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2.1	 �Introduction

This chapter primarily aims to discuss the epidemiologic 
relationship between infertility and male reproductive poten-
tial. It will focus in detail on the accuracy and diagnostic 
value of semen studies. Controversial reports of declining 

sperm counts during the twenty-first century will also be 
addressed, followed by a review of trends in health-care 
resource utilization and cost analysis models pertinent to the 
management of male infertility.

Antioxidant therapy for male infertility has an epidemio-
logic basis in the understanding that reactive oxygen species 
(ROS) contribute to sperm damage and are present in higher 
levels in the semen of infertile men [1–4]. However, given 
the increasing availability and use of assisted reproductive 
technology (ART), it may be surprising to encounter an epi-
demiologic approach to male infertility in the modern era 
[5]. The relative ease of surgical sperm retrieval in cases of 
azoospermia and severe oligozoospermia has seemingly ren-
dered comprehensive evaluation and treatment of infertile 
men less relevant. Even though such an evaluation may iden-
tify one or more modifiable risk factors for infertility (as well 
as potentially serious underlying or coexisting illnesses and 
genetic abnormalities), the outcome of pathology-directed 
treatment may take longer to realize.

However, risk and uncertainty are also attendant to the use 
of ART. Cost-effectiveness studies have demonstrated that a 
straight-to-ART approach is less efficient than pathology-
directed treatment in many situations involving male infertil-
ity. Therefore, renewed emphasis is being placed on the 
paradigm of intervention to correct modifiable male risk fac-
tors [6].

2.2	 �Epidemiology of Infertility

It is important to distinguish reproductive potential, or 
capacity, from actual reproductive performance, or out-
comes [7, 8]. Infertility is ultimately defined by a 
reproductive outcome (i.e., childlessness), but “male infer-
tility” is a diagnosis of relative impairment in male repro-
ductive potential. Before discussing male infertility in 
more detail, we will review the epidemiology of infertility 
in general.
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Key Points
•	 There is a 15% lifetime incidence of infertility 

among couples in Western countries; only 3%–5% 
of couples are sterile.

•	 If the timing of sexual intercourse relative to ovula-
tion is deliberately controlled, then the monthly prob-
ability of pregnancy may approach 40%; however, the 
human average for monthly fecundity is 20%.

•	 The absence of a gold-standard test for male infertil-
ity is a fundamental problem, preventing an accurate 
understanding of its epidemiology and of the predic-
tive value of tests employed for its diagnosis.

•	 Sperm concentration correlates with the probability 
of conception up to a density of 40 million/mL, but 
there is no additional likelihood of pregnancy at 
higher sperm densities.

•	 Purported declines in semen quality during the 
twentieth century may be an artifact of bias from 
geographical differences in sperm counts.

•	 Economic analyses suggest that pathology-directed 
treatment of male infertility is generally more cost-
effective than proceeding directly to ART.
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2.2.1	 �Incidence and Prevalence of Infertility 
in Developed Countries

Childlessness within long-standing marriage has been 
observed to occur in roughly 10% of couples in developed 
countries [9]. This figure represents a measure of reproduc-
tive outcomes, but it does not exclude couples who remain 
voluntarily childless or do not have regular intercourse dur-
ing the fertile phase of the female’s menstrual cycle.

The World Health Organization (WHO)  has defined 
infertility by “the failure to achieve a clinical pregnancy after 
12 months or more of regular unprotected sexual inter-
course,” which captures the concept of impaired reproduc-
tive potential [10]. By this criterion, the lifetime incidence of 
unwanted infertility is approximately 15% among couples in 
Western countries [11]. Two-thirds of these cases are primary, 
that is, in couples who have never previously conceived, 
while one-third are secondary [9].

It is not uncommon to see infertility defined by other 
durations of time, such as 2 or 5 years. Also, while the out-
come of interest in the WHO’s definition is conception, oth-
ers prefer to regard infertility as the absence of live birth [7, 
8]. This distinction is important, because 10–25% of recog-
nized pregnancies end in miscarriage [12].

The annual prevalence of infertility among married US 
women aged 15–44  years was 6.7% in 2015, down from 
11.2% in 1965, 8.5% in 1982, to 7.4% in 2002 [13, 14]. 
This trend may reflect improvements in reproductive poten-
tial, perhaps through better awareness of ideal timing for 
intercourse, which may be attributable to at-home ovula-
tion tests. However, other factors could also be involved, 
such as more couples utilizing infertility treatment prior to 
reaching the 12-month threshold necessary for inclusion in 
the rate’s numerator. Declining marriage rates among lower 
socioeconomic classes may also be disproportionately 
removing women at greater risk of infertility from the 
denominator [13].

A popular misconception is that infertility is synonymous 
with, or virtually approximates, sterility [8]. In fact, only 
3%–5% of couples are sterile [9, 15].

