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Objective: To determine the abnormal patterns of reactive oxygen species (ROS) production in male factor
infertility (MFI) patients and to define the ROS reference values in such patients.

Design: A retrospective study.

Setting: Male infertility clinic at a tertiary healthcare center.

Patient(s): We examined 132 MFI patients (all normal sperm parameters, n = 24, and all abnormal sperm
parameters, n = 38) and 34 healthy donors.

Intervention(s): Routine semen analysis, measurement of ROS.

Main Outcome Measure(s): Sperm parameters, ROS levels (10* cpm/20 X 10° sperm).

Resuli(s): Normal, healthy donors had significantly higher (P<.0001) sperm concentration, motility, and
morphology compared with all MFI patients. Univariate analysis indicated a significant association between MFI
and log (ROS + 1) (odds ratio [OR] = 3.84), besides sperm parameters and age. A multivariate model using
logistic regression analysis also indicated an independent association of log ROS with MFI (OR = 4.25). The
ROS cutoff values of 1.2—1.4 had a sensitivity of 0.70—0.78 with a corresponding specificity of 0.82. However,
at a cutoff point of 1.2, the OR was 68.6, which increased with an increase in the cutoff.

Conclusion(s): High ROS is an independent marker of MFIL, irrespective of whether these patients have
normal or abnormal semen parameters. We suggest the inclusion of ROS measurement as part of idiopathic
infertility evaluation. Treatment with antioxidants may be beneficial in such patients. (Fertil Steril® 2006;
86:878—-85. ©2006 by American Society for Reproductive Medicine.)
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Sperm parameters

Semen analysis constitutes the first biological step in the
evaluation of male factor infertility (MFI) in an infertile
couple (1). However, there is a considerable debate concern-
ing the diagnostic and prognostic significance of semen
parameters in the evaluation of MFI, except in conditions
such as azoospermia or severe oligospermia (2—4). A basic
semen analysis does not adequately reflect all the parameters
of semen quality and function that are required for an opti-
mum fertility status (5). This is much more relevant in cases
of idiopathic MFL.

Sperm function tests are highly specialized and mostly
subjective. These tests also require experienced laboratory
personnel and are generally reserved for those patients where
these results will affect treatment plan (6). In some cases,
routine evaluations of an infertile couple reveal no detectable
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abnormalities that result in the diagnosis of idiopathic or
unexplained infertility.

It is known that human spermatozoa generate reactive
oxygen species (ROS) in physiologic amounts, which play a
role in sperm functions during sperm capacitation, acrosome
reaction, and oocyte fusion (7, 8). However, uncontrolled
and excessive production of ROS, when it overwhelms the
limited antioxidant defenses in semen, results in seminal
oxidative stress (9, 10). Recently, a substantial body of
growing evidence suggests that such seminal oxidative stress
is involved in many cases of idiopathic MFI (9-13).

Seminal oxidative stress causes impairment of semen
quality by multiple mechanisms, including damage of the
sperm membrane and DNA. Studies have demonstrated that
25%—88% of nonselected infertile patients have high levels
of seminal ROS (14, 15). Infertile males generating high
levels of ROS are seven times less likely to initiate a preg-
nancy compared with those who have low levels of ROS (15,
16). A recent meta-analysis by our group demonstrated that
ROS levels were significantly correlated with the fertiliza-
tion rate in couples undergoing IVF (estimated overall cor-
relation, —0.37; 95% confidence interval [CI], —0.52,
—0.20) (17). However, there is no consensus concerning the
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inclusion of ROS measurement as part of the routine diag-
nostic workup of an infertile male. This may be due to the
lack of standardization on what constitutes the abnormal or
pathological levels of ROS in semen. There is also a paucity
of literature examining the patterns of ROS generation in
semen samples of infertile men who exhibit normal and
abnormal sperm characteristics.

The purpose of this study was to [1] determine the rela-
tionship between ROS levels and presence or absence of
abnormal semen parameters within the MFI patients, and [2]
define the reference values of ROS in normal healthy donors
compared with infertile group.

MATERIALS AND METHODS

The Institutional Review Board of the Cleveland Clinic
Foundation approved the study. Patients attending our infer-
tility clinic provided a semen sample for routine semen
analysis as the first step in the evaluation of their infertility.

