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Delayed initiation of breast development in girls with higher prenatal dioxin  
exposure; a longitudinal cohort study

Summary

Objectives: While many studies have assessed the health impacts of PCDD/Fs and PCBs on animals 
and humans, long-term consequences for especially adolescents, have not (yet) been well documented. 
This is certainly also true for the effects of PBDE exposure. As part of a longitudinal cohort study, now 
well into its second decade, effects of perinatal and current PCDD/F exposure, as well as current dl-PCB 
and PBDE exposures, on puberty, were assessed.

Study design: Prenatal, lactational and current PCDD/F, dl-PCB and PBDE concentrations were  
determined using GC-MS. Pubertal development and growth were assessed by means of physical  
examination and the Tanner scale. 33 Children (born between 1986 and 1991) consented to the current 
follow-up study. Outcomes were evaluated using linear regression or the non parametric Spearman’s 
correlation coefficient.

Results: A delay in initiation of breast development was found in girls (n=18) with higher prenatal 
(p=0.023) and lactational PCDD/F exposure (p=0.048).
The males revealed a negative trend with age at f irst ejaculation. For other endpoints on puberty and 
growth (pubic hair, axillary hair, genital stage, length, BMI, testicular volume, menarche) no significant 
relation was found with any of the measured compounds.

Discussion and conclusion:  A relation between prenatal PCDD/F exposure and later initiation of 
breast development was seen. A Belgian study found a delay in breast development with higher current 
serum concentrations of dioxin-like compounds.
The initiation of puberty is a complex process and it is yet not clear how dioxin-like compounds precisely 
affect this process prenatally. Further follow-up into adulthood is warranted, in order to detect the  
possibility of developing malignancies and fertility problems.

Introduction
Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and dioxin-like 
(planar) polychlorinated biphenyls (dl-PCBs) are often grouped together as ‘dioxin-like compounds’ and 
have a toxicity which can be valued in Toxic Equivalents (TEQ).
These compounds are very persistent in nature and accumulate in animals and humans. The main source 
of dioxin-like compounds in the period ± 1980-1995 in The Netherlands was through the incineration of 
municipal waste (1,2), which has decreased in recent years due to stricter legislation.
Dioxin-like compounds are known as hormone and growth disregulators. They have the potential to in-
terfere with a multitude of biological functions, possibly interfering with thyroid hormone metabolism, 
oestrogens, glucocorticoids, and insulin-receptors (3,4,5). Exposure in-utero and during the suckling 
period of a child, are considered to be the most sensitive exposure windows in terms of reproductive 
effects (6,7,8,9). Adolescents also have a greater susceptibility and are at higher risk than adults, with 
regards to health effects caused by environmental exposure to chemical toxicants (10).
In laboratory animals, prenatal exposure to PCBs and PCDD/Fs cause teratogenic and develop-
mental toxicity (11). Dioxin-like compounds bind to the Aromatic hydrocarbon Receptor (AhR). 
A study in mice showed an important role for the Ah-receptor in normal mammary development. 
The AhR is expressed and immunohistochemically localised in the epithelial portions of the mouse  
mammary gland during periods of ductal proliferation. Treatment of mammary gland explants with 
TCDD resulted in suppressed lobule development of the glands (12,13). Animal studies have described 
variable effects on mammary gland development in rat offspring (14,15,16).
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Background PCDD/F concentrations have been related to detectable symptoms in humans. Earlier  
follow up of our cohort and other cohort studies found a reduction in lung function (17,18), endocrino-
logical, haematological and immunological interference (19,20,21).
Behaviour problems were found and indications of subtle neurological inf luences were reported in  
children (22,23,24,25,26,27).

Other compounds of concern include polybrominated diphenylethers (PBDEs). These compounds are 
commonly used as brominated f lame retardants in textiles, carpets, plastics and electrical equipment.
Levels of PBDEs in serum are measurable since 1990. An almost four-fold increase of 4 serum PBDE  
levels has been reported for the 15 years from 1980 till the mid 1990s (28). The increase of these  
compounds in humans is disconcerting because of their possible negative health effects through  
endocrine disruption (29).

Yet, to date, very little is known about the effects of exposure to these compounds on the long-term 
health of children in adolescence. In the following the results of a further follow-up study on pubertal 
growth and development is presented. In this follow up study we assess the influence of background 
perinatal PCDD/F exposure and, in addition, current PCDD/F, dl-PCB and PBDE exposure, on the growth 
and development of adolescents.

