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Objective: To determine relationships between age of men with potential male factor infertility and sperm chromatin structure assay
(SCSA) measures of sperm DNA fragmentation (SDF) and high DNA stainable sperm (HDS), and to compare these data with those
obtained from healthy donor men without reproductive issues.
Design: Retrospective study.
Setting: Infertility clinics and diagnostic laboratory.
Patients: A total of 25,445 men attending infertility clinics. Donors were 87 men working at Lawrence Livermore National
Laboratory.
Intervention: None.
Main Outcome Measures: SCSA measures (% DNA fragmentation index (DFI), X DFI, SD DFI, and %HDS) of men aged 21�80 years.
Results: In the study population, advancing paternal age was associated with increased sperm DNA fragmentation (SDF) scored
as increased percentage of sperm in semen ejaculates with measurable DNA strand breaks (%DFI). The slope of increase in %
DFI prior to age 41.6 years was 0.39, which increased after age 41.6 to more than double at a slope of 0.86. These changes in
DNA/chromatin in more than 25,000 aging men attending infertility clinics are similar to those seen over the same age span
(20�80 years) in 87 nonpatient, healthy men without reproductive issues. For the age group 20�50 years, there was no major
significant difference in %DFI between patients and donor men. According to a logistic regression model, the estimated prob-
ability is that, for example, a 40-year-old and a 50-year-old man have a 20% and 40% chance, respectively, to have a
pathological DFI R25% by age factor alone. The condensation of sperm chromatin in patients increased with age in a
linear fashion, from a mean of 12.2 %HDS at age 20�25 to a mean of 7.9 %HDS at age 60�65. Patients had a greater %
HDS than donors across all ages.
Conclusions: The great heterogeneity of both DFI and HDS values at a specific age prevents the automatic translation of age
into an index of DNA fragmentation. However, it reinforces the idea that both DFI and HDS evaluation can play a role in
detecting potential male infertility in cases that are not resolved by routine testing and in cases of multiple miscarriages.
DFI and HDS data can help clinicians to predict a man’s fertility potential, to consider corrective therapeutic approaches,
as well as to assess the risk to the offspring’s health. (Fertil Steril� 2020;-:-–-. �2020 by American Society for Repro-
ductive Medicine.)
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D elayed fatherhood has become socially acceptable in
developed countries; however, the inherent conse-
quences of this trend are poorly understood. Since

1980, U.S. birth rates have increased up to 40% for men
35–49 years of age and have decreased up to 20% for men
less than 30 years of age (1). Although it is well known that
maternal age is a significant contributor to human infertility
(2), advanced paternal age has been associated with decreased
semen parameters, chromosomal abnormalities, and reduced
fertility (3), as well as with diseases such as schizophrenia,
achondroplasia, and Apert syndrome (4). Sperm DNA is
exquisitely sensitive to oxidative attack, resulting in
impairment of embryo development, increased risk of gene
mutations and miscarriage, congenital malformations. and
a high frequency of diseases in the offspring (5, 6).

Our study here confirms results of many additional
studies showing that older men produce more sperm with
DNA damage (7, 8). The source of this damage includes oxida-
tive stress, abortive Fas-mediated apoptosis, or deficiencies in
natural processes such as recombination that induce DNA
strand breaks (9). Indeed, oxidative stress is thought to be
the pathologic molecular mechanism underpinning the
majority of known clinical, environmental, and lifestyle
causes of male infertility (10).

DNA strand breaks are significant for men attending
reproductive clinics, as transmission of damaged DNA to
the offspring may occur when levels exceed the DNA repair
capacity of the oocyte (11, 12). These age-related factors
may be attributed to older men producing more sperm with
DNA fragmentation due to higher exposures of DNA-
damaging oxidative stress in their reproductive tracts. It is
reasonable to hypothesize that apoptotic functions of sper-
matogenesis are probably less effective in older men, resulting
in the production of increased sperm DNA fragmentation.

