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oft en see fertility rates decrease, and as a result, the number of children 
women will actually have is initially underestimated.

Male fertility is a component of the fertility rate and is partially driven 
by semen quality in addition to the male’s role in shaping the desire for 
a given family size. Because the components of family planning change 
over time and because most of these components have little to do with 
male fecundity, changes in fertility are in general a poor marker of male 
fecundity. Considering changes in demographic fertility to refl ect changes 
in male (or female) fecundity is seldom justifi ed and always risky.2

OTHER REGISTER-BASED DEMOGRAPHIC MARKERS OF MALE 
FECUNDITY
In countries with good population registers, data on the proportion of 
women who have lived with a male partner during their adult lives and 
remain childless at the age of 45 years can be added to the monitoring of 
fertility rates. Many factors unrelated to male subfecundity could have 
played roles in the childlessness of these women,1 but an increasing 
trend would be a warning signal. Th e same is true for an increasing 
trend in women who have a male partner but seek insemination, 
in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) 
with donor semen. Trends will be infl uenced by the availability and 
aff ordability of these methods, but male subfecundity would also play a 
role. Trends in treatment for male infertility in general are a marker of 
male fecundity that should be considered, although such trends could 
also be caused by changes in health-seeking behavior over time. It is 
known that many infertile couples do not seek medical help.3,4

INTRODUCTION
Fertility has been measured since the beginning of demography. 
Measuring fecundity, the biological capacity to reproduce, has a much 
shorter history, and causal infertility research has been long neglected, 
most likely due to the fear of global overpopulation. More research 
funds have been used to produce contraceptive methods that are safe 
and eff ective, and this research has, to a large extent, been successful. 
Perhaps the time has come to focus on how we can ensure that couples 
can have a child when they desire and, under optimal circumstances, 
without infertility treatment.

The fertility rate is a couple concept that measures how 
many children  (or girls) women will have during the ages of 
reproduction (oft en 15–45 years), divided by the number of women 
in that age range in the population. A replacement rate of 2.1 children 
per woman in industrialized countries is necessary to maintain 
current population levels, and lower rates will lead to a decline in 
population size unless compensated by immigration and/or prolonged 
life expectancies. It has oft en been overlooked that the formula for 
the fertility rate based on cross-sectional data requires steady state 
conditions. If women postpone reproduction without altering their 
desire for a given family size, the fertility rate produces a biased low 
prediction of the actual fertility until a new steady-state condition is 
obtained with a new maternal age distribution of childbirth.1 Fertility 
rates in the oldest part of the age range of 15–45 years will be low until 
women who postpone their pregnancy reach that age. Countries that 
undergo changes in work and educational traditions for women will 
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Trends in dizygotic twinning in couples who do not receive 
treatment for infertility may be another marker of male fecundity.5–7 
Two eggs have to be fertilized within a short time period, which should 
be related to sperm quality and sexual activity. Nonetheless, dizygotic 
twinning is also an indicator infl uenced by many factors other than 
male fecundity, and we have only limited documentation for its quality 
as a male fecundity marker. Dizygotic twinning rates increase with age, 
indicating that other factors also play a role. Not all dizygotic twins 
represent high fecundity.

We Have No Direct Measure of Male Fecundity
Unfortunately, there is no measure of the male component of couple 
fecundity; only indirect indicators are available. Fertility is largely the 
result of two partners of the opposite sex attempting to have a child. Both 
partners have to be fecund to achieve success in untreated conditions, 
and they have to have sexual intercourse within the rather short fertile 
period of the menstrual cycle  (4–6 days).8 Further, they must also 
stop using contraceptive methods.9 For these reasons, no systematic 
monitoring of fertility measures claim to monitor male fecundity.

