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Abstract

Intrauterine insemination (IUl) is a treatment of choice compared with other invasive and expensive techniques of
assisted reproduction. Sperm quality is used to predict its outcome and success. Establishing threshold levels for
sperm parameters is useful to avoid spending time and money to do other assisted reproductive techniques. This study
was carried out to compare various semen parameters in a group of men eligible to participate in an Ul program
with those of fertile men whose wives were pregnant at the time of the study. Two hundred and thirty-four semen
samples were evaluated from subfertile men whose partners were candidates for IUl and 234 semen samples were
evaluated from fertile men whose partners were pregnant less than 12 weeks. To assess the sensitivity and specificity
of the main semen parameters, receiver operating characteristic (ROC) curves were used. Normal sperm morphology
is more sensitive and specific compared with its progressive motility and concentration. No significant differences
in various semen parameters of fertile men and those of the male partners of Ul candidates were observed. ROC
analysis identified that sperm normal morphology using strict criteria may be a good indicator of fertility status in men.
No significant difference in various semen parameters between the male partners of IUl candidates and the fertile men
was seen. However, utilizing ROC curves, sperm morphology using strict criteria could be a good predictor of fertility.
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Ahmadi, 2004). IUI has a variety of indications such as
unexplained infertility, congenital anomalies of the genital
tract, erectile dysfunction, retrograde ejaculation, antisperm
antibodies, female sexual dysfunction (vaginismus), cervi-
cal factors, and infertility caused by endometriosis (Marchetti
& Dewailly, 2006).

Semen quality and several seminal parameters such as
sperm motility and their normal morphology might be
strong predictors of IUI success (Ombelet, Dhont,
Thijssen, Bosmans, & Kruger, 2014; van Weert et al.,
2004; Zhang, Tao, Xing, Cai, & Zhang, 2014). Several
studies have reported that total motile sperm count,

Introduction

Approximately 15% of couples cannot have a child after
1 year of regular unprotected intercourse. Male infertility
is solely responsible in about 20% of infertile couples,
but it is also a contributor in another 30% to 40%
(Thonneau et al., 1991). Semen analysis is one of the
most important laboratory tests in the investigation of
men’s fertility status (Khalili, Aghaie-Maybodi, Anvari,
& Talebi, 2006). Semen analysis, which contains the
main criteria for the quality of semen such as sperm
count, sperm motility, and the percentage of sperm with
normal morphology, is the basis of the laboratory evalua-
tion of infertile men (Badawy, Elnashar, & Eltotongy,
2009; Merviel et al., 2010).

The intrauterine insemination (IUI) method, which is
used to increase the quality and quantity of sperms at the site
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of fertilization, is a noninvasive, less expensive, and more
acceptable treatment compared with other complex assisted
reproduction techniques (ART; Dadkhah, Nahabidian, &
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especially its progressive motility, is the best predictor of
pregnancy after sperm processing (Miller et al., 2002;
Zhao etal., 2004). Farimani and Amiri (2012) have
revealed that male factors do not correlate with the treat-
ment outcome. Reference values for semen parameters
are not precise guides for fertility in men, while fertility is
reported in men who do not have at least these criteria.
Infertility can be seen in men with normal semen param-
eters. Difficulties in establishing thresholds to define fer-
tile and infertile men have made the diagnostic value of a
semen analysis controversial (Van der Merwe, Kruger,
Ochninger, & Lombard, 2005). Previous studies have
demonstrated that different geographical areas have vari-
able values for semen parameters (Fisch & Goluboff,
1996), probably related to environmental factors.
However, ethnic or genetic differences cannot be excluded
(Jergensen et al., 2001; Swan et al., 2003) so each labora-
tory should determine its own reference range for each
semen variable (Haugen, Egeland, & Magnus, 2006).

Haugen etal. (2006) suggested that World Health
Organization (WHO) cutoff values are not sufficient to
label fertility status in men everywhere around the world
and these values differ in each region (Fisch & Goluboff,
1996; Jorgensen et al., 2001; Swan et al., 2003). It seems
that each geographical area requires certain criteria as
reference values to evaluate the fertility rate of the resi-
dents. Thus, in different regions of the world, regional
studies are being conducted on semen parameters to seek
standards for each geographical area separately (Haugen
et al., 2006; Jorgensen et al., 2001; Menkveld et al., 2001;
Swan et al., 2003).