Classical semen analysis of sperm density, motility, and
morphology has been the gold standard for evaluating male
factor infertility for many decades (13). Yet, these sperm
parameters have generally failed to predict the outcome of
male factor fertility. Numerous studies indicate that measures
of sperm DNA fragmentation (SDF) can provide additional
characterization of male factor infertility. The pioneering
sperm DNA fragmentation study of Evenson et al. (14)
strongly suggested that sperm DNA integrity was a significant
indicator of pregnancy success in both bulls and humans. This
1980 study introduced the Sperm Chromatin Structure Assay
(SCSA), which was followed by nearly two decades of exten-
sive animal fertility and toxicology studies to validate the
SCSA test (14–18). Current data suggest that the evaluation
of sperm DNA integrity may serve as a valuable addition to
the toolbox of infertility clinicians (19). The pioneering use
of SCSA in the human clinic strongly validated that the
SCSA test data were significantly related to human DNA
pregnancy and miscarriage (20).

In our study with Wyrobek (3), age had the strongest
effects on chromatin defects, explaining �40% of the vari-
ance in DFI endpoints. Similar to Spano et al. (21), we found
that average %DFI values more than doubled between 20 and
60 years of age, and in the Wyrobek et al. (3) study of healthy
donors, a fivefold increase in %DFI between 20 and 80 years
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of age was observed. Older menmay producemore spermwith
DNA damage because of an age-associated increase in repro-
ductive tract oxidative stress and/or altered testicular germ
cell apoptosis (22).

Unique to SCSA data outputs in this study is the rela-
tionship between age of men and sperm chromatin conden-
sation (3). Whereas the increase in %DFI with age is well
established, the %HDS relationship is less understood. The
abnormal sperm nuclear condensation process involves a
complex sequence of events including topological rear-
rangements, transition of DNA-binding proteins, transcrip-
tional alterations, nucleosomal structure loss, and
abnormal condensation of chromatin, resulting in distur-
bances in the organization of genomic material in the sperm
nuclei and decreasing sperm functional ability. Ultimately,
this reduces normal fertilization, affects early embryonic
development, and interferes with the primary mission of
the sperm DNA, which is reliable transmission of paternal
genetic information (23).

Interestingly, although it is known that an abnormally
high HDS may lead to early embryo death and miscarriage
(24–26), the rationale for this is controversial, with
suggestions that it is related to increased aneuploidy (3, 24);
however, it is more likely related to abnormality of tertiary
chromatin structure, thereby causing an abnormal read-out
of early embryo proteins needed for embryo growth and
differentiation (26–29).
MATERIALS AND METHODS
Semen Samples

Clinical semen samples from men (n ¼ 25,445) 21�80 years
of age who provided signed consent forms were sent to
SCSA Diagnostics (Brookings, SD) from approximately 200
North American and European (�15%) infertility clinics and
home collections. These samples were collected after a recom-
mended 2-to 5-day abstinence. Following liquefaction for�1
hour at room temperature, �0.2 mL of raw semen was trans-
ferred to one or two 2-mL cryovials and then flash-frozen in
liquid nitrogen (LN2). Some semen samples were collected at
home using an SCSA semen collection kit followed by placing
the raw semen�containing cryotubes into an LN2 dry shipper.

The frozen semen samples were shipped to SCSA
Diagnostics via Federal Express overnight either in LN2 dry
shippers or in boxes containing dry ice. Upon arrival at
SCSA Diagnostics, the semen samples were transferred to a
45-L LN2 tank and kept there until the time of SCSA measure-
ments. All semen samples were received from assisted
reproductive technology clinics that obtained permission
from their patients.
SCSA Measurements

