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ABSTRACT
Background: Chemicals with endocrine-disrupting abilities may act
as obesogens and interfere with the body’s natural weight-control
mechanisms, especially if exposure occurs during prenatal life.
Objective: We examined the association between prenatal exposure
to polychlorinated biphenyls (PCBs) and p,p#-dichlorodiphenyldi-
chloroethylene (DDE) and subsequent obesity at 5 and 7 y of age.
Design: From 1997 to 2000, 656 pregnant Faroese women were
recruited. PCB and DDE were measured in maternal serum and
breast milk, and children’s weight, height, and waist circumference
(WC) were measured at clinical examinations at 5 and 7 y of age.
The change in body mass index (BMI) from 5 to 7 y of age was
calculated. Analyses were performed by using multiple linear re-
gression models for girls and boys separately, taking into account
maternal prepregnancy BMI.
Results: For 7-y-old girls who had overweight mothers, PCB was
associated with increased BMI (b = 2.07, P = 0.007), and PCB and
DDE were associated with an increased change in BMI from 5 to
7 y of age (PCB: b = 1.23, P = 0.003; DDE: b = 1.11, P = 0.008).
No association was observed with BMI in girls with normal-weight
mothers. PCB was associated with increased WC in girls with over-
weight mothers (b = 2.48, P = 0.001) and normal-weight mothers
(b = 1.25, P = 0.04); DDE was associated with increased WC only
in girls with overweight mothers (b = 2.21, P = 0.002). No associ-
ations were observed between PCB or DDE and BMI in 5-y-old
girls. For boys, no associations were observed.
Conclusions: Results suggest that prenatal exposure to PCB and
DDE may play a role for subsequent obesity development. Girls
whose mothers have a high prepregnancy BMI seem most af-
fected. Am J Clin Nutr 2014;99:5–13.

INTRODUCTION

Emerging evidence suggests that the dramatic increase in the
prevalence of obesity over the past 4–5 decades (1) cannot be
solely explained by changes in genetic and lifestyle factors. It
has been suggested that exposure to chemicals with endocrine-
disrupting abilities at vulnerable time periods may be signifi-
cantly contributing to the obesity epidemic (2, 3). Experimental
research has documented that risk of obesity may be influenced

by fetal and early postnatal environments that may induce per-
sistent alterations in the metabolism and physiology of offspring
(4, 5). Thus, the prenatal period seems to constitute an important
window of vulnerability for later obesity. Endocrine-disrupting
chemicals (EDCs)5 may interfere with the programming of
endocrine-signaling pathways and change metabolic set points
established during early vulnerable periods (6, 7). Indeed, in
animal studies, exposure to EDCs during critical phases of fetal
development has been shown to be linked to later obesity (7, 8).
Recent findings have indicated that this association is also
present in humans (9). Of chemicals with suspected endocrine-
disrupting abilities are polychlorinated biphenyls (PCBs), which
were used as lubricants and coolants in electrical appliances
(10), and p,p#-dichlorodiphenyldichloroethylene (DDE), which
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is the main metabolite of the insecticide 1,1,1-trichloro-2,2,bis
(p-chlorophenyl)ethane (11). The use of both compounds was
prohibited in many countries in the 1970s, but because of high
lipophilicity and slow metabolic degradation, the compounds
bioaccumulate in the food chain. Humans are mainly exposed
to these chemicals through the dietary intake of marine food
(12).

Only a few human studies have investigated associations
between PCB and DDE exposure and subsequent obesity, and
results have been diverging, probably because the adverse
effect seems to be associated to both the exposure level and sex
(9, 13–15).

The Faroese population consumes high amounts of seafood,
and traditional diets include pilot whale blubber with a high
concentration of PCB, DDE, and other persistent pollutants.
Thus, this population is highly exposed to PCB and DDE
but with a wide exposure range because of individual dif-
ferences in whale-blubber intake. Therefore, the aim of this
study was to examine the association between prenatal PCB
and DDE exposure and obesity at 5 and 7 y of age in this
population.

