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the same conclusions will be reached irrespective of
whether sperm concentrations or total sperm counts were
investigated.

The high number of morphologically abnormal sper-
matozoa of the young men also indicated that reduced
fecundity may be a frequent problem. According to
Guzick et al. (Guzick et al., 2001), who used sperm
morphology – assessed according to the same criteria as
here – a man should have at least 12% normal spermato-
zoa to be classified as fertile. This was the case only for
26% of the men. van Waart et al. detected a reduced
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Figure 1 Sperm concentrations, total sperm counts and morphology

according to year of birth of men representative of the general young

Finnish population. The figures represent medians adjusted for con-

founders and 95% confidence intervals. The most recently born men

had significantly lower levels than the earliest born men.
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Figure 2 Frequencies of young Finnish men having sperm concentra-

tions below 15, 15–40 and above 40 million ⁄ mL in three birth

cohorts. Note the trends for more men having sperm concentrations

below 40 million ⁄ mL; 31, 35 and 43% for the birth cohorts 1979–81,

1982–83 and 1987 respectively.

Figure 3 Testis cancer incidences for Finnish men, 10–59 years old at

time of diagnosis, according to year of diagnosis and region. Overall,

there has been an increasing incidence during the recent 50 years,

however, more pronounced in the Turku area where the semen qual-

ity studies, illustrated in Figs 1 & 2, have been undertaken.
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percentile 17·7–19·2). 72 families dropped out of the
study between 3 and 18 months of age. Drop-out rate was
similar for cases (28·0%) and controls (20·2%) (p=0·13).
The design and recruitment were identical in Denmark
and Finland. However, the study populations differed
slightly, but significantly (table 1). 

Statistical analysis
Statistical analyses were performed using SPSS for
Windows 11.0 (Chicago, IL, USA). Differences between
groups were tested with Pearson’s !2 test or Fisher’s exact
test, when appropriate. The Mann-Whitney U test was
used for comparison of known confounders. 95% CI were
calculated with R (statistical software).14 We calculated
odds ratios by logistic regression using the SAS procedure
GENMOD (SAS 8.02, SAS Institute). Odds ratios for
dichotomised variables—birthweight, gestational age, and
weight for gestational age—were mutually adjusted for
relevant confounders in the model. National standards were
used for the calculation of weight for gestational age, but
application of the same standard (Danish) to both cohorts
did not affect the results. We analysed the maximum
possible effects of the families lost to follow-up between
birth and 3 months of age in the Danish and Finnish
prospective cohorts. Assuming no spontaneous testicular
descent in those lost to follow-up, the prevalence at
3 months in Denmark would be 2·4% and in Finland 1·2%,

p=0·029. Whereas, assuming 100% testicular descent
among cryptorchid boys lost to follow-up, the 3-month
prevalence would have been 1·8% and 1·0%, respectively,
p=0·065.

Role of the funding source
The sponsors had no part in study design, data collection,
data analysis, data interpretation, or in writing the
manuscript; annual reports concerning the progression of
work were sent to the European source of funding. The
authors are solely responsible for the contents of the
manuscript. The European Community is not responsible
for any use that might be made of data appearing 
therein.

Results
At the expected date of delivery, 9·0% (95% CI 7·3–10·9)
of the Danish boys and 2·4% (1·7–3·3%) of the Finnish
boys had either unilaterally or bilaterally undescended
testes (figure). In nine premature boys from the total
Finnish hospital cohort, testes descended spontaneously
between birth and the expected date of delivery, whereas
2·1% (1·7–2·5%) were still cryptorchid at the expected
date of delivery. At 3 months of age, the rate had fallen to
1·9% (1·2–3·0%) in the Danish cohort and to 1·0%
(0·5–1·7%) in the Finnish prospective cohort (figure). In
the total Finnish hospital cohort the rate was also 1·0%
(0·8–1·3%). 

Since the follow-up design differed between the two
countries, prevalence rates at 18 months were not directly
comparable. In Denmark 11 (1·2%) of 888 were
persistently cryptorchid, and two who were cryptorchid at
birth had spontaneous postnatal testicular descent and re-
ascent of the testis before the 18-month examination. The
prevalence at 18 months, including the two cases of
testicular re-ascent was 1·5% (0·8–2·5%). In Finland, the
point prevalence of congenital cryptorchidism at 
18 months was estimated by the proportion of persistent
cryptorchidism, including cases of testicular re-ascent
before the 18 months examination, in those examined at
birth. 10 (0·7%) of 1455 were persistently cryptorchid; two
underwent orchidopexy before the 18-month examination,
and two had re-ascent of the testis. Thus, the point
prevalence was estimated to be 1·0% (0·5–1·6%) on the
assumption that the two boys treated with orchidopexy
would have remained cryptorchid if untreated.