Individual samples were thawed in a 37oC water bath just
until all ice had melted and then immediately diluted
with TNE buffer (0.01 M Tris, 0.15 M NaCl, 1 mM ethyle-
nediaminetetraacetic acid [EDTA], 4oC) to a final concen-
tration of 1-2 � 106 sperm/mL. A 200-mL sperm
suspension was admixed with 400 mL acid solution (0.1%
VOL. - NO. - / - 2020



FIGURE 1

Sperm Chromatin Structure Assay (SCSA) test data (30). (Left panel, top box) Raw data from a flow cytometer showing each of 5,000 sperm as a
single dot on a scattergram. Y axis¼ green fluorescence with 1,024 gradations (channels) of DNA stainability. X axis¼ red fluorescence with 1,024
gradations of red fluorescence (ss DNA). Axes shown are 1,024/10. Dotted line at Y ¼ 75 marks the upper boundary of DNA staining of normal
sperm chromatin; above that line are sperm (dots) with partially uncondensed chromatin allowing more DNA stainability. Bottom left corner shows
gating out of seminal debris. (Middle panel) Raw data from left panel are converted by SCSAsoft software (or equivalent) to red/red þ green
fluorescence. This transforms the angled sperm display in the left panel to a vertical pattern that is often critical for accurately delineating the
percentage of sperm with fragmented DNA. Y axis ¼ total DNA stainability vs. X axis ¼ red/red þ green fluorescence (DFI). (Right panel)
Frequency histogram of data from middle panel showing computer gating into %DFI and Mean DFI. (Bottom box) SCSAsoft software
calculations of mean of two independent measures of mean and SD of DFI, SD DFI, and %DFI and %HDS. Inside the boxes are the means and
standard deviations.
Evenson. Sperm DNA integrity is age dependent. Fertil Steril 2020.
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Triton X-100, 0.15 M NaCl, and 0.08 N HCI, pH 1.20, 4oC)
for 30 seconds, followed by the addition of 1.20 mL of
acridine orange staining solution (containing 6 mg chro-
matographically purified acridine orange (Polysciences
Inc., Warrington, PA) per milliliter of acridine orange buffer
(370 mL of stock 0.1 M citric acid, 630 ml of stock 0.2 M
Na HPO, 1 mM disodium EDTA, 0.15 M NaCl, pH 6.0, 4oC)
as previously described in detail (15, 30). Individual
samples were placed into an Ortho Diagnostics L30 flow
cytometer and after 2 minutes of hydrodynamic equilibra-
tion of sample and sheath flow, 5 � 103 sperm were
measured at rates of %250 cells per second. All samples
were measured independently twice. The mean values of
the two independent measurements were calculated
(n ¼ 25,445; coefficient of variation 1�3%). These mean
data were processed through SCSAsoft software (SCSA Di-
agnostics, Brookings, SD) to produce clinical reports, which
were sent back to the clinics via a secured Web address.

Of great importance, all clinical semen samples ob-
tained over 11 years, as well as the donor semen samples,
were measured by nearly exactly the same strict protocol
and with the same flow cytometer (15, 30). Positive (high
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%DFI) and a negative (low %DFI) semen samples were
measured to verify the results as previously established.
Then a reference semen sample from a set made up of
hundreds of samples of small aliquots stored in LN2 was
used to set the red and green photomultipliers tubes to
the same (�5/1,024 flow cytometer channels) X, Y coordi-
nates, for example, 150 red/540 green. Notably, when one
set of reference samples was nearly depleted, another set
was made, even if from a different individual with
different mean red (X) and green (Y) values. This was
accomplished by first measuring the previous reference
sample, then the measuring the new reference semen sam-
ple at the same red/green photomultiplier gains and
noting the new mean red and green fluorescence values.
In this fashion, samples measured years ago could be
measured again with the new reference sample and obtain
nearly exactly the same results. This is vitally important
in order to make precise comparisons of all �25,000 sam-
ples. Also, this is important for men who may have
provided a semen sample years ago and want to see
whether the new sample has increased or decreased in
DNA integrity.
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FIGURE 2

(A) Comparison of age-related%DFI from this study with that of our previous study of 87 men employed at or retired from the Lawrence Livermore
National Laboratory (LLNL). (B) Comparison of age-related %HDS from this study of infertility patients with 87 donor men from the LLNL.
Evenson. Sperm DNA integrity is age dependent. Fertil Steril 2020.