2.2.2	 �Infertility in the Developing World

In 2002, the WHO estimated that 16%–30% of married 
women in developing countries were experiencing infertility 
of at least 5 years duration, with the vast majority being sec-
ondary [16]. A more recent study, focused on child-seeking 
women, lowered these estimates to 9%–20% (Table  2.1) 
[17]. Interestingly, this study found little difference in the 
prevalence of infertility between high-income countries and 
low- or middle-income countries of certain regions. Sexually 
transmitted infections and postpartum complications have 

been identified as key factors contributing to secondary 
infertility in the developing world [18].

The rate of childlessness in developing countries among 
sexually experienced women who are beyond childbearing 
age is approximately 3% [16]. This figure is comparable to 
the estimated prevalence of sterility in Western societies.

High cost represents an important barrier to the accessi-
bility of most infertility treatment, and specifically ART, in 
the developing world [18]. Therefore, further identification 
of avoidable gonadotoxins, as well as clarification of the role 
of less expensive therapies, would be especially welcome 
there [19].

2.2.3	 �Reproduction—a Matter of Chance: 
The Natural History of Infertility

Reproduction has been described as “a matter of chance 
depending on the subtle balance between success or failure 
of complex, mostly poorly understood, sequential processes 
that may lead to a pregnancy and eventually to the birth of a 
healthy child” [15]. Failure of a couple to reproduce is a 
unique medical problem in that it occurs between rather than 
within individuals [7].

Individuals’ reproductive potential is a continuous, as 
opposed to dichotomous, variable. It reflects the influence of 
many factors, including age. Reproductive potential declines 
in members of both sexes over 30 years old, but female age 
has the most profound effect on the likelihood of conception 
[20, 21].

Since a couple’s reproductive capacity is the composite of 
its individual members’ reproductive potentials, it, too, is a 
continuous variable. Impairment of a male’s reproductive 

Table 2.1  Prevalence of infertility of 5-year duration among child-
seeking women in high-income countries and low- or middle-income 
countries of various regions, 2010

Primary or 
secondary 
infertility (%)

Primary 
infertility 
(%)

Secondary 
infertility (%)

High-income 
countries

9.9 1.8 8.1

Latin America/
Caribbean

8.8 1.5 7.3

Middle East/North 
Africa

9.1 2.6 6.5

Sub-Saharan 
Africa

11.8 2.0 9.8

East Asia/Pacific 12.4 1.6 10.8a

South Asia 13.7 2.4 11.3
Central/Eastern 
Europe and 
Central Asia

20.2 2.3 17.9

Adapted from Mascarenhas et al. [17]. With permission from Creative 
Commons
aEstimate excludes China

S. J. Ohlander et al.



17

potential may be compensated for—or compounded—by 
that of his female partner and vice versa. This concept is 
illustrated by the fact that artificial insemination with donor 
semen is more often successful in partners of azoospermic 
men than in partners of men with oligozoospermia [22].

Couples’ monthly, or cycle-wise, likelihood of concep-
tion falls along a spectrum of probability. This is referred to 
as fecundability or monthly fecundity rate (MFR). The aver-
age MFR for human couples having regular, unprotected 
intercourse is approximately 20%, and the overall distribu-
tion of human MFRs is believed to range from 0% to 60% 
[23, 24]. The variable likelihood of pregnancy at 6, 12, 24, 
and 60 months has been calculated for couples with different 
MFRs (Table  2.2). Based on these values, a hypothetical 
model has been constructed of the proportion of couples with 
varying degrees of reproductive potential (MFR) among 
residual nonpregnant couples after specified durations of 
infertility (Table 2.3) [25].

Table 2.2 demonstrates that couples with average fecund-
ability have a better than 90% chance of conceiving within 
12 months. However, 30% of couples who do not conceive 
within 12 months are still of average reproductive potential 
(see Table  2.3). Population-based studies have found that 
couples who are infertile after 12 months retain a roughly 
50% likelihood of achieving unassisted pregnancy by 
24 months [26]. Thereafter, the odds of conception decline 
precipitously, as illustrated in Fig.  2.1. The proportion of 
couples that are sterile increases with the duration of 
infertility.

An obvious but nevertheless critically important factor in 
determining reproductive potential is the timing of sexual 
intercourse relative to ovulation (Fig. 2.2) [27]. In a cohort of 
340 German couples who received natural family planning 
education intended to improve their timing of intercourse, 
the monthly probability of achieving pregnancy averaged 
38%, markedly higher than the average human MFR of 20% 
[28].

2.3	 �Diagnostic Accuracy and Utility 
of Semen Studies

Male infertility is diagnosed in approximately 50% of cou-
ples presenting for evaluation of infertility [11]. Basic semen 
analysis remains the most widely utilized laboratory study 
for this purpose. However, the limitations of semen analysis 
should be clearly understood.