Spontaneous testicular descent was seen in 78% of the
Danish cases and 54% of the Finnish cases between the
expected date of delivery and 3 months of age. We
estimated the mean incidence rate of testicular descent
(the probability of testicular descent per person per
month) to be 0·26 in Denmark and 0·18 in Finland
during the first 3 months, ie, a Danish boy with
cryptorchidism had a mean probability of 0·26 of having
spontaneous testicular descent every month during the

ARTICLES
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Denmark (n=1068) Finland (n=1494) p*

Birthweight (kg) 3·61 (3·27–3·95) 3·66 (3·34–3·98) 0·0331
Gestational 
age (days) 282 (273–288) 280 (273–286) 0·00049
Percentage 
SGA boys† 39 (3·7%) 27 (1·7%) 0·00368
Maternal age (years) 30·6 (27·6–33·3) 29·2 (26·2–32·3) <0·0001
Parity
1 691 (65%) 792 (53%) <0·0001
2 296 (28%) 457 (31%) 0·128
"3 76 (7%) 243 (16%) <0·0001
Mode of delivery
Normal vaginal 749 (70%) 1170 (78%) <0·0001
Vacuum extraction 127 (12%) 130 (9%) 0·00784
Acute caesarean 132 (12%) 90 (6%) <0·0001
Elective caesarean 56 (5%) 100 (7%) 0·132

Data are median (IQR) or number (%). *Differences between countries were
tested with Mann-Whitney U test.  †Calculated in Danish boys as <(–22%)
WGA,10,11 in Finnish boys as <(–2 SD) WGA.12

Table 1: Characteristics of the Danish and Finnish study
populations
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Prevalence of congenital cryptorchidism in the Danish and
Finnish prospective cohort at expected date of delivery and at
3 months of age
Numbers of cryptorchid boys/number of boys examined are shown on
bars with 95% CIs.

At birth or expected At 3 months At 18 months
date of delivery

Denmark Finland Denmark Finland Denmark Finland*

Non-palpable 0·4 (4) 0·6 (9) 0·2 (2) 0·1 (2) 0 0·1 (1)
Inguinal 0·8 (8) 0·5 (8) 0·2 (2) 0·4 (6) 0·3 (3) 0·2 (3)
Suprascrotal 0·9 (9) 0·1 (2) 0·6 (6) 0·2 (3) 0·6 (5) 0·3 (5)
High scrotal 7·0 (73) 1·1 (16) 0·9 (9) 0·2 (3) 0·6 (5) 0·3 (5)

Number of boys is shown in parentheses. For bilateral cryptorchidism infants
were classified according to the most severe condition.*Prevalence at
18 months of age is calculated on the basis of boys included at birth (n=1455)
since only boys with congenital cryptorchidism and their controls were
examined at 18 months of age.

Table 2: Prevalence of congenital cryptorchidism according to
clinical subtypes

For personal use. Only reproduce with permission from The Lancet.
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estimated to be 32.24 g I-TEQ ⁄ year in 2002 (Finnish
Ministry of the Environment, 2006). As the Danish esti-
mate is imprecise, we are unable to assess in which coun-
try the emission is higher. In our dataset, seven different
PCDD congeners were present including 2,3,7,8-TCDD,
which has the highest TEQ factor of all PCDDs and
therefore considered the most toxic PCDD. Among the
PCDDs measured, only 1,2,3,4,7,8-HCDD differed signifi-
cantly between the nations and the levels of this com-
pound was somewhat higher than the similar 2,3,7,8-
TCDD. However, different PCDD-congeners vary in their
biological effects (Niittynen et al., 2007) and therefore the
TEQ factors for the compounds do not necessarily reflect
their endocrine disrupting potential and their effect on
male reproductive health.

Hexachlorobenzene and dieldrin are both organochlo-
rine pesticides that were introduced at about the same
time in the 1940s. In Denmark and Finland, this hexa-
chlorobenzene was banned from use as a pesticide in
1993 and 1996 respectively and was totally banned in
2003 and 2002, indicating that the regulation has been
similar in both countries [Finnish Environment Institute,
2006; Miljøstyrelsen (Danish Ministry of the Environ-
ment), 2006]. Dieldrin, which recently has been shown to
be toxic to foetal Leydig cells at low concentrations (Fow-
ler et al., 2007) has been used in Denmark in small
amounts between 1956 and 1988 [Miljøstyrelsen (Danish
Ministry of the Environment), 2006]. In Finland, dieldrin
was stopped being used as a pesticide in 1970, but it was
still manufactured for treatment of plywood for export
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Figure 3 Two-dimensional scatter plot shows

the concentration of the two chemicals

1,2,3,4,7,8-HCDD (x-axis) and 1,2,3,6,7,8-

HCDD (y-axis) in each breast milk sample. The

Danish (red) and Finnish (blue) samples are

completely separated into two distinct groups.

