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Abstract

Tests of sperm DNA integrity are being used increasingly in the evaluation 
of infertile men with the premise that these tests may better diagnose the 
infertility and predict reproductive outcomes. Indeed, a systematic review 
of the literature allows us to conclude that sperm DNA damage is associ-
ated with lower natural, IUI, and IVF pregnancy rates. By contrast, studies 
to date have not shown a clear association between sperm DNA and chro-
matin defects and pregnancy outcomes after ICSI. In couples undergoing 
IVF or ICSI, there is also evidence to show that sperm DNA damage is 
associated with an increased risk of pregnancy loss. A limitation of the 
systematic reviews and meta-analyses is that they do not address an impor-
tant feature of the clinical studies on sperm DNA damage, the often marked 
heterogeneity of the individual study characteristics. Although the clinical 
utility of tests of sperm DNA damage remains to be established, the data 
suggest that there is clinical value in testing couples prior to assisted repro-
ductive technologies – ARTs (IUI, IVF, and ICSI) and in those couples 
with recurrent abortions. Large, well-designed prospective studies are 
needed before testing becomes a routine part of patient care.
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Clinical Utility of Sperm DNA Tests

The relationship between sperm chromatin/DNA 
damage and pregnancy outcomes has been exam-
ined by systematic reviews and meta-analyses 
[1–3]. The strength of these systematic reviews is 
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the improved precision of the summary estimates 
compared with the individual study estimates of 
the relationship between sperm DNA defects and 
pregnancy outcomes. On the contrary, a weak-
ness of meta-analyses (particularly on this topic) 
is the fact that it combines studies with highly 
variable study characteristics: data collection 
(prospective or retrospective), population char-
acteristics (unselected, male factor), female 
inclusion/exclusion criteria, laboratory expertise 
in assessment of sperm DNA/chromatin damage, 
sperm DNA/chromatin test type, and sperm DNA 
test cutoff.

The recommendations for sperm DNA testing 
are based on (1) systematic reviews and meta-
analyses of the relevant studies, (2) the character-
istics of sperm DNA testing (e.g., sensitivity, 
positivity rate), and (3) disease prevalence (e.g., 
pregnancy, pregnancy loss).

Screening Test for First  
Pregnancy Planners

The data from three studies [4–6] show that 
sperm DNA damage is associated with a reduced 
probability of natural pregnancy (combined OR 
7.01, 95% CI 3.68, 13.36, p < 0.0001). Remarkably, 
the three studies [4–6] report very similar associ-
ations between sperm DNA damage and natural 
pregnancy rate (with ORs of 6.54, 6.82, and 7.59, 
respectively, see Table 37.1). An analysis of the 
three studies reveals a median pregnancy rate of 
53%, with a median positive predictive value 
(PPV) of 83% and a median negative predictive 
(NPV) of 58% associated with sperm DNA test-
ing [4–6]. As such, the analysis predicts that in 
populations with an overall pregnancy rate of 

53% (at 6–12 months of follow-up), the preg-
nancy rate is 17% when there is a positive test for 
sperm DNA damage and at 58% when the test 
result is normal. Therefore, testing for sperm 
DNA damage can discriminate between preg-
nancy rates of 17% and 58%. However, because 
the prevalence of a positive test in this context 
(first pregnancy planners) is low (<10%) and 
17% of couples with a positive test will achieve a 
pregnancy, indiscriminate sperm DNA testing in 
this context is not advocated. Clinicians may 
choose to test first pregnancy planners, but they 
should understand the predictive value and limi-
tations (e.g., sensitivity, specificity) of the sperm 
DNA test in this context and discuss these issues 
with the patients.

Couples with Mild Male-Factor 
Infertility: IUI Candidates

Data from one valid IUI study show that sperm 
DNA damage is related to a significantly 
reduced IUI pregnancy rate (OR 9.9, 95% CI, 
2.37, 41.51, p < 0.0001) [7]. In the Bungum 
et  al. study, the overall IUI pregnancy rate is 
20%, the PPV is 97%, and the NPV is 24% [7]. 
Therefore, in populations with an IUI preg-
nancy rate of 20%, a positive test for sperm 
DNA damage predicts the pregnancy rate to be 
3% and a normal test result predicts the preg-
nancy rate to be 24%. Therefore, testing for 
sperm DNA damage prior to IUI can differenti-
ate between pregnancy rates of 3% and 24%. 
According to the Bungum et al. study, couples 
with high levels of sperm DNA damage should 
proceed to IVF and/or ICSI rather than IUI. 
However, it is important to note that the 
sensitivity and prevalence of a positive test in 

