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Objectives Several reports indicate a secular decline of human sperm counts. It is still not known if these findings 
are artifacts related to shortcomings in the data and applied methodologies. Even less is known about possible 
mechanisms, but it has been proposed that potential changes may be related to disruption of the hormonal 
regulation of testicular development in prenatal life. The objective of this study was to examine whether sperm 
count was related to year of birth. 
Methods An analysis was made of the sperm count of 1196 men participating in 10 cross-sectional occupational 
sperm studies in 3 regions of Denmark from 1986 through 1995. 
Results The median sperm concentration was 63 million per milliliter for men born in 1937-1949 and 52 
million per milliliter for men born in 1970 or later, and the median total sperm was 206 million and 117 million, 
respectively. The inverse relationship between sperm concentration and year of birth was statistically significant 
even after adjustment for duration of sexual abstinence, season of the year, and study population. However, bias 
because of differential participation related to age and fertility or lack of comparability across the populations 
cannot be ruled out. 
C O ~ C ~ U S ~ O ~ ~ S  The apparent decline of sperm count with increasing year of birth is compatible with the hypothesis 
of a common risk factor for male reproductive health operating in prenatal life or early childhood, but the evidence 
is circumstantial. Age-related selection bias is an alternative and perhaps not a less likely explanation. 

Key terms birth cohort, environment, epidemiology, male reproduction, secular trend, semen, sperm coacentra- 
tion, spelm density. 

Several reports indicate a decline of sperm count during 
the past several decades. Evidence is derived from stud- 
ies of semen donors ( 1 4 )  and men attending a medical 
examination because of infertility (5-1 1) and from an 
evaluation of published sperm densities in various groups 
(12, 13). A French study of 135 1 sperm donor candidates 
and a Scottish study of 577 volunteer semen donors found 
an inverse relation between sperm concentration and year 
of birth (2, 3), but not all studies have shown this trend 
(14-16). It has been hypothesized that the sperm count 
for adult men may be adversely affected by hormonal 
disruption in prenatal life or early childhood (17). A low 

sperm count in  adulthood can perhaps be  viewed as a 
marker of impaired fetal testicular development. Accord- 
ingly, taking several assumptions into account, an exam- 
ination of how the adult sperm count relates to year of 
birth provides information on the hypothesis that expo- 
sures in utero or in early childhood play a role in secular 
changes in sperm concentration. 

We compiled data on sperm count and semen volume 
from 10 Danish occupational studies comprising 1196 
men. Our objective was to identify the relation between 
adult sperm count and year of birth. The study popula- 
tions were not selected by fertility-related criteria, as in 
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earlier studies of semen donors and infertility clients, and 
the approach allows control for important determinants 
of sperm count, such as duration of sexual abstinence, 
season, and laboratory methods. 

differed only slightly between the studies (age 18-20 
to 45-60 years, no vasectomy) with the exception of 
study 1, which included only cohabiting men aged 20- 
37 years. The exceptional study only enrolled couples 
without reproductive experience who discontinued birth 
control to get a child. The lowest rate of participation 

Populations and methods 

Study populations 

was some 10-20% and the highest was 90% (table 1). 
In most of the studies the men provided several semen 
samples, but only the first samples were used in the 
pooled analysis. 

We used the data from 10 separate Danish occupational 
cross-sectional sperm studies conducted from 1986 
through 1995 at 3 centers (18-26) (table 1). Most of the 
studies were designed to examine adverse effects of 
workplace exposures such as metal welding (study 1 ,4 ,  
lo), pesticides (study 2,5,6),  styrene (study 7), organic 
solvents (study 9), and psychological distress (study 1) 
on male reproductive function. However, 2 of the stud- 
ies were undertaken to create a reference population of 
manual workers (study 3) and organic farmers (study 8). 
Eligible men were invited to participate by written bro- 
chures, and, if feasible, the men received information at 
workplace meetings. Within each study, men of differ- 
ent ages were approached the very same way. The re- 
sults of the individual semen analysis were provided on 
request after completion of the data collection, but an 
individual infertility examination and counseling were 
not offered as part of the studies. The eligibility criteria 

