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Obesity is reaching epidemic proportions in industri-
alized and developing countries. The main factors

that determine the growing pandemic of obesity are
changes in lifestyle leading to a reduced physical activity
and increased sedentarism together with an increased rich-
fat food intake. Obesity is a risk factor for many diseases
such as type 2 diabetes, cardiovascular risk and stroke,
hypercholesterolemias, as well as the incidence of several
cancers.

Much discussion is still going on about the heritability
of obesity, the influence of our genetic background vs.
environment in the progression of obesity. Friedman (1)
relates that the propensity to obesity (specifically our in-
dividual weight) is genetically determined as our height or
our propensity for other conditions such as heart diseases
or breast cancer. Others maintain that the environmental
conditions, including sedentary habits, TV-watching, and
high-fat diets are the main factors responsible for the in-
crease of obesity during the last decades.

Most of us consider that increased food consumption
and changes in lifestyle are responsible for the growing
incidence of obesity in our society, but there is increasing
evidence on the influence of prenatal events influencing
the development of obesity during infancy and adulthood.
Maternal environment especially during early fetal life
seems to have a determinant role in the tendency to de-
velop obesity of the progeny.

In the current issue of Endocrinology, the group of KH
Moley (2) presents evidence on the influence of maternal
obesity on the fetal and progeny outcomes, including adult
life. The impact of maternal obesity starts in the repro-
ductive tissues of the mother: the ovaries show increased

apoptotic follicles, smaller oocyte size and number, and
delayed meiotic maturation. The preimplantation events
are also altered: IGF1R expression is blunted in the blas-
tocysts, a fact that correlates to increased apoptosis (3).
The IGF1R is critical for insulin signaling and glucose
transport. Fetuses are smaller, and placental igf2r expres-
sion is increased. These events are accompanied by met-
abolic changes in 3-month-old adult mice with signs that
resemble those of the metabolic syndrome: increased
weight in mice born from obese mothers accompanied by
glucose intolerance and higher cholesterol and body fat.
Males are more affected than females.

From the above study we might only hypothesize that
fat or high free fatty acids could be the nutritional signals
that decrease IGF1R expression, but more research is
needed in this subject. Besides, it is not clear the frontier
between obesity and diabetic conditions, as 80% of the
obesity conditions, including human obesity, are accom-
panied by insulin resistance. The literature on diabetes
during pregnancy is extensive and will not be reviewed
here (teratogenesis, altered organogenesis, macrosomy,
predisposition for diabetes, and metabolic syndrome).

This study is relevant to facts occurring during human
pregnancy. The offspring of obese women have an in-
creased risk for obesity and diabetes. At birth they present
higher percentage of body fat, higher insulin resistance,
and higher leptin and IL-6 (4), suggesting that maternal
obesity results in a higher risk for the progeny with met-
abolic insults already at birth. Therefore, the prevention of
obesity during pregnancy should be a primary goal. Re-
cent studies compare the outcome of children born from
obese mothers before and after bariatric surgery (5). The
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children born after bariatric surgery, when the mothers
have lost weight, had a lower prevalence of obesity than
their siblings born from severely obese mothers before sur-
gery. Those studies point to the importance and influence
of the intrauterine environment on the future development
of the children (6).

The studies on the cohort of people born from mothers
pregnant during the big famine in World War II in The
Netherlands led to the conclusion that prenatal famine
exposure is associated with cardiovascular disease, type 2
diabetes, and decreased glucose tolerance in adulthood (7,
8). Poor nutrition in utero to the growing fetus may lead
to permanent changes in insulin-glucose metabolism.

The observations derived from the Dutch famine co-
hort study (acute food restriction) and from obesity mod-
els (as the report by Jungheim et al. (2) in this issue and
Refs. 6 and 7) seem contradictory, as both situations are
diametrically opposite. But both conditions led to similar
observations: increased incidence of diabetes and glucose
intolerance, pointing to an exquisite regulation of the
events occurring during fetal life. The fetal programming
hypothesis suggests that the intrauterine conditions dur-
ing certain periods of gestation may produce irreversible
changes in certain metabolic functions, leading to diseases
during adult life.

The intrauterine environment and nutritional condi-
tions during fetal life may be considered as epigenetic
mechanisms that could play a role in the development of
obesity during adult life. The epigenetic modifications al-
ter gene function (silencing or activating) without changes
in DNA, are heritable, and are caused by environmental
agents, including nutrition, pollutants, and other agents
(9). We need more research on the specific events taking
place in the case of obesity during pregnancy, such as DNA
methylation or histone acetylation. Early overfeeding may
be an epigenetic risk factor for the programming of the
CNS mechanisms predisposing to augmented food intake
(10). There are fascinating studies on the effects of mater-
nal behavior (nurturing, licking, grooming) in the rat, in-
ducing epigenetic changes in the glucocorticoid receptor
gene promoter in the hippocampus (11), and those
changes were associated with alterations in the response to
stress of the litters and alterations in the hypothalamic-
pituitary-adrenal axis.

Nutrition is one of the best candidates for epigenetic
modifications in diabetes and obesity (12). This means
that not only genetic factors or familiar environment con-
tribute to the development of obesity in the progeny, but
also the uterine environment seems to determine the obe-
sity degree in the progeny born from obese mothers. The

uterine environment seems even more important than ge-
netic factors. Epigenetic mechanisms may be playing a role
in the increasing prevalence of obesity.
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