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Abstract

Patients with 45,X0/46XY karyotype often present with intersex phenotype and testicular dysgenesis. These patients may also have
undescended testes (cryptorchidism), hypospadias and their spermatogenesis is severely disrupted. They have a high risk for testicular
cancer. These patients have the most severe form of testicular dysgenesis syndrome (TDS). We have hypothesized that testicular
cancer, cryptorchidism, hypospadias and poor spermatogenesis are all signs of a developmental disturbance that was named as testicular
dysgenesis syndrome. The hypothesis is based on clinical and epidemiological findings and on biological and experimental evidence.
Signs of TDS share several risk factors, such as small birth weight (particularly being small for gestational age), and they are risk
factors for each other. All of them have background in fetal development. They show strong epidemiological links so that countries
with high incidence of testicular cancer, such as Denmark, tend to also have high prevalence rates of cryptorchidism and hypospadias
and poor semen quality. Vice versa, in countries with good male reproductive health, e.g., in Finland, all these aspects are better than
in Denmark. Although genetic abnormalities can cause these disorders, in the majority of cases, the reasons remain unclear. Adverse
trends in the incidence of male reproductive disorders suggest that environmental and life style factors contribute to the problem.
Endocrine disrupters are considered as prime candidates for environmental influence. Fetal exposure to high doses of dibutyl phthalate
was shown to cause a TDS-like phenotype in the rats. Studies are underway to assess whether there is any exposure—outcome relation
with selected chemicals (persistent organic pollutants, pesticides, phthalates) and cryptorchidism.
© 2005 Elsevier Inc. All rights reserved.
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Introduction

Several investigators have reported adverse trends in

* Corresponding author. Fax: +358 2 250 2610. male reproductive health, including increasing incidence
E-mail address: jorma.toppari@utu.fi (J. Toppari). of testicular cancer (Adami et al., 1994; Forman and
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Moller, 1994), low and probably declining semen
quality (Carlsen et al., 1992; Swan et al., 1997;
Andersen et al, 2000) and increasing incidences of
cryptorchidism, i.e., undescended testis and hypospadias
(Chilvers et al., 1984; Matlai and Beral, 1985; Toppari
et al.,, 1996; Paulozzi et al., 1997). Both the increase
of the incidence of testicular cancer and decrease in
sperm quality have shown a birth-cohort effect (Irvine,
1994; Bergstrom et al., 1996), meaning that there are
more problems in younger generations. It has been
proposed that all these disorders have common origin
in fetal life and thus they all represent different
symptoms of the same underlying entity called the
testicular dysgenesis syndrome (TDS) (Skakkebaek et
al., 2001; Sharpe, 2003; Asklund et al., 2004).

Clinical evidence for the existence of testicular dys-
genesis in male reproductive disorders comes from the
observation that patients with rare genetic abnormalities
that cause testicular dysgenesis (like 45X0/46XY and
androgen insensitivity) are associated with high risk of
testicular cancer, often combined with cryptorchidism and
hypospadias (Aarskog, 1970; Scully, 1981; Savage and
Lowe, 1990). Testicular germ cell cancer arises from
carcinoma in situ (CIS) cells, which are presumed to
derive from primordial germ cells that escaped normal
fetal differentiation (Skakkeback et al., 1987; Rajpert-De
Meyts et al., 1998). Furthermore, in patients with
testicular cancer, subfertility or cryptorchidism, dysgenetic
changes have been found in the histology of testis
(Sohval, 1954, 1956; Berthelsen and Skakkebaek, 1983;
Huff et al., 1993; Hoei-Hansen et al., 2003; Skakkebaek
et al., 2003).

The observation that the occurrence of one disorder
increases the risk of the occurrence of another disorder
gives epidemiological evidence for the existence of
TDS, e.g., the incidence of undescended testis and /or
hypospadias is increased among patients having testic-
ular cancer (Skakkebaek et al., 2001). Furthermore, the
disorders of male reproductive health discussed in this
paper have shared common risk factors. For example
low birth weight compared to the duration of
pregnancy, i.e., being born as small for gestational
age (SGA) increases the risk of testicular cancer,
cryptorchidism and hypospadias (Moller and Weidner,
1999; English et al., 2003). Also, reduced testicular
size and low inhibin B levels in postpubertal boys
have been linked to SGA (Cicognani et al, 2002),
which supports a link between low birth weight and
lower fertility in adulthood. However, results of the
effect of low birth weight on sperm counts in adult
men have been contradictory (Francois et al., 1997;
Olsen et al, 2000; Ozturk et al, 2001; Sharpe and
Franks, 2002).

In the following we present comparison of the
incidence of TDS linked diseases in two Nordic
countries, Denmark and Finland.

Cryptorchidism and hypospadias

Comparison of registry-based information on cryptor-
chidism and hypospadias may have pitfalls because of
underreporting, differences in registration systems, and
inclusion criteria (Toppari et al., 2001). Therefore, prospec-
tively designed cohort studies have been performed in
Denmark and Finland to assess the incidence of these
disorders during the years 1997—-2001. The results of these
studies showed that at birth, the rate of congenital
cryptorchidism was significantly higher in Denmark as
compared to Finland (9.0% in Denmark and 2.4% in
Finland, Fig. 1) (Boisen et al., 2004). The geographical
difference was still present at the age of three months even
though the rates had declined in both countries (rate was
1.9% in Denmark and 1.0% in Finland) (Boisen et al.,
2004). In Denmark, the rate has significantly increased as
compared to the rate reported in the 1960s (Buemann et al.,
1961). In addition, the present Danish cryptorchidism rate at
birth is approximately two-fold as compared to rates given
by cohort studies performed in other countries in the 1980s
and 1990s (Group, 1992; Berkowitz et al., 1993; Thong
et al., 1998; Boisen et al., 2004). In Finland, temporal trend
analysis was not possible because no previous clinical
studies have been performed in this area.