The parameters usually assessed by semen analysis 
include ejaculate volume, sperm concentration (density), 
sperm motility, and sperm morphology. From the ejacu-
late volume, concentration, and percentage of motile 
sperm, the total sperm count and total motile count are 
calculated. Semen pH, viscosity, white blood cell concen-
tration, and the degree of sperm agglutination may also be 
reported [29].

More specialized studies that are undertaken on a case-
by-case basis include evaluation of sperm viability, anti-
sperm antibodies, and functional assays, such as assessment 

Table 2.2  Cumulative spontaneous pregnancy rates of couples in five hypothetical categories of reproductive potential

MFR (%)
Cumulative pregnancy rate (%) after period of months
6 months 12 months 24 months 60 months

Highest fecundability 60 100 – –
Average fecundability 20 74 93 100
Below-average fecundability 5 26 46 71 95
Severely impaired fecundability 1 6 11 21 45
Sterile 0 0 0 0 0

Reprinted from Evers [22]. With permission from Elsevier
MFR monthly fecundity rate; cumulative pregnancy rate = 1−(1 − MFR)# of months

Table 2.3  Hypothetical model of the proportion of couples with varying degrees of reproductive potential in the residual population, dependent 
on the duration of infertility

MFR (%)
Composition of residual nonpregnant couples (%) after period of months
0 months 6 months 12 months 24 months 60 months

Highest fecundability 60 3 – – – –
Average fecundability 20 79 58 30 – –
Below-average fecundability 5 10 21 30 30 8
Severely impaired fecundability 1 5 13 24 40 44
Sterile 0 3 8 16 30 48

Reprinted from Evers [22]. With permission from Elsevier
MFR monthly fecundity rate

2  Epidemiologic Considerations in Male Infertility
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of sperm–cervical mucus interaction, capacitation, and 
sperm penetration of a zona-free hamster oocyte [30]. 
Relatively recent developments have included the introduc-
tion of tests for seminal ROS levels and sperm DNA frag-
mentation [31, 32].

Preliminary studies have also suggested that sperm epi-
genetics may have a future role in the evaluation of male 
infertility. Gene H19 is a common target for study and was 
associated with infertile men by a factor of 9.9 in one meta-

analysis [33]. Epigenetic research remains exploratory and is 
limited by the wide number of possible gene targets for 
study.

2.3.1	 �Relationship Between Semen 
Parameters and Male Infertility

Semen analysis definitively confirms male factor infertility 
in men who are found to have semen characteristics at the 
negative extremes, that is, azoospermia, nonmotile sperm, or 
the severest cases of teratozoospermia. However, only a 
small fraction of men who present for evaluation of infertil-
ity have such findings [11]. The present section explores the 
relationship between male infertility and the entire spectrum 
of semen quality.

Since 1980, the WHO has published reference values for 
human semen parameters. These values have been changed 
periodically (Table 2.4) [34]. As of 2010, they represent the 
fifth percentile in the distribution of semen parameters from 
a population of men with proven fertility [35]. They provide 
no information regarding the distribution of semen parame-
ters in men who are infertile.

Although the WHO criteria are commonly used as thresh-
olds for designation of male infertility, the diagnostic picture 
in a clinical setting is considerably more complex. This sce-
nario is because of substantial overlap between the distribu-
tions of semen characteristics in empirically fertile men and 
those with infertility whose female partners have had a nor-
mal fertility evaluation (Fig. 2.3).

Basic performance measures of a test such as semen analy-
sis include calculation of its sensitivity and specificity. These 
concepts are illustrated in Tables 2.5 and 2.6. If a sperm con-
centration below 15 million/mL is the criterion for a “positive” 
result (i.e., diagnosis of male infertility), then men who are 

Fig. 2.1  Cumulative probability of conception in couples having 
unprotected intercourse. (Reprinted from the Velde et al. [15]. With per-
mission from Elsevier)

Fig. 2.2  Probability of clinical pregnancy after intercourse on a par-
ticular day relative to ovulation (day 0) for couples at specified percen-
tiles of the population distribution of reproductive potential. (Adapted 
from Dunson et  al. [27]. With permission from Oxford University 
Press)

Table 2.4  WHO reference values for analysis of semen parameters

1992 1999 2010
Ejaculate volume (mL) ≥2.0 ≥2.0 ≥1.5
Sperm concentration (106/
mL)

≥20 ≥20 ≥15

Total sperm number (106/
ejaculate)

≥40 ≥40 ≥39

Sperm motility (% motile) ≥50 
(a + b)a

≥50 
(a + b)

≥40 
(a + b + c)

Sperm morphology (% 
normal)

≥30 ≥14b ≥4

Sperm viability/vitality (% 
live)