SUBJECTS AND METHODS

Subjects

The cohort consisted of 640 (8 pairs of twins were excluded)
singleton pregnant women in the Faroe Islands who gave birth
between November 1997 to March 2000 and had a blood sample
drawn at gestational week 34. Obstetric variables, including the
date of birth, birth weight, parity, maternal age, and prepregnancy
weight and height, were obtained as was information on maternal
smoking and alcohol use during pregnancy. In addition, 594
mothers delivered transition milk 4–5 d after parturition. De-
tailed follow-up examinations were scheduled for the whole
cohort when children were (mean 6 SD) 4.95 6 0.06 and 7.5 6
0.10 y of age. Examinations included a clinical examination,
blood sampling, and a maternal interview on the child’s current
health and past medical history, including the duration of
breastfeeding [exclusive and total (in mo)]. The current report
was based on cohort members who were examined at 5 and 7.5 y
of age (60 and 90 mo of age, respectively) and provided tran-
sition milk and a blood sample sufficient for PCB and DDE
analyses. For the 60 cohort members who did not participate in
the 5-y examination, main reasons were a decision to leave the
follow-up study (n = 14), the child did not want to participate
(n = 14), a current residence abroad (n = 30), and the death of
a child (n = 2) (undiagnosed primary carnitine deficiency: n = 1;
SUCLA2 deficiency, which is the gene coding for the b subunit
of ADP-forming succinyl-CoA synthetase: n = 1). In 13 chil-
dren, a chronic disorder, characterized as any kind of somatical
or behavioral disorder that might have influenced the child’s
eating habits or impair growth, had been diagnosed; therefore,
growth data of these children were excluded from the analysis.
For 6 of the children examined, a venipuncture resulted in an
insufficient blood sample, which left a final sample of 561 (88%
of the original cohort). For the 73 cohort members who did not
participate in the 7-y examination, main reasons were a decision
to leave the follow-up study (n = 29), the child did not want to
participate (n = 30), a current residence abroad (n = 13), and the

death of a child (n = 3). The clinical examination at age 5 y led
to additional testing and diagnosis, and after exclusion of 24
children who were suffering from a chronic disorder and 4
children in whom it was impossible to collect enough blood,
reliable clinical data were available for 539 children (84% of
original cohort). The Ethical Committee of the Faroe Islands
approved the study protocol.

Anthropometric measurements

At follow-up examinations at 5 and 7.5 y of age (60 and 90 mo
of age, respectively), body weight was measured in kilograms on
an electronic scale to the nearest single digit after the decimal
point. BMI (in kg/m2) was calculated as weight divided by the
square of height. Children were classified as overweight and
obese if their BMI exceeded the age- and sex-specific cutoff
percentiles defined by the International Obesity Task Force (16).
At the age of 5 y (60 mo) cutoffs were BMI of 17.39 and 19.27,
respectively, in boys and 17.23 and 19.2, respectively, in girls.
At the age of 7 y (90 mo), cutoffs were BMI of 18.12 and 21.06,
respectively, in boys and 17.96 and 20.89, respectively, in girls.
Waist circumference (WC) was measured to the nearest 0.5 cm
with a flexible tape at the end of normal expiration while the
subjects were standing. At the age of 7 y, according to age
references for WC from a Dutch study, overweight was defined
when WC was .62.12 cm in boys and .61.86 cm in girls, and
obesity was defined when WC was .69.53 cm in boys and
.69.70 cm in girls (17). According to WHO recommendations,
mothers were classified as overweight if prepregnancy BMI was
$25.

Measurements of exposure

PCBs and DDE were assessed from the analysis of maternal
serum (430 samples) and milk (542 samples). Serum analyses
were conducted by using gas chromatography with electron-
capture detection at the University of Southern Denmark (18).
Milk analyses were performed by using a similar methodology at
the Department of Health, State Agency for Health and Occu-
pational Safety, Schleswig-Holstein, Germany (19). To avoid
problems with congeners not assessed and concentrations be-
low the detection limit, a simplified concentration of the sum of
PCBs (SPCB) was calculated as the sum of congeners PCBs
138, 153, and 180 multiplied by 2 (20). SPCB and DDE con-
centrations were expressed in relation to the total lipid con-
centration in serum. Concentrations of other persistent organic
pollutants, including hexachlorobenzene and 1,1,1-trichloro-
2,2,bis(p-chlorophenyl)ethane, were close to or below the
limit of detection, and therefore, they were not included in the
data analysis.