Table 37.1  Selected diagnostic properties of studies on sperm DNA damage and natural pregnancy

Study n %hDFI Sens Spec PPV NPV OR (95% CI)

Evenson et al. [4] 144   7 0.19 0.96 0.60 0.81 6.54 (1.72, 24.92)
Spano et al. [6] 215 13 0.23 0.96 0.86 0.55 7.59 (2.54, 22.67)
Giwercman et al. [9] 257 12 0.21 0.96 0.83 0.58 6.82 (2.52, 18.47)

%hDFI proportion of samples with high sperm DNA fragmentation index (DFI); Sens sensitivity; Spec specificity; 
PPV positive predictive value; NPV negative predictive value; OR odds ratio; CI confidence interval
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this context (couples with mild male-factor 
infertility) are low (<20%) and these recom-
mendations are derived from only one reliable 
study [7]. As such, additional IUI studies are 
needed before routine testing is recommended 
prior to initiating IUI treatments.

Couples with Severe Male-Factor 
Infertility: IVF or ICSI Candidates

Data from more than 20 studies (11 evaluable – 
see Table  37.2) demonstrate that sperm DNA 
damage is associated with a modest but signifi-
cant reduction in the IVF pregnancy rate (com-
bined OR of 1.70, 95% CI 1.30, 2.23, p < 0.05) 
[7–17]. Further analysis of the 11 evaluable 
IVF studies (with a median pregnancy rate of 
33%) reveals a median PPV of 77% and median 
NPV of 34%. In clinical terms, this means that 
in populations with an overall IVF pregnancy 
rate of 33%, a positive test for sperm DNA 
damage predicts the IVF pregnancy rate to be 
23% and 34% if the test is negative. As such, 
couples with sperm DNA damage may choose 
to proceed to ICSI, where pregnancy rates are 
independent of test results (see below). 
However, the clinical value of an 11% differ-
ence in IVF pregnancy rates (23% vs. 34%, with 
positive and negative test result, respectively) is 

modest, and it may be hard to justify routine 
testing in this setting. However, clinicians may 
want to test select couples (e.g., with failed 
IVF) so as to better counsel these couples in 
future ART cycles.

Data from more than 20 studies (14 evaluable 
– see Table 37.3) have evaluated the relationship 
between sperm DNA integrity and pregnancy 
rates after IVF/ICSI. As with IVF studies, these 
ICSI studies are quite heterogeneous. In keeping 
with a recent analysis [1], the results of this 
updated meta-analysis on ICSI studies indicate 
that sperm DNA damage is not related to ICSI 
pregnancy rates (combined OR of 1.15, 95% 
0.90, 1.55, p = 0.65) [7–10, 13–22]. These data 
suggest that sperm DNA testing is not clinically 
valuable in predicting ICSI outcomes. Perhaps 
the most concerning aspect of these findings is 
the unknown long-term consequence (i.e., post-
natal health) of a successful pregnancy with high 
levels of DNA damage.

Testing couples with severe male-factor infer-
tility enrolled in IVF or ICSI may also be valu-
able because sperm DNA damage is associated 
with a significantly higher rate of pregnancy loss 
after IVF or ICSI (combined OR of 2.48, 95% 
CI; 1.52, 4.04, p < 0.0001) [3]. Data derived from 
these studies (PPV and NPV) indicate that in 
populations with an overall rate of pregnancy loss 
of 18%, the rate of pregnancy loss is estimated at 

Table 37.2  Selected diagnostic properties of 11 studies on sperm DNA damage and pregnancy after IVF

Study n Assay %hDD Sens Spec PPV NPV OR (95% CI)

