value obtained from the comparison of the pooled estimation of diagnostic efficiency statistics of SCSA versus CSP.
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this disease.

an abnormal sperm morphology result, it was 91.3%
(Figure 1).

Discussion

Depending on the disease and the use made of the test
(diagnostic or screening) the clinician needs certain attri-
butes of a test to be more accentuated than others (e.g.
more sensitivity or more specificity). In the case of the diag-
nostic test of male infertility, the test should have the low-
est possible number of false positives (fertile men testing as
abnormal). This is for two reasons; first, due to the ‘physio-
pathological reason’ described by Jeyendran and Zaneveld
(1993). False negatives in diagnostic testing of male infertil-
ity are not important because when a single test gives nor-
mal results this does not mean that other defects, which
may render the spermatozoa infertile, are not present.
The characteristic evaluated by the test is only one among
a multitude of factors determining fertility. For this reason,
diagnostic tests of male infertility normally present low lev-
els of sensitivity. However, a false positive in a diagnostic
test of male infertility indicates that the parameter
analysed is not really important because, even when it is
abnormal, fertility can occur. The second reason could be
named the ‘clinical reason’. From a clinical point of view,
it seems more acceptable to consider diagnosing subfertile
males as fertile rather than diagnosing fertile males as sub-
fertile. This approach would prevent the over-treatment of

potentially fertile males, for instance, by referring couples
for intracytoplasmic sperm injection when another, less
aggressive treatment could have been employed (Sergerie
et al., 2005).

The false positive rate is inversely related with PPV.
Therefore, for the reasons mentioned above, a diagnostic
test of male infertility should have a high PPV. However,
PPV is crucially dependent on the population chosen and
on the prevalence of the disease or disorder. The test
(PPV) performs less well with lower rates of prevalence.
This means that differences among studies that analyse
the clinical utility of diagnostic tests may be caused by dif-
ferences in prevalence rates, and not by true differences in
test performance. For an appropriate comparison of PPV
rates, various strategies were used, including deriving the
predictive value calculated with a fixing value of prevalence
and calculating uPPV and uNPV. Neither in the case of cou-
ples seeking to conceive nor in the comparison of fertile
versus subfertile men did either of these strategies reveal
significant differences concerning the predictive value of
SCSA and CSP.

Unlike PPV, LR is independent of disease prevalence, and
the larger the LR+, the greater the likelihood of male infer-
tility. In accordance with the above observations, an ideal
diagnostic test of male subfertility should be capable of
finding male subfertility, i.e. it should have a high LR+.
The DNA fragmentation test has been presented as fulfilling
this condition of being a test of ‘infertility’ (Evenson and
Wixon, 2006). Evenson and Wixon (2008), basing their



Table 3 Diagnostic efficiency statistics not related to prevalence for sperm chromatin structure assay and classical semen parameters in fertile patients versus
subfertile patients.

Study Sensitivity Specificity Estimated Unconditional Positive Negative Diagnostic
PPV according positive likelihood likelihood odds ratio
to 50% predictive ratio ratio
prevalence value

SCSA Chohan et al. (2006) 0.20 0.87 0.62 0.58 1.60 0.91 1.29
(0.10—0.31) (0.60—0.96) (0.30—0.85) (0.36—0.76) (0.43-5.69) (0.75—1.35) (0.25—6.84)
Saleh et al. (2002) 0.58 0.94 0.90 0.82 9.22 0.45 14.00
(0.48—0.67) (0.78—0.98) (0.71—-0.96) (0.64—0.90) (2.43-24.07) (0.34-0.59) (3.60—58.97)
Pooled 0.39 0.92 0.79 0.71 3.94 0.64 4.43
(0.02—0.76) (0.84—1.01) (0.51—1.06) (0.48—0.95) (0.71-21.91) (0.32—1.28) (0.43—45.79)
2 96.3 0.0 71.7 74.7 74.4 91.6 78.6
CSP Bartoov et al. (1993) 0.40 0.97 0.93 0.85 13.53 0.62 18.98
(0.31—0.49) (0.93—0.99) (0.85—0.97) (0.76—0.95) (5.53—70.00) (0.52—0.71) (7.37—89.57)
Guzick et al. (2001) 0.15 0.96 0.79 0.71 3.81 0.89 4.23
(0.12—0.17) (0.95—0.97) (0.72—0.86) (0.65—0.77) (2.56-5.92) (0.86—0.92) (2.79-6.71)
Menkveld et al. (2001) 0.75 0.78 0.77 0.69 3.33 0.32 9.97
(0.66—0.83) (0.7—0.85) (0.71-0.84) (0.64—0.75) (2.42—-5.16) (0.23—0.45) (5.49—19.51)
Nallella et al. (2006) 0.74 0.89 0.87 0.79 6.92 0.29 22.06
(0.67—0.8) (0.8—0.96) (0.78—0.95) (0.70—0.88) (3.59—18.66) (0.22—0.37) (9.82-56.20)
Ombelet et al. (1997a) 0.62 0.81 0.77 0.69 3.33 0.46 7.09
(0.55—0.7) (0.75—0.87) (0.71—0.84) (0.64—0.75) (2.41-5.13) (0.36—0.57) (4.27—13.02)
Saleh et al. (2002) 0.23 0.94 0.79 0.70 3.65 0.82 3.11
(0.15-0.33) (0.78—0.98) (0.47—-0.91) (0.48—0.83) (0.89—10.35) (0.71—0.97) (0.71—13.19)
Pooled 0.48 0.90 0.82 0.73 3.92 0.53 8.37
(0.22—-0.74) (0.84—0.95) (0.76—0.88) (0.68—0.78) (3.00-5.13) (0.38—0.74) (4.80—14.59)
2 99.0 88.5 70.3 58.6 26.4 96.2 69.8