A review by Ombelet et al. (2014) identified a serious
need for more comprehensive and more accurate studies
considering the prognostic value of semen parameters on
IUI pregnancy rate. Around the world, clinical approaches
associated with ART would benefit from determining
threshold levels for semen variables. IUI pregnancy rate
can increase above these levels and it is unlikely that
pregnancy would occur below these levels. Because of
the lack of region-specific standards for semen parame-
ters, and different IUI treatment strategies available for
each patient (Ombelet et al., 2014), this study investi-
gated such threshold levels in a region of Iran to compare
fertile and subfertile populations in order to define nor-
mal values for different semen parameters.

Materials and Method

From October 2014 until March 2015, 606 couples who
were pregnant less than 12 weeks were consulted. Two
hundred and thirty-four male participants agreed to par-
ticipate in the study and donated semen samples for the
research as a control group. All couples in the control
group had become pregnant within 1 year of unprotected

coitus. During the same period, 234 consecutive couples
who were referred to the Fertility and Infertility Center of
Beheshti Hospital with a history of subfertility for at least
13 months were chosen as part of the case group. The [UI
candidate couples had a history of idiopathic subfertility.
The age range was 16 to 35 years for women and 20 to 45
years for men in both fertile and IUI candidate groups.
All participants were educated on the study protocol and
completed a consent form before participating in the
study.

All participants were instructed to abstain from sexual
activity for 2 to 7 days before semen collection (Khalili,
Adib, Halvaei, & Nabi, 2014). The specimens were col-
lected at the participant’s home or in the Beheshti
Hospital’s Andrology Laboratory by masturbation or by
intercourse using special semen collection condoms that
do not contain substances such as latex rubber that are
detrimental to sperm. The semen specimens were kept at
room or body temperature and were examined within half
an hour of collection. After complete liquefaction, all
samples were evaluated in a blinded fashion by a quali-
fied person to prevent the interobserver variation based
on WHO (2010) criteria. The concentration, motility, and
percentage of spermatozoa was evaluated with normal
forms in all samples based on these criteria.

The receiver operating characteristic (ROC) curve was
used to evaluate the sensitivity and specificity of each
semen parameter from both fertile and subfertile couples
using fertility status as the standard (Kruger et al., 1986;
Ombelet et al., 1997). The data were analyzed by SPSS
software version 2.0. Minimum and mean values were
recorded for each semen parameter. p Values less than .05
was considered statistically significant and data were pre-
sented as mean + standard deviation.

Results

A total of 468 semen samples were evaluated, 234 sam-
ples from subfertile couples which were referred for IUI,
and 234 samples from couples who were pregnant less
than 12 weeks. There was no significant difference
between the mean age of men (p = .17) and women
(p = .31) in both groups. Fifty-six cases resulted in preg-
nancy for an IUI success rate of 23.4%. The number of
cycles was minimum to maximum, 1 to 4, and the mean
of the number of the cycles was 2.19 + 0.72. Numbers,
frequencies, medians, and interquartile ranges of natural
fertile semen samples are illustrated in Table 1. Numbers,
frequencies, medians, and interquartile ranges of TUI candi-
date semen samples are illustrated in Table 2. The mean vol-
umes of semen were 2.51 + 1.2 and 3.69 + 1.3 ml in fertile
and subfertile groups, respectively (p =.7; Figure 1). There
was no significant difference between the fertile and sub-
fertile groups regarding sperm parameters (Table 3).
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Table I. Frequencies of Parameters in Natural Fertile Group: Statistics.
vol3 con3 norm3 fast3 slow3 nonp3