≥75 ≥75 ≥58

White blood cells (106/mL) <1.0 <1.0 <1.0

Reprinted from Menkveld [34]. With permission from Asian Journal of 
Andrology
aMotility is graded as follows: a = rapid progressive motility (>25 μm/s); 
b = slow/sluggish progressive motility (5–25 μm/s); c = nonprogressive 
motility; d = immotility
bKruger (Tygerberg) strict criteria were adopted by the WHO in 1999

S. J. Ohlander et al.
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Fig. 2.3  Frequency histograms depicting the percentage of men from 
fertile (shaded bars) and infertile (unshaded bars) couples with sperm 
concentration (a) sperm motility (b) and sperm morphology (c) within 
specified ranges. Data were obtained from 696 fertile men and 765 men 
from infertile couples whose female partners had an unrevealing fertil-
ity evaluation. (Reprinted from Guzick et al. [36]. Copyright 2001, with 
permission from Massachusetts Medical Society. All rights reserved)

Table 2.5  2 × 2 Table depicting actual fertility status vs. test results 
using the 2010 WHO reference value for sperm concentration as a 
threshold for diagnosis of male infertility, in a hypothetical population 
of 200 men presenting for evaluation of infertility

Actual fertility status
Infertile Fertile

Test results Abnormal 15 (TP) 5 (FP)
Normal 85 (FN) 95 (TN)

TP true positives, FP false positives, FN false negatives, TN true 
negatives

Table 2.6  Accuracy metrics based on Table 2.5, using the 2010 WHO 
reference value for sperm concentration (15 million/mL) as a threshold 
for diagnosis of male infertility

Accuracy metric Formula for calculation Result (%)
Sensitivity TP/(TP + FN) 15
Specificity TN/(TN + FP) 95
Positive predictive value TP/(TP + FP) 75
Negative predictive value TN/(TN + FN) 53
Classification accuracy (TP + TN)/N 55

TP true positives, FP false positives, FN false negatives, TN true nega-
tives, N = total number

actually fertile will be correctly classified 95% of the time. In 
other words, the threshold of 15 million/mL has a specificity of 
95%. However, 85% of infertile men also have sperm concen-
trations above 15 million/mL; thus, the sensitivity of the test at 
this threshold is only 15% [36]. Many men with impaired 
reproductive potential will not be recognized as such.

If we assume that 50% of couples presenting for an eval-
uation of infertility have a contributing male factor, then the 
predictive value of a positive result (i.e., its likelihood of 
being correct) would be 75%. The predictive value of a neg-
ative, or normal, result would be only 53% (see Table 2.6).

Of course, diagnostic thresholds can be changed. If they 
are increased, sensitivity improves, but there is a reciprocal 
decline in specificity, and vice versa. One way to assess the 
diagnostic accuracy of a test across all thresholds is by a 
receiver operating characteristic (ROC) curve [28, 34]. ROC 
curves are constructed by plotting the probability of detect-
ing true positives (sensitivity) against that of detecting false 
positives (1 − specificity) at each threshold.

The total area under the ROC curve (AUC) for a particular 
test represents its overall discriminatory capability. A perfect 
test has an AUC of 1.0, while a test is useless if the likelihood 
of a true positive matches that of a false positive at every 
threshold, resulting in the no-discrimination line from (0, 0) 
to (1, 1) and an AUC of 0.5. The amount by which a test’s 
ROC curve diverges from this line—and by extension, to 
which its AUC exceeds 0.5—is the degree to which it is diag-
nostically helpful. An AUC that exceeds 0.9 is considered 
excellent, while an AUC of less than 0.7 is poor.

Figure 2.4 represents an example of an ROC curve gener-
ated from MacLeod’s data on sperm concentration in fertile 
and infertile men [37]. Its AUC is only 0.59, indicating that 
the overall accuracy of sperm concentration for diagnosis of 

2  Epidemiologic Considerations in Male Infertility
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male infertility just narrowly exceeds that of random chance. 
In Guzick and colleagues’ series, which was depicted in 
Fig. 2.3, the AUC for sperm density, motility, and morphol-
ogy were 0.60, 0.59, and 0.66, respectively [38].

The ROC curve alone does not provide information regard-
ing the likelihood that a specific patient’s positive or negative 
test result is correct. This probability is dependent both on test 
performance and the prevalence of disease in the relevant 
population. As previously illustrated, a diagnosis of male 
infertility based on sperm concentration below 15 million/mL 
may be correct 75% of the time in the population of males 
from infertile couples. False-positive results for infertility are 
relatively rare in this population. By comparison, if semen 
analysis were performed on men in the general population 
(e.g., to assess sperm donors with no prior reproductive his-
tory), its positive predictive value would be considerably less, 
on account of a much lower prevalence of male infertility.