Values in parentheses are 95% Cl; CSP, classical semen parameters; SCSA, sperm chromatin structure assay; none of the P-values obtained from the comparison of the pooled
estimation of diagnostic efficiency statistics of SCSA versus CSP were statistically significant.
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Table 4 Diagnostic efficiency statistics not related to prevalence for sperm chromatin structure assay and classical semen parameters in intrauterine insemination.

Study Sensitivity Specificity Estimated PPV Unconditional Positive Negative Diagnostic
according positive likelihood likelihood ratio odds ratio
to 85% prevalence predictive value ratio

SCSA Bungum et al. (2004) 0.20 0.96 0.96 0.74 4.68 0.83 3.90
(0.13—2.29) (0.85—0.98) (0.86—0.97) (0.52—0.85) (1.12—12.75)  (0.73—0.95) (0.99—16.49)
Bungum et al. (2007) 0.21 0.97 0.98 0.80 8.08 0.81 8.04
(0.16—0.26) (0.93—0,99) (0.94—0.99) (0.67—0.92) (2.86—33.83) (0.76—0.87) (3.03—42.51)
Pooled 0.21 0.97 0.98 0.78 6.13 0.82 5.73
(0.17—-0.25) (0.94—1.00) (0.95—1.00) (0.68—0.88) (2.57-14.59) (0.77—0.87) (2.19—15.01)
? 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Csp Karabinus and Gelety (1997) 0.10 0.94 0.90 0.58 1.60 0.96 1.45
(0.08—0.13) (0.85—0.99) (0.79-0.98) (0.43—-0.81) (0.66—8.57)  (0.90—1.05) (0.59—9.46)
Lindheim et al. (1996) 0.61 0.94 0.98 0.83 9.80 0.41 16.29
(0.54-0.68) (0.78—0.98) (0.94-0.99) (0.66—0.91) (2.74-26.04) (0.33—0.51) (4.50—67.12)
Matorras et al. (1995) 0.84 0.19 0.86 0.51 1.04 0.84 1.36
(0.77—-0.91)  (0.05—0.43) (0.83—0.89) (0.48—0.56) (0.86—1.47)  (0.33—3.64) (0.25—4.20)
Montanaro Gauci et al. (2001) 0.13 0.97 0.97 0.74 4.83 0.89 3.71
(0.10—-0.18) (0.90—100)  (0.88—0.99) (0.54—0.85) (1.25—12.36) (0.84—0.96) (1.12—14.26)
Ombelet et al. (1997b) 0.43 0.66 0.88 0.54 1.26 0.86 1.45
(0.40—0.47) (0.57—0.74) (0.85—0.91) (0.50—0.60) (0.99—1.73) (0.74—1.01) (0.98-2.29)
Toner et al. (1995) 0.23 0.85 0.90 0.57 1.54 0.91 1.60
(0.18—0.28) (0.73—0.95) (0.82—0.96) (0.46—0.73) (0.80—4.44) (0.80—1.07) (0.73—4.44)
Pooled 0.39 0.78 0.91 0.62 1.85 0.79 2.32
(0.19-0.59) (0.63—0.93) (0.86—0.97) (0.53-0.70) (1.14-3.02)  (0.67—0.94) (1.19—4.53)
2 99.2 94.7 89.7 83.3 75.5 90.0 60.8
P? NS 0.012 0.033 0.014 0.018 NS 0.131

Values in parentheses are 95% Cl; values are CSP, classical semen parameters; NS, not significant; SCSA, sperm chromatin structure assay.