In each country, the two chemicals show clear

linear correlations but with different slopes.
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was not significantly correlated with the sum
of PBDE congeners (data not shown).

The date of childbirth within the cohort
was significantly correlated in the Danish pla-
centas with the concentration of BDE-66 (r =
–0.246, p < 0.001), and in the Finnish pla-
centas with BDE-85 (r = 0.239, p < 0.01) and
BDE-153 (r = 0.275, p < 0.003).

There was no significant difference in the
placenta concentration of the five most preva-
lent PBDEs between cryptorchid boys and
healthy boys in Denmark (p = 0.10–0.976) or
Finland (p = 0.09–0.835) or for their sum
(p = 0.312 and p = 0.128, respectively). The
results remained nonsignificant if prematurity
and SGA were included in the model. There
were no correlations between placental
PBDEs and serum reproductive hormones in
3-month-old infants.

Paired samples. The median concentra-
tions (nanograms per gram fat) of the 14 con-
geners in placenta were lower than the
concentration found in the paired breast milk
samples (n = 86) (Table 6), but there were
significant correlations between the measure-
ments, except for BDE-85 and BDE-138.

The sum of all congeners in milk was
3.39 (95% CI, 1.43–48.2) for boys with
cryptorchidism and 3.15 (95% CI,
1.07–24.9) for controls (p = 0.228), and in
placenta 1.22 (95% CI, 0.64–9.32) for boys
with cryptorchidism and 1.17 (95% CI,

0.49–5.46) for controls (p = 0.871). Infant
reproductive hormones at 3 months of age
(27 Danish, 35 Finnish boys) were not corre-
lated to PBDE concentrations in placenta or
milk in this data subset.

Discussion
To our knowledge, this is the first study
describing an association between congenital
cryptorchidism in humans and exposure to
PBDEs. An association was found for the sum
of seven PBDEs (BDEs 47, 153, 99, 100, 28,

66, 154) in breast milk as well as for the indi-
vidual congeners BDEs 47, 100, 28, 66, and
154. Concentrations of BDEs 47, 100, and
154 were also positively correlated with
increasing serum LH values. This suggested
that a higher gonadotropin drive was neces-
sary to ensure normal testosterone production
by the Leydig cells (Suomi et al. 2006), and
thus a subtle primary testicular disfunction.

In this study we assessed infant exposure
by measuring the concentration of PBDEs in
breast milk, which reflects the accumulated
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Figure 1. Sum of the 7 most prevalent PBDEs in
breast milk samples (BDEs 47, 153, 99, 100, 28, 66,
154, log-transformed values) from Denmark and
Finland in boys with cryptorchidism (n = 62, blue)
and healthy boys (n = 68, white). The box plot shows
medians and interquartile ranges. 
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Table 4. Seven less-prevalent PBDEs in breast milk samples from Danish and Finnish boys with and without cryptorchidism.

PBDE congener Denmark Finland
(ng/g fat) Control (n = 36) % Cryptorchid (n = 29) % Control (n = 32) % Cryptorchid (n = 33) %

Sum of 14 congeners 3.27 (1.11–9.12) — 4.27 (1.34–19.10) — 3.11 (1.04–29.5) — 4.27 (1.43–56.44) —
183 0.05 (0.0–0.58) 78 0.05 (0.0–0.23) 62 0.0 (0.0–0.17) 44 0.0 (0.0–0.49) 27
85 0.005 (0.0–0.05) 67 0.07 (0.0–0.22) 97 0.0 (0.0–0.12) 6 0.0 (0.0–0.08) 36
75 0.001 (0.0–0.01) 61 0.0 (0.0–0.01) 28 0.0 (0.0–0.06) 34 0.0 (0.0–0.03) 36
77 0.001 (0.0–0.03) 53 0.01 (0.0–0.04) 65 0.0 (0.0–0.12) 19 0.0 (0.0–0.02) 15
119 0.0 (0.0–0.01) 25 0.0 (0.0–0.01) 48 0.0 (0.0–0.02) 12 0.0 (0.0–0.01) 15
138 0.0 (0.0–0.02) 28 0.0 (0.0–0.03) 28 0.0 (0.0–0.01) 3 — 0

Concentrations are given as median (2.5th–97.5th percentiles). Percentages are of detectable samples. BDE-71 was not detected in any sample.

Figure 2. Concentration (percentiles) of the sum of all PBDEs, BDE-47, and BDE-100 (ng/g fat) in human
breast milk samples from Denmark (n = 65) and Finland (n = 65), 1997–2001. Note the differences in
absolute values in the y-axis.
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