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“The greatest risk to effective progress on childhood obesity is a lack of political commitment 

and that governments and other actors will fail to take ownership, leadership and the 

necessary actions“         (WHO, 2016). 
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Einteilung der Gewichtsklassen in Abhängigkeit vom BMI 

Anmerkung.
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Abbildung 3

Faktorenanalyse des Frageboden zum Essverhalten (FEV)





Anmerkung





Abbildung 4



Faktorenanalyse für den Fragebogen Eating-Disorder-Inventory-2



Anmerkung.
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CURRENT
OPINION Thin mother, obese child? A review of early risk

factors for obesity in offspring

Pantea Tabibzadeh and Ricarda Mewes

Purpose of review

The huge percentages of persons with obesity in many countries constitute a public health crisis. The severe
consequences of obesity for physical health and emotional wellbeing already emerge in childhood.
Therefore, the acknowledgment of early risk factors is essential to provide recommendations for prevention
strategies. This review outlines the current state of research concerning early risk factors for obesity, that is,
factors that even contribute to later obesity of the offspring during gestation. In this regard, this review
specifically addresses the link between restricted eating behavior of the mother and obesity in her
offspring. We systematically searched for articles in PsychINFO, PsychINDEX, MEDLINE, PubMed,
MEDPILOT, and Web of Science, and we identified additional studies in bibliographies.

Recent findings

Although some risk factors (e.g., short period of breastfeeding, gestational diabetes, and high maternal
BMI) have a vast evidence base, others (e.g., restricted eating behavior and second-hand smoking) are
insufficiently studied.

Summary

Physical activity and diet programs in pregnancy can reduce not only the occurrence of gestational
diabetes, but also the risk of inappropriate weight gain. As smoking during pregnancy and inappropriate
eating behavior are associated with lower education, psychoeducation, for instance in sex education
classes, could be easily conceivable.

Keywords

eating behavior, gestational diabetes, maternal nutrition, obesity, smoking during pregnancy

INTRODUCTION

The worldwide prevalence of obesity has doubled
since 1980 and is rising at an alarming rate not only
in adults but also in children and adolescents
[1,2,3

&&

]. The consequences associated with obesity
are severe. Children and adolescents suffer from
various medical consequences such as orthopedic
[4], cardiovascular [5], and respiratory diseases [6].
Equally concerning are the psychosocial con-
sequences of obesity, such as low quality of life [7]
and low self-esteem [8]. Moreover, obesity is associ-
ated with several comorbid mental disorders such as
depression, anxiety [9,10], and binge eating disorder
[11]. Children and adolescents with obesity are
teased and stigmatized as unattractive, lazy, vicious,
and dumb, and are quite often excluded from
peer activities [12]. Due to the severe consequences
of obesity, the recognition of early risk factors for
a contemporary prevention is of particular import-
ance. Research at hand regarding prenatal factors
indicates a genetic predisposition and parental

overweight as significant risk factors for childhood
obesity [13–15]. However, other factors such as thin
idealization and dieting during pregnancy are
insufficiently studied.

Therefore, the aim of this review is to system-
atically investigate early risk factors, namely risk
factors during gestation, and to focus on a link
between the idealization of thinness and restricted
eating behavior of the mother and obesity in
her offspring.
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Nutrition

A wide range of studies have confirmed that
maternal overnutrition in pregnancy predicts
obesity in the offspring (for an overview, see [16]).
Paradoxically, not only overfeeding but also food
deprivation during gestation is associated with
obesity in the offspring. Animal studies show that
prenatal food or protein restriction induces low
birthweight and small-for-gestational-age (SGA) off-
spring and is associated with overweight and obesity
in later life [17,18]. The underlying mechanism for
this association can be explained by an adaptation
of the ‘thrifty phenotype hypothesis’ [19,20]. While
being deprived of food in utero, the offspring has
to make alterations in organs and especially in
the neuroendocrine system to handle this malnu-
trition. These changes will lead to a discrepancy if
the postnatal environment offers an improved
nutrition. The surplus of food postnatally leads
the low-birth-weight offspring to an accelerated
‘catch-up growth’ and subsequent overweight and
obesity. Supporting these assumptions, Bol et al. [21]
showed in rats that a discrepancy between food
restriction in utero and high-caloric food postna-
tally induce alterations in adipose tissue gene
expression that increase the probability of becoming
obese in later life.