N

Valid 234 234 234 234 234 234

Missing 234 234 234 234 234 234
Standard error of M 0.08697 5.34218 0.75336 0.77530 1.25110 0.56895
Median 3.5000 93.5000 38.0000 4.5000 46.0000 10.0000
SD 1.33040 81.71961 11.52426 11.85975 19.13808 8.70325
Variance 1.770 6678.095 132.809 140.654 366.266 75.747
Range 7.50 373.00 70.00 58.00 223.00 50.00
Minimum 0.50 7.00 4.00 0.00 5.00 0.00
Maximum 8.00 380.00 74,00 58.00 228.00 50.00
Percentiles

25 3.0000 50.0000 28.0000 0.0000 34.0000 4.7500

50 3.5000 93.5000 38.0000 4.5000 46.0000 10.0000

75 5.0000 165.7500 44 0000 12.2500 56.0000 14.0000
Note. vol = semen volume; con = sperm concentration; norm = sperm normal morphology; fast = fast motility; slow = slow motility.
Table 2. Frequencies of Parameters in Intrauterine Insemination Candidate Group: Statistics.

vol4 con4 norm4 fast4 slow4 nonp4

N

Valid 234 234 234 234 234 234

Missing 234 234 234 234 234 234
Standard error of M 0.07967 5.23268 1.06163 0.76460 0.59636 0.58611
Median 2.2000 127.0000 50.0000 9.0000 35.0000 30.0000
sD 1.21878 80.04457 16.23977 11.69615 9.12252 8.96573
Variance 1.485 6407.133 263.730 136.800 83.220 80.384
Range 5.90 353.00 86.00 56.00 58.00 48.00
Minimum 0.10 15.00 10.00 0.00 5.00 5.00
Maximum 6.00 368.00 96.00 56.00 63.00 53.00
Percentiles

25 1.3000 70.0000 38.0000 4.0000 29.0000 23.0000

50 2.2000 127.0000 50.0000 9.0000 35.0000 30.0000

75 3.1000 182.0000 60.0000 19.0000 40.0000 35.0000

Note. vol = semen volume; con = sperm concentration; norm = sperm normal morphology; fast = fast motility; slow = slow motility.

For example, the mean of the sperm concentration was
136.3 £ 80 and 114.7 £ 81 in fertile and subfertile groups,
respectively (p = .3; Figure 2). A reverse correlation was
obtained between the mean volume of semen and the
mean of the sperm concentration, but Pearson correlation
coefficient was not significant (p = .0; Figure 3).

The mean percentage of sperms with normal morphol-
ogy in fertile and subfertile groups was 12.7 + 5.2 and
11.5 + 6.5, respectively (p = .1; Figure 4). The mean per-
centage of sperms with fast progressive motility was 12.4
+ 0.7 and 8.89 £ 0.7 in fertile and subfertile groups,
respectively, which was more in fertile group (p = .9;
Figure 5). In contrast, the mean percentage of sperms
with slow progressive motility was higher in subfertile
group (44.9 £ 19.1) compared with the fertile group

(34.8+9.1; p=.1; Figure 6). Based on ROC analysis, the
highest diagnostic value in predicting fertility status was
sperm morphology (Figure 7; Table 4).

Discussion

This study evaluated semen parameters in [UI candidates
and fertile couples. Based on the findings, there was no sig-
nificant difference between the main parameters of semen
and sperm, such as semen volume, sperm concentration,
motility, and morphology between the two groups. ROC
analysis revealed that sperm morphology has the highest
diagnostic value for prediction of fertility rate. Semen anal-
ysis is the most important diagnostic tool of male fertility.
When parameters are unfavorable, no pregnancies occur.
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Figure 1. Mean and confidence interval (Cl) of the semen
volume in fertile (normal) and subfertile (intrauterine
insemination [IUI]) groups.

Table 3. Descriptive Statistics of the Sperm Parameters in
Fertile and Subfertile Groups (M + SD).

