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Abstract  Male reproductive health has deteriorated in many ways during the last decades. The
incidence of testicular cancer has rapidly increased in Europe and European-derived popula-
tions. Sperm concentrations have declined and sperm motility and morphology have worsened
in many areas. Both adverse trends have been shown to be associated with year of birth. Older
birth cohorts have better reproductive health than the younger generations. Incidences of cryp-
torchidism and hypospadias have also increased according to several studies. The reasons for
secular trends are unknown, but the rapid pace of the change points to environmental causes.
Endocrine disrupting chemicals have been hypothesized to influence male reproductive health.
Key words  Testicular Neoplasms; Cryptorchidism; Hypospadias; Semen; Endocrine Disruptors

Resumo  A saúde reprodutiva masculina tem-se deteriorado de diversas maneiras nas últimas
décadas. A incidência do câncer de testículo aumentou rapidamente na Europa e nas popula-
ções descendentes de europeus. A concentração de espermatozóides tem decaído, e a motilidade e
morfologia têm piorado em muitas regiões. Ambas tendências adversas foram correlacionadas
ao ano de nascimento. As coortes mais velhas apresentam melhor saúde reprodutiva do que as
gerações mais jovens. De acordo com vários estudos, as incidências de criptorquidia e de hipos-
padia vêm aumentando. Não se conhecem os fatores envolvidos nessas tendências, mas a veloci-
dade da mudança sugere alterações ambientais. Foi levantada a hipótese da influência dos des-
reguladores endócrinos sobre a saúde reprodutiva masculina.
Palavras-chave  Neoplasias Testiculares; Criptorquidismo; Hipospadia; Sêmen; Desreguladores
Endócrinos
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Introduction

During the past decade, male reproductive
health has been in the focus of discussion on
endocrine disrupting chemicals. Since sexual
development and reproductive functions are
hormonally regulated, it was natural to suggest
that developmental disorders in sexual differ-
entiation and reproduction could be caused by
disruption of the endocrine system. The meta-
analysis of semen studies of healthy men from
a 50-year period suggested a major decline in
sperm counts, which prompted a vivid discus-
sion and epidemiologic research on male re-
productive health. A concurrent increase in the
incidence of testicular cancer in several coun-
tries further increased concerns about envi-
ronmental factors that could contribute to
these trends. Some data also suggested that the
incidence of congenital abnormalities of male
genitals had increased. While the reasons for
the trends have not been identified, search for
agents that could disturb the endocrine system
have continued, and at the same time genetic
factors have been actively pursued. This review
briefly describes secular trends in male repro-
ductive health and the effects of endocrine dis-
ruptors.

Testicular cancer

The incidence of testicular cancer varies great-
ly in different populations. It is highest in Eu-
ropeans and European-derived populations,
with age-standardised rates of between 2 to 9
per 100,000 World Standard Population (Parkin
et al., 1997). In non-European populations the
incidence rates are usually below 2 per 100,000.
Maori population of New Zealand is an excep-
tion with an incidence rate of 7.1 per 100,000.

Testicular cancer occurs typically in young
adults (20 to 35 years), and it is the most fre-
quent malignancy in this age group in several
countries. The incidence of testicular cancer
has increased rapidly in populations of Euro-
pean origin (Adami et al., 1994; Forman &
Møller, 1994). Interestingly, this is associated
with the time of birth (Bergström et al., 1996).
The risk of testicular cancer has increased
many-fold for successive birth cohorts during
the last century. The second World War caused
an interruption in this development in Scandi-
navian countries, but after the War the increas-
ing trend has continued (Bergström et al.,
1996). These epidemiological findings have
been interpreted to support the hypotheses
that testicular cancer may have its origin al-

ready in fetal development and environmental
effects may be crucial in etiology.

Etiology of testicular cancer is unknown,
but there is a lot of evidence that it already
originates during early development (Skakke-
bæk et al., 1998). Carcinoma in situ (CIS) is a
local malignant lesion that precedes testicu-
lar cancer (seminomas and non-seminomas)
(Skakkebæk et al., 1981). CIS-cells resemble
closely fetal germ cells, and the prevalence of
CIS findings in testicular biopsies of different
populations is in good correlation with their
risk to develop testicular cancer (Dieckman &
Loy, 1998; Giwercman et al., 1991). Early dis-
ruption of fetal germ cell differentiation may
start the malignant development that becomes
apparent only after hormonal stimulation in
young adults.

Genetic factors in testicular tumorigenesis
have been searched actively, but causative fac-
tors have not been identified. Frequently the
dosage of the sex chromosomes is altered in the
tumors (Peltomäki et al., 1991). Another typical
cytogenetic finding in testicular germ cell can-
cers is excess material of the short arm of chro-
mosome 12, an isochromosome of 12 (i12p)
(Bosl et al., 1994). In intersex conditions and
gonadal dysgenesis, the cancer risk is very high:
10 to 50 % of patients develop germ cell cancer
(Rutgers & Scully, 1987). This further lends sup-
port to the hypothesis that testicular cancer al-
ready has its origin in developing gonad.

