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Nowadays, dichlorodiphenyl-dichlor-
oethylene (DDE), the main degradation
product of the pesticide dichlorodiphenyl
trichloroethane (DDT), is detected in all
adults and in nearly all newborns in most
countries worldwide.1–4 Thus, even a small
increase in the risk of obesity that DDE
might confer on offspring would have
important implications.5 6 This is the
main finding that Karmaus et al (see page
143) report in this issue: the weight and
BMI of offspring in adulthood were
significantly related to the extrapolated
prenatal DDE levels of their mothers.7

Specifically, compared to maternal DDE
levels below 1.5 mg/l, the authors
observed an increase in offspring BMI of
1.65 when prenatal DDE was 1.5–2.9 mg/l,
and an increase of 2.88 if DDE was greater
than 2.9 mg/l. These concentrations of
DDE are common worldwide; in cord
blood, amniotic fluid and serum of preg-
nant women, DDE is often in the range
0.6–1.9 mg/l or 15–500 ng/g.1 4 8 9

It is often overlooked that human
concentrations of DDE can vary more
than a 1000-fold within the same popula-
tion1; in the United States, for example,
concentrations range from less than 5 ng/g
to over 15 000 ng/g.10 Traditional think-
ing suggests that only the descendents
of the minority of individuals with
higher concentrations of DDE or other
organochlorine compounds have a higher
risk of overweight and obesity.
However, increased risks of obesity have
also been seen at very low and usual
doses of some organochlorine com-
pounds.11

The association that Karmaus et al
observed between BMI and DDE was
not seen with PCBs; the coefficient of
2.29 for PCBs was not statistically sig-
nificant (see their table 4).7 Because the
authors ‘‘used the Aroclor 1260 standard

to determine PCBs’’, the relative role of
specific PCB congeners could not be
assessed. Although methods for chemical
analyses were fine at the time of the
study, the limits of detection are rather
far from today’s standards. Specifically,
the limit of detection was 3 mg/l for
Aroclor 1260 and 1 mg/l for DDE, while
today a good laboratory will have limits of
detection of 0.015–0.003 mg/l or lower.

The Michigan study is relevant for
several additional reasons:

c first, experimental studies are raising
concern about ‘‘environmental obeso-
gens’’,12 13

c second, heritable environmentally
induced epigenetic modifications are
a plausible link between non-muta-
genic environmental exposures early
in development and reversible trans-
generational alterations in gene
expression that lead to adult disease
phenotypes,14 15

c third, the vast majority of humans
acquire persistent organic pollutants
(POPs) from their mothers during preg-
nancy and lactation, and subsequently
from fatty foods, following culturally-
inherited familial dietary patterns,15

c fourth, in many populations there is a
positive association between POP
levels and BMI,1 16 and

c fifth, strong associations—although
mostly cross-sectional—have been
reported between POP level and
diabetes.6 16

Therefore, when assessing the biologi-
cal, clinical and social mechanisms linking
diet, fat intake, obesity and diabetes,
POPs should also be considered.6 A better
understanding of how these factors inter-
act will be important for the primary
prevention of obesity and to improve
knowledge of obesogenic mechanisms.

As a possible mechanism, Karmaus et al
mainly discuss the oestrogenic and anti-
androgenic effects of DDE. However,
other nuclear receptors may be involved
(eg, peroxisome proliferator activated
receptor, PPAR). PPAR-c is a key regula-
tory element of adipocyte differentiation,
and PPAR is a possible player in the
association between POPs and diabetes.

Low birth weight may be a risk marker
of future obesity, metabolic syndrome
and diabetes. Even though low birth
weight is generally considered to indicate
undernutrition of the fetus, intrauterine
exposure to some POPs might also
increase the risk of low birth weight.17

Thus, perinatal exposure to POPs also
needs to be considered when assessing the
relationships among birth weight, adult
obesity, diabetes and other outcomes.

The Karmaus study7 is an interesting
attempt to integrate life course and
environmental and molecular epidemiol-
ogy.15 Nonetheless, the causal significance
of the results rests on several assump-
tions. One important conjecture is that
both lifelong calorie intake and physical
activity were similar in offspring of
mothers with different DDE values during
pregnancy. However, mothers with low
concentrations of DDE and PCBs are
likely to have had different dietary habits
than mothers with high concentrations of
these POPs, and the dietary habits of the
daughters probably resembled those of
their mothers. According to table 2,
mothers in the lowest DDE category had
lower BMIs. If their daughters followed
similar dietary and exercise patterns as
their mothers, the positive association
observed in the study could partly or
totally be due to diet and exercise and not
to the mothers’ DDE levels.

Another area in which methodological
improvements could be made is the
estimation of serum concentrations of
POPs during pregnancy on the basis of
measurements performed years later.
Future studies should also assess the
potential confounding and mediating
effects of educational level, social position
and socioeconomic achievement. Given
the different ‘‘waves’’ of environmental
pollutants that have differentially con-
taminated human populations worldwide
over the last decades, both classic and
multilevel quantitative analyses of age,
period and cohort effects of POP levels on
BMI are also necessary.1 5 6

Linking perinatal and childhood expo-
sure to POPs and other environmental
obesogens to childhood and adult obesity,
obesity-related diseases and other POP-
related health and social outcomes has
significant potential to advance mechan-
istic knowledge and public health policies.
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