Even though the connection between food
restriction during pregnancy and overweight and
obesity in the offspring is well documented in
animal studies, only two studies have examined this
relationship in humans, the Dutch famine study
and the Chinese famine study. Both investigated
the offspring of women who had suffered food
deprivation during pregnancy due to war [22] or
natural disaster [23]. The children of those mothers
showed a higher incidence of overweight and
obesity in later life than children of mothers who
had sufficient food supply during pregnancy. An
implementation of studies in different parts of the
world, where maternal malnutrition and undernu-
trition are prevalent due to environmental reasons

(e.g., famine and war), could help to address
unanswered research questions of this association
in humans.

In addition, there are studies in pregnant
women with eating disorders, especially with the
restrictive types. These studies showed that women
suffering from anorexia or bulimia nervosa have
a higher probability of giving birth to a low-birth-
weight or SGA infant than mothers without an
eating disorder [24–26]. However, the studies only
included anthropometric measurements of the
child at birth, but did not explore the weight devel-
opment after birth. In regard to the course of eating
disorders and risk factors for inadequate nutrition
during pregnancy, the research is quite hetero-
geneous. Some studies show a decrease in eating
disorder symptoms during pregnancy but an
increase in symptoms after birth [27,28]. Other
studies found that many women with a history of
restrained eating or dieting either show disinhibited
eating behavior or still show restrained eating
during pregnancy (e.g., [29]). Only one study
found eating attitudes to remain stable over
pregnancy [30].

However, more studies in women with and
without eating disorders and restricted eating
behavior are needed to clarify whether eating habits
– and especially restrained eating – remain stable
over pregnancy and how this affects the offspring.
Furthermore, the investigation of already known
risk factors for restrained eating or eating disorder,
such as thin idealization, body dissatisfaction, and
self-esteem [31] needs to be addressed in pregnant
women. So far, studies regarding body satisfaction
during pregnancy mostly focused on a comparison
between nonpregnant and pregnant women or
changes in body satisfaction during pregnancy.
Some studies indicate body dissatisfaction to
increase during pregnancy [32

&&

], whereas others
find body satisfaction to remain stable over preg-
nancy [33]. In contrast, other studies show that
pregnant women are able to assimilate to changes
in their body shape [34]. However, there is a lack
of studies considering the influence of body
satisfaction or thin idealization on eating behavior
during pregnancy. This should be addressed in
future studies.

Maternal obesity during pregnancy
and gestational weight gain

Maternal obesity, especially during the first
trimester of pregnancy, is associated with higher
birth weights and obesity in the offspring, even after
controlling for gestational diabetes, smoking during
pregnancy, and socioeconomic status [35–40].

KEY POINTS

� Catch-up growth and subsequent obesity can be
reduced by early smoking cessation.

� Lower education is related to inappropriate weight gain
and smoking in pregnancy.

� Adverse effects of inadequate eating behavior and
weight gain should be elucidated.

� Restricted eating behavior and second-hand smoking
require more research.

Psychiatry, medicine and the behavioral sciences
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Several studies show that only 30–40% of pregnant
women gain weight within the recommended
range, and a high percentage (up to 60%) gain more
or less weight than the recommendation of the
Institute of Medicine guidelines [41–44]. Especially
restrained eaters more often gain weight either
above or below the recommended range compared
with nonrestrained eaters [45].