Epidemiological studies have revealed sev-
eral prenatal risk factors for germ cell cancer:
• treated or persistent cryptorchidism (Møller
& Skakkebæk, 1997; Prener et al., 1996).
• neonatal jaundice (Akre et al., 1996; Wan-
derås et al., 1998).
• low birth weight due to intrauterine growth
retardation (Akre et al., 1996; Møller & Skakke-
bæk, 1997; Wanderås et al., 1998).
• low parity of mother (Akre et al., 1996; Møller
& Skakkebæk, 1997; Sabroe & Olsen, 1998;
Wanderås et al., 1998).
• high maternal age of the first-born boy
(Akre et al., 1996, Møller & Skakkebæk, 1997;
Swerdlow et al., 1987).

The risk factor profile, association of the in-
cidence rate to birth cohort and biological data
on testicular tumorigenesis are consistent with
fetal origin of testicular tumors. 

Semen quality

Semen quality has been studied since the
1930s. Nelson & Bunge (1974) reported that se-
men quality might have deteriorated during
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the 1950s and 1960s. Similar findings followed,
but only after a meta-analysis by Niels E.
Skakkebæk’s group (Carlsen et al., 1992) an ex-
tensive debate and research on this topic start-
ed. The meta-analysis revealed a decline in
sperm concentrations of healthy men from 113
million/ml in 1938 to 66 million/ml in 1990
(Carlsen et al., 1992). The analysis was repeat-
ed by Olsen et al. (1995) and Swan et al. (1997),
and the main conclusion remained the same:
in the 1950s sperm concentrations were higher
than in the 1970s. Several laboratories pub-
lished reports on declining sperm counts, de-
teriorating sperm motility and morphology on
the basis of their archival data (Adamopoulos
et al., 1996; Auger et al., 1995; Irvine et al., 1996;
Menchini-Fabris et al., 1996; Van Waeleghem et
al., 1996; Younglai et al., 1998). However, re-
gional variation was observed, and there was
no observable deterioration of semen quality
in some areas (Bujan et al., 1996; Fisch et al.,
1996; Itoh et al., 2001; Paulsen et al., 1996; Ras-
mussen et al., 1997; Suominen & Vierula, 1993;
Vierula et al., 1996). Swan and coworkers ex-
tended the meta-analysis to include studies
until 1996, confirming the declining trend in
the United States and Europe (Swan et al.,
2000). Several multinational studies were start-
ed to solve the problem of inter-laboratory
variation in methodology. Finnish-Danish com-
parison showed that Finnish men had much
higher sperm concentrations than Danish men
(Jensen et al., 2000). In a larger study including
partners of pregnant women from Denmark,
Finland, France, and Scotland, Finnish men
were found to have higher sperm counts than
the others (Jørgensen et al., 2001). Quality con-
trol program of semen laboratories was used to
eliminate technical differences as a source of
variation.

A common interesting feature in the declin-
ing sperm concentrations is that it is associat-
ed with the year of birth of men. The younger
birth cohorts have lower sperm concentrations
than the older generations (Auger et al., 1995;
Irvine et al., 1996; Licht, 1998; Thierfelder et al.,
1999). Unfortunately, most of the semen stud-
ies have ignored this variable in the analyses.
Interestingly, the lowest sperm counts were
found in 18 to 19 year-old healthy men in Den-
mark during 1996-97 (Andersen et al., 2000).
The median sperm concentration was only 41
million/ml, and 18 percent of men had con-
centration below 20 million/ml that is consid-
ered a threshold for possible subfertility by
World Health Organization (WHO). These kinds
of studies are needed for follow-up of male re-
productive health in the future.
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Hypospadias

The International Clearinghouse for Birth De-
fects Monitoring Systems (ICBDMS) collects
data of hypospadias from countries that have
acceptable malformation registries. The sys-
tematic collection and analysis of data is re-
quested for comprehensive monitoring of con-
genital malformations. Data that relates only
health statistics from administrative sources
does not fullfill these requirements. However,
even the acceptable registries differ from each
other, and ICBDMS discourages any compar-
isons of data from different registers. Within
the same registry, trends can be followed if the
ascertainment, reporting and registering have
not changed over time. However, variable re-
porting remains a major problem in malforma-
tion registers (Hemminki et al., 1993).

ICBDMS is the major data source for fol-
low-up of secular trends in the birth rate of hy-
pospadias. An increased rate has been report-
ed in Hungary (Czeizel, 1985), England and
Wales (Matlai & Beral, 1985), Italy (ICBMDS,
1998), the United States (Paulozzi et al., 1997),
and in Scandinavian countries Denmark, Nor-
way, and Sweden (ICBMDS, 1998; Källen &
Winberg, 1982; Källen et al., 1986). The adverse
trend appeared to end in the 1980s in most Eu-
ropean countries, but in the United States the
increasing trend continued until 1990s (Pau-
lozzi, 1999; Paulozzi et al., 1997). The rate of hy-
pospadias doubled in the Metropolitan Atlanta
area between 1968 and 1993, and the ratio of
severe to mild forms of hypospadias increased
from three- to five-fold (Paulozzi et al., 1997).
The observed increase in the rate of hypospa-
dias in the U. S. National Birth Defects Moni-
toring Program (BDMP) was from 20.2 to 39.7
per 10,000 births during 1970-1993 (Paulozzi et
al., 1997). It is unlikely that the increase would
have been caused by improved reporting of
mild cases, because the ratio of severe to mild
forms of hypospadias in the Atlanta region in-
creased. 