Materials and methods

Study population:
This study is part of a longitudinal cohort study of currently 14-19 year old children, studied during their 
neonatal (n=60) (30), toddler (n=60) (31) and pre-pubertal period (n=41) (22). All 33 children (18 girls 
and 15 boys) participating in the current follow-up were born in the Amsterdam/Zaandam area. Twenty-
five of the children are still inhabitants of the region. PCDD/F exposure was determined in the perinatal 
period in breast milk. From the total cohort of 41 subjects who participated in the pre-pubertal study, 
one subject was excluded from the current follow-up because of a Ewing sarcoma and one was excluded 
from this part of the study because of an extra Y chromosome. Five subjects declined to participate in 
the new follow-up, two could not be traced. Of the 33 examined adolescents 3 refused to undergo vena 
puncture and 2 refused a second vena puncture after blood clotting in the first needle. One male refused 
physical examination of his pubertal development.
The study was performed according to the principles of the Declaration of Helsinki and approved by the 
Institutional Review Board of the Academic Medical Centre (AMC) in Amsterdam. All participants of the 
study and their parents signed an informed consent.

Medical examination
A medical history was taken by the f irst author using a questionnaire which included: age at menarche, 
age at f irst ejaculation, age at f irst breast development and age at f irst pubic hair development. The 
questionnaire included general questions regarding the pubertal development and other reproductive 
features and general information such as current school and practicals/vocation (e.g. agricultural with 
possible pesticide exposure) and to assess unusual food intake.
The Tanner scale was used to determine the current axillary, breast, pubic hair and genital development 
(32). Height and weight were determined during the physical examination using the same instruments 
 for all the subjects. A Prader’s orchidometer was used for determining testicular volume. Prader’s  
orchidometer is commonly used to determine the testicular volume, which is an important parameter 
for pubertal development assessment in boys (32).
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Laboratory analyses
For measurements of the current PCDD/F, dl-PCB and PBDE serum concentrations, 30 subjects  
underwent vena puncture, following a starvation period of at least four hours. Serum was obtained from 
the blood samples and the samples were stored at -20° C until analysis. Perinatal PCDD/F levels and  
current serum levels of PCDD/Fs, dl-PCBs and PBDEs were determined in an uncontaminated laboratory 
at the Department of Environmental Chemistry of the University of Amsterdam. Concentrations of the 
19 most toxic dioxin congeners (seven PCDDs and twelve PCDFs) and the concentration of 3 dl-PCBs 
(77, 126, 169) and 8 PBDEs (28, 47, 85, 99, 100, 153, 154 and 183) were measured. The concentration of 
PCDD/Fs and dl-PCB congeners were expressed in TEQ pg/g lipid using the new WHO TEF values (33). The  
prenatal and lactational TEQ values are expressed in International Toxic Equivalents (I-TEQ) as used in 
1991. In the serum, levels of leptin, glucose, insulin, the lipid spectrum, immunology and haematology and 
thyroid parameters were measured as well. Results of these measurements are still under evaluation.

The extracted lipids from the blood serum were determined gravimetrically and calculated using the 
formula: Lipids: 0.92+1.31 (chol+trigl) (34).
An activated carbon column (Carbosphere) was used for separation of the measured compounds. The 
dioxin fraction was isolated and a clean-up was performed using a column of AgNO3 on silica gel and a 
column of activated Al2O3 on silica gel. After concentrating the sample, quantification was done using 
GC/MS. As an internal standard, a mixture of 13C-labelled PCDD/Fs, dl-PCBs and PBDEs were used.

The prenatal PCDD/F exposure was previously measured in the mother’s milk 3-4 weeks after birth,  
representing the dioxin exposure before birth.
The lactational PCDD/F exposure represents the levels found in breast milk multiplied by the total breast 
milk intake (21).

Statistical analyses
For statistical analyses linear regression was performed and the non parametric Spearman’s correlation 
coefficient was calculated using the software package SPSS. Spearman’s non-parametric correlation  
coefficient was used when the data deviated from an elliptical shape in the scatter diagram. Linear  
regression was used for the following dependent values (with covariate age): The current stage of breast-, 
genital-, pubic hair- and axillar hair development, testicular volume, head circumference and height. Age 
at f irst ejaculation was also a dependent value, however not adjusted for age. Independent values were 
the prenatal, lactational and current serum PCDDs/Fs and the current serum dl-PCB and PBDEs.
The age at f irst breast development was the outcome variable and the prenatal, lactational and current 
serum PCDDs/Fs and the current serum dl-PCB and PBDEs the predicted variable using the Spearman’s 
correlation coefficient.
Because weight also depends on the height, the weight was adjusted for height. These adjustments were 
made using a multiple regression model.

Results

The cohort was exposed to relatively high perinatal PCDD/F exposure (“normal” for The Netherlands at 
the time, currently considered high). Table 1 displays the demographic characteristics.