Statistics

Prenatal PCB and DDE exposurewere divided into tertiles, and
means (6SDs) or proportions were used to describe character-
istics of the population according to tertiles of prenatal PCB
exposure and maternal prepregnancy BMI. ANOVA and Pear-
son’s chi-square tests were applied as appropriate to assess
statistical significance (P , 0.05) between tertiles.

The correlation between the PCB concentration in maternal
serum and milk was assessed by using Pearson’s correlation test.
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Because of the high correlation between concentrations in ma-
ternal serum and milk (SPCB: r = 0.78; DDE: r = 0.90), missing
serum data (SPCB: n = 155; DDE: n = 154) were calculated
from milk results by using the average ratio (SPCB: 0.88; DDE:
0.93) between the two. To assess the robustness of conclusions
derived from this method, a multiple-imputation analysis was
applied as a sensitivity analysis.

Exposure variables were log transformed to obtain normally
distributed residuals with a homogeneous variance. For analyses
of changes in BMI from 5 to 7 y of age, the variable change in
BMI was generated (BMI at 7 y of age 2 BMI at 5 y of age).
Associations between prenatal PCB and DDE exposure and
obesity outcomes (BMI at 5 and 7 y of age; change in BMI and
WC at 7 y of age) were analyzed by using multiple linear re-
gression taking into account potential covariates. To examine
dose-response relations, PCB and DDE were divided into
quartiles and quintiles. The effect of covariate adjustment was
explored for those host factors that modified b estimates .10%.
Accordingly, covariates retained in the final models were parity
and maternal age. BMI at age 7 y was furthermore included as
a covariate in the analyses of WC as an outcome as was BMI at
age 5 y in the analyses of change of BMI from 5 to 7 y of age.
Covariates such as the duration of breastfeeding, socioeconomic
status, smoking and alcohol consumption during pregnancy,
maternal weight gain during pregnancy, birth weight, and ex-
ercise were not adjusted for because they did not modify the b
estimate .10%.

Analyses of interactions between PCB and DDE and sex and
between PCB and DDE and maternal prepregnancy BMI were
modeled by a multiplicative term (P , 0.10 used to define in-
teractions). Significance was assumed at P , 0.05 (2 sided). All

analyses were performed with STATA software (version 12;
STATA Corp).

RESULTS

A total of 290 boys and 271 girls participated at 5 y of age, and
280 boys and 259 girls participated at 7 y of age (see Supple-
mental Figure 1 under “Supplemental data” in the online issue).
At 5 y of age, 11% of boys and 14% of girls were overweight,
and 1.4% of boys and 3% of girls were obese. The corre-
sponding numbers at 7 y of age were 14.3% and 24.3% and
2.1% and 4.2%, respectively. A total of 32.3% and 38.6%, re-
spectively, had a WC corresponding to overweight, and 5.4%
and 8.1%, respectively, had a high WC corresponding to obesity.
In boys, the mean change in BMI from 5 to 7 y of age was 0.56
1.0, and in girls, the mean change in BMI from 5 to 7 y of age
was 0.7 6 1.2 (see Supplemental Figure 2 under “Supplemental
data” in the online issue).

The range of PCB and DDE concentrations derived from milk
and serum were as follows: PCBs from milk: 0.08–17.59 mg/g;
PCBs from serum: 0.18–15.15 mg/g; DDE from milk: 0.06–
11.35 mg/g; DDE from serum: 0.04–11.41 mg/g. In boys, the
median (range) was 1.19 mg/g (0.22–15.48 mg/g) for SPCB
and 0.56 mg/g (0.04–11.41 mg/g) for DDE, and in girls, was
1.19 mg/g (0.07–8.31 mg/g) for SPCB and 0.57 mg/g (0.05–
5.18 mg/g) for DDE.

The distribution of maternal and child characteristics in re-
lation to tertiles of maternal PCB and DDE concentrations in
pregnancy is shown in Table 1. Mothers in the highest tertile of
PCB and DDE were more likely to be older at the child’s birth
and to have a higher parity and BMI in comparison with mothers

TABLE 1

Maternal and child characteristics according to tertiles of prenatal PCB and DDE concentrations, Faroese Cohort 1996–2001 (n = 585)1

PCBs (mg/g lipid) DDE (mg/g lipid)