Registry data are problematic for epidemio-
logical studies when diagnostics and reporting
vary. According to Källen et al. (1986) one third
of the boys with hypospadias requiring surgery
were primarily not registered in Sweden and al-
most two thirds remained un-reported in Den-
mark in the 1970s. Similarly, a recent study
from Finland (Aho et al., 2000) showed that on-
ly one third of hypospadias cases were report-
ed in the 1970s and 1980s. In this study, which
was based on hospital discharge registers, no
time trend in the rate of hypospadias was ob-
served between 1970 and 1986 (Aho et al.,
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2000). Under-reporting had already been no-
ticed earlier (Hemminki et al., 1993) and the
Finnish Malformation Registry changed its sys-
tem starting an active surveillance of hospital
registers in 1993. It is obvious that well-coordi-
nated international birth cohort studies are
necessary to obtain accurate and reliable data
on mild malformations such as hypospadias.
Comparisons between countries will be possi-
ble only when the diagnostic criteria, ascer-
tainment of cases and reporting are similar.

We performed a cohort study in Finland
during 1997 to 1999 in collaboration with a
Danish study group (Virtanen et al., 2001).
During the study period, 11,162 children were
born in Turku University Central Hospital. The
birth rate of hypospadias was 17 per 10,000
births which was close to the current figures
from the Finnish Birth Malformation Register
(14.2 per 10,000 in 1996; ICBDMS 1998), sug-
gesting that the registry is now finding all the
cases reliably. Furthermore, the recently pub-
lished study based on Finnish hospital dis-
charge registers also indicated a similar rate of
hypospadias in the boys born between 1970
and 1986 as the rate in the cohort study (Aho et
al., 2000). In Denmark, the prevalence rate
seems to be significantly higher than in Fin-
land (our unpublished results), although the
current Finnish figures are close to the previ-
ous register figures from Denmark (ICBDMS,
1991). However, as stated earlier, the data from
ICBDMS (1991) is based on registers with se-
vere under-reporting, and it seems obvious
that there is a genuine difference in the rate of
hypospadias between Denmark and Finland. 

Cryptorchidism

Secular trends in the incidence of cryptorchid-
ism have been difficult to assess, because there
are only few comparable studies that would al-
low any temporal analysis. Registry data are
unreliable concerning cryptorchidism, and the
reported incidence rates vary from 4 to 42 per
10,000 births (ICBDMS, 1991; Paulozzi, 1999;
Toppari & Kaleva, 1999). Under-reporting is ap-
parent, since eg. in the United States, ICBDMS
gave a rate of 40 per 10,000 births (i.e. 0.8% of
boys) during the 1980s, whereas according to a
cohort study of 6,935 male infants in New York
(Berkowitz et al., 1993) 19.8% of the boys with
birth weight less than 2.5kg and 2.2% of those
with birth weight more than 2.5kg were cryp-
torchid. In this study, clear diagnostic defini-
tions were given and examination methods
were described well. Two similar studies have

been performed in England, and they also pro-
vide us with some longitudinal data (John Rad-
cliffe Hospital Cryptorchidism Study Group,
1992; Scorer, 1964). Scorer’s study was per-
formed in London in the late 1950s, whereas
the John Radcliffe Hospital study took place in
Oxford in the late 1980s. More than 3,000 male
infants were included in the London study and
more than 7,000 in the Oxford study. The inci-
dence of cryptorchidism in boys weighing
more than 2.5kg was 2.7% at birth and 0.9% at
three months in the 1950s, whereas in the
1980s, the corresponding figures were 4.1 and
1.6%, suggesting a clear increase. Studies based
on hospital discharge registers from England,
Wales, and Scotland had earlier suggested an
increase in the incidence rate in Great Britain
(Campbell et al., 1987; Chilvers et al., 1984).

In Denmark the incidence of cryptorchid-
ism in the late 1950s was between 1 and 1.8%
at birth in boys who weighed more than 2.5kg
(Buemann et al., 1961). On the basis of hospital
registers the corresponding figure was approxi-
mately 2% in the early 1980s (Thorup & Cortes,
1990), although some school surveys suggested
much higher incidence, i.e. 7 % (Blom, 1984).
In an on-going cohort study in Denmark and
Finland, an increasing incidence rate of cryp-
torchidism is emerging in Denmark, whereas
in Finland, the incidence is comparable to that
in the 1950s in England (unpublished results,
Toppari et al., 2001).

Effects of endocrine disruptors 

The reasons for declined semen quality, in-
creased incidence of genital abnormalities and
testicular cancer are unknown. Endocrine dis-
ruptors have been hypothesized to play a role,
because sex steroids are important in the phys-
iology of spermatogenesis, testicular descent
and urethral development. The best example of
interference of steroid action by endocrine dis-
ruptor is diethylstilbestrol (DES) that has been
studied extensively both in humans and exper-
imental animals. In the 1950’s double-blind,
placebo-controlled trials have already demon-
strated that the treatment was not efficacious
for prevention of miscarriage or premature
birth (Dieckmann et al., 1953), but despite that,
it was used for millions of women until early
1970s. Boys exposed to DES in utero had an in-
creased number of several structural and func-
tional genital abnormalities, such as epididy-
mal cysts (20.8% of 307 DES-exposed boys vs.
4.9% of 307 placebo-exposed boys), meatal
stenosis (12.9% vs. 1.8%), hypospadias (4.4%
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vs. 0%), testicular abnormalities, including
cryptorchidism, hypoplastic testis and capsu-
lar induration (11.4% vs. 2.9%) (Gill et al., 1979;
Stillman, 1982). Early exposure to DES was as-
sociated with higher frequency of abnormali-
ties than late exposure (Wilcox et al., 1995).
Semen quality was found to be worse in men
exposed to DES than in placebo-exposed men
(Gill et al., 1978; Schumacher et al., 1981;
Stenchever et al., 1981). However, the sperm
concentrations were compatible with normal
fertility, and no difference in fertility has been
shown (Wilcox et al., 1995). In contrast, the in-
cidence of testicular cancer may have slightly
increased after DES exposure, since the odds
ratio was 2.6 with 95% confidence limits of
1.1-6.1 on the basis of six case-control studies
(Toppari et al., 1996).