Study Population

The study population included normal healthy donors (n = 34,
provided 72 samples) and MFI patients (n = 132). Male
factor infertility is defined as the inability of a couple to
conceive a child after 1 year of unprotected sexual inter-
course with a normal female partner or spouse with a normal
reproductive history, normal ovulation (by follicular ultra-
sound scan, luteal phase progesterone levels, and endome-
trial biopsy), and tubal patency (hysterosalpingogram).

The MFI patients consisted of three subgroups: [1] pa-
tients with normal sperm parameters (n = 24) according to
World Health Organization (WHO) (18) criteria, [2] patients
with all abnormal sperm parameters (n = 35), and [3]
patients with =1 abnormal sperm parameter (n = 73).
Healthy donors had normal semen characteristics according
to the WHO guidelines (18). All patients were evaluated
with a complete medical history, age, physical examination,
and semen analyses. Patients and donors with positive leu-
kocytospermia (white blood cell counts =1 X 10%mL ejac-
ulate) were excluded in this study.

Semen Analysis

Semen samples were obtained by masturbation after 4872
hours of abstinence. Samples were collected into sterile
containers and allowed to liquefy at 37°C for 20 minutes. A
5-pL aliquot of well-mixed specimen was loaded onto a
20-uL Microcell chamber (Conception Technologies, San
Diego, CA). Sperm concentration and percent motility were
assessed according to WHO criteria (18).

A minimum of 200 spermatozoa were counted per sample.
All manual and computer-aided sperm analysis (CASA)
measurements were performed by a well-trained and li-
censed medical technologist. The CASA results were used
when the difference between the manual and CASA values
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was <20%. In cases where the difference was >20%, the
manual results were considered for further evaluations. For
morphological evaluation, seminal smears were stained with
Giemsa stain (Diff-Quik; Baxter Healthcare Corporation,
Deerfield, IL), and the percent sperm with normal morphol-
ogy was assessed by WHO guidelines (18) and Tygerberg’s
strict criteria (19).

Measurement of Seminal ROS

Aliquots of liquefied semen were centrifuged at 300 X g
for 7 minutes. The sperm pellet was washed twice with
phosphate-buffered saline (PBS), pH 7.4, and resuspended
in the same medium at a concentration of 20 X 10° sperm/
mL. The ROS production was measured in the suspension
by the chemiluminescence assay using luminol (5-amino-2,
3-dihydro-1,4-phthalazinedione; Sigma Chemical Co., St.
Louis, MO) as the probe. Ten microliters of 5-mM luminol
prepared in dimethyl sulfoxide (DMSO, Sigma Chemical
Co.) was added to 400 pL of the washed sperm suspension.
The ROS levels were determined by measuring chemilumi-
nescence using a luminometer (Model LKB 953, Berthold
Technologies, Bad Wildbad, Germany) in the integrated
mode for 15 minutes, and results were expressed as X 10*
number of photons counted per minute (cpm)/20
X 10° sperm.

Statistical Analysis

The ROS values were log transformed into log (ROS + 1) to
obtain a normal distribution and were used for further anal-
ysis. Sperm parameters and ROS levels were compared
among the groups of study population using the unpaired
Student’s t-test. Statistical significance was assessed at a
value of P<<.05.

Univariate models on only one predictor variable at a time
were examined in addition to a multivariate model with all
predictors including age (in years), leukocyte count (X 10%/
mL), ROS levels (X10* cpm/20 X 10° sperm), percent
motility, concentration (X 10%mL), and morphology (%) by
both WHO and Tygerberg’s criteria (17, 18). Because the
variables examined in the univariate logistic model were
continuous variables, interpretation of ORs is for a unit
increase of the predictor variable.

A receiver operating characteristic (ROC) analysis was
also performed to determine an optimum cutoff point for log
ROS. This cutoff was then used to dichotomize the log ROS
variable in the multivariate model. Correlation between pre-
dictor variables was used to assess the possibility of con-
founding of the relationship between MFI and established
parameters for a diagnosis of infertility. Statistical analysis
was performed using SAS statistical software, Version 9.1
(SAS Institute Inc., Cary, NC).

