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ABSTRACT
Objective: The objective of this descrip-
tive review is to summarize the current
scientific evidence on various prenatal
and perinatal exposures affecting later
development of eating disorders among
offspring.

Method: Studies were searched from
PubMed database with the following key-
words: eating disorders and disordered
eating and anorexia nervosa and bulimia
nervosa and binge eating disorder and
prenatal exposure delayed effects and
maternal exposure and perinatology. A
comprehensive manual search, including
search from the reference list of included
articles, was also performed.

Results: The attributable risk for prena-
tal and perinatal factors in anorexia nerv-
osa (AN) is 3.6%. Numerous prenatal and
perinatal factors have been associated
with offspring AN, but only prematurity
has been replicated in different samples.
The risk of bulimia nervosa (BN) in off-
spring has attracted less study, and
despite varying positive associations,
there are no replicated findings. Higher
prenatal testosterone may protect against

the development of a range of disordered
eating symptoms, although studies are
not consistent.

Discussion: Evidence in support of an
effect of prenatal and perinatal factors on
eating disorders or disordered eating in
offspring is conflicting. If present, the
overall effect appears to be relatively
small, and it is likely that the early risk
factors operate in conjunction with other
biological, genetic, and/or environmental
risk factors to bring on eating pathology.
Genetically sensitive designs, such as sib-
ling and twin studies, are needed to dis-
entangle the different types of risk factors
and ensure that prenatal/perinatal effects
are “causal” rather than indications of
genetic risk. VC 2014 Wiley Periodicals, Inc.
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Introduction

Accumulating evidence suggests that various expo-
sures early in the development affect neural devel-
opment and can play a role in the development of
psychopathologies, including eating disorders, in
later life.1–5 Early development can be defined in

diverse ways. In this descriptive review, we include

prenatal and perinatal periods. Prenatal develop-

ment refers to the process in which an embryo or

fetus gestates during pregnancy, from fertilization

until birth. The partially overlapping term “perinatal

period” includes the time immediately before and

after birth (from the 20th or 28th week of gestation

to 4 weeks after birth). By definition, prenatal and

perinatal periods exhibit some overlap.6

In anorexia nervosa (AN), the research in prena-
tal and perinatal factors, such as obstetric compli-
cations, began in the 1960s.7 However, only a few
studies provide prevalence estimates for prenatal
and perinatal risk factors in individuals with eating
disorders vs. control individuals. In one study,5 just
16% of individuals with AN, 19% of those with buli-
mia nervosa (BN), and 27% of control participants
were free of obstetric complications, demonstrat-
ing how common these complications are. In a
register-based study,8 1.8% of the hospital treated
cases with AN and 0.6% of the controls were born
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very pre-term (�32nd week of gestation) and 2.4%
of cases and 1.1% of controls had a cephalhema-
toma (a hemorrhage between the skull and the
membrane that covers the skull), meaning that
severe individual complications are fortunately rel-
atively rare. In both studies, these differences
between individuals with and without eating disor-
ders were statistically significant. Another register
study9 estimated the attributable risk fraction for
pre- and perinatal factors in AN to be 3.6%.
Although this is much smaller than the risk attrib-
uted to factors like sex (89.4%) and psychosocial
factors (7.6%), it implies that up to 4% of eating
disorders could be prevented by optimizing perina-
tal health care and preventing birth traumas.

Prenatal and perinatal risk factors can also pro-
vide clues for etiological mechanisms and increase
understanding about the pathways that lead to eat-
ing disorders. For example, evidence of prenatal
infection and immune dysfunction as risk factors
for autism10 suggests that the maternal immune
response and inflammation alter the development
of the fetal central nervous system and may repre-
sent a pathway by which infectious insults give rise
to neurodevelopmental disorders. Respective cere-
bellar abnormalities have been demonstrated in
the brains of individuals with autism.11

To our knowledge, two previous reviews coupled
with meta-analyses of early risk factors for disor-
dered eating and eating disorders exist so far. The
study by Lydecker et al.12 examined the hypothesis
that prenatal exposure to sex hormones influences
twins’ risk for eating disorders based on co-twin
sex by combining three different twin samples.

Krug et al.13 reviewed the role of perinatal or
obstetric factors for a subsequent eating disorders
and performed a meta-analysis of case-control
studies of AN and obstetric complications. The cur-
rent descriptive review is the first one to cover the
entire prenatal and perinatal period. We aimed to
summarize the literature on prenatal and perinatal
factors and explore their role in the development of
subsequent AN, BN, binge eating disorder (BED),
or disordered eating symptoms.