The birth rate of hypospadias in Finland was 17.0 per 10
000 total live births, which indicates that 0.33% of live-born
boys had hypospadias (Virtanen et al., 2001). During the
study period, only one serious hypospadias was detected,
which indicated that the rate of serious hypospadias is low
in Finland (Virtanen et al., 2001). No indication of an
increase in the birth rate of hypospadias in Finland was
found when the results of this cohort study were compared
to data including previously operated hypospadias cases
(Aho et al., 2000). In Denmark also the rate of hypospadias
was higher as compared to Finland (Boisen et al., in press).
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Fig. 1. Incidence of congenital cryptorchidism (% of newborn boys) and
testicular cancer (age-standardized (world standard population) incidence
per 100 000 person-years) in Finland and Denmark.



H.E. Virtanen et al. / Toxicology and Applied Pharmacology 207 (2005) S501—-S505 S503

Recently published cross-sectional study showed that in the
Netherlands, the hypospadias rate was over two-fold as
compared to Finland (Pierik et al., 2002).

Testicular cancer

The first large European collaborative study on testicular
cancer incidence was based on cancer registries, which in
Nordic countries have almost 100% coverage of incident
cancers. This study showed that the incidence of testicular
cancer has increased in both countries, and that since the
1950s, when the Finnish cancer registry started, the rates in
Denmark have been higher than those in Finland (Adami et
al., 1994). The age-standardized (world standard popula-
tion) incidence in 1980 reported in this study was 7.8 per
100 000 person-years in Denmark and 1.3 per 100000
person-years in Finland. The same increasing trend in both
countries and the existence geographical difference seem to
have continued, since in Denmark, the incidence was 10.4
per 100 000 person-years in 1996 and in Finland, it was 2.8
per 100000 person-years in 1997 (Fig. 1) (Ferlay et al.,
2001).

Semen quality

Co-ordinated cross-sectional studies have shown differ-
ences in semen quality between Finnish and Danish men:
In fertile men sperm concentration and total sperm counts
were higher in Finland as compared to Denmark
(Jorgensen et al., 2001). Also, young men not selected
due to fertility have higher sperm concentrations in
Finland than in Denmark (medians 54 x 10°ml and
41 x 10%ml, respectively) (Jorgensen et al., 2002).
Furthermore, as many as 40% of young adult Danish
men not selected for fertility have been shown to have
sperm concentration below the level of 40 x 10%ml
(Andersen et al., 2000), which has been associated with
decreased fertility (Bonde et al., 1998). According to a
retrospective analysis, the sperm density and total sperm
counts of infertile men in Finland have been high (over
80 x 10%ml) and have not changed significantly between
the years 1967—1994 (Vierula et al., 1996). The sperm
concentrations of normal men reported in this study were
higher than those recently reported of young Finnish men
(Jorgensen et al., 2002). However, reliable indication of
possible time trends in semen qualities requires prospec-
tive studies (Irvine, 1996).

The consistent higher incidence of all disorders in
Denmark gives a strong evidence for the existence of TDS
as a common cause to these disorders. In addition to this
geographical difference, increases in the incidences of
testicular cancer in both countries and cryptorchidism in
Denmark were observed. However, evaluation of possible
changes in hypospadias rates or sperm concentrations has to

Table 1
Examples of endocrine disrupting chemicals, which have been shown to
cause TDS-linked disorders in animal exposure studies

Chemicals with oestrogenic activity
Diethylstilbestrol (pharmaceutical)
Ethinyl oestradiol (pharmaceutical)
Bisphenol A (industrial chemical)
Chemicals with antiandrogenic activity
Flutamide (pharmaceutical)
Vinclozolin (fungicide)
Procymidone (fungicide)
1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) (congener of DDT
pesticide)
Dibutyl phthalate (DBP) (industrial chemical)
Diethylhexyl phthalate (DEHP) (industrial chemical)

be postponed until the appearance of comparable prospec-
tive studies in the future.

The rapid increase of the incidence of reproductive
disorders and geographical clustering of the symptoms
indicate that environmental or life-style factors, rather than
an accumulation of genomic structural defects, are the most
likely causes of TDS. Initially, it was hypothesized that
increased oestrogen exposure in utero might be related to
the increase in the incidence of male reproductive disorders
in humans (Sharpe and Skakkebaek, 1993). This oestrogen
hypothesis has been expanded to include also environmental
chemicals that disrupt the function of the endocrine system
also by acting as anti-androgens (Toppari et al., 1996).
Animals experimentally exposed to endocrine disrupting
chemicals have similar reproductive disorders which in
humans have been linked to TDS, except for the germ cell
cancer (Table 1) (Skakkebaek et al., 2001; Damgaard et al.,
2002; Fisher, 2004). Recently, in utero, exposure of the rat
to dibutyl phthalate (DBP) has been proposed to be a
possible model to human testicular dysgenesis syndrome,
since the testicular and other changes in DBP-exposed rats
have been reported in human TDS (Fisher et al., 2003).

Fat tissue samples of cryptorchid boys have been shown
to have higher bioaccumulation of heptachloroepoxide and
hexachlorobenze as compared to controls (Hosie et al.,
2000). It remains to be seen whether any exposure—outcome
relation with selected chemicals (persistent organic pollu-
tants, pesticides, phtalates) and cryptorchidism will be seen
in Finnish and Danish cryptorchidism studies.
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