Characteristics ,0.90 0.90–1.65 .1.65 P ,0.40 0.40–0.77 .0.77 P

Girls (%) 47.2 48.7 47.7 0.95 47.7 48.7 47.2 0.95

Birth weight (g) 3719 6 5132 3758 6 497 3708 6 465 0.58 3718 6 497 3729 6 502 3738 6 478 0.92

BMI (kg/m2)

5 y of age 16.0 6 1.4 16.0 6 1.3 15.9 6 1.3 0.71 16.0 6 1.4 16.0 6 1.3 16.0 6 1.4 0.93

7 y of age 16.5 6 1.8 16.6 6 2.0 16.6 6 1.9 0.85 16.6 6 1.8 16.6 6 2.0 16.6 6 1.9 0.97

Change in BMI from 5 to 7 y of age (kg/m2) 0.44 6 1.0 0.68 6 1.2 0.69 6 1.1 0.07 0.53 6 1.0 0.62 6 1.2 0.67 6 1.1 0.54

Waist circumference (cm) 60.8 6 4.7 61.6 6 5.1 61.7 6 5.0 0.19 61.1 6 4.9 61.5 6 5.2 61.6 6 4.8 0.53

Maternal age at child’s birth (y) 27.1 6 4.7 29.4 6 5.0 31.3 6 4.8 ,0.001 27.5 6 5.1 29.0 6 4.7 31.2 6 4.9 ,0.001

Maternal prepregnancy BMI (kg/m2) 23.9 6 3.9 23.6 6 3.7 24.3 6 4.5 0.18 23.2 6 3.7 23.8 6 3.8 24.8 6 4.5 0.001

Maternal weight gain during pregnancy (kg) 15.3 6 5.0 15.1 6 5.1 14.4 6 8.1 0.35 15.4 6 4.8 15.0 6 5.1 14.3 6 8.3 0.19

PCBs and DDE at 5 y of age (mg/g lipid)3 0.79 6 0.5 1.37 6 0.8 2.41 6 1.7 ,0.001 0.30 6 0.2 0.57 6 0.4 1.35 6 1.1 ,0.001

Parity (%)4 68.5 73.9 80.7 0.03 71.0 71.7 80.5 0.07

SES (high/intermediate/low) (%) 22/25/53 25/26/49 26/31/43 0.35 23/25/52 24/26/50 27/31/42 0.23

Maternal alcohol consumption during

pregnancy (%)

15.4 11.8 14.4 0.57 14.9 13.8 12.8 0.84

Maternal smoking during pregnancy (%) 24.6 32.8 29.7 0.20 30.3 27.7 29.2 0.85

No good conditions for playing outdoors (%)5 16.5 18.2 13.2 0.40 16.7 19.0 12.2 0.18

1 PCB and DDE concentrations were measured in maternal serum and log transformed. The PCB concentration was based on the sum of PCB congeners

138, 153, and 180. P values were determined by using ANOVA and Pearson’s chi-square tests of differences across tertiles of PCB and DDE. DDE, p,p#-
dichlorodiphenyldichloroethylene; PCB, polychlorinated biphenyl; SES, socioeconomic status.

2Mean 6 SD (all such values).
3 Fifty-nine missing values.
4 Percentage of women with pregnancies before the current one.
5Twenty-six missing values.
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in the lowest tertile of PCB and DDE. An association between
maternal serum PCB and DDE concentrations in pregnancy and
child serum concentration at 5 y of age was observed. In Table
2, the distribution of maternal and child characteristics in re-
lation to prepregnancy maternal weight is seen. Overweight
mothers were more likely to give birth to children with a higher
birth weight, higher BMI, and WC at 7 y of age. Overweight
mothers had a higher age at their children’s births and a lower
weight gain during pregnancy and less often consumed alcohol.

We showed significant sex interactions between prenatal PCB
and DDE concentrations and BMI at 7 y of age (PCB: P = 0.06;
DDE: P = 0.03), the change in BMI (PCB: P = 0.01; DDE: P =
0.007), and WC at 7 y of age (PCB: P = 0.006; DDE: P = 0.06).
Maternal prepregnancy BMI was also shown to interact with the
association between prenatal PCB and BMI at 7 y of age (P =
0.04) and the change in BMI from 5 to 7 y of age (P = 0.003)
and between prenatal DDE and change in BMI at 5–7 y of age
(P = 0.006) and WC at 7 y of age in girls (P = 0.07). Because we
observed significant interactions, we present associations be-
tween PCB and DDE exposure and BMI, the change in BMI,
and WC separately for boys and girls and for normal-weight and
overweight mothers.