4 VOL. - NO. - / - 2020

ORIGINAL ARTICLE: ANDROLOGY



Fertility and Sterility®
Statistical Analysis

Graphical and numerical descriptive statistics, locally
weighted scatterplot smoothing (LOWESS) techniques and
binary logistic analysis were used to analyze the data. Box-
plots were constructed at each age; LOWESS was used to
study trends in %DFI and mean DFI; and binary logistic
regression analysis was used to model patients reaching
25% DFI using age as a single predictor. SAS 9.3 (SAS Insti-
tute) and R 3.5.1 statistical software programs were used for
the analyses. Statistical significance was defined as P < .05.
RESULTS
Data produced from SCSA measures are shown in Figure 1. A
comparison of SCSA data between approximately 25,000
infertility patients and 87 healthy men without reproductive
issues is summarized in Figure 2. Age-related %DFI from
this study are compared in Figure 2A with data from our pre-
vious study of 87 men employed by or retired from the Law-
rence Livermore National Laboratory (3, 31). Participants
were currently employed or active retirees of LLNL, college
and post-college educated, and in good to excellent health
by self-report. These donors provided a convenience semen
sample after an average of 5.1 days abstinence. In all, 79%
had never smoked cigarettes regularly and 44% took a
vitamin supplement regularly. Two-thirds (56/87) of the
men had fathered a child (19/87 were in the age range of
20�29 years who may not have been married or attempted
to father a child). Of course, having fathered a child once
does not imply that men were fertile at the time of semen
sampling. There is no significant difference for the first three
age groups (20�50 years); however, there is a significant
difference in %DFI in the last two age groups at the 20% level
(P ¼ .03 and .064). No explanation is known as to why these
older donors had a higher %DFI than patients; however,
because of the small number of donors in the 50- to
80-year age range, it was concluded that the donors and
patients had the near same age-related changes. Figure 2B
compares age-related %HDS from this study of infertility
patients with that of 87 donor men from the LLNL (3, 31).
Note that the patient mean %HDS and SD is higher than the
donor mean %HDS and SD at all age groups.

Box plots in Figure 3 show %DFI and %HDS values of
approximately 25,000 patients and compared them to to
mean DFI. The box plots in Figure3A�C show %DFI, mean
DFI and % HDS. All DFI plots show increase of values with
age. %HDS values decreased linearly with age at an estimated
slope of �0.137 (SE �0.0062). In all cases, there is great het-
erogeneity of values at all ages. Figure 3D compares the
smoothed curves of %DFI and mean DFI. Note that the two
curves are the same,whichmeans that the sperm (dots on com-
puter monitor) outside the main population as seen in Figure 1
represents the total amount of SCSA-defined DNA fragmenta-
tion. Thus, calculating the %DFI yields the same clinical inter-
pretation as that obtained by the mean DFI as seen in Figure 1.

Supplemental Table 1 shows that in the age brackets of
20�25, 40�45, and 60�65 years, the %DFI is 12.1, 18.8,
and 36.7 and the %HDS is 13.2, 10.2, and 7.6, respectively.
Of note, the %DFI nearly doubled every two decades.
VOL. - NO. - / - 2020
Supplemental Figure 1 shows a fit plot for age vs. average
% DFI. The change point in slope of age vs. % DFI ¼ age
41.6 (95% CI 40.4, 42.8). Of great interest, the slope < age
41.6 ¼ 0.39, whereas the slope > age 41.6 ¼ 0.86.

An important clinical question is as follows: what is the
probability of a man reaching the detrimental 25% DFI clin-
ical threshold by age factor alone? Supplemental Figure 2
shows the odds for a 40-year-old to be at 20% and a
50-year-old at 40% chance.