Semen analysis 
In all the studies the men were asked to collect semen 
by masturbation. With few exceptions samples were col- 
lected at home but examined in the laboratory within 2 
hours. The duration of sexual abstinence and spillage was 
recorded. The semen volume was measured in a graded 
tube with 0.1 -ml accuracy. Formalin-fixed sperm cells 
were counted in either a Makler or Neubauer chamber 
(Aarhus) or a Burger-Turk chamber (Aalborg and Copen- 
hagen) using the phase-contrast technique at a magnifi- 
cation of 200 X. An appropriate formalin dilution was 
found after a preliminary examination of the undiluted 
sample - most often 1: 100. The total sperm count was 
computed by multiplying the sperm concentration by the 
semen volume. All the analyses were carried out by 
trained laboratory technicians in accordance with guide- 
lines of the World Health Organization (27). The inter- 
laboratory variation in sperm count was evaluated by 

Table 1. Characteristics of the 10 occupational studies used in the analysis. 

Population Sampling Center N Participation Age (years) Birth year Median sperm Reference 
year rate (%) at sampling density 

Median Range Median Range Million/ml 25-75 
percentiles 

1 Metal workers 1992-1995 Aarhusl 41 0 
and husbands Copenhagen 

to clerks and 
nurses 

2 Farmers 1995-1 996 Aarhus 250 

Bonde et al, 1998 (18) 

Larsen et al, in press 
(1 9) 
Jensen et al, 1996 
(20) 
Bonde, 1990 (21) 

Abel et al, 1997 (22) 

3 Repairmen 1989-1990 Copenhagen 135 
and clerks 

4 Metal workers 1987 Aalborg 131 

5 Greenhouse 1994 Aarhus 121 
workers 

6 Members of 1993-1 995 Copenhagen 53 
organic food 
consumers 
organization 

7 Reinforced 1994-1 995 Aarhus 31 
plastics 
workers 

8 Members of 1994 Aarhus 30 
organic farmers 
organization 

9 Flexo printers 1984 Aalborg 19 
10 Metal workers 1989 Aalborg 16 

Jensen et al, 1996 
(20) 

Spano et al, in 
press (23) 

Abell et al, 1994 (24) 

Bonde et al, 1987 (25) 
Bonde, 1992 (26) 
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comparing the counting (28 samples) of a laboratory tech- 
nician from 2 of the centers (Aarhus and Copenhagen). 
No systematic difference was found (paired T-test: 
T=0.23, P=0.82). 

Data analysis 
The relation between the semen variables (sperm con- 
centration, semen volume, total sperm count) and year 
of birth was analyzed by linear regression for each of the 
10 populations. The models also included duration of 
sexual abstinence (days) and the season when the sam- 
ple was provided (October-March: yes;no). The poten- 
tial effect of age was taken into account by including only 
men between 20 and 50 years of age (on the assumption 
that biological age has no impact on sperm concentra- 
tion in the fertile age range - see the discussion), while 
calendar time was accounted for by stratification accord- 
ing to study group. Appropriate transformations of sev- 
eral variables were necessary to obtain normality and an 
equality of variance. Cube root transformation was used 
for the sperm concentration, seminal volume, and total 
sperm count. The period of abstinence was transformed 
by the natural logarithm to adjust for the nonlinear rela- 
tionship between the abstinence period and the sperm 
concentration. In order to present interpretable regression 
coefficients, we also used base e logarithmic transforma- 
tion of the dependent variables if the statistical signifi- 
cance was not dependent on type of transformation. In a 
subsequent step, data from all the study groups were 
pooled into 1 model that also included the study group 
(dummy variables). Furthermore, interaction between 
population and year of birth and abstinence period was 
examined to evaluate a possible different effect of these 
variables in the 10 populations. The main effects re- 
mained in the models whatever the strength of associa- 
tion or level of significance, but the interaction terms 
were excluded if the P-value was higher than 20%. 
Whenever a relevant variable was missing, the observa- 
tion was excluded from the study. The fit of the regres- 
sion models was evaluated by testing the residuals for 
normality and by inspecting the residual plots. (See the 
results section.) The SAS statistical package was used to 
compute the regressions (28). 