Method

Studies were searched from PubMed database with the

following keywords: eating disorders and disordered eat-

ing and anorexia nervosa and bulimia nervosa and binge

eating disorder and prenatal exposure delayed effects

and maternal exposure and perinatology. A comprehen-

sive manual search, including search from the reference

list of included articles, was also performed. All reviewed

studies are described in the Supporting Information

Table 1.

Prenatal Risk Factors of Eating
Disorders

Prenatal Sex-hormone Effects

Research on the organizational role of sex hor-
mones in disordered eating has been very active in
recent years. Organizational effects refer to perma-
nent effects during development, such as lateraliza-
tion of the brain or development of sex organs before
birth and during puberty. In terms of eating behavior,
prenatal testosterone exposure increases food intake
in male mammals, while females, in the absence of
testosterone, do not develop male characteristics and
eat less.14 Prenatal organizational effects of sex hor-
mones have been investigated using two indirect
methods. First, when opposite-sex twins share the
womb, masculinization of the female fetus and femi-
nization of the male fetus may occur.15–17 Girls from
opposite-sex twin pairs exhibit more masculine pat-
terns of brain lateralization15 and visuo-spatial cogni-
tive skills,18 and are more likely to engage in risky
behaviors16 than girls from same-sex twin pairs. Sec-
ond, organizational effects of sex hormones have
been studied by using the ratio of the length of the
2nd and 4th fingers (2D:4D) as a proxy measure of
fetal testosterone levels.19 In both sexes, lower 2D:4D
ratios are associated with increased prenatal testos-
terone exposure.20 In general, the 4th digit tend to be
longer than the 2nd in males (i.e. the mean 2D:4D
ratio is less than one), whereas in females the 2nd
and 4th digits tend to be of equal length (i.e. the
mean 2D:4D ratio is approximately one).19

Lower levels of prenatal testosterone exposure
have been associated with increased eating disor-
der symptoms (body dissatisfaction, weight preoc-
cupation, binge eating, and compensatory
behaviors) in women,21 and it has been suggested21

that the relatively low level of testosterone before
birth in females permits their brains to respond to
estrogens at puberty, when the hormones activate
the genes contributing to disordered eating in vul-
nerable girls. Among men, positive correlations
between 2D:4D ratio and disordered eating and
drive for leanness, and negative correlation
between 2D:4D and drive for muscularity have also
been reported. These findings imply that greater
prenatal testosterone exposure in males is associ-
ated with less disordered eating, less drive for lean-
ness, but increased drive for muscularity.22

By contrast, some studies have shown opposite
effects of prenatal testosterone exposure on eating
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disorder risk. For example, lower 2D:4D ratios were
observed among daughters of women with lifetime
BN compared to daughters of unaffected moth-
ers.23 No significant differences were observed in
sons. Another study24 found lower 2D:4D ratios
(i.e., higher prenatal testosterone) in women with
AN compared to women with BN, with control
individuals intermediary.

Studies of opposite-sex twins have been more
contradictory than those of 2D:4D. In a twin study
by Culbert et al.,25 the highest levels of disordered
eating were observed for same-sex female twins,
followed by opposite-sex female twins, opposite-
sex male twins, and same-sex male twins. The
authors suggested that the prenatal organizational
effects of testosterone might protect female off-
spring from opposite-sex twin pairs from future
disordered eating. These findings on disordered
eating were unlikely to be due to socialization
effects of opposite-sex sibling alone, since the anal-
yses in females controlled for the effects of growing
up with a brother near one’s age. In another study
by the same group, no differences in levels of disor-
dered eating attitudes between opposite-sex and
same-sex twins were observed in pre-early puberty;
yet during later phases of puberty, females from
opposite-sex twin pairs exhibited more masculi-
nized (i.e., lower) disordered eating attitudes than
females from same-sex twin pairs.26 The authors
concluded that prenatal testosterone exposure
decreases disordered eating and contributes to the
sex differences of disordered eating after mid-
puberty.

Studies in other twin samples have generally not
replicated these findings.12,27,28 In a meta-analysis
of three different twin samples,12 lifetime preva-
lence of eating disorders (AN, AN broad, BN, BN
broad, BED) and binge eating behaviors did not
differ between same-sex and opposite-sex twins.
Although broadly defined BN was more common
among same-sex than opposite-sex twins in the
Swedish sample, the result did not stand after
monozygotic twins were excluded from analyses,
implying either loss of statistical power (as sug-
gested by the authors) or that the difference
between same-sex and opposite-sex twins (preva-
lence 2.55%) were due to higher prevalence of
broadly defined BN in monozygotic twins (2.76%)
compared to same-sex dizygotic twins (2.65%). By
contrast, in the study by Culbert et al.,25 the effect
of being from an opposite-sex pair on disorder eat-
ing did remain when controlling for zygosity. In the
Finnish twin cohort study,28 the overall results
were also negative. However, women from
opposite-sex twin pairs had a marginally decreased

risk of developing AN and engaging in recurrent
weight loss attempts, which is in accordance with
the findings of Culbert et al.25,26 In the Finnish
study,28 the lifetime prevalence of DSM-IV narrow
and broad AN was 1.6–3.3% in women from
opposite-sex twin pairs (95% Confidence Interval
[CI] 0.8–2.5), while it was 2.9–5.1% (95% CI 1.7–4.1)
in women from same-sex pairs.