RESULTS

Normal healthy donors had significantly higher (P<<.0001)
sperm concentration (X 10%mL), motility (%), and morphol-
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ogy (%) (WHO and Tygerberg’s) compared with all MFI
patients (Table 1). However, sperm concentration (P=.07),
motility (P=.57), and Tygerberg’s morphology (P=.76) pa-
rameters were comparable between normal donors and MFI
patients with normal sperm parameters (Table 1). Overall,
MFI patients and all the subgroups had significantly higher
mean ROS levels compared with normal donors (Table 1).
Among the MFI patient groups, mean ROS levels were
significantly higher in the subgroup of those who had all
abnormal sperm parameters compared with MFI patients
with all normal sperm parameters.

Univariate analysis was performed to examine the associ-
ation between age and MFI. Age was significantly associated
with MFI (OR = 1.08, P<.0094). Similarly, log (ROS + 1)
levels were significantly associated with MFI (OR = 3.84,
P<.0001). Furthermore, sperm concentration, motility, and
the morphology (WHO and Tygerberg’s criteria) were also
significantly associated with MFI, when taken as the sole
predictor in each model (Table 2). The extent of the presence
of white blood cells (WBCs) in the samples was very high
(95% CI: 0.73, 276.42); therefore, although the OR was very
large (14.23), it was not significant.

A multivariate model using logistic regression analysis
was used to examine predictors of MFI, adjusting for other
potential predictors and confounders, such as age, seminal
leukocyte count, and morphology. This model included all
continuous variables, such as age; seminal WBC count,
sperm concentration, and motility; Tygerberg’s and WHO
morphology; and ROS production. In this model, log ROS
values remained statistically significant with the observed
OR between log ROS and MFI (OR = 4.25, P=.0034)
(Table 2). However, the WBC parameter was not significant
even though the OR was 27.32, and this was largely because
of the wide range of the 95% CI (0.48, <99).

The ROC analysis indicated optimum sensitivity and
specificity at a cutoff value between 1.2 and 1.48, with a
sensitivity between 0.70 and 0.78 and a corresponding spec-
ificity of 0.82. This information was then applied to the
logistic models.

To examine the effect of dichotomizing the log ROS
values in a model containing all other predictors as contin-
uous variables, we selected two cutoff values between 1.2
and 1.4 that optimized sensitivity and specificity (Table 3).
An additional cutoff point of 1.8 was also examined. All
cutoff points were chosen such that each corresponded to the
range of optimum sensitivity and specificity.

With a cutoff value of 1.2 or an ROS level of 14.8, an OR
of 68.64 (P=.0003) was observed. In other words, an indi-
vidual with a log ROS value above the cutoff of 1.2 was
68.64 times more likely to be categorized as MFI when
compared with an individual with an ROS level below this
cutoff. Similarly, with a cutoff of 1.4, or an ROS level of
24.1, the OR was 105.36 (P<<.0004). This increased further
with a cutoff of 1.8 or an ROS value of 62.1, OR >999.99
(P<<.0089).
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[ TABLE 1

Comparison of sperm parameters and ROS levels in normal donors and MFI patients.

MFI patients

All abnormal
semen parameters

Normal semen

P value

Overall parameters

(n = 132)

Donors
(n = 34)

(n = 35)
6.1 (4.3, 9.8)
21.82 = 11.93

(n = 25)

Sperm variable

<.0001
<.0001

.07 <.0001
<.0001

<.0001
<.0001

71.50 (46.27, 4.31) 22.03 (8.22, 46.55) 48.55 (39.45, 7.95)

Concentration (X 10%/mL)

.57

63.59 = 9.72

35.92 = 21.13

62.00 = 13.74

Motility (%)
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[ TABLE 2

Univariate and multivariate analysis —association between leukocyte count, sperm parameters, and
ROS levels.