In the serum of the adolescents, the current exposure to PCDD/Fs, dl-PCBs and PBDEs were determined 
using GC/MS. In table 2 the results are summarised. The median current serum PCDD/F TEQ of the  
cohort was 1.6 ng/kg lipid. This is considerably lower than the prenatal exposure to these compounds. 
The median current dl-PCB was 1.8 ng/kg lipid and the median current serum PBDEs was 9.9 ng/g lipid.
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Tanner scale, height and weight. 

Female reproductive endpoints: initiation of breast development, current breast 
development and age at menarche.
The perinatal PCDD/F exposure, the current serum PCDD/F, dl-PCBs and ∑PBDEs were measured and a 
possible relation with the current breast developmental stage, the age at f irst breast development and 
the age at menarche was assessed. The mean age at f irst breast development was 12 years.
A significant relation was seen between age at f irst breast development (Tanner stage between M2 and 
M3) and prenatal exposure (p=0.023) (see table 3, see figure 1). A relation was also found with lactational 
PCDD/F exposure (p=0.048). With the current serum PCDD/Fs no significant relation is seen with the 
age at f irst breast development using Spearman’s correlation coefficient.
For the current serum dl-PCB, no relation was seen, and this was also the case with the current serum 
total TEQ (PCDD/Fs+dl-PCBs). The sum of the serum PBDEs were not related to initiation of breast  
development using the Spearman’s correlation coefficient.

No relation was found with the measured compounds and current breast development of the  
adolescents.
The body mass index, serum leptin and FT4 had no significant influence on the outcomes.
No relation was seen between age at menarche and perinatal PCDD/F exposure, or current serum 
PCDD/F, dl-PCB and PBDE.

Male reproductive endpoints: genital development, testicular volume and age at first 
ejaculation
The current genital development and testicular volume were not correlated with the (perinatal and  
current) PCDD/F and current dl-PCB exposures in the 12 males. Current serum dl-PCBs was correlated 
with the age at f irst ejaculation using linear regression (p=0.032) (see f igure 2). The total serum TEQ 
(PCDD/F+dl-PCB) showed no significant relation (p=0.098, see figure 3) with the age at first ejaculation, 
however the scatter diagram shows a linear association. No relation was found between the perinatal 
PCDD/F concentrations, and age at f irst ejaculation.
The serum PBDEs were measured in only 5 boys and therefore no conclusions can be drawn about  
correlations between PBDEs and puberty endpoints.

Growth and other reproductive endpoints for both sexes; current axillar hair stage, 
weight, height and BMI.
In the cohort the current axillar hair stage, weight, height and BMI were assessed in relation to the  
prenatal, lactational and current serum PCDD/F, dl-PCB and PBDE concentrations.
No relation was seen between the axillar hair development, head circumference, pubic hair stage, age at 
f irst pubic hair development (tanner stage P-2) and PCDD/F, PCB or PBDE exposures.
The weight (adjusted for height) and BMI showed no relation with the measured compounds.
The height (adjusted for age), showed a positive correlation with the current serum PCDD/F TEQ 
(p=0.001). This was also the case with head circumference (p=0.005). However no correction was made 
for the parents’ length and head circumference.

Discussion
The prenatal PCDD/F exposure showed a relation to the age at f irst breast development (Tanner stage 
between M-2 and M-3). Females with higher perinatal PCDD/F exposure had a retarded initiation of 
breast development than girls with lower exposure. Another interesting f inding was delay in the age 
at f irst ejaculation in boys with higher current dl-PCBs. The small number of subjects compels us to  
interpret the latter f inding with caution.

The delayed initiation of breast development found in our study might be comparable to the findings of 
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a Belgian study. Den Hond found the current serum dioxin-like activity concentration in 200 adolescents, 
measured using the Calux method, to be negatively related to the breast development in girls (35).
Alteration in breast development after dioxin exposure has also been seen in animal studies.  
Suppression of the mammary gland development and cell proliferation has been seen in TCDD-exposed 
animals (14,15). In other animal mammary studies, in utero and lactational exposure was associated 
with stunted growth, reduced primary branches, decreased epithelial elongation, increased number of  
terminal end buds and lateral branches and impaired differentiation in the breast (36,12,37,16).

Longer term effects of these disturbances in the developing breasts of humans are uncertain and data 
on the incidence of neoplasms of the breast are inconclusive (38). In the Seveso Women’s Health Study, 
however, a significant relation was found between serum TCDD levels and breast cancer incidence in 
women exposed to dioxins during the Seveso accident (39).

We found no effects on menarche. Menarche is initiated by oestrogenic stimulation. Four studies on 
age at menarche (North Carolina, Michigan, Seveso and our study), showed no differences in the age 
at menarche in relation to PCB or dioxin exposure, in comparison with the normal average (40,41).  
However, in two Michigan studies, DDT (dichlorodiphenyltrichloroethane) and PBB (polybrominated 
biphenyls) lowered the age at menarche (42,43).