Prenatal PCB and DDE exposure was associated with obesity
development at 7 y of age in girls with overweight mothers. After
multivariable adjustment, the highest quartile of prenatal PCB
exposure was associated with increased BMI (2.3 units of BMI,
equivalent to 5.75 kg) (b = 2.07; 95% CI: 0.59, 3.55; P = 0.007)
(Table 3). Furthermore, high prenatal PCB and DDE exposure
was associated with an increased change in BMI from 5 to 7 y of
age (PCB: 1 unit of BMI; DDE: 1.5 units of BMI; equivalent to
2.5 and 3.75 kg, respectively) (PCB: b = 1.23; 95% CI: 0.42,
2.05; P = 0.003. DDE: b = 1.11; 95% CI: 0.30, 1.92; P = 0.008)
(Table 3, Figure 1) and increased WC (PCB and DDE: 2.5 cm)

(PCB: b = 2.48; 95% CI: 1.10, 3.85; P = 0.001. DDE: b = 2.21;
95% CI: 0.84, 3.56; P = 0.002) (Table 4). Prenatal PCB expo-
sure was associated with an increase in WC at low exposure,
although more moderate (second quartile: 1 cm) (b = 1.37;
95% CI: 0.13, 2.61; P = 0.03). The association between prenatal
PCB and WC was also apparent in girls with normal-weight
mothers, but the association was weaker and only significant in
the highest quartile (1.5 cm) (b = 1.25; 95% CI: 0.04, 2.45; P =
0.04). Low prenatal DDE exposure was associated to a decrease
in WC in girls with normal-weight mothers (1 cm) (b = 21.46;
95% CI: 22.48, 20.44; P = 0.005). All associations were es-
sentially similar before and after adjustment for maternal BMI
in the lean and obese maternal group. A high correlation be-
tween BMI at 5 and 7 y of age was observed (r = 0.83) (see
Supplemental Tables 1 and 2 under “Supplemental data” in the
online issue). No significant associations were shown in girls at
5 y of age or boys at 5 or 7 y of age. Essentially similar findings
were given by stratifying in terms of maternal prepregnancy
BMI (all P . 0.05).

DISCUSSION

We showed that prenatal PCB exposure was associated with
increased BMI and PCB and DDE with increased WC at 7 y
of age and a change in BMI from 5 to 7 y of age in girls with
overweight mothers. No association was shown for daughters of
normal-weight mothers or in boys, which was consistent with
a higher susceptibility of the female sex observed in other studies
(21, 22).

Only few prospective studies have hitherto investigated as-
sociations between prenatal PCB and DDE exposure and sub-
sequent obesity development in humans, and the results have
been divergent and related to the exposure level and sex so that

TABLE 2

Maternal and child characteristics according to maternal prepregnancy BMI, Faroese Cohort 1996–2001 (n = 585)1

Characteristics

Normal-weight mothers

(BMI ,25 kg/m2; n = 390)

Overweight mothers

(BMI $25 kg/m2; n = 195) P

Girls (%) 46.7 50.3 0.41

Birth weight (g) 3697 6 4732 3791 6 523 0.03

BMI (kg/m2)

5 y of age 15.8 6 1.2 16.3 6 1.5 ,0.001

7 y of age 16.3 6 1.7 17.1 6 2.1 ,0.001

Waist circumference (cm) 60.8 6 4.6 62.6 6 5.5 ,0.001

Maternal age at child’s birth (y) 29.0 6 5.2 29.9 6 4.9 0.05

Maternal prepregnancy BMI (kg/m2) 21.7 6 1.8 28.4 6 3.6 ,0.001

Maternal weight gain during pregnancy (kg) 15.6 6 4.5 13.6 6 8.7 ,0.001

Prenatal PCBs and DDE (mg/g lipid)3

PCBs 1.56 6 1.4 1.61 6 1.6 0.64

DDE 0.78 6 1.0 0.94 6 1.1 0.08

Parity (%)4 72.9 77.7 0.22

SES (high/intermediate/low) (%) 27/27/46 19/29/52 0.06

Maternal alcohol consumption during pregnancy (%) 16.4 8.7 0.01

Maternal smoking during pregnancy (%) 27.9 31.3 0.40

No good conditions for playing outdoors (%)5 17.2 13.4 0.24

1 P values were determined by using ANOVA and Pearson’s chi-square tests of differences across normal-weight and overweight mothers. DDE, p,p#-
dichlorodiphenyldichloroethylene; PCB, polychlorinated biphenyl; SES, socioeconomic status.