Univariate analysis Multivariate analysis

Variable OR 95% CI P value?® OR 95% CI P value?®
Age (y) 1.08 1.02,1.15 .0094 1.07 0.96, 1.19 .2332
Leukocyte count (X 10%/mL) 14.23 0.73, 276.41 .0794 27.32 0.48, <99 .1096
Concentration (X 10%/mL) 0.98 0.97, 0.99 <.0001 0.99 0.98, 1.00 .0907
Motility (%) 0.92 0.90, 0.95 <.0001 0.89 0.84, 0.95 .0002
% morphology (strict criteria) 0.86 0.78,0.94 .0009 0.83 0.64, 1.08 .1652
% morphology (WHO) 0.95 0.92, 0.98 .0042 1.09 0.97,1.22 1434
Log (ROS + 1) 3.84 2.27,6.48 <.0001 4.25 1.62,11.18 .0034

Note: WHO = World Health Organization; ROS = reactive oxygen species expressed as log ROS = log (ROS + 1), where

ROS is expressed as 10* cpm/20 X 10° sperm.
@ P<.05 considered significant using the Wald x* test.

Agarwal. ROS and MFI. Fertil Steril 2006.

A significant correlation was observed between the pre-
dictive variables and log (ROS + 1). The most striking
observation was the negative correlation of log ROS with
concentration and motility and morphology (r = —0.37,
—0.35 [P<.0001], and r = —0.35 [P<<.0001]).

DISCUSSION

Oxidative stress associated with increased ROS generation
and reduced antioxidant capacity is negatively correlated
with sperm concentration and motility in infertile men (20—
25). In addition, individual reports also point to the possible
relationship between seminal oxidative stress and the pres-
ence of immature spermatozoa and structural abnormalities
in the spermatozoa (25-28).

Our present results also indicated a correlation between
ROS and sperm concentration, motility, and morphology
(Table 4). However, it is unclear in the literature if ROS

strict criteria morphology, WHO morphology).

levels are dependent on sperm parameters or are directly
related to the diagnosis of MFL

We conducted a univariate analysis to further clarify the
association between MFI and all the variables examined
(e.g., age, leukocyte count, sperm concentration, percent
motility, morphology [both WHO and Tygerberg’s criteria],
and ROS levels). The overall MFI group, as well as both the
MFI patient subgroups had significantly poorer sperm pa-
rameters and elevated ROS levels compared with normal
donors (Table 1). Within the MFI patient groups, mean ROS
levels in the subgroup of those patients who had all abnormal
sperm parameters were significantly higher than those with
normal sperm parameters, indicating that ROS levels are
partly related to sperm parameters.

When taken as a sole predictor, a significant association
was observed between MFI and age, and sperm parameters
with log ROS levels (Table 2). However, this significance

[ TABLE 3

Multivariate analysis—association between MFI and log (ROS + 1) (using different cutoff values of
ROS) and the ORs adjusting for all other variables (age, leukocyte count, concentration, motility,

Cutoff values log (ROS + 1) ROS OR 95% CI P value
1.2 14.8 68, 64 6.97, 676.48 .0003
1.4 241 105, 36 7.895, >999.99 .0004
1.8 62.1 >999, 99 25.56, >999.99 .0089

X 10° sperm.
a P<.05 considered significant using the Wald ¥* test.

Agarwal. ROS and MFI. Fertil Steril 2006.

Note: ROS = reactive oxygen species expressed as log ROS = log (ROS + 1), ROS values are expressed as 10* cpm/20
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Leukocyte count
Motility (%) (x 10%/mL)

(x 10%/mL)

Correlation coefficients between all the study variables.
Concentration

Variable

)
)
)
)
)

—0.08 (P=.324)  0.25(P=.0010) 0.24 (P=.0016) 0.06 (P=.508) —0.37 (P<.0001

0.38 (P<.001)

Concentration

Motility

0.38 (P<.0001) —0.33 (P=.0002) —0.35 (P<.0001

0.43 (P<.0001)
~0.15 (P=.0590) —0.04 (P=.6145) —0.07 (P=.4530)

—0.03 (P=.6572)

1

0.38 (P<.0001)
—0.03 (P=.65)

—.08 (P<.32)

WHO morphology 0.25 (P

P<.0001

=.0004

(
(
(

0.33 (P<.0001
—0.02 (P=.8599) —0.28 (P

1

—0.15 (P=.0590)
—0.04 (P=.6145)

Leukocyte count

0.78 (P<.0001) —0.02 (P=.8374) —0.35

1

0.78 (P<.0001)

0.43 (P<.0001)
0.37 (P<.0001)

.001)

1

0.24 (P=.001)

Tygerberg’s

morphology

Age

0.18 (P=.0575)

1

0.18 (P=.0575)

—0.02 (P=.8374) —0.02 (P=.8599)

—0.35 (P<.0001) —0.27 (P=.0004)

~0.33 (P=.0002) —0.07 (P=.4530)

0.06 (P=.51)
—0.37 (P<.0001)

1

0.33 (P<.0001)

—0.35 (P<.0001)

World Health Organization; ROS = reactive oxygen species.