In our study the age at f irst breast development and the age at menarche were assessed by interviewing 
the subjects and their parents personally (M.M.L.). The subjects could recall this quite well. The most  
important limitation of our study is the small size of the cohort, the unfortunate consequence of the 
long term follow-up. The finding of delayed first ejaculation in boys with higher current serum dl-PCBs, 
could be a reason for concern, however the number of subjects are very small. There are no comparable  
studies to our knowledge, however in a Flemish study on young men interaction of dioxin-like  
compounds with the secretory function of the seminal vesicles and prostate was found, resulting in a 
more pronounced drop in semen volume (44).
We found no relation between testicular volume and PCDD/F or dl-PCB exposure. Similar studies have 
also failed to f ind a relation with this end-point (35);(41).
We found no relation with penile development and the measured compounds. In a study on fifty-five 
pairs of Yucheng boys and their controls, aged 11 to 14, who were born in the earlier years after the 
mothers’ intoxication (rice oil contaminated with PCBs and PCDD/Fs), a reduced penile length was 
found compared to the control group (45,46). In the study of Flanders, the serum PCBs (138, 153 and 
180) were inversely correlated with genital development and the pubic hair growth (35).
The onset of puberty, including physical growth and development of secondary sexual characteristics, is 
controlled by complex neuroendrocrine mechanisms, based on genetic components and environmental 
factors (47,15).
PCDD/Fs and dl-PCBs disturb the hormonal balance mainly through interaction with the Ah receptor, 
which may influence the synthesis of hormones or their transport proteins (4). PCBs have long been 
known to be oestrogenic and dl-PCBs (coplanar AhR agonists) were considered to be anti-oestrogenic  
(5). However a study published in Nature found oestrogenic actions of AhR agonists (48). It is possible  
that the various PCB and PCDD/F congeners show various effects resulting from inhibiting and  
stimulating mechanisms that are synergetic or inhibitive to each other.
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 Median Mean Median Median Range Percentile
 (cohort: n=33) (cohort: n=33) (girls: n=14) (boys: n=19)  95%

Age (years) 14.3 15.0 14.3 14.3 14.0-18.7 18.5

Prenatal 29.8 32.6 29.2 28.6 9.05-88.8 74.8
PCDD/F
exposure TEQ
(pg/g lipid)

Lactational 45.9 66.9 45.9 42.0 4.34-279 239.1
PCDD/F
exposure
TEQ (ng)

BMI (kg/m2) 19.7 21.0 19.7 19.5 17.4-30.9 29.9

Table 1: Mean age, BMI and perinatal PCDD/F exposure

 Median Mean Median girls Median boys Range Percentile 
      95%

Current serum 1.6 2.2 1.1 2.3 0.4-6.1 6.1
PCDD/F TEQ 
(pg/g lipid) 
(n=30; 16 girls, 
14 boys)

Current serum 1.8 2.2 1.7 1.5 0.04-7.8 7.3
dl-PCBs TEQ 
(pg/g lipid) 
(n=30; 16 girls, 
14 boys)

Current serum 9.9 13.9 8.2 9.5 4.9-73.6 22.1
PBDE 
(ng/g lipid) 
(n=18; 9 girls, 
9 boys)

Table 2: Current serum PCDD/Fs, dl-PCBs and PBDEs
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correlation: Prenatal Lactational Current Current Current
(p-value) PCDD/F PCDD/F serum serum serum total
 TEQ TEQ PCDD/F dl-PCB TEQ 
 (pg/g lipid) (pg/g lipid) TEQ TEQ (pg/g lipid)
   (pg/g lipid) (pg/g lipid) 
 
Spearman’s P=0.023 P=0.048 P=0.303 0.154 0.431
correlation
coefficient

Table 3: Age at f irst breast development and PCDD/F and dl-PCB exposure

Figure 1: Initiation of breast development in girls and their prenatal PCDD/F TEQ (pg/g lipid) exposure.

Figure 2: Age at f irst ejaculation in boys and dl-PCBs TEQ (pg/g lipid) in their serum

Figure 3: Age at f irst ejaculation in boys and total TEQ (pg/g lipid) in their serum
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Conclusion
This study has shown a retarded initiation of breast development in relation to perinatal PCDD/F  
exposure. An indication of a later age of f irst ejaculation in boys was seen in relation to current serum 
dl-PCBs. The initiation of puberty is a complex process and it is yet not clear how dioxin-like compounds 
precisely affect this process prenatally. Further follow-up is warranted, through adulthood, to detect the 
possibilities of malignancies and fertility problems.
Our study results provide additional evidence that significant effects on the (human) reproductive  
system occur following exposure to background levels of dioxin-like compounds.
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