2Mean 6 SD (all such values).
3 PCB and DDE concentrations were measured in maternal serum and log transformed.
4 Percentage of women with pregnancies before the current one.
5Twenty-six missing values.
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a high exposure was associated with weight loss, whereas low
exposure was associated with weight gain (9). Our results were
consistent with 4 earlier prospective studies in which children
were exposed to relatively low PCB exposure (,1.0 ng/mg lipid).
Associations between prenatal PCB exposure and overweight in
girls at 6 y of age (22), an increase in BMI z scores in children at
3 y of age (15), an increase in weight in 5-y-old girls (13) and
girls at puberty (23) were reported. By contrast, 4 prospective
studies in which children were exposed to higher PCB con-
centrations (.4.0 ng/mg lipid) showed associations between
prenatal PCB exposure and decreases in weight in girls at 5–24 y
of age (24), girls at 4 and 7 y of age (25), girls at 4 y of age (14)
and girls at 4, 7, and 17 y of age (26). Our results agree with
these findings because girls in our population had PCB expo-
sures that ranged from 0.07 to 8.31 ng/mg lipid, of which only 7
girls had an exposure .4.0 ng/mg lipid. In addition, the BMI of
6 of these girls was less than the mean BMI of the population,
which supported the hypothesis of an association between high
PCB exposure and weight loss. However, some of the previous
studies suffered from a short follow-up, and it is possible that
PCB exposure needs a prolonged latency period, and thus, the
follow-up time in some of these studies may have been too short
to show adverse effects. This possibility was substantiated by
our findings of no association between prenatal PCB exposure
and BMI at 5 y of age and an association with a change in BMI
from 5 to 7 y of age. In addition, previously studies did not take
into account maternal prepregnancy weight and, thereby, un-
derestimated the effect of genetic factors that may have ex-
plained the observed differences between studies.

Our findings that prenatal DDE exposure similarly was as-
sociated with later weight gain in girls with overweight mothers
were in accordancewith other prospective studies that reported an
association with overweight, particularly in girls 6 y of age (22),
an increased risk of rapid growth in the first 6 mo of life, an
elevated BMI at 14 mo (27), an increased BMI in children 3 y of
age (15) and an increased weight and BMI in adult female
offspring (28). A differential association between prenatal DDE
exposure and later obesity for individuals with and without
maternal prepregnancy obesity was also shown in another study;
although in contrast to our findings, this association was only
apparent in the children of normal-weight mothers. However, the
study examined an association between DDE and rapid growth in
the first 6 mo of life, and therefore, results may not be directly
comparable (27).

We could not offer any explanations for differential associa-
tions between prenatal PCB and DDE exposure and BMI andWC
observed in relation to maternal prepregnancy BMI. However,
certain subgroups might be genetically more sensitive to EDC
exposure than other subgroups. The endocrine system may func-
tion differently in obese and normal-weight persons (29). For
instance, the adipocyte production of hormones such as estrogen
and leptin is higher in obese than normal-weight people (30).
Furthermore, children of overweight parents are more susceptible
to develop obesity, which could explain the discrepancy in the
response to prenatal PCB and DDE exposure. Potentially, ma-
ternal obesity and PCB or DDE act in synergy to program the
offspring to a predisposition for later obesity, but this effect could
not be further explored in the current study. Nevertheless, our
findings suggested that the association between prenatal PCB and
DDE exposure and the subsequent development of obesity mayT
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be dependent on maternal weight status, and future studies should
take this possibility into account.

It has been suggested that the period of adiposity rebound that
occurs between 5 and 7 y of age is a critical period in which to
develop obesity (31). Our findings that a high prenatal exposure
to PCB and DDE was associated with a greater change in BMI
from 5 to 7 y of age in girls with overweight mothers implied that
the prenatal exposure of PCB and DDEmay be associated with an
early adiposity rebound, which has been shown to associate with
greater BMI in adolescence and adulthood (32). With consid-
eration that 5–7 y of age is a vulnerable life stage for growth,
it could be hypothesized that the chemical compounds may in-
fluence some of the hormonal changes that occur from 5 to 7 y
of age.