Th e Standardized Fertility Ratio
Because many personal factors play a role in the decision to increase 
family size, higher internal validity could be obtained in studies 
attempting to identify causes of subfecundity using the case-only 
study principle, that is, letting the participants be their own control 
by using the experience from at least two diff erent time windows. Th e 
SFR study, fi rst presented by Levine et al.10 is such a model, in which 
observed fertility and expected fertility are compared before and aft er 
an exposure that may impact fecundity. Take for example, a group 
of workers who move to a diff erent work process that may impair 
sperm quality or sexual desire/ability. In this design, the actual couple 
fertility before the exposure is compared with their expected fertility 
based on couples in their region, considering for example social class 
and age. Th is observed/expected SFR before exposure can now be 
compared with a similar SFR aft er exposure. If exposure has no impact 
on fecundity (the null hypothesis), the ratio of the SFRs should be 1.

SFRafter exposure
SFR beforeexposure

If the ratio of the SFRs is less than one, the relative fertility (adjusted 
for expected fertility) declined after the exposure. Although the 
decline could have resulted from the exposure, other factors may also 
play a role. For example, the unexposed group could have improved 
their fertility or the exposure may have correlates that interfere with 
fertility planning (e.g. changes in income, diff erent working hours). 
Th ese concerns make the design “weak” but not without interest. 
Th is design was able to identify changes in sperm quality following 
dibromochloropropane  (DBCP) exposure,11,12 and changes were 
identifi ed using a modifi ed method by Starr and Levine.13 Even so, as 
a general survey instrument, it has limited value.

Case-Control Studies
Other fertility measures may also be used, such as diagnoses from 
fertility clinics or hospitals. In most cases, couples seeking treatment 
for infertility will undergo diagnostic examinations that include the 
male. Th ese clinical data may be of value in identifying causes of male 
infertility using a case-control approach and a defi nition of the study 
base driven by the male patients.14 Th ese data are, however, of limited 
interest in monitoring trends over time due to changes in seeking 
medical help and because only a limited number of individuals with 
fertility issues seek medical help.3

A case-control design including infertile couples that compares 
males with a partner who had no clinical reasons for infertility with 
males who did not have abnormal semen quality or quantity and who 
had a partner with a medically identifi ed fertility problem may be used 
to identify risk factors for male subfecundity. Most other traditional 
case-control designs have otherwise limited interest because many 
subfecund men seek no treatment or are unaware of their problem. 
For this reason, the study base is defi ned by the patients who actually 
sought help, as it is performed when controls are selected from infertile 
couples under medical treatment.

Time-To-Pregnancy Data can also be Used as a Marker of Male 
Fecundity
Studies using TTP data have been widely used to identify couple 
fecundity because TTP data correlate with sperm quality and quantity 
as well as sexual activity.12,15,16 Most of these studies have used pregnancy 
cohorts (excluding sterile couples who seek treatment) or have been 
cross-sectional studies aimed at reconstructing the reproductive 
history of those selected, including their waiting TTP or the duration 
of unsuccessfully attempting to become pregnant. Longitudinal 
studies following couples trying to conceive have typically based their 
analytical models on exposures recorded from cycle to cycle while 
attempting to become pregnant.17 Th e proper time period of interest for 
the male is 72 days prior to the menstrual cycle under study or the time 
period of organogenesis and Sertoli cell production very early in life.18 
Having exposure data available for couples with a fecund female partner 
would aid the ability of TTP studies to identify exposures that aff ect 
TTP via male fecundity. Studies of this type have not been conducted 
to monitor changes in male fecundity, most likely because using data 
on semen quality and quantity directly may appear more attractive.