DES has been shown to induce similar ef-
fects in experimental animals as in human
(Newbold & McLachlan, 1985). Male offspring
of DES-exposed mice had increased incidence
of epididymal cysts, cellular atypia in the
prostate, cryptorchidism, testicular hypopla-
sia, poor semen quality and subfertility (New-
bold & McLachlan, 1985). Sertoli cell hyperpla-
sia, interstitial testicular tumors, squamous
metaplasia of the seminal vesicles, and rete
testis adenocarcinoma have also been found in
these animals (Newbold et al., 1986).

Progestins have been reported to cause gen-
ital abnormalities, but a meta-analysis of stud-
ies on the fetal genital effects of first-trimester
sex hormone exposure (progestin or estrogen),
excluding diethylstilbestrol (DES), did not show
an increased risk (Raman-Wilms et al., 1995). 

Exposure to DES should be non-existent at
the present time, and there are no other as po-
tent endocrine disruptors of which we are
aware. However, a growing number of chemi-
cals has been shown to possess weak hormonal
activities resembling estrogens, androgens, or
their antagonists. Many of these have been
shown to cause adverse effects in experimental
animals when large doses are used (for review,
see Toppari & Skakkebæk, 1998). An open ques-
tion is whether mixtures of these could cause
problems, although the level of individual com-

pounds would be on a “safe” level. Chemicals
that are in large-scale use have been suspect-
ed. These include eg. bisphenol-A, alkylphenol
ethoxylates (nonylphenol, octylphenol), and
some phthalates (butylbenzyl phthalate, di-n-
butyl phthalate, and di(2-ethylhexyl)phtha-
late). There is not yet any human evidence of
the association of exposure to these compounds
to male reproductive health problems.

Antiandrogenic pesticides and other agro-
chemicals have been shown to cause feminiza-
tion and demasculinization of experimental
animals. Vinclozolin and DDE are examples of
such compounds (Gray Jr. et al., 1994; Kelce et
al., 1995). It is not known whether fetal expo-
sure to these compounds could cause adverse
effects in humans, but adult exposure to levels
that were well below no observable adverse ef-
fect level was associated with increased FSH
level (Zober et al., 1995), suggesting testicular
damage. However, the authors of the study in-
terpreted the increased gonadotropin level as a
sign of previous gonadal damage in childhood
(Zober et al., 1995). In contrast, another agro-
chemical, dibromochloro propane, caused un-
deniable testicular damage in exposed workers
resulting in sterility of some men (Potashnik et
al., 1978; Whorton et al., 1977). These effects
were similar to those described in experimen-
tal animals almost two decades earlier (Torkel-
son et al., 1961). This has been a warning ex-
ample of negligence of experimental data in
human risk assessment.

Adverse trends in male reproductive health
are of concern. Prospective international stud-
ies are needed to analyze regional variation
and temporal trends. While etiology of the re-
productive health problems is largely unknown,
environmental causes, including endocrine
disruptors, should be extensively studied. Ge-
netic susceptibility to endocrine disruption
may vary, but identification of any new risk fac-
tors would give us possibilities for prevention.
Since the putative time gap between exposure
in utero and outcome in adulthood is long, all
preventive actions would show effects decades
later. Similarly, adverse effects of today may be
apparent only after two or three decades.

Acknowledgements

Supported by the Finnish Research Programme on
Environmental Health, Academy of Finland, Turku
University Central Hospital, the Finnish Paediatric
Research Foundation, and EU Biomed Programme
QLRT-1999-01422.



TOPPARI, J.; HAAVISTO, A.-M. & ALANEN, M.418

Cad. Saúde Pública, Rio de Janeiro, 18(2):413-420, mar-abr, 2002

References

ADAMI, H. O.; BERGSTRÖM, R.; MOHNER, M.; ZA-
TONSKI, W.; STORM, H.; EKBOM, A.; TRETLI, S.;
TEPPO, L.; ZIEGLER, H.; RAHU, M.; GUREVICIUS,
R. & STENGREVICS, A., 1994. Testicular cancer in
nine northern European countries. International
Journal of Cancer, 59:33-38.

ADAMOPOULOS, D. A.; PAPPA, A.; NICOPOULOU, S.;
ANDREOU, E.; KARAMERTZANIS, M; MICHO-
POULOS, J.; DELIGIANNI, V. & SIMOU, M., 1996.
Seminal volume and total sperm number trends
in men attending subfertility clinics in the greater
Athens area during the period 1977-1993. Human
Reproduction, 11:1936-1941.