Results 

The crude relations between the sperm concentrations 
and the year of birth in each of the populations includ- 
ing more than 100 men are outlined in figure 1. After 
adjustment for the effects of season and the duration of 
abstinence, the inverse associations between sperm con- 
centration and year of birth were statistically significant 
at the 5% level in 2 of the studies (studies 2 and 3 ) and 

negative but not significant in 4 other studies (studies 1, 
4,7, and 9). Similar results were obtained for total sperm 
count, while the adjusted regression coefficients of se- 
men volume for year of birth were positive in 6 studies 
and negative in 4 studies. 

The distributions of the semen variables in relation 
to the year of birth in the pooled data are shown in table 
2 and figure 1. The sperm concentration and total sperm 
count were low for men born late in the study period, 
while the median semen volume was rather constant 
throughout all the years of birth. The median sperm con- 
centration was 63 million/milliliter for the men born in 
1937-1949 and 52 million/milliliter for the men born 
in 1970 or later, and the median total sperm count was 
206 million and 117 million, respectively (table 2). The 
inverse relationship between sperm concentration, total 
sperm count, and year of birth was statistically signifi- 
cant at the 5% significance level even after adjustment 
for population, duration of abstinence, and season (table 
3). The interaction terms did not contribute to the regres- 
sion models and were excluded. Plots of residuals ver- 
sus year of birth indicated a random scattering, and the 
distribution of the residuals did not deviate significantly 
from normality (Kolgomorov test: cube root of the con- 
centration: w=0.989, P=0.06; cube root of the total count: 
w=0.989, P=0.90). 

The considerable heterogeneity of the sperm concen- 
tration and total count was attributable to 3 of the 10 stud- 
ies (study 5, 6, and 8) (table 1). A separate regression 
analysis omitting these 3 studies revealed essentially the 
same results. When population, duration of abstinence, 
and season were taken into account, the sperm concen- 
tration was 1.24% lower per year (95% CI 0.40-2.08, 
P<0.005), and the total sperm count was 1.20% lower per 
year (95% CI 0.12-2.28, Pc0.05). The results were not 
dependent on the type of tra~lsformation or whether or 
not nonsignificant covariates were retained in the mod- 
el. 

Discussion 

The sperm concentration and the total sperm count of 
1196 Danish men from 10 different populations declined 
significantly with increasing year of birth from 1937 to 
1974, while semen volume remained constant. Although 
men born in the first part of the period had a longer aver- 
age duration of abstinence time, the findings were ap- 
parently not attributable to this factor, nor to the possi- 
ble effect of season during which the sample was pro- 
vided. The 10 studies were performed at 3 different lab- 
oratories, but the same direction of association was ob- 
served at all the sites and all the comparisons were done 
within the same study sample. 
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These findings are compatible with a detrimental pre- 
natal exposure whose prevalence has increased over time, 
but this interpretation rests upon several strong assump- 
tions. 

First, it was assumed that postnatal exposure to tes- 
ticular toxicants remained unchanged over time. Most of 
the study groups were identified by workplace exposures, 
and bias would have been introduced if a deleterious oc- 
cupational exposure had been related to year of birth. 

METAL WORKERS, 
HUSBANDSTO CLERKS FARMERS 

Among the oldest men, about 50% were exposed to some 
suspected occupational exposure, whereas fewer from the 
later cohorts were exposed. If exposure is related to se- 
men quality, the relationship would have tended to un- 
derestimate the birth cohort effect that we found. How- 
ever, other types of exposures in childhood or adult life 
might operate in the opposite direction (29,30). 