3p-value obtained from the comparison of the pooled estimation of diagnostic efficiency statistics of SCSA versus CSP.
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conclusions on calculations of the value and statistical sig-
nificance of the odds ratio (OR) of two studies (Evenson
et al., 1999; Spano et al., 2000) proposed the SCSA as a
prognostic pregnancy test using natural relations. It is be-
lieved that, for the reasons mentioned above, this decision
should be based on the calculation and analysis of the LR+
and not the OR, because the latter may be distorted by
the LR—, giving rise to a high OR, produced by a low LR—
rather than a high LR+. Niederberger (2003) and Sackett
et al. (1996) recommended against its use, while many
authors have preferred to use the LR rather than the OR
in order to determine the clinical validity of a test (Bigger-
staff, 2000; Dujardin et al., 1994; Roldan-Nofuentes and
Luna del Castillo, 2007).

The pooled LR+ obtained with SCSA in the three scenarios
described ranged from 3.53 to 6.13, which means that the
increased probability of male factor infertility being present
or of non-pregnancy after IUl can only be classified as small
or moderate. A LR+ is considered to represent a large and
often conclusive increase in the likelihood of disease when
its value is more than 10 (Jaescheke et al., 2002). This result
leads us to disagree with Evenson and Wixon (2008), and not
to recommend the use of SCSA as a routine test in subfertile
men, this viewpoint being in accordance with the guidelines
of the ASRM (Practice Committee of American Society for
Reproductive Medicine, 2006).

Studies designed to test the clinical validity of a test for
couples attempting to conceive need to be prospective; in
these studies, the prevalence of non-pregnancy will depend
on the follow-up time, with a range of 20—40% at 6 months
and 10—15% at 12 months. The influence of these differing
rates of prevalence on the rate of false positives has been
discussed by Van der Steeg et al. (2005), who showed that
bringing forward sperm tests can lead to a diagnosis of sub-
fertility being made among a high percentage of couples
that, nevertheless, achieve pregnancy in the next few
months. Thus, unnecessary assisted reproduction treatment
is provided to these couples. This conclusion is confirmed by
the fact that the spontaneous pregnancy rate has been
found to be higher for subfertile couples referred by a gen-
eral practitioner to a secondary centre than for couples re-
ferred by a gynaecologist to a tertiary centre (Snick et al.,
1997; Wouts et al., 1987). The studies included in the
pooled analysis to compare the clinical validity of SCSA
and CSP in couples trying to conceive reported different
rates of prevalence, and so PPV and NPV were calculated
with a fixing value of prevalence according to the theoreti-
cal prevalence of male infertility in this clinical situation
(7.5%). Under these circumstances, no significant differ-
ences were observed between SCSA and CSP.

Tests are more useful when the pre-test probability is
50%. Numerical changes in the post-test column of the
nomogram are greater when the starting point in the pre-
test column is at 50% than elsewhere. Many semen tests
have been analysed for prevalence rates of around 50%, at
which the performance of the test is maximized (case—con-
trol studies in subfertile couples). However, in this analysis
of case—control studies in which this prevalence was ap-
plied to determine the predictive value of SCSA and CSP,
not even in this favourable clinical scenario was there found
to be any greater clinical benefit from SCSA than from CSP.
The case—control studies referred to above commonly suf-

fer from selection bias, known as verification, work-up or
referential bias, as the reproductive capacity of the couples
included is more extreme (there is a higher level of repro-
ductive capacity among the controls and a lower one among
the cases) than among the couples included in prospective
studies designed to analyse the validity of a sperm test
among subfertile couples who conceive spontaneously and
those who do not. The effect of this bias has been estimated
to represent an increase of at least three times in the power
of a test (Horvath and Pewsner, 2004; Moons and Grobbee,
2002).

In order to analyse the clinical validity of a test for cou-
ples given IUI treatment, it is necessary to determine the
magnitude of change from a clinician’s initial suspicion of
non-pregnancy using Ul to the likelihood of non-pregnancy
using Ul after the test result (post-test probability). In
the IUI programme, the pre-test probability of non-preg-
nancy in the total subfertile population is around 85% (Ny-
boe et al., 2008; Ombelet et al., 2003). This high
prevalence means that even when uPPV, PPV-85 and LR+
are higher for SCSA than for sperm morphology, the differ-
ences in post-test probabilities of non-pregnancy using IUI
are not very large, in clinical terms, amounting to around
97% after an abnormal SCSA result and 91% after an abnor-
mal sperm morphology result. The populations included in
the SCSA and artificial insemination studies were unex-
plained infertile couples, while those in the sperm morphol-
ogy and IUl studies were whole population. These
populations are different and not comparable. However,
as far as is known, there have been no studies focusing so-
lely on CSP for couples treated with IUl for unexplained
infertility. While it is obviously true that due to pre-treat-
ment sperm screening and the exclusion of couples with
male factor sterility, CSP is unlikely to be predictive of IUI
success in couples with unexplained sterility, it is not known
whether other variables such as sperm concentration after
preparation or the number of inseminated motile spermato-
zoa may influence unexplained infertility, as other authors
have observed with respect to infertile couples treated with
IUl (Branigan et al., 1999; Merviel et al., 2008; Royere,
2004; Van Voorhis et al., 2001). Before recommending the
use of SCSA for couples who are to receive Ul treatment
for unexplained infertility, it is important to compare its
clinical validity with that of other, more economical sperm
function tests, such as the hypo-osmotic swelling test
(Check, 2005; Misro and Chaki, 2008) or 24-h survival test
(Branigan et al., 1999).