ROS

Note: WHO

Agarwal. ROS and MFI. Fertil Steril 2006.
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was not observed with leukocyte count, and this could be due
to the exclusion of patients and donors with leukocytosper-
mia in our study. Some forms of infertility are caused by
age-related degenerative disorders of the testis. The idio-
pathic MFI may be explained as a form of premature or
differential aging of the testis induced by ischemia and
oxidative stress associated with a defective mitochondrial
genome that controls oxidative phosphorylation (29). The
presence of excessive residual cytoplasm on spermatozoa
due to imperfect spermiation in aging testis may be a sign of
reduced fertility. In addition, Sertoli cell abnormality in
infertile men may well be central to the development of
spermatogenic failure due to faulty spermiation and may be
related to genetic defects, oxidative stress, or even aging of
the gonads (30). Increased levels of lipofuscin are indicative
of the presence of mitochondrial dysfunction, which is pos-
sibly compounded by oxidative stress in the older popula-
tion. It is considered to be due to ROS-induced lipid peroxi-
dation with age (31, 32).

Although age-related changes in the male reproductive
system are universally recognized, the question of declining
fecundity with age is controversial (33). A significant age-
dependent decrease has repeatedly been reported for sperm
motility and morphology (34). Among couples who ulti-
mately conceive, a man >35 years old has twice the likeli-
hood of requiring more than 12 months to impregnate his
female partner than does a man <25 years old (33). In
addition, a study suggests that paternal age =40 years sig-
nificantly increases the risk of miscarriage in couples where
the woman is >335 years old (35, 36). This may be attributed
to an age-dependent accumulation of DNA damage in sperm,
possibly as a result of a less efficient mechanism of apopto-
sis; age is one likely factor that may be responsible for an
increase in DNA damage to sperm (37).

Several studies have demonstrated the physiologic and
pathologic functions of ROS in the male reproductive system
(7, 38—40). Defining the cutoff values for pathologic levels
of ROS is a critical issue. However, consensus on the cutoff
value of ROS levels to determine the pathologic values is
lacking. There is a lack of a common, standardized method-
ology for the measurement of ROS among the researchers;
this is largely due to the differences in the methodologies
used for the measurement of ROS and units of ROS produc-
tion. Using our established methodology, we were interested
in providing a cutoff value for ROS that could be considered
pathologic. A multiple logistic regression model was con-
structed after adjusting for all other variables to see whether
ROS was an independent marker of MFI. Log ROS was
found to be a significant predictor (OR = 4.25; P=.0034) of
MFI, even after adjusting for all other variables (age, leuko-
cyte count, concentration, motility, morphology) (Table 2).
A 1-unit increase in the log ROS value results in a fourfold
increase of the odds of the patient being categorized as MFI
compared with no increase in the log ROS level.
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Receiver operating characteristic curve analysis was per-
formed to find a cutoff value that could be used to differen-
tiate MFI patients from normal males. In our recent study,
we reported the cutoff values that differentiated normal from
abnormal ROS levels in neat and washed sperm samples
(41). However, the units of ROS expression in this study
were different. The optimum log (ROS + 1) cutoff value
was found to be between 1.2 and 1.48, with a corresponding
sensitivity between 0.71 and 0.78 and specificity of 0.82.
These values indicate that ROS levels can predict MFI with
an accuracy of =80%. It is interesting to note that no
significant association was observed between sperm concen-
tration and MFI in the univariate model that accounted for all
other factors.

Although sperm concentration and morphology (WHO
and Tygerberg’s) are the two well-established predictors of
MFI, it is likely that an association between ROS and sperm
concentration may confound this relationship. If that were
the case, log ROS would have to be independently associated
with the MFI as well as with sperm concentration. No clear
evidence exists as to whether high ROS levels are a cause or
an effect of abnormal semen parameters. From multivariate
analysis, it is clear that log ROS is independently associated
with MFL It is also evident that sperm concentration and
morphology are strongly correlated with log ROS (Table 4).