Variable Fertile group  Subfertile group p
Semen volume 251 +1.22 3.69 + 1.33 7
Sperm 136.3 £ 80 1147 £ 81.7 3
concentration
Sperm normal 12.76 + 5.24 11.52 + 6.52 A7
morphology
Fast motility 12.48 £ 0.76 8.89 £ 0.78 .96
Slow motility 3486 £9.12 4494 = 19.14 .15
150.00-

§

£ 140.00

£

5

[*]

§ 130.00-

E

(%]

& 120.00]

5

2

33‘ 110.00

100.00
Ill.ll nor[mal
group

Figure 2. Mean and confidence interval (Cl) of the sperm
concentration in fertile (hormal) and subfertile (intrauterine
insemination [IUI]) groups.

Both sperm count and total motile sperm count after pro-
cessing have a significant relationship with pregnancy rate.

Figure 3. Correlation between the mean volume of the
semen and the mean of the sperm concentration.
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Figure 4. Twenty-fifth and 75th percentiles, plus the median
and range of the sperms with fast progressive motility in
fertile (normal) and subfertile (intrauterine insemination [IUI])
groups.

The main guide for semen analysis assessment in recent
years has been the WHO criteria (Kruger et al., 1986).

IUI is widely used for infertile couples’ treatment.
When this method is properly selected with regard to
sperm parameters and female factors, there is a great
chance of success. Nevertheless, the selection of appro-
priate ovarian stimulation is very important (Merviel
et al., 2010). Success rates of IUI improve linearly with
progress in sperm processing methods which increases
sperm count and total motile sperm count (Kruger et al.,
1986). Semen quality is a main factor to predict [UI suc-
cess rate (Ombelet et al., 2014) and among the semen
parameters, sperm motility is important (Shulman et al.,
1998). Studies have confirmed that progressive motility
and total motile sperm count after sperm processing are
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Figure 5. Twenty-fifth and 75th percentiles, plus the median
and range of the sperms with slow progressive motility in
fertile (normal) and subfertile (intrauterine insemination [IUI])
groups.
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Figure 6. Twenty-fifth and 75th percentiles, plus the median
and range of the sperms with fast progressive motility in
fertile (normal) and subfertile (intrauterine insemination [IUI])
groups.

the best predictors of pregnancy (Miller et al., 2002; van
Weert et al., 2004; Zhao et al., 2004). In most cases of
infertility such as unexplained, cervical, and male factor
subfertility, IUI with homologous semen is the first
choice of treatment. Other methods of assisted reproduc-
tion are more invasive and expensive (Ombelet et al.,
2014).

Previous reports have been controversial about the
threshold values of the main sperm parameters related to
semen characteristics for IUI success (Badawy et al., 2009;
Dorjpurev et al., 2011; Merviel et al., 2010; Wainer et al.,
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Figure 7. Area under the receiver operating characteristic
(ROC) curve for semen parameters.

Table 4. Area Under the ROC Curve for Main Semen
Parameters.

Asymptotic 95%

Cl
Test result Asymptotic  Lower  Upper
variables Area SE? significance®  bound  bound
Semen volume  0.256 0.023 0.000 0.212 0.301
Sperm 0.590 0.026 0.001 0.539 0.642
concentration
Normal 0.748 0.023 0.000 0.703 0.792
morphology
Fast motility 0.631 0.026 0.000 0.580  0.682
Slow motility 0.288 0.025 0.000 0.240  0.337

Note. ROC = receiver operating characteristic; SE = standard error;
Cl = confidence interval. The test result variable(s): semen volume,
sperm concentration, sperm normal morphology, fast motility, and
slow motility has at least one tie between the positive actual state
group and the negative actual state group. Statistics may be biased.
*Under the nonparametric assumption. ®Null hypothesis: True area = 0.5.

2004). Because there is no agreement on the ideal levels of
these items, including sperm concentration and motility, it
is difficult to guess which couples would benefit from this
procedure. In view of this point, gynecologists who spe-
cialize in the human reproduction field prefer to indicate
three to six or more cycles of IUI before attempting more
complex techniques (Merviel et al., 2010). Another impor-
tant issue is the variations in sperm counts between differ-
ent geographical regions (Fisch & Goluboff, 1996).
Dorjpurev et al. (2011) have mentioned the motility of
ejaculated sperm as an important success factor for
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natural pregnancy. Shulman et al. (1998) demonstrated
that the number of highly motile sperm and their survival
are the most important parameters for assessing their fer-
tilizing ability in successful insemination. Brasch,
Rawlins, Tarchala, and Radwanska (1994) and Campana
et al. (1996) reported that there is a significant associa-
tion between total motile sperm count and pregnancy
rate.