Supplemental Figure 2 shows predicted probabilities by
age for reaching 25% DFI.

How do the %DFI values translate to predictive odds for
live birth? Figure 4 is drawn from an estimated summary of
published SCSA clinical data (20, 27, 32–37). A recent study
(37) of patients receiving fertility treatment by intrauterine
insemination (IUI) were inseminated by sperm with SCSA-
derived %DFI of 0�9.9%, 10�19.9%, R20%, and R30%
and had pregnancy rates of 28%, 26%, 10%, and 5% respec-
tively. In this study, an increase from SCSA 20% DFI to 25%
DFI caused a 50% drop in the IUI-derived pregnancy rate.

Figure 4 shows estimated decreasing odds for producing a
live birth, moving from high odds at 0�15% DFI to decreasing
oddswith in vivo and IUI fertilization up to the clinical threshold
of 25% DFI for couples without female infertility factors.
DISCUSSION
As men age, the integrity of paternal DNA is increasingly
compromised (7, 8). It is important to note that the age-
related increase of %DFI and decrease of %HDS observed
for 87 healthy donor men, ranging in age from 20 to 80 years
(median 44 years) and without any history of infertility or
reproductive problems (3, 31), have nearly the same SCSA
patterns as seen in this study of approximately 25,000 men
attending infertility clinics. The shift to a significantly
increased rate of %DFI for both is also at age �41 years.
Thus, the overall changes in %DFI and %HDS are driven pri-
marily by age and are not specific to patients attending infer-
tility clinics. As seen in Figure 2, the SD of %DFI, and the wide
variations in the box plots in Figure 3, it is obvious that both
infertility patients and donor men have a great heterogeneity
of %DFI at all ages; thus, a young age does not ensure integ-
rity of the male genetic package.

Mature sperm cannot repair their damaged DNA by them-
selves and rely on the oocyte repair machinery to correct
paternal DNA alterations immediately after fertilization.
Consequently, the sperm of aging men place an additional
burden on the oocyte to eliminate alterations in the paternal
DNA that can have dramatic consequences for the success
of reproduction and the well-being of future individuals.
Although we observe that there is quite significant heteroge-
neity for each age group with respect to the patient’s DFI,
which could logically be expected given that each patient
has his own genetic and environmental history, the evalua-
tion of the sperm DFI represents a valuable tool for the assess-
ment of male infertility as well as the infertility of the couple
(18, 19, 36, 39, 40). Nevertheless, as seen in Supplemental
Table 1, the statistical evaluation of this large cohort of
SCSA data show that patients 20�25 years of age have a
5



FIGURE 3

(ALC) Box plots of %DFI, mean DFI, and %HDS. (D) Comparison between %DFI and mean DFI in flow cytometer channels (0�1,024).
Evenson. Sperm DNA integrity is age dependent. Fertil Steril 2020.
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DFI of �12%. At ages 40�45, the average %DFI increases to
�19%, which has a decreasing of fertility potential, especially
if one or more classical semen values are abnormal (36). At
ages 60�65, the average %DFI nearly doubles to a patholog-
ical �37%. In this study, 22.2% of the approximately 25,000
men reached R25% DFI, and 10.6% reached R20% HDS.
Whether this pattern can be changed by various therapeutic
actions and individualized medicine is now to be determined
and is the goal to achieve. Vinnnakota et al. (41) described
that repeat testing following lifestyle intervention in 29 cou-
ples in which the men had high initial DFI (35% � 9.5%)
showed that 71.4% had a decrease in DFI into the moderate
to low range. It is noted, however, that the general approach
to provide antioxidant treatments does not consistently pro-
vide increased fertility, and, when given at high doses, anti-
oxidants might block essential oxidative processes such as
chromatin compaction (42), resulting in increased %HDS, as
has been reported by M�en�ezo et al. (43).
Comparison of %DFI versus Mean DFI