Other studies have reported AUCs for sperm density, 
motility, and morphology, as described in Table 2.7 [39–43]. 
In general, motility and morphology demonstrated greater 
discriminatory capability than sperm concentration. 
Although the authors of these studies reported “optimal 
thresholds” for discrimination of fertile and infertile men, 
some of these thresholds have been criticized for having an 
unacceptably low positive predictive value in the setting of 
an infertile population [44].

Guzick and colleagues took a different approach to select-
ing diagnostic thresholds, using classification and regression 

tree (CART) analysis to determine two thresholds for each 
parameter that define the upper and lower boundaries of an 
indeterminate range lying between the fertile and infertile 
ranges (see Table 2.7). Unfortunately, a large number of men 
presenting for infertility evaluation fall into the indetermi-
nate range, leaving unanswered the question of whether they 
warrant intervention for modifiable risk factors. The odds of 
male infertility multiply if more than one semen parameter is 
within the infertile range [36], but only 1% of men fail to 
meet all five WHO reference criteria for ejaculate volume, 
total sperm number, sperm concentration, motility, and mor-
phology [45].

2.3.2	 �Do Semen Parameters Prospectively 
Predict Fertility and Assisted 
Reproductive Technique Outcomes?

Only a handful of studies have attempted to prospectively 
identify variables associated with male reproductive poten-

Fig. 2.4  Receiver operating characteristic (ROC) curve for diagnosis 
of male infertility at specified thresholds of sperm concentration in mil-
lions/mL (data from [37]). The no-discrimination line is shown in red. 
(Modified from Niederberger [38]. With permission from Elsevier)

Table 2.7  Reported areas under the ROC curve for various seminal 
characteristics

Population
AUC 
density

AUC 
motility

AUC 
morphology 
(strict)

MacLeod 
[37]a

1000 fertile; 800 
infertileb (ages 
NR)

0.59 NR NR

Guzick et al. 
[36]a

696 fertile (avg 
age, 33.5 ± 5.0); 
765 infertile (avg 
age, 34.7 ± 4.9)

0.60 
(13.5, 
48)

0.59 
(32, 63)

0.66 (9, 11)

Ombelet 
et al. [42]

144 fertile; 143 
infertile (ages NR)

0.69 
(34)

0.61 
(45)

0.78 (10)

Gunalp et al. 
[39]

61 fertile (avg age, 
29.9); 62 infertile 
(avg age, 31.3)

0.56 
(34)

0.71 
(42)

0.70 (12)

Menkveld 
et al. [41]

107 fertile (avg 
age, 33.8 ± 4.3); 
103 infertileb (avg 
age, 33.7 ± 3.9)

NR 0.79 
(45)

0.78 (4)

Jedrzejczak 
et al. [40]

113 fertile (avg 
age, 31 ± 4.7); 
109 infertile (avg 
age, 32.2 ± 4.1)

0.80 
(45–50)

0.91 
(24)

0.82 (11)

Sripada 
et al. [43]b

488 fertile (avg 
age, 30.6 ± 4.8); 
938 infertileb (avg 
age, 32 ± 5.4)

NR 0.55 
(30)

0.57 (9.5)

Based on data from Ref. [38]
AUC area under the ROC curve, NR not reported, ages of study popula-
tions are reported as mean ± SD, values in parentheses are the “optimal 
thresholds” identified by the respective studies for discrimination of 
fertile from infertile men—see text for additional details
aFor data from these studies, the ROC curve was plotted and AUC was 
reported by Niederberger [38]
bThese reports did not specify female partners as having had a negative 
fertility evaluation

S. J. Ohlander et al.
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tial. One such project included 200 couples, some of whom 
had had prior pregnancies [46]. After discontinuing contra-
ception, the couples were followed for up to 12  months. 
Around 78% conceived during the study period, and both 
sperm motility and morphology were significantly associ-
ated with fertility. The difference in sperm concentration 
between fertile and infertile couples remained statistically 
insignificant.

Bonde and colleagues investigated 430 Danish couples 
between 20 and 35 years old who had never previously been 
or tried to become pregnant, following them for up to six 
menstrual cycles after discontinuation of contraception [47]. 
Around 60% of couples became pregnant. The probability of 
conception increased up to a threshold sperm concentration 
of 40 million/mL, but there was no additional likelihood of 
pregnancy at higher sperm densities (Fig. 2.5). This finding 
has led some reproductive specialists to argue that the appro-
priate threshold of sperm concentration for diagnosis of male 
infertility should be 40 instead of 15 million/mL [48]. A 
change of this sort, however, would also increase the number 
of false-positive diagnoses, prompting unnecessary evalua-
tion and treatment.