Gaining weight over the recommended range is
associated with giving birth to large-for-gestational-
age infants or to infants with higher birth weights
(�4000), whereas gaining less weight than recom-
mended is associated with lower birth weights
(<2500 g) and SGA infants [46–51]. Only under-
weight women might benefit from gaining more
weight in pregnancy than recommended, because
this can decrease the risk of giving birth to an SGA
infant [52]. However, underweight often predicts
lower gestational weight gain than recommended,
whereas a BMI above 29 predicts both lower and
higher weight gain than recommended [53

&

,54].
Wells et al. [54] also found an association between
low levels of education (i.e., �12 years) and inap-
propriate weight gain. The link between gestational
weight gain and birth weight persists after control-
ling for prepregnancy weight status and gestational
diabetes [50,52,55,56].

These findings have an impact not only on birth
weight but also on the further weight development
in childhood [41]. Moreira et al. [57] showed in a
retrospective study that even after adjusting for
smoking during pregnancy, parental BMI and other
confounding variables, gaining weight over the
recommended range is still associated with child-
hood overweight and obesity. The authors explain
their results according to ‘prenatal programing of
adipogenesis’, which might have a persistent effect
on energy balance and weight development of the
infant [57].

In summary, it seems that both maternal under-
weight and overweight are risk factors for inappro-
priate gestational weight gain, which in turn affects
the weight development and the BMI of the off-
spring. Again, the relevance of investigating further
factors that might foster inappropriate weight gain
is underlined. For instance, is the idealization of
thinness a risk factor for low gestational weight
gain? Or is the mother’s belief that she is ‘eating
for two’ a risk factor for high gestational weight
gain? In future studies, these risk factors need to
be given greater attention.

Smoking during pregnancy

There are several studies [58,59,60
&&

,61,62] that
found an association between smoking during

pregnancy and obesity in the offspring. In addition,
smoking during pregnancy seems to be associated
with a lower education, lower socioeconomic status,
and a decreased likelihood of breastfeeding – all
factors that are independently associated with
obesity [58]. However, the relationship between
smoking during pregnancy and obesity in the off-
spring persists even after controlling for confound-
ing variables such as size at birth, birth weight,
breastfeeding, socioeconomic factors, and the
mother’s prepregnancy weight [60

&&

,61,63].
Studies investigating second-hand smoking

(e.g., the husband smokes in the same room) are
rare and have shown heterogeneous results. Some
found an association with low birth weight and
obesity of the infant, whereas others did not find
a relationship [58,63,64,65

&

]. More studies, particu-
larly with longitudinal designs, are necessary to
derive recommendations for preventive strategies.

The literature is inconsistent regarding the
significance of the time point of smoking in preg-
nancy. Moreover, a recent prospective study inves-
tigating over 32000 families found that smoking
not only during pregnancy but also in the early
postnatal period was associated with childhood
obesity, with higher odds ratios if the mother
smoked both during the prenatal and the early
postnatal period [60

&&

].
The research at hand suggests intrauterine

growth restriction resulting in low birth weight as
an underlying mechanism in the relationship
between smoking during pregnancy and obesity
[66]. Low birth weight is associated with rapid post-
natal catch-up growth and later risk of overweight
and obesity [67], and many studies reported an
association between smoking during pregnancy
and low-birth-weight or SGA infants [68–71]. More-
over, a vast number of studies [66,72,73] illustrated
that the risk of a low-birth-weight infant could be
reduced by smoking cessation, especially before the
third trimester.

Recent investigations exemplified different
mechanisms as to how nicotine exposure affects
fetal growth. One explanation is a deficiency in
the activity of the placental enzyme (11-b-HSD2),
which could in turn affect fetal growth. Other
possiblemechanisms concern influences of nicotine
on hypothalamic functions or the induction
of abnormalities in fat cells [59,74]. However, the
available data regarding the pathway by which
intrauterine nicotine exposure affects fetal growth
are still not sufficiently explained and remain
inconsistent.

In summary, smoking during pregnancy is a
risk factor for intrauterine growth restriction,
subsequent low birth weight, and later overweight
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and obesity in the offspring. Regarding the
relevance of the timing of smoking during preg-
nancy, the majority of studies suggest a higher risk
of obesity if the mother smokes throughout preg-
nancy or in late pregnancy. Nevertheless, to date, no
study has investigated mothers who smoked exclu-
sively in one trimester, whichwould provide a better
comparison for the impact on the child.