Filatov et al. [11] 176 CC 41 0.46 0.88 0.96 0.21   6.34 (1.82, 22.08)
Host et al. [14] 175 TUNEL 30 0.34 0.79 0.77 0.37   1.92 (0.92, 4.04)
Henkel et al. [13] 208 TUNEL 69 0.35 0.81 0.81 0.35   2.24 (1.09, 4.58)
Huang et al. [15] 217 TUNEL 19 0.22 0.83 0.50 0.57   1.30 (0.66, 2.56)
Boe-Hansen et al. [9] 139 SCSA   5 0.06 0.97 0.86 0.29   2.43 (0.28, 20.83)
Borini et al. [10]   82 TUNEL 16 0.17 0.89 0.85 0.23   1.66 (0.33, 8.28)
Lin et al. [16] 137 SCSA 16 0.15 0.83 0.45 0.51   0.88 (0.35, 2.19)
Benchaib et al. [8]   84 TUNEL 10 0.07 0.86 0.50 0.32   0.46 (0.11, 2.00)
Bungum et al. [7] 388 SCSA 16 0.17 0.86 0.71 0.34   1.24 (0.69, 2.26)
Frydman et al. [12] 117 TUNEL 44 0.58 0.68 0.64 0.35   2.97 (1.39, 6.32)
Tarozzi et al. [17]   82 CMA3 17 0.22 0.97 0.97 0.28 10.86 (0.62, 191.5)

%hDD proportion of samples with high sperm DNA damage; Sens sensitivity; Spec specificity; PPV positive predictive 
value; NPV negative predictive value; OR odds ratio; CC chromatin compaction; TUNEL terminal deoxynucleotidyl 
transferase-mediated dUTP nick end-labeling; SCSA sperm chromatin structure assay; CMA3 chromomycin A3
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37% when the test is positive and 10% when it is 
negative. The difference between a pregnancy 
loss rate of 37% and 10% may be valuable to 
patients and clinicians. Although the effect of 
DNA damage on pregnancy loss should be dis-
cussed with patients prior to undergoing ART, 
many couples will proceed with these treatments 
regardless of sperm DNA test results and the 
impact on pregnancy loss.

Couples with Pregnancy Loss  
After IVF or IVF/ICSI

The prevalence of a positive test, sensitivity and 
specificity of sperm DNA testing in the context of 
pregnancy loss after IVF and ICSI are and 25, 40, 
and 85%, respectively [3]. This indicates that 
sperm DNA damage is a minor cause of preg-
nancy loss after IVF and ICSI (based on the low 
prevalence and low sensitivity). However, if the 
test is positive, it suggests that the sperm DNA 
damage (or male-factor) may be the cause of the 
pregnancy loss (based on the high specificity). In 
this setting, it may be advisable to evaluate or 
reevaluate the male and correct any potential 
male factor (e.g., varicocele) that may contribute 
to the DNA damage.

Guidelines on Clinical Value  
of Sperm DNA Tests

The ASRM (American Society for Reproductive 
Medicine) has published guidelines on the clini-
cal utility of sperm DNA integrity tests in 2006 
and again in 2008 [23, 24]. Based on their evalu-
ation of the existing literature (up to 2006 in both 
the 2006 and 2008 reports), they conclude the 
following:
	1.	 Existing data on the relationship between 

abnormal DNA integrity and reproductive out-
comes are limited.

	2.	 Sperm DNA damage is more common in 
infertile men and may affect reproductive out-
comes in selected couples, including those 
with recurrent spontaneous miscarriage or 
idiopathic infertility.

	3.	 At present, the results of sperm DNA integrity 
testing alone do not predict pregnancy rates 
achieved with intercourse, IUI, or IVF and 
ICSI.

	4.	 Currently, there is no proven role for routine 
DNA integrity testing in the evaluation of 
infertility.

	5.	 Treatments for abnormal DNA integrity have 
not been shown to have clinical value.

Table 37.3  Selected diagnostic properties of 14 studies on sperm DNA damage and pregnancy after ICSI

Study n Assay %hDD Sens Spec PPV NPV OR 95% CI

Hammadeh et al. [20] 60 ABlue 44 0.50 0.71 0.82 0.35 2.40 (0.72, 7.96)
Host et al. [14] 61 TUNEL 59 0.57 0.38 0.58 0.36 0.79 (0.28, 2.25)
Henkel et al. [13] 54 TUNEL 48 0.68 0.63 0.79 0.50 3.67 (1.12, 12.0)
Gandini et al. [19] 22 SCSA 41 0.31 0.44 0.44 0.31 0.36 (0.06, 2.08)
Huang et al. [15] 86 TUNEL 57 0.64 0.50 0.55 0.60 1.80 (0.76, 4.27)
Zini et al. [22] 60 SCSA 18 0.17 0.81 0.46 0.51 0.87 (0.23, 3.22)
Check et al. [18] 104 SCSA 28 0.29 0.76 0.72 0.34 1.34 (0.52, 3.43)
Boe-Hansen et al. [9] 47 SCSA 38 0.36 0.57 0.67 0.28 0.76 (0.21, 2.72)
Borini et al. [10] 50 TUNEL 60 0.71 0.75 0.90 0.45 7.36 (1.67, 32.4)
Benchaib et al. [8] 218 TUNEL 17 0.19 0.87 0.72 0.37 1.55 (0.70, 3.41)
Bungum et al. [7] 223 SCSA 33 0.29 0.61 0.52 0.37 0.65 (0.37, 1.14)
Lin et al. [16] 86 SCSA 24 0.26 0.77 0.52 0.52 1.21 (0.45, 3.23)
Micinski et al. [21] 50 SCSA 35 0.40 0.85 0.91 0.28 3.73 (0.74, 18.77)
Tarozzi et al. [17] 50 CMA3 56 0.49 0.27 0.61 0.18 0.34 (0.09, 1.29)