AHO, M.; KOIVISTO, A. M.; TAMMELA, T. L. & AUVI-
NEN, A., 2000. Is the incidence of hypospadias in-
creasing? Analysis of Finnish hospital discharge
data 1970-1994. Environmental Health Perspec-
tives, 108:463-465.

AKRE, O.; EKBOM, A.; HSIEH, C. C.; TRICHOPOU-
LOS, D. & ADAMI, H. O., 1996. Testicular non-
seminoma and seminoma in relation to perinatal
characteristics. Journal of the National Cancer In-
stitute, 88:883-889.

ANDERSEN, A. G.; JENSEN, T. K.; CARLSEN, E.; JØR-
GENSEN, N.; ANDERSSON, A. M.; KRARUP, T.;
KEIDING, N. & SKAKKEBÆK, N. E., 2000. High
frequency of sub-optimal semen quality in an un-
selected population of young men. Human Re-
production, 15:366-372.

AUGER, J.; KUNSTMANN, J. M.; CZYGLIK, F. & JOUAN-
NET, P., 1995. Decline in semen quality among
fertile men in Paris during the past 20 years. New
England Journal of Medicine, 332:281-285.

BERGSTRÖM, R.; ADAMI, H. O.; MOHNER, M.; ZA-
TONSKI, W.; STORM, H.; EKBOM, A.; TRETLI, S.;
TEPPO, L.; AKRE, O. & HAKULINEN, T., 1996. In-
crease in testicular cancer incidence in six Euro-
pean countries: A birth cohort phenomenon. Jour-
nal of the National Cancer Institute, 88:727-733.

BERKOWITZ, G. S.; LAPINSKI, R. H.; DOLGIN, S. E.;
GAZELLA, J. G.; BODIAN, C. A. & HOLZMAN, I. R.,
1993. Prevalence and natural history of cryp-
torchidism. Pediatrics, 92:44-49.

BLOM, K., 1984. Undescended testis and the time of
spontaneous descent in 2,516 schoolboys. Ugeskrift
for Læger, 146:616-617.

BOSL, G. J.; ILSON, D. H.; RODRIGUEZ, E.; MOTZER,
R. J.; REUTER, V. E. & CHAGANTI, R. S., 1994.
Clinical relevance of the i(12p) marker chromo-
some in germ cell tumors. Journal of the National
Cancer Institute, 86:349-355.

BUEMANN, B.; HENRIKSEN, H.; VILLUMSEN, Å. L.;
WESTH, Å. & ZACHAU-CHRISTIANSEN, B., 1961.
Incidence of undescended testis in the newborn.
Acta Chirurgica Scandinavica, 283(Sup.):289-293.

BUJAN, L.; MANSAT, A.; PONTONNIER, F. & MIEUS-
SET, R., 1996. Time series analysis of sperm con-
centration in fertile men in Toulouse, France be-
tween 1977 and 1992. BMJ, 312:471-472.

CAMPBELL, D. M.; WEBB, J. A. & HARGREAVE, T. B.,
1987. Cryptorchidism in Scotland. BMJ, 295:1235-
1236.

CARLSEN, E.; GIWERCMAN, A.; KEIDING, N. &
SKAKKEBÆK, N. E., 1992. Evidence for decreas-

ing quality of semen during past 50 years. BMJ,
305:609-613.

CHILVERS, C.; PIKE, M. C.; FORMAN, D.; FOGEL-
MAN, K. & WADSWORTH, M. E., 1984. Apparent
doubling of frequency of undescended testis in
England and Wales in 1962-81. Lancet, 2:330-332.

CZEIZEL, A., 1985. Increasing trends in congenital
malformations of male external genitalia. Lancet,
1:462-463.

DIECKMANN, K. P. & LOY, V., 1998. The value of the
biopsy of the contralateral testis in patients with
testicular germ cell cancer: The recent German
experience. Acta Pathologica, Microbiologica, et
Immunologica Scandinavica, 106:13-23.

DIECKMANN, W. J., DAVIS, M. E.; RYNKIEWICZ, L. M.
& POTTINGER, R. E., 1953. Does administration
of diethylstilbestrol during pregnancy have ther-
apeutic value? American Journal of Obstetrics and
Gynecology, 66:1062-1081.

FISCH, H.; GOLUBOFF, E. T.; OLSON, J. H.; FELD-
SHUH, J.; BRODER, S. J. & BARAD, D. H., 1996. Se-
men analyses in 1,283 men from the United
States over a 25-year period: No decline in quali-
ty. Fertility and Sterility, 65:1009-1014.

FORMAN, D. & MØLLER, H., 1994. Testicular cancer.
Cancer Surveys, 19-20:323-341.

GILL, W. B.; SCHUMACHER, G. F. & BIBBO, M., 1978.
Genital and semen exposure abnormalities in
adult males two and one-half decades after in
utero exposure to diethylstilbestrol. In: Intrauter-
ine Exposure to Diethylstilbestrol in the Human
(A. L. Herbst, ed.), pp. 53, Chicago: American Col-
lege of Obstetricians and Gynecologists.