Leushuis and colleagues have published an incisive 
review of prediction models in reproductive medicine, 
including several that use one or more semen characteristics 
to predict conception by infertile couples [49]. One such 
model, which has been externally validated in a population 
excluding men with total motile sperm counts of less than 
three million, takes account of sperm motility and the char-
acteristics of the female partner and the duration of the cou-
ple’s infertility; it is available online at www.freya.nl/
probability.php [50]. Another model utilizes inputs of sperm 
concentration, motility, morphology, and hypoosmotic 
swelling to assess the likelihood of pregnancy, with a 
reported accuracy greater than 85% [40]. Of note, however, 
the AUCs for each variable in this study substantially 

exceeded those published in the other reports described in 
Table 2.7, and the predictive model has yet to be validated.

Sperm quality also affects ART outcomes, at least to some 
degree. Several investigations have demonstrated a positive 
correlation between semen characteristics, including ROS 
levels, and in  vitro fertilization/intracytoplasmic sperm 
injection (IVF/ICSI) success rates; however, there was no 
apparent association with clinical pregnancy rates [51, 52]. 
Studies of intrauterine insemination (IUI), by contrast, have 
shown a correlation between successful outcomes and sperm 
concentration, motility, and morphology [44, 53–55].

2.3.3	 �Novel Assays for Diagnosis of Male 
Infertility

Andrologists often lament the lack of more accurate studies 
for diagnosis of male infertility. Several tests are currently in 
various stages of development, including genomic, epig-
enomic, proteomic, glycomic, lipidomic, and metabolomic 
analyses [56, 57]. Testing for seminal ROS levels was found 
to have an AUC of 0.82  in a study of 105 patients [58]. 
Further evaluation in a larger cohort of patients is necessary.

Sperm DNA fragmentation, or damage, may also have 
diagnostic value. The etiology of DNA fragmentation 
appears to be multifactorial, including accumulated defects 
during spermiogenesis, exposure to oxidative stress, exoge-
nous toxicity (e.g., smoking), and elevated temperature (e.g., 
secondary to a varicocele) [59].

The degree of DNA fragmentation may have implications 
for ART success. Evaluation of 1633 IVF and ICSI cycles 
found the likelihood of a live birth after IVF to be signifi-
cantly lower at higher levels of fragmentation. Using the 
sperm chromatin structure assay (SCSA) and DNA fragmen-
tation index (DFI), the odds ratio of live birth after IVF was 
0.61 (95% confidence interval 0.38–0.97, p  =  0.04) when 
DFI was >20%. This decrease is believed to be due to 
impaired fertilization, since DNA fragmentation was not 
associated with a lower birth rate after ICSI [60].

However, questions remain as to the diagnostic accuracy 
and predictive value of different DNA fragmentation assays. 
Cissen and colleagues performed a meta-analysis of various 
techniques for assessment of DNA fragmentation, finding 
that only terminal nick-end labeling was able to predict IVF/
ICSI outcomes [61].

2.4	 �Are Sperm Counts Declining?

One of the most controversial issues in reproductive medi-
cine during the past 30 years has been a purported decline in 
semen quality during the twentieth century. In 1992, a widely 
publicized meta-analysis of 61 studies by Carlsen and 

Fig. 2.5  Probability of pregnancy per menstrual cycle relative to sperm 
concentration. (Reprinted from Bonde et al. [47]. with permission of 
Elsevier)

2  Epidemiologic Considerations in Male Infertility
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colleagues appeared to demonstrate a worldwide decrease in 
average sperm concentration from 113 million/mL in 1940 
to 66 million/mL in 1990 [62]. This report was echoed by 
additional publications, raising the question of whether 
exposure to environmental toxins, such as estrogenic com-
pounds like diethylstilboestrol (DES), was adversely affect-
ing testicular function [63, 64].

Important methodological shortcomings have since been 
identified in Carlsen and colleagues’ analysis and in the qual-
ity of many studies that were included in their review [65, 66]. 
Geographical differences were found to be the source of much 
of the variance in sperm density [67]. All studies included in 
the review from before 1970 were performed in the USA; 
however, because US studies generally reported higher sperm 
concentrations than those conducted elsewhere, the review 
was biased toward an apparent decline in sperm concentration 
by inclusion of international studies post-1970.

In subsequent investigations, Fisch and colleagues found 
no evidence of a decline in sperm density in the USA, 
although they did identify substantial differences between the 
average sperm counts of men from different states [68, 69]. 
Fisch and colleagues also concluded that worldwide studies 
did not reveal a global decline in semen quality, although 
more limited, locoregional trends could not be excluded [65].

More recently, Levine and colleagues published a large 
meta-regression analysis of 185 worldwide studies (includ-
ing almost 43,000 men) that reported on sperm concentration 
and total sperm count between 1973 and 2011 [70]. They 
found a 52% decrease in sperm concentration and a 59% 
decrease in total sperm count among Western countries 
(North America, Europe, Australia, and New Zealand) but no 
significant decline of either parameter in non-Western coun-
tries. This decline has not been uniformly reported, though. 
A key study of nearly 5000 Danish men found a slight 
increase in sperm concentration, total sperm count, and total 
normal morphology from 1996–2000 to 2006–2010 [71].