%hDD proportion of samples with high sperm DNA damage; Sens sensitivity; Spec specificity; PPV positive predictive 
value; NPV negative predictive value; OR odds ratio; ABlue aniline blue; TUNEL terminal deoxynucleotidyl trans-
ferase-mediated dUTP nick end-labeling; SCSA sperm chromatin structure assay; CMA3 chromomycin A3
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Although these guidelines provide clinicians 
with a fair assessment of the value of sperm DNA 
tests (based on literature up to 2006), more recent 
studies have added to our understanding of this 
test and the data suggest that there may be value 
in testing couples prior to ARTs.

Summary

Tests of sperm DNA and chromatin integrity are 
being used in the evaluation of infertile men. To 
date, the clinical studies on sperm DNA and chro-
matin defects allow us to conclude that sperm 
DNA damage is associated with lower natural, 
IUI, and IVF pregnancy rates, but not with ICSI 
pregnancy rates. Moreover, sperm DNA damage 
is associated with an increased risk of pregnancy 
loss in those couples undergoing IVF or ICSI. 
Although the clinical utility of tests of sperm 
DNA/chromatin damage remains to be firmly 
established, the data suggest that there is clinical 
value in testing couples with recurrent abortions 
or prior to initiating ART cycles.

References

	 1.	Collins JA, Barnhart KT, Schlegel PN. Do sperm 
DNA integrity tests predict pregnancy with in  vitro 
fertilization? Fertil Steril. 2008;89:823–31.

	 2.	Zini A, Sigman M. Are tests of sperm DNA damage 
clinically useful? Pros and cons. J Androl. 2009;30: 
219–29.

	 3.	Zini A, Boman JM, Belzile E, Ciampi A. Sperm DNA 
damage is associated with an increased risk of preg-
nancy loss after IVF and ICSI: systematic review and 
meta-analysis. Hum Reprod. 2008;23:2663–8.

	 4.	Evenson DP, Jost LK, Marshall D, Zinaman MJ, 
Clegg E, Purvis K, et al. Utility of the sperm chroma-
tin structure assay as a diagnostic and prognostic tool 
in the human fertility clinic. Hum Reprod. 1999;14: 
1039–49.

	 5.	Giwercman A, Lindstedt L, Larsson M, Bungum M, 
Spano M, Levine RJ, et al. Sperm chromatin struc-
ture assay as an independent predictor of fertility 
in vivo: a case-control study. Int J Androl. 2010;33: 
221–7.

	 6.	Spano M, Bonde JP, Hjollund HI, Kolstad HA, 
Cordelli E, Leter G. Sperm chromatin damage impairs 
human fertility. The Danish First Pregnancy Planner 
Study Team. Fertil Steril. 2000;73:43–50.

	 7.	Bungum M, Humaidan P, Axmon A, Spano M, 
Bungum L, Erenpreiss J, et al. Sperm DNA integ-
rity assessment in prediction of assisted reproduc-
tion technology outcome. Hum Reprod. 2007;22: 
174–9.

	 8.	Benchaib M, Lornage J, Mazoyer C, Lejeune H, Salle 
B, Francois Guerin J. Sperm deoxyribonucleic acid 
fragmentation as a prognostic indicator of assisted 
reproductive technology outcome. Fertil Steril. 2007; 
87:93–100.

	 9.	Boe-Hansen GB, Fedder J, Ersboll AK, Christensen P. 
The sperm chromatin structure assay as a diagnostic 
tool in the human fertility clinic. Hum Reprod. 
2006;21:1576–82.