However, this observation is applicable only to the clinical
population examined in this study. Future studies will be
needed to examine the relationship between log ROS and
MFI with routine testing of all the sperm parameters in a
more general population to provide definitive information
regarding the usefulness of ROS as a better predictor of MFIL.
Conflicting reports make it difficult to establish the utility of
ROS in fertility practice. In one report, however, Whitting-
ton et al. (23) found no significant relationship between
sperm motility and the levels of ROS production. In another
report, seminal oxidative stress in patients presenting with
prostatitis was not associated with a reduction in sperm
concentration, percentage of motility, and morphology com-
pared with normal controls (24).

Previous prospective studies from our center and other
individual reports have demonstrated the causative relation-
ship between oxidative stress and the induction of sperm
chromatin damage by means of single- and double-stranded
DNA breakage (42—44). It has been demonstrated that sperm
DNA damage has a significant negative effect on the devel-
oping embryo quality (45) and reportedly leads to postfer-
tilization failure (46—49). It may be hypothesized that DNA
damage in normal spermatozoa might have contributed to
the etiology of infertility in our subset of infertile patients
(44).

Postulated mechanisms for infertility among nonleukocy-
tospermic patients with normal semen parameters and high
or normal ROS levels are: [1] direct generation of oxygen
radicals by low concentrations of leukocytes; [2] significant
DNA damage in samples containing abnormal levels of
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ROS-producing spermatozoa; [3] diminished levels of anti-
oxidants in the seminal plasma; or [4] the presence of im-
mature sperm in substantial quantities in semen.

Another major source of ROS production in leukocyte-
free semen samples in infertile patients may be the presence
of substantial quantities of immature spermatozoa (50). Im-
mature spermatozoa, besides being associated with a high
generation of ROS, also exhibit enhanced DNA damage
indicative of derangement in the regulation of spermiogen-
esis (43). Thus, in the absence of leukocytospermia, damage
of mature spermatozoa by ROS-producing immature sper-
matozoa during comigration from the seminiferous tubules
to the epididymis could be a potential cause of MFI in males
with normal semen parameters.

Several studies also suggested that decreased levels of
antioxidants in seminal plasma might be a potential cause of
infertility in these patients. It has been demonstrated that
infertile patients possess low levels of antioxidants and ex-
hibit a lower total antioxidant capacity (TAC) (15). Further-
more, ample clinical and laboratory evidence supports the
efficacy of antioxidants in improving semen characteristics
and achieving greater IVF success with improved pregnancy
rates (51-53). However, because seminal TAC scores were
not incorporated as part of our analysis, the role of decreased
TAC scores in causing infertility in these patients could not
be verified.

In light of our findings, a significant association was
observed between MFI and ROS levels after adjusting the
semen characteristics in a multiple logistic regression model
following the exclusion of leukocytospermic samples. This
suggests that ROS may play a significant role in the etiology
of MFI. Although any one of the previously mentioned
causes may be involved, perhaps the increased ROS levels in
the male reproductive tract are the most important contrib-
uting factor. Our results support the idea that the presence of
abnormal levels of ROS in semen could serve as an inde-
pendent marker of MFI. Our results are in good agreement
with other studies suggesting that ROS-induced oxidative
stress is a significant risk factor associated with MFI (24).

In conclusion, MFI patients have high ROS levels in
semen. The ROS levels in semen could then be used as an
independent marker in the diagnosis of MFI, especially in
cases of idiopathic infertility. All the sperm parameters ex-
amined, except sperm motility, proved to be poor predictors
of MFL. This is a clinically significant finding, in addition to
ruling out the female factor as a potential cause of infertility
in the couple. It may be important to perform laboratory tests
to determine the presence of oxidative stress in males pre-
senting with idiopathic infertility. As ROS testing becomes a
part of routine semen analysis, additional prospective studies
will help in better defining a reference range. The treatment
strategy in these men should include antioxidant supple-
ments that will help reduce oxidative stress and thereby
improve sperm quality and fertility.
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