Second, it was assumed that there is no age impact 
on sperm count before the age of 50 years. It was not 
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Figure 1. Relationship between sperm concentration and year of birth in 10 occupational populations - linear regression with 95% 
confidence interval. 
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Table 2. Distribution of semen variables and potential confounding factors in relation to year of birth. 

Year of N Participa- Days of Age at Proportion Proportion Sperm Total sperm Semen 
birth tion ratea abstinence sampling provided of analyses concentration count (million) volume (ml) 

October to in Aarhusl (millionlml) 
March Copenhagen1 

(%) Aalborg 
-- 
Mean SD Mean SD Median 25-75 Median 25-75 Median 25-75 

percentiles percentiles percentiles 

a Data on age in the source populations were only available in studies 2,3-4, and 7-10 (50% of the cohort). 

Table 3. Regression coefficientsafor sperm density, semen volume, and total sperm count according to year of birth, duration of sexual 
abstinence, season, and study group (multiple linear regression on pooled data). 

Logarithm of sperm density (rnilllml) Logarithm of semen volume (ml) Logarithm of total sperm count (millions) 

Regression coefficient 95% CI Regression coefficient 95% CI Regression coefficient 95% CI 

Year of birth (years) -0.88 per year -0.1 0 to -1.66 0.09 per year -0.48 to 0.66 -1.07 per year -0.07 to -2.07 
Abstinence (day 1 to day 7) 8.10 per day 5.96 to 10.24 6.10 per day 4.55 to 7.64 14.50 per day 11.80 to 17.20 
Season (October-March) 4.75 in winter -5.24 to 14.75 9.87 in winter 2.58 to 17.16 2.50 in winter -10.20 to 15.16 

a The regression coefficients indicate the percentage of change in the response variables when the independent variable changed from one level to 
another. For example sperm density declined by 0.88% for each year of advancing birth year. 

possible in this study to separate a birth cohort effect from 
an age effect. Several cross-sectional studies of fertile 
men have not found any age-related deterioration of 
sperm concentration between 20 and 59 years of age, a 
finding which contradicts our results (31,32), and even 
high age (60-88 years) may not be associated with re- 
duced semen quality (32). Such studies are biased, how- 
ever, if elder men with high reproductive performance 
are more likely to provide a semen sample. An autopsy 
study of 130 men with sudden unattended death report- 
ed 30% higher daily sperm production in the younger 
men (N=89,21-50 years) than in the older men (N=43, 
51-80 years), but the effect of age observed in that study 
apparently started after 50 years of age (33). If age is re- 
lated to sperm concentration because of a longer dura- 
tion of sexual abstinence in older age, this effect was 
adjusted for in this study. In any case, since age reflects 
cumulative exposure and age-related biological chang- 
es, the effect of age is expected to operate in the oppo- 
site direction, as found in this study, and therefore the 
shortcoming of cross-sectional sampling does not explain 
the results. 

Third, it was assumed that selection into the studies 
was of the same magnitude in the different birth cohorts 
or was unrelated to sperm concentration. The participa- 
tion rate was low in most studies (table I), and the se- 
men samples probably do not truly reflect the source pop- 
ulations. An earlier study indicated that subfertile men 
are more motivated to participate in occupational sperm 