	10.	Borini A, Tarozzi N, Bizzaro D, Bonu MA, Fava L, 
Flamigni C, et al. Sperm DNA fragmentation: pater-
nal effect on early post-implantation embryo develop-
ment in ART. Hum Reprod. 2006;21:2876–81.

	11.	Filatov MV, Semenova EV, Vorob’eva OA, Leont’eva 
OA, Drobchenko EA. Relationship between abnormal 
sperm chromatin packing and IVF results. Mol Hum 
Reprod. 1999;5:825–30.

	12.	Frydman N, Prisant N, Hesters L, Frydman R, 
Tachdjian G, Cohen-Bacrie P, et al. Adequate ovarian 
follicular status does not prevent the decrease in preg-
nancy rates associated with high sperm DNA frag-
mentation. Fertil Steril. 2008;89:92–7.

	13.	Henkel R, Kierspel E, Hajimohammad M, Stalf T, 
Hoogendijk C, Mehnert C, et al. DNA fragmentation 
of spermatozoa and assisted reproduction technology. 
Reprod Biomed Online. 2003;7:477–84.

	14.	Host E, Lindenberg S, Smidt-Jensen S. The role of 
DNA strand breaks in human spermatozoa used for 
IVF and ICSI. Acta Obstet Gynecol Scand. 2000; 
79:559–63.

	15.	Huang CC, Lin DP, Tsao HM, Cheng TC, Liu CH, Lee 
MS. Sperm DNA fragmentation negatively correlates 
with velocity and fertilization rates but might not affect 
pregnancy rates. Fertil Steril. 2005;84:130–40.

	16.	Lin MH, Kuo-Kuang Lee R, Li SH, Lu CH, Sun FJ, 
Hwu YM. Sperm chromatin structure assay parame-
ters are not related to fertilization rates, embryo qual-
ity, and pregnancy rates in in  vitro fertilization and 
intracytoplasmic sperm injection, but might be related 
to spontaneous abortion rates. Fertil Steril. 2008;90: 
352–9.

	17.	Tarozzi N, Nadalini M, Stronati A, Bizzaro D, Dal 
Prato L, Coticchio G, et al. Anomalies in sperm chro
matin packaging: implications for assisted 
reproduction techniques. Reprod Biomed Online. 
2009;18:486–95.

	18.	Check JH, Graziano V, Cohen R, Krotec J, Check 
ML. Effect of an abnormal sperm chromatin structural 
assay (SCSA) on pregnancy outcome following (IVF) 
with ICSI in previous IVF failures. Arch Androl. 
2005;51:121–4.

	19.	Gandini L, Lombardo F, Paoli D, Caruso F, Eleuteri P, 
Leter G, et  al. Full-term pregnancies achieved with 
ICSI despite high levels of sperm chromatin damage. 
Hum Reprod. 2004;19:1409–17.



504 A. Zini

	20.	Hammadeh ME, al-Hasani S, Stieber M, Rosenbaum 
P, Kupker D, Diedrich K, et al. The effect of chromatin 
condensation (aniline blue staining) and morphology 
(strict criteria) of human spermatozoa on fertilization, 
cleavage and pregnancy rates in an intracytoplasmic 
sperm injection programme. Hum Reprod. 1996;11: 
2468–71.

	21.	Micinski P, Pawlicki K, Wielgus E, Bochenek M, 
Tworkowska I. The sperm chromatin structure assay 
(SCSA) as prognostic factor in IVF/ICSI program. 
Reprod Biol. 2009;9:65–70.

	22.	Zini A, Meriano J, Kader K, Jarvi K, Laskin CA, 
Cadesky K. Potential adverse effect of sperm DNA 
damage on embryo quality after ICSI. Hum Reprod. 
2005;20:3476–80.

	23.	The Practice Committee of the American Society for 
Reproductive Medicine. The clinical utility of sperm 
DNA integrity testing. Fertil Steril. 2006;86:S35–7.

	24.	The Practice Committee of the American Society for 
Reproductive Medicine. The clinical utility of sperm 
DNA integrity testing. Fertil Steril. 2008;90: 
S178–80.


	37: Clinical Utility of Sperm DNA Integrity Tests
	Clinical Utility of Sperm DNA Tests
	Screening Test for First Pregnancy Planners
	Couples with Mild Male-Factor Infertility: IUI Candidates
	Couples with Severe Male-Factor Infertility: IVF or ICSI Candidates
	Couples with Pregnancy Loss After IVF or IVF/ICSI

	Guidelines on Clinical Value of Sperm DNA Tests
	Summary
	References