However, semen studies oft en have much lower participation rates 
than TTP studies, and TTP studies should therefore remain in the tool 
box for studies of male fecundity.19

Biological Indicators
Semen quality and quantity are the most frequently used biological 
indicators of male fecundity, and they provide an opportunity to 
examine several semen characteristics, including total sperm count, 
semen concentration, sperm morphology, and sperm mobility. Th e 
indicator that is the “best” at predicting a conception is diffi  cult 
to study because a sample of the semen that actually fertilizes the 
egg is seldom available; however, semen concentration and sperm 
morphology may be of higher value in pregnancy prediction than 
semen volume and sperm motility.17 Using semen donors who have 
been used successfully many times may be a more direct source of 
information. Serum biomarkers of spermatogenesis are easier to obtain 
than semen samples for testing biomarkers of spermatogenesis, and 
serum markers are also widely used in epidemiological studies. Th e 
serum levels of the gonadotropins follicle stimulating hormone (FSH) 
and luteinizing hormone  (LH) are inversely associated with sperm 
concentration, morphology, and motility;20–22 whereas, inhibin B is 
positively associated with sperm concentration.20–23 However, these 
biomarkers are not superior to sperm concentration in predicting a 
conception;23 and therefore, they cannot replace semen analysis. Other 
indirect markers of male fecundity such as testis size, cryptorchidism, 
and anoscrotal distance have also been used.24–27

Data on secular trends in sperm counts or sperm concentration 
were reported by Carlsen et al. in the BMJ in 1992.28 Many other papers 
on trends in semen concentration over time were published both before 
and aft er; but the Carlsen paper received the most attention, perhaps 
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because they provided a linear regression line showing a trend toward 
a situation with no sperm production. Because the plots used to create 
the regression line were obtained from diff erent populations and were 
based on diff erent sampling strategies, response rates, laboratory 
analyses, collecting strategies, etc.; most of the basic rules for comparing 
data over time were violated. Furthermore, a simple visual inspection 
of the plots suggests two parallel horizontal lines, with the upper level 
representing older data and a lower level representing more recent 
data. Had the data been presented with these two horizontal lines, the 
entire interpretation would have been diff erent. It is also of concern 
that using median rather than mean sperm concentrations provides 
no clearly declining trends.29 One should therefore be cautious in not 
overinterpreting the results, although some take a declining sperm 
concentration as a fact.30 In a recent review by Sharpe,30 the BMJ fi gure 
was reproduced with only the regression line!

If there is a decline in sperm production and quality over time, it is 
a serious problem, and we need to determine its cause. At approximately 
the same time that Carlsen et al.28 published their paper, Sharpe and 
Skakkebaek31 provided a plausible environmental explanation for the 
decline. An increasing exposure to hormonal disruptors with estrogenic 
eff ects could be the culprit, but research following this paper only 
provided limited support to this hypothesis.32 Some studies suggest 
that prenatal exposure to diethylstilbestrol (DES) is associated with 
reduced sperm counts,33,34 but others do not,35,36 and Wilcox et al.37 
showed no apparent eff ect on fecundity in men born to mothers who 
took DES while pregnant.

Monitoring comparable samples from young males draft ed for 
military service over time using identical laboratory techniques has 
shown no or limited changes in recent years;38 perhaps even with a 
slight increase in semen concentration, which may be reassuring or 
indicate that we are now all being exposed to sperm-reducing factors 
that result in unusually low semen quality. Approximately 15% of 
couples who attempt to become pregnant will not succeed within the 
1st year of trying, and some will not succeed even with medical help.39 
Approximately 40% of males will have sperm counts that aff ect the 
waiting TTP.17,38 Th ese fi gures are disturbing and indicate that human 
fecundity is lower than that observed for most animals.30