In this regard, Merviel et al. (2010) reported a concen-
tration of more than five million motile sperm and terato-
spermia less than 70% following semen processing as the
most important predictive factors. Success of IUI for
male factor subfertility is strongly reduced when a wom-
an’s age is more than 35 years, less than five million
motile sperm are present in the semen sample and normal
sperm morphology is less than 30% (Badawy et al.,
2009). Results of Dorjpurev et al.’s (2011) study were the
same as above. Wainer et al. (2004) reported these levels
at 30% for normal sperm morphology, but 10 million/ml
for sperm motility in male subfertility cases.

Conversely, other studies have demonstrated that sperm
morphology alone, before or after preparation, do not help
predict IUI outcomes (Brasch et al., 1994; Miller et al.,
2002; Zhao et al., 2004). Similar to the current findings,
Akl et al. (2011) reported that they reached 65% success
rate following IUI with an optimum cutoff point of 2% for
the percentage of morphologically normal sperms. In line
with Merviel et al. (2010), Zhang et al. (2014) evaluated
infertile couples with male factors. Zhang et al. (2014)
reported poor outcomes for pregnancy rates after IUI pro-
cedures in couples with sperm counts less than five mil-
lion. After three unsuccessful IUI cycles for each couple,
they preferred to work on other methods of ART.

The WHO modified normal morphology cutoff values
to more than 4% in the 2010 WHO manual (Shulman et al.,
1998). Before this, Karabinus and Gelety (1997) observed
no association between sperm morphology and the result of
IUI and mentioned that there is still a controversy regarding
the definition of a morphologically normal sperm. In sup-
port of this statement, another study revealed low probabil-
ity of pregnancy rate in samples with less than 10% normal
morphology of sperms. Stanford, Mikolajczyk, Lynch, and
Simonsen (2010) recommended other methods of ART
(i.e., in vitro fertilization and/or intracytoplasmic sperm
injection). In 1999, the critical percentage of normal mor-
phology was 14% (Natali et al., 2013). In 2014, Li etal.
concluded that when normal sperm morphology rate is less
than 4%, intracytoplasmic sperm injection method is pre-
ferred and when this item becomes equal or more than 4%,
in vitro fertilization technique should be considered first.

Knowing the importance of sperm motility, especially
after processing, can determine which couples benefit from
ART. A meta-analysis by van Weert et al. (2004) confirmed
this and demonstrated that sperm motility after processing

could be used as a useful factor to choose patients for either
IUI or in vitro fertilization. In the current study, the area
under the curve for morphology value was near 0.8 so this
value can be considered to have a higher sensitivity and
specificity than the other parameters.

Conclusion

Many variables may influence success rates after IUI treat-
ment procedures. Scientists from different geographical
regions reported variable results on the main effective
parameters. Although there was no significant difference
between the main semen and sperm parameters, it is obvi-
ous that first, normal morphology of the sperms and, sec-
ond, their progressive motility have higher sensitivity and
specificity for prediction of IUI success according to the
ROC data. The purpose of this study was to prevent unnec-
essary cycles and reduce the waiting time to pregnancy and
childbirth. The results could have benefits in saving time
and costs for infertile couples who are referred to ART
laboratories. More research is needed to identify differ-
ences in the cutoff values in semen parameters.

Acknowledgments

The authors express their gratitude to Isfahan University of
Medical Sciences for budgeting this research (Project number
293281) and the Andrology Laboratory of Isfahan Beheshti
Hospital for their collaboration. We would like to thank Mr. Ali
Mehrabi Koshki for his cooperation with biostatistics in this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this arti-
cle: Isfahan University of Medical Sciences (Project number
293281).