studies (34). Moreover, the proportion of men who 
provided a semen sample declined with age in the 7 stud- 
ies including data on the age of nonparticipating men (ta- 
ble 2). Subfertile young men are perhaps more likely to 
participate than older subfertile men because they might 
be more interested in knowing their sperm count. We 
were able to examine possible preferential participation 
related to age and subfertility in 2 studies in which self- 
reported data on subfertility among both the participat- 
ing and nonparticipating men were available (study 2 and 
4) (table 1). In these studies the men were asked if they 
had ever tried to initiate a pregnancy for at least 6 months 
(study 2) or 2 years (study 4) without success. The pro- 
portion of men providing semen samples was higher 
among the men with self-reported subfertility (OR 1.8, 
95% CI 1.3-2.6) and among the men under 40 years of 
age (OR 1.7,95% CI 1.3-2. I), but no significant inter- 
action between age and reduced fecundity with respect 
to semen donation was found (OR 1.2, 95% CI 0.61- 
2.46) (34). Among farmers (study 2), the proportion of 
men reporting infertility was 7%, 25%, and 16% in the 
age groups 20-30,3140, and 41-50 years (P>0.05), 
respectively. Among metal workers (study 4), the corre- 
sponding frequencies of infertility were 13%, 21 %, and 
18% (P<0.05). Although these data do not indicate a 
strong preferential participation of young subfertile men, 
it cannot be ruled out that men with reduced fertility were 
more interested in providing a semen sample if they were 
of child-bearing age than if they were not. This type of 
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selection bias may indeed explain the higher sperm con- 
centration observed among the men born before the 
1950s. 

Finally, the underlying birth cohorts must be com- 
parable at base-line (birth), which may be a critical issue 
for occupational populations that vary in size and recruit- 
ment over time. A smaller fraction of the youngest birth 
cohorts than the older cohorts became manual workers. 
Furthermore, confounding factors must be adequately 
controlled for, and, since they are only partly known, the 
findings may be explained by confounding. The duration 
of sexual abstinence is strongly related to sperm concen- 
tration and semen volume. The sperm concentration in- 
creases by 5-15% per day of sexual abstinence during 
the first 7 days, but longer abstinence is not associated 
with additional increment of sperm output (35). The ab- 
stinence period was expectedly longer among the oldest 
men from the earliest birth cohorts (table 2), but similar 
results were obtained in regression models whether crude 
abstinence values from 1 to 7 days or the logarithm to 
the abstinence was included. Semen quality has been 
reported to be higher during winter than summer (36), 
and a higher percentage of men born between 1935 and 
1959 provided semen samples during summer, and more 
men born between 1960 and 1975 collected semen sam- 
ples during the winter (October to March). Adjustment 
for season had, however, only a marginal impact on the 
findings of sperm concentration in relation to birth year. 

Several reports on time trends of sperm counts from 
recent years suffer from methodological shortcomings. 
A Danish study of infertility clients indicated a decline 
of sperm concentration in adult men from 1952 to 1972 
(7). The findings of this early report are not consistent 
with the results of a more recent study from 4 Danish 
infertility clinics showing a decline in sperm concentra- 
tion among men born in 1950 and subsequent years but 
not among men born in 1925-1950 ( l l ) ,  as would be 
expected from the Bostofte study (7). These and other 
studies of infertility clients (5, 6, 8-10) may be biased 
if time-dependent changes in help seeking for infertility 
treatment is related to semen quality, and we know that 
more infertile couples seek help now than 10 years ago 
(37). Likewise, time trend studies based on semen do- 
nors (2-4)  are biased if the recruitment of donor candi- 
dates and shifting response rates are related to male fe- 
cundity. Therefore, potential selection bias is a serious 
problem that is difficult to address with respect to other 
studies published so far because the source populations 
were ill defined and the response rates are impossible to 
compute. 

In conclusion, the observed decline in sperm concen- 
tration and total sperm count with increasing year of birth 
among men born from 1937 through 1974 is compatible 
with the hypothesis that semen quality has declined 
in Denmark during the post war period and that this 

potential secular change is caused by factors operating 
in prenatal life or early childhood. However, bias due to 
differential participation related to age and fertility or 
lack of comparability across the study populations are al- 
ternative and perhaps not less likely explanations. It is 
still not clear whether semen quality in the general pop- 
ulation has undergone any secular change at all. 
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