Unfortunately, semen samples, and therefore semen data, are 
diffi  cult to obtain, and the samples may be subject to a selection that 
introduces bias. Men who believe they have a fertility problem may be 
more interested in taking part.40 For that reason, semen data should be 
sampled among young men who have not attempted to have off spring 
and therefore have no fertility information to base their consent on. 
Unfortunately, we do not know how well sperm data correlate between a 
young age and a later age. A Danish study on 158 young men (mean age 
19  years at baseline) did not, however, observe a signifi cant change in 
sperm quality or quantity during a 4-year follow-up period.41 However, 
advanced age is associated with a decline in semen quality and quantity.42 
Although sperm production is determined by the number of Sertoli 
cells produced early in life (including fetal life)43 and the ejaculation 
rate in adult life, we do not know how stable the Sertoli cell population 
is throughout adulthood. Some exposures modify sperm production 
in adulthood (e.g., obesity,44 tobacco smoking,45 and pesticides such 
as DBCP, high doses of dichlorodiphenyltrichloroethane (DDT) and 
ethylene dibromide),46 although the most important causal window 
could begin shortly aft er conception.47–49 Because sperm count values 
heavily depend on sexual activity, a secular decline in sperm count 
could also refl ect increasing sexual activity over time, perhaps as a 
function of better contraceptive means, shorter working hours, etc.50,51

What can be Done?
Almost all attention in male fertility research has been devoted to a few 
hypotheses52 inspired by insuffi  cient data. Th e time has come to take a 
broader view on what may be aff ecting semen production and semen 
quality. In view of the lack of good evidence indicating the best semen 
marker of male fecundity, we should perhaps shift  the focus from semen 
concentration to other characteristics of semen quality and quantity 
that are less vulnerable to the duration of abstinence. Th e focus should 
be on avoidable causes, but it could also include gene-environment 
interactions. Exposures of interest include dietary factors, infections, 
medication, vitamins, and environmental exposures, among others, 
at diff erent time points.

While the epidemiologists wait for the next round of research 
opportunities for studying the potential perinatal etiology of sperm 
production, the ongoing monitoring of semen quality and quantity 
should continue.53 If semen production has decreased by more than 
50% since the 1940s,28 we should examine changes in common lifestyle 
factors, new types of medication that are used frequently during 
pregnancy  (such as acetaminophen) or changes in environmental 
exposures that aff ect many and began decades ago. Genetic forces of 
selection may operate more effi  ciently for a fertility trait than many 
other traits because the introduction of contraception and more 
recently assisted reproductive technologies (ART) has reduced family 
size and made subfecund couples as fertile (in the demographic sense) 
as superfertile couples; almost all obtain their one to three wanted 
children, although some do so with ART support.

It would also be of interest to obtain comparable data on semen 
quality from diff erent countries based on solid and scientifi cally 
justifi ed sampling and measurement criteria. Th e very limited data we 
have at present that can be used to make international comparisons 
indicate that the levels of semen quality and quantity vary among 
countries.54 A clear way to proceed is to follow emigrants to observe 
whether they develop the semen values of their new areas of residence, 
and if they do, how long the change requires.

Some studies could benefi t from using stronger designs, such as 
the crossover design,55 sibling designs, and even twin studies.56 In the 
crossover design, the person is his own control because two semen 
samples are compared over a time period when exposure during sperm 
production has changed. In the sibling design, one can also examine 
the eff ect on sperm production of exposure that changed from one 
pregnancy to the next.

Studies monitoring fertility and waiting TTP should also be 
designed.19 Aft er all, the best indication of semen quality is a partner’s 
pregnancy and the TTP. At the population level, this indicator will 
correlate with semen quality, when all other factors are held equal. It 
is not easy to conduct these studies, but we now know more about how 
to do so than we did 10 years ago.38

QUESTIONS FROM THE PANEL
Q1: Key characteristics of studies monitoring fertility and waiting 
time to pregnancy

A1: Both fertility and waiting TTP have many determinants that 
make simple monitoring diffi  cult to interpret. We know that fertility to 
a large extent refl ects social and educational changes in a population. 
However, access to contraceptive methods and induced abortion also 
plays a role in addition to biological fecundity. Because the preferred 
family size is small in most affl  uent societies where women take an 
active part in education and work, most couples will be able to reach 
their fertility goal even if one or both suff er from subfecundity. Th e 
waiting TTP (or to a successful pregnancy resulting in a birth) may 
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refl ect potential changes in fecundity over time or between populations. 
Th ese measures must, however, be observed in a context that considers 
changes over time in other component causes. To adjust for these 
factors, monitoring should provide some information on these 
variables.