GILL, W. B.; SCHUMACHER, G. F.; BIBBO, M.; STRAUS,
F. H. I. & SCHOENBERG, H. W., 1979. Association
of diethylstilbestrol exposure in utero with cryp-
torchidism, testicular hypoplasia and semen ab-
normalities. Journal of Urology, 122:36-39.

GIWERCMAN, A.; MÜLLER, J. & SKAKKEBÆK, N. E.,
1991. Prevalence of carcinoma in situ and other
histopathological abnormalities in testes from
399 men who died suddenly and unexpectedly.
Journal of Urology, 145:77-80.

GRAY Jr., L. E.; OSTBY, J. S. & KELCE, W. R., 1994. De-
velopmental effects of an environmental antian-
drogen: The fungicide vinclozolin alters sex dif-
ferentiation of the male rat. Toxicology and Ap-
plied Pharmacology, 129:46-52.

HEMMINKI, E.; MERILÄINEN, J. & TEPERI, J., 1993.
Reporting of malformations in routine health
registers. Teratology, 48:227-231.

ICBDMS (International Clearinghouse for Birth De-
fects Monitoring Systems), 1991. Congenital Mal-
formations Worldwide. Oxford: Elsevier.

ICBDMS (International Clearinghouse for Birth De-
fects Monitoring Systems), 1998. Annual Report
2000. <http://www.icbd.org/publications.htm>.

IRVINE, S.; CAWOOD, E.; RICHARDSON, D.; MAC-
DONALD, E. & AITKEN, J., 1996. Evidence of de-
teriorating semen quality in the United Kingdom:
Birth cohort study in 577 men in Scotland over 11
years. BMJ, 312:467-471.

ITOH, N.; KAYAMA, F.; TATSUKI, J. & TSUKAMOTO, T.,
2001. Have sperm counts deteriorated over the



MALE REPRODUCTIVE HEALTH AND EFFECTS OF ENDOCRINE DISRUPTORS 419

Cad. Saúde Pública, Rio de Janeiro, 18(2):413-420, mar-abr, 2002

past 20 years in healthy young japanese men? Re-
sults from the Sapporo area. Journal of Andrology,
22:40-44.

JENSEN, T. K.; VIERULA, M.; HJOLLUND, N. H.;
SAARANEN, M.; SCHEIKE, T.; SAARIKOSKI, S.;
SUOMINEN, J.; KEISKI, A.; TOPPARI, J. & SKAKKE-
BÆK, N. E., 2000. Semen quality among Danish
and Finnish men attempting to conceive. The
Danish First Pregnancy Planner Study Team. Eu-
ropean Journal of Endocrinology, 142:47-52.

JOHN RADCLIFFE HOSPITAL CRYPTORCHIDISM
STUDY GROUP, 1992. Cryptorchidism: A prospec-
tive study of 7,500 consecutive male births, 1984-
8. Archives of Disease in Childhood, 67:892-899.

JØRGENSEN, N.; ANDERSEN, A. G.; EUSTACHE, F.;
IRVINE, D. S.; SUOMINEN, J. S. S.; PETERSEN, J.
H.; ANDERSEN, A. N.; AUGER, J.; CAWOOD, E. H.
H.; HORTE, A; JENSEN, T. K.; JOUANNET, P.; KEI-
DING, N.; VIERULA, M.; TOPPARI, J. & SKAKKE-
BÆK, N. E., 2001. Regional differences in semen
quality in Europe. Human Reproduction, 16:1012-
1019.

KÄLLÉN, B.; BERTOLLINI, R.; CASTILLA, E.; CZEIZEL,
A.; KNUDSEN, L. B.; MARTINEZ-FRIAS, M. L.;
MASTROIACOVO, P. & MUTCHINICK, O., 1986. A
joint international study on the epidemiology of
hypospadias. Acta Paediatrica Scandinavica, 324
(Sup.):1-52.

KÄLLÉN, B. & WINBERG, J., 1982. An epidemiological
study of hypospadias in Sweden. Acta Pediatrica
Scandinavica, 293(Sup.):1-21.

KELCE, W. R.; STONE, C. R.; LAWS, S. C.; GRAY, L. E.;
KEMPPAINEN, J. A. & WILSON, E. M., 1995. Per-
sistent DDT metabolite p,p’-DDE is a potent an-
drogen receptor antagonist. Nature, 375:581-585.

LICHT, M., 1998. Retrospektive Untersuchung der
zwischen 1956 und 1995 in der Abteilung für An-
drologie des Universitätskrankenhauses Ham-
burg-Eppendorf erhobenen Spermiogramme. Dis-
sertation, Hamburg: Fachbereich Medizin, Uni-
versität Hamburg.

MATLAI, P. & BERAL, V., 1985. Trends in congenital
malformations of external genitalia. Lancet, 1:108.

MENCHINI-FABRIS, F.; ROSSI, P.; PALEGO, P.; SIMI,
S.; & TURCHI, P., 1996. Declining sperm counts in
Italy during the past 20 years. Andrologia, 28:304.

MØLLER, H. & SKAKKEBÆK, N. E., 1997. Testicular
cancer and cryptorchidism in relation to prenatal
factors: Case-control studies in Denmark. Cancer
Causes and Control, 8:904-912.

NELSON, C. M. K. & BUNGE, R. G., 1974. Semen analy-
sis: Evidence for changing parameters of male
fertility potential. Fertility and Sterility, 25:503-
507.