The exposure to PCBs and DDE has been declining since the
ban of the chemicals in the 1970s, but they are still a source of
exposure because of the slow metabolic degradation. In addition,
research has shown that the relation between EDCs and health
outcomes may have an inverted U-shaped dose-response curve.
As such, lower doses of PCBs and DDE may be more potent than
higher doses (9, 33, 34). The fact that a high prenatal PCB and
DDE exposure was associated with a higher BMI and WC at 7 y
of age and an increase in BMI from 5 to 7 y of age was consistent
with the hypothesis that early-life exposure to EDCsmay promote
obesogenic changes in metabolism (35). Although the mechanisms
involved are not yet fully understood, it has been suggested that
some EDCs may upregulate adipogenesis or promote fat storage
through mechanisms such as the activation of retinoid-X receptor,
peroxisome proliferator activated receptor-g, or glucocorticoid-
receptor pathways or the disruption of estrogen and other signaling
pathways (36).

Major strengths of this study were the prospective design
and the homogenous well-described cohort (37, 38). More-
over, the length of follow-up and the few losses to follow-up
enabled us to conclude on subsequent obesity development in
the later stages of childhood, with almost complete follow-up.

However, there were limitations to the study because a seafood
diet is contaminated with other chemical compounds than
PCB and DDE (eg, hexachlorobenzene), and most of these
compounds are highly correlated. Thus, it is possible that
other chemicals than PCB and DDE could have contributed
to the observed effects. For example, prenatal exposure to
hexachlorobenzene, which is a persistent organic pollutant
highly correlated to PCB and DDE, has been reported to cause
overweight in children (39). However, the serum concentra-
tion of hexachlorobenzene in this study was close to the limit
of detection and much lower than that of PCB and DDE, and
therefore, we believe it was unlikely that hexachlorobenzene
was responsible for the observed effects. Our analyses in-
cluded many subgroups and, hence, a possibility of a type 1
error. However, most of the results were significant according
to a calculated Bonferroni-adjusted significance level (P #
0.006). Also, the use of average ratios between PCB and
DDE in milk and serum to calculate missing serum variables
has likely induced some errors. Nevertheless, the use of
multiple imputation to generate data, which yielded essen-
tially similar results (see Supplemental Tables 3 and 4 under
“Supplemental data” in the online issue), did not change the
conclusions. Finally, although we adjusted for a number of
confounders, residual confounding from unmeasured covariates
was still possible. Indeed, unmeasured maternal factors as, eg, the
consumption of pilot whale blubber, which is part of a traditional
diet and an important source of PCBs, could have differed be-
tween normal-weight and overweight mothers. However, because
differences in PCB concentrations across socioeconomic status
groups or across normal-weight and overweight mothers were not
observed, residual confounding from unmeasured factors was less
likely. Note that, although a high BMI during childhood is known
to be associated with increased risk of obesity in adulthood
(40), the current study only followed children for 7 y, and it
remains to be seen whether the effects on obesity of PCB and
DDE exposure still persist later in life.

FIGURE 1. Adjusted associations between prenatal PCB exposure in quintiles and BMI in 7-y-old girls and BMI in 7-y-old girls adjusted for BMI at 5 y of
age according to maternal prepregnancy BMI [Faroese cohort 1996–2001 (n = 259)]. Interactions with maternal prepregnancy BMI were significant at P ,
0.10. Values were adjusted for parity and maternal age by using multiple linear regression. P-trend for BMI at 7 y of age: NW, P = 0.60; OW, P = 0.003;
P-trend for BMI at 7 y of age adjusted for BMI at 5 y of age: NW, P = 0.73; OW, P = 0.001. NW, normal-weight mothers; OW, overweight mothers; PCB,
polychlorinated biphenyl.
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In conclusion, we showed that prenatal PCB and DDE ex-
posure was associated with obesity development in 7-y-old girls
and changes in BMI from 5 to 7 y of age andWC at age 7 y in girls
of mothers with high prepregnancy BMI. These findings have
important public health implications because of the high and
increasing prevalence of obesity and ubiquity of EDC exposure
and also emphasize the need for future prospective studies with
long-term follow-up.
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