To monitor waiting TTP, a validated questionnaire should be 
developed. Several measurements rely on how questions are phrased, 
and the results need not be comparable if studies are based on diff erent 
questions. A key question is whether the pregnancy was planned or not-
only planned pregnancies have a waiting TTP. Th e history of contraceptive 
use and sexual activity is also important. Th e use of safe contraceptive 
methods allows pregnancy planning, whereas the use of unsafe methods 
leads to unplanned pregnancies. Social conditions, family structure and 
job conditions, among other factors, play roles in family planning and 
the willingness to pursue a pregnancy. Monitoring based on how many 
individuals have a TTP of 12  months or more requires that few give up 
aft er, for example, 6  months of trying. Access to infertility treatment, age 
and parity also play a major role. At best, a monitoring system should 
cover the entire fertile time period from 15 to 45  years of age. Nationwide 
monitoring of the female population is not necessary, but large, randomly 
selected groups should complete a questionnaire at regular intervals, and 
a high participation rate is crucial to avoid selection bias. Social changes 
will move pregnancy planning forward or backward in time, and the 
outcomes of pregnancies play a role in avoiding pregnancy or trying to 
become pregnant. A simple monitoring system could address women 
when they reach 45  years of age, with the hope that they will recall 
their reproductive experience, including waiting times of 12  months or 
more, regardless of whether they were successful. Another very simple 
monitoring system would be to ask pregnant women about their TTP for 
the current pregnancy and let this be part of the reporting to a medical 
birth register. Despite all the limitations of such a system, its simplicity is 
attractive, and it could be a useful inspiration for targeted studies. Most 
factors aff ecting fecundity will also change the TTP distribution. Few, if 
any, factors are expected to have an “all or none” eff ect.

When monitoring sperm counts in adult life, a number of factors 
must be considered in addition to the risk of selection bias. Th e most 
important of these is sexual activity.57,58 Most studies have attempted 
to implement semen sampling following at least 2-7  days of sexual 
abstinence in accordance with the World Health Organization (WHO) 
laboratory manual for the examination and processing of human 
semen,59 but we know that this rule is oft en violated and that it 
may be much too imprecise.60 Most samples are obtained through 
masturbation, and the conditions around this sampling as well as 
transportation time and the conditions during transportation can 
aff ect the sample. More strict rules for the laboratory techniques have 
only recently been implemented, but measurement errors remain 
frequent, and the variance over time or between laboratories may be 
substantial.61,62

Because the most important time window for exposure that 
impairs semen production could be from early fetal life to early 
childhood,43 longitudinal data are required over decades to identify 
causes that operate early in life. It is diffi  cult for study subjects to recall 
events that occurred many years ago, although pregnancy is a time 
period mothers will remember better than most other time periods. 
Th e mother may recall smoking, breastfeeding, and an occupational 
history for a pregnancy that occurred 20–40 years ago, but she will 
not remember medication, dietary factors, minor infections, or many 
other exposures of interest. Th ese data will have to be collected in real 
time as will data regarding biomarkers of pollutants, vitamins, etc., 
Th e next important round of semen studies will be conducted when 

the boys from our original pregnancy cohort become 18  years or older 
and are ready to be invited to provide semen samples for research. We 
have observed small studies on maternal smoking, alcohol intake, and 
obesity as well as serum concentrations of perfl uorochemicals (PFCs) 
during pregnancy.47,48,63–65 In a few years, we can repeat these studies 
with much larger samples and also examine maternal medication and 
diseases during pregnancy that could impact Sertoli cell production 
in sons.
In short, when monitoring a given condition to determine whether it 
changes over time, the only factor that should vary over time is time, 
or the factor that aff ects the measure of interest should be controllable 
over time. Th erefore, we have to record its determinants and adjust for 
them in the analysis.