The%DFI is determined by computer gating of the sperm (dots
on computer monitor) that have increased red fluorescence
due to single (ss) and double (ds) DNA strand breaks. Mean
DFI is the measure in flow cytometer channels (0�1,024) of
the shift of the entire sperm sample population from normal
DNA integrity to abnormal DNA strand breaks (Fig. 1).
6

SCSA studies (20, 22, 26) and SCSA diagnostic clinical reports
have shown both the %DFI and mean DFI as measures of
sperm DNA damage. However, because it may be easier for
the reproductive medicine community to understand ‘‘%DFI
values’’ (% good vs. % bad) than mean DFI calculated in
flow cytometer channel shifts, most authors reporting SCSA
date have shown only %DFI. However, as shown in
Figure 3D, the two methods produce the same results, which
means that the commonly used %DFI is a measure of the
entire sperm SCSA-defined DNA fragmentation.
HDS Sperm

Infertility is a condition associated with multiple etiologies
including not only SDF but also abnormalities of sperm
nuclear chromatin structure. During human spermiogenesis,
all but �15% of histones are replaced by protamines P1 and
P2, resulting in sperm chromatin condensation followed by
a halt to gene expression in haploid spermatids. The final
structure of sperm chromatin is dependent upon post-
translational methylation and acetylation that affects chro-
matin stability and the acquisition of epigenetic/imprinting
marks with an impact on embryonic development (44). Faulty
compaction makes an abnormal tertiary chromatin structure
that likely prevents the embryo from accessing the correct
sequences of the paternal genome for proper initiation of
the embryonic developmental program (42). The observed
VOL. - NO. - / - 2020



FIGURE 4

Estimated decreasing odds for producing a live birth, moving from
high odds at 0�15% DFI to decreasing odds with >15% DFI.
Evenson. Sperm DNA integrity is age dependent. Fertil Steril 2020.
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higher %HDS in patients across all ages relative to donors
(Fig. 2) suggests that patients may experience a greater
mean level of spermatogenesis dysfunction.

Given that acridine orange�stained histone-complexed
DNA stains 2.3 times more than protamine-complexed DNA
(45), this HDS sperm fraction is easy to detect with the
SCSA test (Fig. 1). Flow cytometer�sorted HDS populations
of human sperm showed that these sperm nuclei are more
rounded, consistent with lack of full sperm chromatin matu-
rity (46). These sorting experiments also showed that SCSA-
defined moderate level DFI sperm had comet-defined DNA
strand breaks but also a totally normal morphology (46, 47).
Homa et al. (5) showed that HDS levels are not correlated
with vitality but are negatively correlated with all other
semen parameters; the strongest correlation is between HDS
and morphology (r ¼ �0.488, P ¼ .0001).

High levels of sperm nuclear chromatin condensation
abnormalities are associated with lower fertilization rates,
impaired embryo quality, elevated arrested embryo rates,
and decreased pregnancy rates (42). The most important is
a block at the 2 PN stage or even an absence of deconden-
sation of the sperm nucleus; this leads sometimes to a
confusion with ‘‘absence of fertilization’’ in intracytoplas-
mic sperm injection (ICSI) (48). Sperm of men from repeated
spontaneous abortion groups have been shown to have less
chromatin condensation and poorer DNA integrity than
sperm obtained from fertile men with no history of repeated
spontaneous abortion (39)

In a clinical study of 1,417 infertility patients (26), the
patients were divided according to three thresholds for %
HDS (called SDI by Menezo et al.) as follows: <20% (77%
of patients; no problem); 20�25% (10% patients; gray
zone); and >25% (12% of patients; red zone).
DFI Sperm