References

AKkl, L. D., Oliveira, J. B. A., Petersen, C. G., Mauri, A. L.,
Baruffi, R., & Franco, J. (2011). Efficacy of motile sperm
organelle morphology examination (MSOME) for predict-
ing pregnancy after intrauterine insemination. Fertility and
Sterility, 96, 264. doi:10.1186/1477-7827-9-120

Badawy, A., Elnashar, A., & Eltotongy, M. (2009). Effect of
sperm morphology and number on success of intrauterine
insemination. Fertility and Sterility, 91, 777-781.

Brasch, J., Rawlins, R., Tarchala, S., & Radwanska, E. (1994).
The relationship between total motile sperm count and the
success of intrauterine insemination. Fertility and Sterility,
62, 150-154.



Aboutorabi et al.

623

Campana, A., Sakkas, D., Stalberg, A., Bianchi, P. G., Comte,
1., Pache, T., & Walker, D. (1996). Intrauterine insemina-
tion: Evaluation of the results according to the woman’s
age, sperm quality, total sperm count per insemination and
life table analysis. Human Reproduction, 11, 732-736.

Dadkhah, F., Nahabidian, A., & Ahmadi, G. H. (2004). The
correlation between semen parameters in processed and
unprocessed semen with pregnancy rate in intrauterine
insemination in the treatment of male factor infertility.
Urology, 1,273-275.

Dorjpurev, U., Kuwahara, A., Yano, Y., Taniguchi, T., Yamamoto,
Y., Suto, A., ... Irahara, M. (2011). Effect of semen character-
istics on pregnancy rate following intrauterine insemination.
Journal of Medical Investigation, 58, 127-133.

Farimani, M., & Amiri, I. (2012). Analysis of prognostic factors
for successful outcome in patients undergoing intrauterine
insemination. Acta Medica Iranica, 45, 101-106.

Fisch, H., & Goluboff, E. T. (1996). Geographic variations in
sperm counts: A potential cause of bias in studies of semen
quality. Fertility and Sterility, 65, 1044-1046.

Haugen, T. B., Egeland, T., & Magnus, @. (2006). Semen
parameters in Norwegian fertile men. Journal of Andrology,
27,66-71.

Jorgensen, N., Andersen, A. G., Eustache, F., Irvine, D. S.,
Suominen, J., Petersen, J. H., . . . Skakkebak, N. E. (2001).
Regional differences in semen quality in Europe. Human
Reproduction, 16, 1012-1019.

Karabinus, D. S., & Gelety, T. J. (1997). The impact of sperm
morphology evaluated by strict criteria on intrauterine
insemination success. Fertility and Sterility, 67, 536-541.

Khalili, M. A., Adib, M., Halvaei, 1., & Nabi, A. (2014).
Vitrification of neat semen alters sperm parameters and
DNA integrity. Urology, 11, 1465-1470.

Khalili, M. A., Aghaie-Maybodi, F., Anvari, M., & Talebi, A.
R. (2006). Sperm nuclear DNA in ejaculates of fertile and
infertile men: Correlation with semen parameters. Urology,
3, 154-159.

Kruger, T. F., Menkveld, R., Stander, F., Lombard, C., Van der
Merwe, J., Van Zyl, J., & Smith, K. (1986). Sperm morpho-
logic features as a prognostic factor in in vitro fertilization.
Fertility and Sterility, 46, 1118-1123.

Li, B., Ma, Y., Huang, J., Xiao, X., Li, L., Liu, C., . . . Wang,
X. (2014). Probing the effect of human normal sperm mor-
phology rate on cycle outcomes and assisted reproductive
methods selection. PLoS One, 9, €113392.

Marchetti, C., & Dewailly, D. (2006). Intrauterine insemina-
tion: Indications and methods. La Revue du Praticien, 56,
500-506.

Menkveld, R., Wong, W. Y., Lombard, C. J., Wetzels, A. M.,
Thomas, C. M., Merkus, H. M., . . . Steegers-Theunissen,
R. P. (2001). Semen parameters, including WHO and strict
criteria morphology, in a fertile and subfertile population:
An effort towards standardization of in-vivo thresholds.
Human Reproduction, 16, 1165-1171.