2.5	 �Health-Care Resource Utilization 
for Male Infertility

Medical intervention for male infertility may take the form 
of outpatient care, surgical procedures, and ART.  The 
Urologic Diseases in America (UDA) Project, which pub-
lished its first report in 2007, has facilitated a better under-
standing of the scope of health-care resource utilization for 
male infertility in the USA.

2.5.1	 �Office Visits and Ambulatory Surgery 
Cases

According to data from the National Ambulatory Medical 
Care Survey (NAMCS), which are summarized in the UDA 

Project’s report, the average number of physician office vis-
its for male infertility in the United States exceeded 150,000 
annually between 1992 and 2000, with little variability [72]. 
However, there was a 29% decline in hospital outpatient vis-
its and 23% decline in outpatient visits for male infertility 
from 2002 to 2006 [73]. The reasons for this trend are unclear 
but may include preferential use of ART.

Age-wise, the greatest utilization of health-care services 
for male infertility between 2002 and 2006 was among men 
35–39 years old. Varicocele was the most commonly identi-
fied diagnostic code, accounting for 53% of office visits and 
67% of ambulatory surgeries.

Other data from the NAMCS demonstrate substantial 
regional variation in resource utilization for male infertility. 
Men living in the Northeast United States had a rate of 
ambulatory surgery visits associated with a diagnosis of 
infertility of 227 per 100,000, while those in the Midwest, 
South, and West had rates of just 110.9, 128.9, and 119.2 per 
100,000, respectively. The decline in outpatient visits was 
disproportionately experienced in the Northeast and West, 
decreasing by 36% and 32%, respectively, from 2002 to 
2006. Visits in the South and Midwest decreased by 17%. 
The explanation for this variability is probably multifacto-
rial, reflecting a combination of patient demand and avail-
ability of services.

2.5.2	 �Assisted Reproductive Technology

About 231,936 ART cycles were performed in the United 
States in 2015, an increase from 142,435  in 2007 and 
81,438  in 1998 [74]. A total of 60,778 live births resulted 
from these cycles, representing a cumulative success rate of 
26.2%. Approximately 33% of ART cycles were associated 
with a diagnosis of male factor infertility, and 17% were 
linked to a combination of male and female factors. The 
overall likelihood of a live birth per ART cycle was 34.4%.

The percentage of ART procedures involving the use of 
ICSI has steadily increased, from 71% in 2006 to 79% in 
2015 [74]. Although ICSI was originally developed specifi-
cally to overcome severe oligozoospermia or azoospermia, 
nearly 70% of ART cycles now utilize ICSI even when no 
male factor is identified [74].

2.5.3	 �Cost of Treatment for Male Infertility

The overall economic burden of health care for male infertil-
ity is difficult to estimate precisely. While expenditures for 
office and ambulatory surgery visits were reported by the 
NAMCS to be $17 million in 2000, this figure does not 
account for IVF/ICSI or out-of-pocket expenditures [75]. If 
the assumed cost per IVF cycle is $15,715, then expenditures 
on ART alone for male infertility exceeded $1.8B in 2015, 
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given the percentage of ART procedures involving a diagno-
sis of male factor infertility [74, 76] .

On an individual basis, the average annual expenditures 
on health care for a privately insured male with infertility 
was $11,437 from 2003 to 2006, compared with $6942 for 
men without infertility. The difference in expenditures 
increases with patient age, from $2249 for men aged 18–34 
to $8127 for men aged 55–64, likely due to increased utiliza-
tion of more costly IVF technology [73].

There are significant disparities between countries in the 
cost of utilizing ART. In 2009, the average cost of a standard 
IVF cycle in the United States was $12,513, compared with 
$8500  in Canada, $6534  in the United Kingdom, and 
$3956 in Japan [77].

2.6	 �Cost Analysis Models 
for Management of Male Infertility

When a male risk factor for infertility is identified, the cou-
ple is often faced with the choice of using ART or having 
pathology-directed treatment. Evaluating the economic effi-
ciency of these alternatives is the domain of cost analysis.

Cost analysis is only meaningful with respect to treat-
ments that have previously been demonstrated to be effec-
tive. Our intention in this chapter is not to review the studies 
that have established the effectiveness of the interventions 
discussed here—or, in some cases, the controversies sur-
rounding them. Rather, our focus is limited to a brief intro-
duction to cost analysis studies as they pertain to male 
infertility.

Two types of cost analysis are utilized in reproductive 
medicine: cost-minimization analysis and cost-effectiveness 
analysis. The first, cost-minimization analysis, is also known 
as cost identification. It involves assessment (and compari-
son) of the costs associated with particular treatments. Direct 
and/or indirect costs may be taken into account—direct costs 
being health-care expenditures and indirect costs being 
“downstream” burdens such as transportation expenses, lost 
wages, etc. In well-conducted economic analyses, future 
costs should be appropriately discounted to present values by 
a factor of 3%–5% per year.