Various methods may be applied to increase the diag-
nostic utility of a test before replacing it with another
one of unproven utility. First, by modifying the reference
values of the variable being analysed by the diagnostic
test: in the case of CSP, by decreasing the value of the
lower reference limits below which a result is considered
abnormal. Thus, when a test result is abnormal, it is more
likely that a sperm alteration is responsible for the infer-
tility, and therefore requires assisted reproduction treat-
ment. Different authors have suggested that the lower
reference limits established by the WHO (1999) should
be revised downwards (Guzick et al., 2001; Haugen
et al., 2006; Nallella et al., 2006). This would necessarily
improve the LR+ of the CSP. Second, the higher the pre-
test probability of the disease, the higher the post-test
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probability, irrespective of the test result: therefore, a
precise assessment of the possibility of a disease or disor-
der will be far more important than the likelihood ratios
derived from expensive tests. Third, when an interval LR
is used: clinicians naturally assume that with a sperm
count of 1 million/ml in a man from a couple who have
been trying to conceive for 12 months without success is
more likely to present male factor infertility than if the
sperm count is 19 million/ml (even though both values
are low according to the WHO manual). An interval LR
based on internal ranges helps clinicians quantify the dif-
ferences in diagnostic effects that are instinctively recog-
nized. A separate LR is calculated for every level
(interval) of the test result, and this interval LR provides
more clinically useful information than when the data are
presented in a dichotomized format (Brown and Reeves,
2003; Grimes and Schulz, 2005).

This study has several limitations. First, it has assumed
that a low false positive rate is more important than a
low false negative rate in the test diagnosis of male fac-
tor infertility from a physiological and clinical point of
view. But it is not known for sure that this standpoint
coincides with that of the patient or with the opinion of
all clinicians. In a study of ovarian reserve testing, the
patients preferred to avoid false negatives rather than
false positives (Mol et al., 2006). This aspect is currently
being investigated in the study centres’ own patients. Fur-
thermore, large discrepancies between clinics have been
described concerning the interpretation of semen param-
eters (Aguilar et al., 2008; Van der Steeg et al., 2006;
Wiegerinck et al., 1999). Second, the severe exclusion
conditions for items, which are standard in this type of
study, undoubtedly have an extremely selective effect
regarding such items. Nevertheless, the above-mentioned
heterogeneity among items reinforces the view that the
possible selection bias cannot be very large, and thus it
may be assumed that the results obtained are valid.
Third, the heterogeneity found among the different stud-
ies may be indicative of different methodologies being ap-
plied. Coppus et al. (2006) showed that the majority of
published studies of diagnostic accuracy still have meth-
odological flaws in design or analysis, or provide results
with limited practical applicability, despite the publica-
tion of STARD, an adequate methodological framework
for diagnostic test evaluations (Bossuyt et al., 2003).
The heterogeneity that has been identified may be caused
by the use of different cut-off values by different studies
or be derived from the definition of fertile and infertile
populations (Dinnes et al., 2005). The scant number of
studies included in the different scenarios prevented us
from carrying out a meta-regression analysis. Neverthe-
less, the technique that was applied for calculating the
pooled attributes of the test is the one that is least af-
fected by heterogeneity among studies (Dersimonian and
Laird, 1987).

In summary, there is a substantial and recent body of
work on the use of DNA staining tests interpreted as DNA
damage and DNA fragmentation tests in the diagnostic
work-up of male factor infertility. However, the research
performed is characterized by substantial heterogeneity
and the absence of direct comparisons with other (cheaper
and more accessible) seminal tests, such that its utility in

clinical practice is limited. It is, therefore, not possible to
determine whether the addition of new test strategies,
including the use of SCSA, might lead to an improvement
in referral practices. Any further work with existing primary
research would require the use of individual patient data.
Variations in test accuracy with changes in the clinical char-
acteristics of patients or changes in the application of the
diagnostic tests could then be investigated. In addition,
there is a need for investigation of the test performance
of current normal practice for diagnosing male factor infer-
tility in different clinical scenarios (e.g. the primary care
setting). Assessing diagnostic tests without following STARD
(Bossuyt et al., 2003) and in isolation, outside the clinical
context, is of limited use apart from assessing a test’s po-
tential usefulness in phase | and Il diagnostic study designs
(Knotternus and Van Weel, 2002).
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