Merviel, P., Heraud, M. H., Grenier, N., Lourdel, E., Sanguinet,
P., & Copin, H. (2010). Predictive factors for pregnancy
after intrauterine insemination (IUI): An analysis of 1038
cycles and a review of the literature. Fertility and Sterility,
93, 79-88.

Miller, D. C., Hollenbeck, B. K., Smith, G. D., Randolph, J.
F., Christman, G. M., Smith, Y. R., . . . Ohl, D. A. (2002).
Processed total motile sperm count correlates with pregnancy
outcome after intrauterine insemination. Urology, 60,497-501.

Natali, 1., Muratori, M., Sarli, V., Vannuccini, M., Cipriani,
S., Niccoli, L., . . . Giachini, C. (2013). Scoring human
sperm morphology using testsimplets and Diff-Quik slides.
Fertility and Sterility, 99, 1227-1232.

Ombelet, W., Bosmans, E., Janssen, M., Cox, A., Vlasselaer, J.,
Gyselaers, W., . . . Kruger, T. (1997). Semen parameters in
a fertile versus subfertile population: A need for change in
the interpretation of semen testing. Human Reproduction,
12,987-993.

Ombelet, W., Dhont, N., Thijssen, A., Bosmans, E., & Kruger,
T. (2014). Semen quality and prediction of IUI success
in male subfertility: A systematic review. Reproductive
Biomedicine Online, 28, 300-309.

Shulman, A., Hauser, R., Lipitz, S., Frenkel, Y., Dor, J., Bider,
D., . . . Yavetz, H. (1998). Sperm motility is a major
determinant of pregnancy outcome following intrauter-
ine insemination. Journal of Assisted Reproduction and
Genetics, 15, 381-385.

Stanford, J. B., Mikolajczyk, R. T., Lynch, C. D., & Simonsen,
S. E. (2010). Cumulative pregnancy probabilities among
couples with subfertility: Effects of varying treatments.
Fertility and Sterility, 93,2175-2181.

Swan, S. H., Brazil, C., Drobnis, E. Z., Liu, F., Kruse, R. L.,
Hatch, M., . . . Overstreet, J. W. (2003). Geographic differ-
ences in semen quality of fertile U.S. males. Environmental
Health Perspectives, 111, 414-420.

Thonneau, P., Marchand, S., Tallec, A., Ferial, M. L., Ducot, B.,
Lansac, J., . .. Spira, A. (1991). Incidence and main causes of
infertility in a resident population (1,85,0000) of three French
regions (1988-1989). Human Reproduction, 6, 811-816.

Van der Merwe, F., Kruger, T., Ochninger, S., & Lombard, C.
(2005). The use of semen parameters to identify the sub-
fertile male in the general population. Gynecologic and
Obstetric Investigation, 59, 86-91.

van Weert, J. M., Repping, S., Van Voorhis, B. J., van der
Veen, F., Bossuyt, P., & Mol, B. W. (2004). Performance
of the postwash total motile sperm count as a predictor of
pregnancy at the time of intrauterine insemination: A meta-
analysis. Fertility and Sterility, 82, 612-620.

Wainer, R., Albert, M., Dorion, A., Bailly, M., Bergére, M.,
Lombroso, R., ... Selva, J. (2004). Influence of the number
of motile spermatozoa inseminated and of their morphol-
ogy on the success of intrauterine insemination. Human
Reproduction, 19, 2060-2065.

World Health Organization. (2010). WHO laboratory manual
for the examination and processing of human semen (5th
ed.). Cambridge, England: Cambridge University Press.

Zhang, E., Tao, X., Xing, W., Cai, L., & Zhang, B. (2014).
Effect of sperm count on success of intrauterine insemi-
nation in couples diagnosed with male factor infertility.
Materia Socio Medica, 26, 321-323.

Zhao, Y., Vlahos, N., Wyncott, D., Petrella, C., Garcia, J., Zacur,
H., & Wallach, E. E. (2004). Impact of semen characteris-
tics on the success of intrauterine insemination. Journal of
Assisted Reproduction and Genetics, 21, 143-148.