Gestational diabetes

A recent study evaluating over 7000 mother–infant
dyads found a significant link between gestational
diabetes and overweight and obesity in children
independent of maternal prepregnancy BMI, gesta-
tional weight gain, breastfeeding, socioeconomic
status, and child’s behavior such as time spent
watching television and physical activity [75]. The
results are in line with other longitudinal studies
that also found that the offspring of mothers with
gestational diabetes had higher birth weights and
were at a higher risk of excess adiposity and diabetes
mellitus type 2 in childhood [76,77]. In studies
including the maternal prepregnancy BMI as a con-
founding factor, the relationship between gesta-
tional diabetes and obesity in offspring remained
significant, but the prepregnancy BMI of themother
had a greater contribution to the child’s obesity
status than gestational diabetes [78–80]. Two recent
studies [81,82] even found that the link between
gestational diabetes and offspring’s BMI was no
longer significant after controlling for gestational
weight gain and prepregnancy BMI of the mother.

Studies using total body electrical conductivity
or dual-energy X-ray absorptiometry instead or in
addition to the BMI also found an increase in
adiposity in children of mothers with gestational
diabetes compared with nondiabetic women, inde-
pendent of the current weight status of the child
[77,83]. This implies that even normal-weight chil-
dren of mothers with diabetes have a higher risk of
adiposity than normal-weight children of nondia-
betic mothers. However, another study using MRI
to detect differences in subcutaneous and intra-
abdominal fat found no discrepancy between the
offspring of mothers with gestational diabetes and
nondiabetic mothers [84]. The authors attribute
their results to the only modest reliability of the
measurement of intra-abdominal fat and conclude
that more aspects should be taken into consider-
ation using this measurement in children.

Underlying mechanisms of the relationship
between gestational diabetes of the mother and
overweight/obesity status of the childmight be intra-
uterine exposure to hyperglycemia in pregnancy or
the inheritance of diabetes. Intrauterine exposure to

gestational diabetes causes metabolic alterations,
which might have long-lasting effects on weight
and BMI of the offspring [76,85]. Studies evaluating
sibling pairs or children with a maternal history of
diabetes suggest that fetal programing through gesta-
tional diabetes and genetic factors are both contrib-
utors to overweight status in childhood [86–88].

In summary, the majority of studies demon-
strate an independent influence of gestational
diabetes on overweight and obesity in the offspring.
However, in most studies, the influence is attenu-
ated if maternal prepregnancy BMI is taken into
account as a confounding factor. It seems, however,
that a combination of maternal obesity and gesta-
tional diabetes constitutes an additive risk for over-
weight and obesity in the offspring. Studies in
sibling pairs and studies evaluatingmaternal history
of diabetes indicate that both prenatal exposure
to gestational diabetes and inheritance are risk
factors for the onset of obesity.

DISCUSSION

Maternal obesity, gestational diabetes, smoking
during pregnancy, overnutrition, and inadequate
weight gain are early risk factors for obesity
in childhood.

Maternal obesity seems to be the strongest pre-
dictor of childhood obesity, independent of various
confounding factors shown in cross-sectional and
longitudinal studies. Gestational diabetes shows an
attenuated effect on childhood obesity when
maternal prepregnancy BMI is taken into consider-
ation. However, studies also report an additive risk
of gestational diabetes when combined with
maternal obesity for childhood obesity. With
respect to smoking and overnutrition during preg-
nancy, cross-sectional and longitudinal studies link
both factors independently to childhood obesity.
Regarding the time of smoking in pregnancy, smok-
ing throughout or in late pregnancy seems to have a
greater impact on childhood obesity than smoking
in early pregnancy or before conception. Inappropri-
ate weight gain above the recommendation is associ-
ated with higher birth weights and obesity in
childhood. Gaining less weight than recommended is
associated with giving birth to SGA infants, which
can predict an accelerated catch-up growth and
subsequent obesity. Whereas maternal overweight
and obesity are predictors of gaining weight over
and below the recommendation, being underweight
is a risk factor for weight gain below the recommen-
dation. Although the results of animal studies
regarding undernutrition or restrained eating in preg-
nancy are quite conclusive, the research in humans
is not sufficient. Therefore, prospective longitudinal
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studies are necessary to investigate whether the link
between restrained eating or undernutrition in preg-
nancy, growth retardation, forced catch-up growth,
and subsequent obesity in offspring, as seen in
animal studies, is applicable to humans.