When the outcomes of alternative interventions are not 
equivalent, cost-effectiveness analysis is useful to compare 
them, as it involves not only identifying the costs that accrue 
but also expressing them relative to the probability of a par-
ticular result (e.g., dollars per pregnancy or live birth). 
Decision analysis, such as Markov modeling, is the most 
common technique employed for this purpose in the field of 
male infertility. Details of relevant methodology are covered 
in Methods for the Economic Evaluation of Health Care 
Programmes [78].

Comparison of cost-effectiveness has been applied to sev-
eral management options that may be encountered in male 

reproductive medicine, including varicocele treatment vs. 
immediate ART (with or without surgical sperm retrieval), 
vasectomy reversal vs. ART, and hormonal therapy vs. ART 
for hypogonadotropic hypogonadism. Pathology-directed 
intervention has almost invariably been found to be more 
cost-effective than a straight-to-ART approach [79, 80]. One 
exception is when a varicocele is present in the setting of 
nonobstructive azoospermia; in this situation, microsurgical 
testicular sperm extraction (TESE) for ICSI is more cost-
effective than varicocelectomy [81].

Every cost-effectiveness analysis in the arena of male 
infertility is sensitive to assumptions about treatment costs, 
success and complication rates, and the subsequent manage-
ment of couples for whom first-line intervention is unsuccess-
ful [82, 83]. Precise characterization of the clinical scenario(s) 
is very important and should be considered when determining 
the generalizability of results. For instance, the age of the 
female partner has a significant influence on the relative cost-
effectiveness of vasectomy reversal and ART [75].

2.7	 �Conclusion

This chapter examined a number of issues that are commonly 
misunderstood and/or misrepresented with respect to the epi-
demiology of infertility, in general, and male infertility, in 
particular. First, infertility should not be confused with ste-
rility—or even below-average fecundability. Approximately 
10% of couples with average reproductive potential will not 
conceive within 12  months of unprotected intercourse and 
are therefore designated as infertile. Such couples may com-
prise a substantial proportion of those who present for evalu-
ation of infertility (see Table 2.3). Their odds of spontaneous, 
unassisted conception remain high.

From a clinical standpoint, it would be ideal to accurately 
identify men with below-average reproductive potential. 
However, while semen analysis is the most common test 
employed for this purpose, its utility is limited by substantial 
overlap between the distributions of semen characteristics in 
empirically fertile and infertile men. Using relatively low 
diagnostic thresholds, such as the 2010 WHO reference val-
ues, carries the advantage of high specificity and perhaps a 
relatively decent positive predictive value in the setting of an 
infertility clinic; unfortunately, the negative predictive value 
only narrowly exceeds that of a coin flip.

The diagnostic inaccuracy of semen analysis is a funda-
mental problem for several additional reasons. From an epi-
demiologic perspective, the absence of a gold-standard test 
for male infertility means that we have, at best, an uncertain 
grasp of its actual prevalence, let alone its association with 
putative risk factors, such as varicocele, cryptorchidism, sex-
ually transmitted infections, etc. Moreover, if the true preva-
lence of male infertility is unclear then so, too, is the 
predictive value of tests employed for its diagnosis.
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Finally, there is the question of how to counsel infertile 
men whose semen parameters exceed diagnostic thresholds. 
Given the poor predictive value of these “negative” results, 
should we advise consideration of further evaluation and 
treatment for modifiable risk factors identified in these indi-
viduals? An affirmative response to this query carries the risk 
of unnecessary treatment and costs, while the alternative 
may deprive some couples of an improvement in reproduc-
tive potential that facilitates natural conception, allows the 
use of IUI instead of IVF, or increases the odds of successful 
IVF/ICSI [84]. Well-designed studies to address this ques-
tion are necessary.

2.8	 �Review Criteria

An extensive search was performed to identify studies 
regarding the epidemiology, diagnosis, and treatment of 
male infertility. Search engines such as MEDLINE (Ovid), 
PubMed, and Google Scholar were used. For the second edi-
tion, emphasis was placed on studies published between 
2010 and 2018. Key search terms included male infertility, 
incidence, epidemiology, sperm count, semen parameters, 
prediction, cost analysis, DNA fragmentation, IVF, ART, and 
ICSI. Data were abstracted from publications by the Centers 
for Disease Control and Prevention (CDC), including the 
National Ambulatory Medical Care Survey and the CDC’s 
ART National Summary Report, as well as the Urologic 
Diseases in America report issued by the National Institute 
of Diabetes and Digestive and Kidney Diseases (NIDDK). 
Articles published in languages other than English were not 
considered. Websites and book-chapter citations provide 
conceptual content only.
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