NEWBOLD, R. R.; BULLOCK, B. C. & McLACHLAN, J.
A., 1986. Adenocarcinoma of the rete testis. Di-
ethylstilbestrol-induced lesions of the mouse rete
testis. American Journal of Pathology, 125:625-628.

NEWBOLD, R. R. & McLACHLAN, J. A., 1985. Diethyl-
stilbestrol associated defects in murine genital
tract development. In: Estrogens in the Environ-
ment. II: Influences on Development (J. A. McLach-
lan, ed.), pp. 288-318, New York: Elsevier Science
Publishing Co.

OLSEN, G. W.; BODNER, K. M.; RAMLOW, J. M.; ROSS,
C. E. & LIPSHULTZ, L. I., 1995. Have sperm counts

been reduced 50 percent in 50 years? A statistical
model revisited. Fertility and Sterility, 63:887-893.

PARKIN, D. M.; WHELAN, S. L.; FERLAY, J.; RAY-
MOND, L. & YOUNG J., 1997. Cancer Incidence in
Five Continents. v. 7. IARC Scientific Publications
143. Lyon: International Agency for Research on
Cancer.

PAULOZZI, L. J.; ERICKSON, J. D. & JACKSON, R. J.,
1997. Hypospadias trends in two US surveillance
systems. Pediatrics, 100:831-834.

PAULOZZI, L. J., 1999. International trends in rates of
hypospadias and cryptorchidism. Environmental
Health Perspectives, 107:297-302.

PAULSEN, C. A.; BERMAN, N. G. & WANG, C., 1996.
Data from men in greater Seattle area reveals no
downward trend in semen quality: Further evi-
dence that deterioration of semen quality is not
geographically uniform. Fertility and Sterility,
65:1015-1020.

PELTOMÄKI, P.; LOTHE, R.; BORRESEN, A. L.; FOSSA,
S. D.; BROGGER, A. & DE LA CHAPELLE, A., 1991.
Altered dosage of the sex chromosomes in human
testicular cancer: A molecular genetic study. In-
ternational Journal of Cancer, 47:518-522.

POTASHNIK, G.; BEN-ADERET, N.; ISRAELI, R.;
YANAI-INBAR, I. & SOBER, I., 1978. Suppressive
effect of 1,2-dibromo-3-chloropropane on hu-
man spermatogenesis. Fertility and Sterility, 30:
444-447.

PRENER, A.; ENGHOLM, G. & JENSEN, O. M., 1996.
Genital anomalies and risk for testicular cancer
in Danish men. Epidemiology, 7:14-19.

RAMAN-WILMS, L.; TSENG, A. L.; WIGHARDT, S.;
EINARSON, T. R. & KOREN, G., 1995. Fetal genital
effects of first-trimester sex hormone exposure: A
meta-analysis. Obstetrics and Gynecology, 85:141-
149.

RASMUSSEN, P. E.; ERB, K.; WESTERGAARD, L. G. &
LAURSEN, S. B., 1997. No evidence for decreasing
semen quality in four birth cohorts of 1,055 Dan-
ish men born between 1950 and 1970. Fertility
and Sterility, 68:1059-1064.

RUTGERS, J. L. & SCULLY, R. E., 1987. Pathology of
the testis in intersex syndromes. Seminars in Di-
agnostic Pathology, 4:275-291.

SABROE, S. & OLSEN, J., 1998. Perinatal correlates of
specific histological types of testicular cancer in
patients below 35 years of age: A case-cohort
study based on midwives’ records in Denmark.
International Journal of Cancer, 78:140-143.

SCHUMACHER, G. F.; GILL, W. B.; HUBBY, M. M. &
BLUOGH, R. R., 1981. Semen analysis in males
exposed in utero to diethylstilbestrol (DES) or
placebo. Reproductive Obstetrics and Gynecology,
9:100-101.

SCORER, C. G., 1964. The descent of the testis. Archives
of Disease in Childhood, 39:605-609.

SKAKKEBÆK, N. E.; BERTHELSEN, J. G. & VISFELDT,
J., 1981. Clinical aspects of testicular carcinoma-
in-situ. International Journal of Andrology, 4:153-
162.

SKAKKEBÆK, N. E.; RAJPERT-DeMEYTS, E.; JØR-
GENSEN, N.; CARLSEN, E.; PETERSEN, P. M.; GI-
WERCMAN, A.; ANDERSEN, A. G.; JENSEN, T. K.;
ANDERSSON, A. M. & MÜLLER, J., 1998. Germ
cell cancer and disorders of spermatogenesis: An



TOPPARI, J.; HAAVISTO, A.-M. & ALANEN, M.420

Cad. Saúde Pública, Rio de Janeiro, 18(2):413-420, mar-abr, 2002

environmental connection? Acta Pathologica, Mi-
crobiologica, et Immunologica Scandinavica, 106:
3-12.

STENCHEVER, M. A.; WILLIAMSON, R. A.; LEONARD,
J.; KARP, L. E.; LEY, B.; SHY, K. & SMITH, D., 1981.
Possible relationship between in utero diethyl-
stilbestrol exposure and male fertility. American
Journal of Obstetrics and Gynecology, 140:186-
193.

STILLMAN, R. J., 1982. In utero exposure to diethyl-
stilbestrol: Adverse effects on the reproductive
tract and reproductive performance and male
and female offspring. American Journal of Obstet-
rics and Gynecology, 142:905-921.