Q2: Evidence to suggest that male infertility is a developmental 
disease

A2: With the exception of a few findings, the evidence to 
support the hypothesis that male infertility is a developmental 
disease is speculative and sparse. Cryptorchidism  (undescended 
testis) is associated with lower sperm counts and lower paternity 
rates, particularly if not corrected by surgery at a young age.66,67 It 
has been hypothesized that poor semen quality, testicular cancer, 
cryptorchidism, and hypospadias  (an abnormally placed urinary 
meatus) are symptoms of one underlying entity originating from 
fetal life — the so-called testicular dysgenesis syndrome  (TDS).68 
However, most data related to pathophysiology as well as data from 
epidemiological studies are not strongly in accordance with the TDS 
hypothesis.67,69 Chromosomal disorders, such as Klinefelter syndrome, 
which occurs in approximately 1 in 600 male births, are related to poor 
semen quality and quantity as well as sexual manifestation.70,71

Some data on pre- or perinatal exposures correlate with low sperm 
counts in the off spring and prolonged waiting times to pregnancy, 
but there are few two-generation studies. Th ere is good reason to 
believe that the early phase of life, including organ development 
and diff erentiation, is of importance, particularly regarding male 
fecundity.43 Low birth weight is a risk factor for testicular cancer,72 
cryptorchidism,73 and hypospadias;74 whereas, the association between 
birth weight and semen quality is less clear.75–77 Twin studies show that 
not all cases of potential late growth restriction or preterm birth are 
associated with poor sperm data.56 Twins have normal sperm counts. 
Genes and epigenetic factors may play important roles in male fertility 
because a growing body of evidence suggests that environmental 
exposures  (nutritional, chemical, and physical factors) have the 
potential to change the epigenome and thereby alter gene expression, 
resulting in a modifi ed disease susceptibility.78 Mumps, other infections, 
and trauma are also known to aff ect the testes. It is therefore likely that 
sperm health should be viewed in a life-course perspective, where 
exposures at diff erent developmental stages play a role. Poor sperm 
count as well as testicular cancer may require several “hits” to become 
a manifest health problem, and these “hits” may occur throughout the 
life of an individual.

We do not believe that it is justifi ed at present to label low sperm 
count a congenital disorder, except in cases of early malplacement 
or malfunction of the testes. Aft er all, sperm production continues 
throughout life, although at a reduced intensity with age. At present, 
it is wise to keep an open mind concerning the timing of exposure in 
studies on sperm counts. Additionally, if possible, the pre- and perinatal 
time slot should remain open for investigation.

In short, common sense indicates that poor fecundity is partially a 
developmental disorder. Th e time period of organ development is also 
a time period of relevance for later organ functioning.
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CONCLUSIONS
Reproduction is a couple concept, and the health of spermatozoa 
therefore deserves public health interest. Th reats to the health of 
spermatozoa should be identifi ed, reduced, and if possible, removed.

Most of our research experience comes from a rather limited time 
period, and too much hype surrounding not well-documented changes 
in fertility may have tired the public and funding agencies, which is a pity. 
Although the world’s population is still growing, this will come to an end 
with better education, better economic means; and thus, less religious 
fanaticism. Current social secular trends postpone reproduction until 
late in life, which may reduce the window of opportunity to reach the 
desired family size to a too short time period, at least for families with 
a fecundity problem for the man, the woman or both.

Many observations indicate that fertility research should be 
observed in a life-course perspective and that prevention should start 
before conception. Subfecundity for both men and women may well be a 
transgenerational eff ect involving the development of the male genitalia.

We have suffi  cient evidence to state that many men have poor 
semen quality and quantity and that they may not be able to father a 
child or obtain the number of children they want–at least not without 
medical help. Whether these problems are new or increasing is less 
well-known, but the problems cannot be disregarded. For these reasons, 
we need to continue our search for male fertility risk factors. We must 
also continue monitoring trends over time.
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