It has been shown that %DFI measurements are predictive for
unsuccessful pregnancy outcomes (14, 15, 18, 20, 21, 26, 36,
49–52). Patient data show that samples with SCSA %DFI
VOL. - NO. - / - 2020
values of <27–30% have higher probabilities of successful
pregnancies by natural means (6.5- to 10-fold) (20), intrauter-
ine insemination (7.0- to 8.7-fold) (33), routine in vitro fertil-
ization (�2-fold), and intracytoplasmic sperm insemination
(�1.4-fold) compared with samples with >30% DFI values
(34). These thresholds are incorporated into Figure 4, showing
three major clinical thresholds: 20% DFI for early loss of
fertility potential, especially if one or more classical semen
parameters are abnormal (36); 25% for natural and IUI fertil-
ization (20, 21) with a switch to ICSI; and 40% for low prob-
ability for IVF/ICSI success and increased miscarriages (34).
These threshold levels are supported by the clinical study of
Menezo et al. (26). Three thresholds for %DFI were <20%
(60% of patients; no problem); 20�25% (9.2% of patients;
gray zone); and >25% (31% of patients; red zone infertility).

For the assisted reproductive technologies clinic, natural
and IUI fertilization is likely successful with <25% DFI,
whereas >25�30% DFI patients should be moved to ICSI.
At the >40% DFI level, commonly seen in men more than
50 years of age, it becomes controversial whether to consider
testicular sperm aspiration (TESA). The use of TESA in those
patients failing with high %DFI ejaculate-ICSI have shown
in some studies increased pregnancy rates (38). Others (39)
had results suggesting that pregnancy outcomes and live birth
rates with testicular-ICSI are not significantly superior to
ejaculate-ICSI in patients with an elevated SCSA-defined
sperm DNA fragmentation and prior ICSI failure(s).

Male partners of couples attending infertility clinics are
very sensitive to the idea that it may be their sperm quality
that is causing problems of pregnancy. If so, the couple may
attribute the infertility to lifestyle factors in the male partner.
This may be especially pertinent for men with secondary
infertility and normal semen parameters; such samples may,
by age alone, have high %DFI causing the infertility. There-
fore, we consider that the information in Supplemental
Figure 1 showing the average %DFI with age may be highly
useful in showing that for the man in his 40s to 50s, age alone,
through no fault of his lifestyle, is likely a significant factor in
the couple’s infertility situation.
Strengths and Limitations

This study has a number of strengths. For the first time, the
changes in SCSA-defined DNA/chromatin with the age of
men (20�80 years) attending infertility clinics are compared
to changes seen in aging nonpatient healthy men without
reproductive issues. Data are based on the world’s largest
number of men attending infertility clinics in any age study
for more than 11 years, and semen samples were collected
across all of North America and the United Kingdom for a
broad sampling of environmental range. The data were
collected by the laboratory of the inventor of the SCSA test,
and all the approximately 25,000 patients and 87 donor
samples underwent measurement by nearly exactly the
same protocol. Rather than a simple measure of %DFI vs.
age, this study calculated the shift point of age when the
rate of %DFI doubles. Also calculated were %HDS, SD DFI,
and mean DFI, as well as the age points of clinical thresholds.
7
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Finally, the SCSA-derived curve plots of the originally used
mean DFI are compared to the currently used %DFI.

Study limitations include men presenting with infertility,
many of whom likely had a number of clinical conditions or
adverse lifestyle factors (e.g., varicocele, tobacco or drug
use, poor diet, and stress). Although pregnancy and miscar-
riage information was obtained on many patients for coun-
seling, such data were not included in this article.

In conclusion, it is very clear that age compromises sperm
DNA/chromatin integrity. As such, a man’s biological clock is
also ‘‘ticking,’’ and by age 40 years, there is a 20% chance of
reaching the pathological�25% DFI by age alone, suggesting
ICSI treatment. Notably, SDF testing not only suggests when
ICSI should be used but it may also prevent unnecessary ICSI
treatment if the %DFI is low, thus reducing the financial
burden to infertility clinic patients.
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