CONCLUSION

The current review shows that for some of the out-
lined early risk factors for obesity (e.g.,maternal BMI
and gestational diabetes), there is a vast evidence
base, whereas for others, such as restricted eating
behavior in pregnancy or second-hand smoking,
more research is required to inform prevention
strategies. Nonetheless, it is possible to infer
implications from those factors that have been suf-
ficiently researched. Gestational diabetes is treat-
able, and studies report a decreased risk of
offspring obesity if gestational diabetes is treated
[89]. In addition, physical activity and diet programs
in pregnancy reduce not only the likelihood of
gestational diabetes, but also the risk of inappropri-
ate weight gain [76,85,90]. Likewise, the risk of a
low-birth-weight infant, which is associated with
catch-up growth and subsequent obesity, can be
reduced by smoking cessation before pregnancy or
before the third trimester [73].

It would be advisable to provide information
sufficiently early on the adverse effects of
inadequate eating behavior, inappropriate weight
gain, and smoking during pregnancy. As lower edu-
cation seems to be a predictor of inappropriate
weight gain and smoking during pregnancy, it
would be beneficial to provide information about
the adverse consequences in sex education classes in
schools. Moreover, eating behavior should be
assessed at visits to the gynecologist. To ask if the
patient is comfortable to being weighed and to be
aware of signs for amenorrhea, binge eating, or
purging behavior could help to detect symptoms
of eating disorders. Finally, prevention strategies
targeting pregnant women with underweight and
overweight, obesity, gestational diabetes, smoking,
and inappropriate eating behavior in pregnancy
have to be explored and implemented.
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Hypothesis 1: Mental health (depression and anxiety), chronic stress, and pregnancy 

related stressors are positively related to inappropriate eating (e.g., restrictive eating) and 

weight control behaviours in pregnant women.

Hypothesis 2: Body dissatisfaction, drive for thinness, perfectionism, and self-esteem are 

positively related to inappropriate eating (e. g., restrictive eating) and weight control

behaviours.



Hypothesis 3: Psychological factors (drive for thinness, body dissatisfaction, self-esteem, 

and perfectionism) explain variance in eating behaviour during pregnancy above the 

influence of mental health and chronic and pregnancy related stressors.

M SD

M SD

M SD M SD



Sample characteristics



Note. 

Eating behaviour during and before pregnancy

Eating disorders 



mental health

Chronic stress

specific concerns related to pregnancy

psychological risk factors 







Hierarchical regression analyses predicting inappropriate eating behavior during 
pregnancy

Note. N p ; F test for cognitive control of eating as dependent variable: F(14, 374) = 31,62, p F
test for disinhibition as dependent variable: F(14, 386) = 25,930, p F test for hunger as dependent variable: F(14, 388) = 6,12, p

1- R² in step 3 is .61(disinhibition) and .92 (cognitive restraint of eating)



Hierarchical regression analyses predicting inappropriate weight control 
behaviours

Note. N p ; F test for self-induced vomiting as dependent variable: F(13, 389) = 1,54, n.s. F test for use 
of laxative as dependent variable: F(13, 389) = 1,45, n.s. F test for excessive exercise as dependent variable: F(13, 389) =1,99, , 1-
for the significant R² in step 3 is .81(self-induced vomiting)
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Sample characteristics at birth (T2) 
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