SUOMINEN, J. & VIERULA, M., 1993. Semen quality
of Finnish men. BMJ, 306:1579.

SWAN, S. H.; ELKIN, E. P. & FENSTER, L., 1997. Have
sperm densities declined? A reanalysis of global
trend data. Environmental Health Perspectives,
105:1228-1232.

SWAN, S. H.; ELKIN, E. P. & FENSTER, L., 2000. The
question of declining sperm density revisited: An
analysis of 101 studies published 1934-1996. En-
vironmental Health Perspectives, 108:961-966.

SWERDLOW, A. J.; HUTTLY, S. R. & SMITH, P. G.,
1987. Prenatal and familial associations of testic-
ular cancer. British Journal of Cancer, 55:571-577.

THIERFELDER, W.; SEHER, C.; DORTSCHY, R. & EN-
GEL, S., 1999. Abnahme der Spermaqualität bei
gesunden Männern aus ungewollt kinderlosen
Partnerschaften. Bundesgesundheitsblad-Gesund-
heitsforschung-Gesundheitsschutz, 6:471-478.

THORUP, J. & CORTES, D., 1990. The incidence of
maldescendent testes in Denmark. Pediatric
Surgery International, 5:2-5.

TOPPARI, J. & KALEVA, M., 1999. Maldescendus
testis. Hormone Research, 51:261-269.

TOPPARI, J.; KALEVA, M & VIRTANEN, H., 2001.
Trends in the incidence of cryptorchidism and
hypospadias, and methodological limitations of
registry-based data. Human Reproduction Up-
date, 7:282-286.

TOPPARI, J.; LARSEN, J. C.; CHRISTIANSEN, P.; GIW-
ERCMAN, A.; GRANDJEAN, P.; GUILLETTE Jr., L.
J.; JÉGOU, B.; JENSEN, T. K.; JOUANNET, P.; KEI-
DING, N.; LEFFERS, H.; McLACHLAN, J. A.; MEY-
ER, O.; MÜLLER, J.; RAJPERT-DeMEYTS, E.;
SCHEIKE, T.; SHARPE, R.; SUMPTER, J. & SKAKKE-
BÆK, N. E., 1996. Male reproductive health and
environmental xenoestrogens. Environmental
Health Perspectives, 104(Sup. 4):741-801.

TOPPARI, J. & SKAKKEBÆK, N. E., 1998. Sexual differ-
entiation and environmental endocrine dis-
rupters. Baillieres Clinical Endocrinology and Me-
tabolism, 12:143-156. 

TORKELSON, T. R.; SADER, S. E.; ROWE, V. K.; KO-
DAMA, J. K.; ANDERSON, H. H.; LOQUVAN, G. &
HINE, C. H., 1961. Toxicologic investigations of
1,2-Dibromo-3-chloropropane. Toxicology and
Applied Pharmacology, 3:545-559.

VAN WAELEGHEM, K.; DE CLERCQ, N.; VERMEULEN,
L.; SCHOONJANS, F. & COMHAIRE, F., 1996. De-
terioration of sperm quality in young healthy Bel-
gian men. Human Reproduction, 11:325-329.

VIERULA, M.; NIEMI, M.; KEISKI, A.; SAARANEN, M.;
SAARIKOSKI, S. & SUOMINEN, J., 1996. High and
unchanged sperm counts of Finnish men. Inter-
national Journal of Andrology, 19:11-17.

VIRTANEN, H. E.; KALEVA, M.; HAAVISTO, A. M.;
SCHMIDT, I. M.; CHELLAKOOTY, M.; MAIN, K.
M.; SKAKKEBÆK, N. E. & TOPPARI, J., 2001. The
birth rate of hypospadias in the Turku area in Fin-
land. Acta Pathologica, Microbiologica, et Im-
munologica Scandinavica, 109:96-100.

WANDERÅS, E. H.; GROTMOL, T.; FOSSA, S. D. &
TRETLI, S., 1998. Maternal health and pre- and
perinatal characteristics in the etiology of testic-
ular cancer: A prospective population- and regis-
ter-based study on Norwegian males born be-
tween 1967 and 1995. Cancer Causes and Control,
9:475-486.

WHORTON, D.; KRAUSS, R. M.; MARSHALL, S. &
MILBY, T. H., 1977. Infertility in male pesticide
workers. Lancet, 2:1259-1261.

WILCOX, A. J.; BAIRD, D. D.; WEINBERG, C. R.;
HORNSBY, P. P. & HERBST, A. L., 1995. Fertility in
men exposed prenatally to diethylstilbestrol. New
England Journal of Medicine, 332:1411-1416.

YOUNGLAI, E. V.; COLLINS, J. A. & FOSTER, W. G.,
1998. Canadian semen quality: An analysis of
sperm density among eleven academic fertility
centers. Fertility and Sterility, 70:76-80.

ZOBER, A.; HOFFMAN, G.; OTT, M. G.; WILL, W.; GER-
MANN, C. & VAN RAVENZWAAY, B., 1995. Study
of morbidity of personnel with potential expo-
sure to vinclozolin. Occupational and Environ-
mental Medicine, 52:233-241.

Submitted on 5 February 2001
Final version resubmitted on 5 April 2001
Approved on 14 May 2001