The Effects of the Maternal Physical States

Maternal physical states (e.g., under-eating, ane-
mia, pre-eclampsia) during pregnancy may
increase the risk of AN in their offspring, for exam-
ple through chronic insufficient supply of oxygen
and/or nutrients, which may damage fetal central
nervous system development. An Italian
community-based study5 that also included
patients from a local eating disorder clinic found
increased rates of maternal anemia, diabetes, and
pre-eclampsia in offspring with AN. In a partially
overlapping, Italian eco-epidemiological study,29

exposure to epidemics of chickenpox (OR 1.6, 95%
CI 1.2–2.0) and rubella (OR 1.5, 95% CI 1.1–2.0)
during the sixth month of pregnancy were associ-
ated with an increased risk of developing AN, even
after controlling for socio-economic status, urban-
ization and month of birth.

The Italian authors also found weak evidence in
support of a previously reported season-of-birth30

bias that showed a higher risk of eating disorders
among those born in the spring as opposed to
other months. A season of birth bias provides indi-
rect evidence of the role of infections in eating dis-
order risk, since the occurrence of many infections
tends to follow a seasonal pattern.31 However, not
all studies have found an increased rate of spring
births in women with eating disorders.32,33

Finally, a lower cumulative incidence of AN in
children of younger mothers (�24 years of age at
birth) was reported in a Swedish register study,9

whereas in another Swedish register study,34 higher
maternal and paternal age were related to an
increased risk of AN. In the latter study, the finding
was mostly explained by parental characteristics
(e.g., education), which might be the case also in
the former study, where AN was more common in
daughters from families of higher socioeconomic
position. In the latter study, maternal smoking dur-
ing pregnancy had an inverse association with
child’s AN, but this effect was also attenuated when
controlling for parental characteristics.

The risk of eating disorders (a composite includ-
ing AN, BN, BED, and purging disorder) in female
adolescents was recently reported to be predicted
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by low maternal vitamin D level at 18 weeks preg-
nancy.35 Vitamin D levels at the lowest quartile
were associated with a 1.8-fold increase in eating
disorder risk relative to the levels in the highest
quartile, even after controlling for sociodemo-
graphic factors, body mass index and depressive
symptoms (the latter is associated with lower vita-
min D levels in adults36). However, BN was the
only individual disorder in which the risk remained
significantly increased when eating disorders were
assessed separately.

In general, prenatal maternal risk factors in BN
have attracted less study than those of AN. Of
these, only maternal smoking,37 in addition to low
vitamin D levels mentioned above, has been shown
to increase the risk of offspring BN. In terms of
maternal smoking, neither offspring BMI in adult-
hood, nor variation between childhood and adult
BMI, explained the association. In the same study,
smoking during pregnancy was not associated with
AN in offspring. By contrast, in a recent Swedish
register study,34 smoking had no association with
BN.

Markers of Prenatal Risks in Children

Child related markers of prenatal risks associated
with future AN include prematurity9,34,38 and in a
single study, smaller than expected birth size (low
weight for gestational age) in very preterm (i.e.,
born �32 weeks of gestation) female infants.8 The
association between shorter gestational or prema-
ture age and AN has been observed both in more
severe hospital-treated cases and in outpatient
cases derived from Swedish registers8,9,34 as well as
in the population-based Virginian twin sample.38

Importantly, in the latest Swedish register-study
with a large sample size,34 there was clear dose-
response pattern between lower gestational age
and higher risk for AN, with a gradient even
observed within term (i.e., births at �37 weeks of
gestation). In the twin sample, shorter gestational
age was associated with DSM-III AN, but not with
broadly defined AN, suggesting that the association
may vary as a function of severity.38 However, twins
are generally born earlier than singletons, and the
mechanisms underlying prematurity may differ in
multiple vs. singleton pregnancies; therefore this
information derived from twin samples might not
be generalizable to non-twins. In addition, in the
latest Swedish register study34 including both out-
patients and inpatients, AN was independently
predicted by twin or triplet birth (Hazard Ratio
1.33, 95% CIs 1.15–1.53). On the other hand, in the
same study, lower gestational age and prematurity

were shown to predict AN also in singletons. An
earlier meta-analysis by Krug et al.,13 which
included six studies conducted in non-twin sam-
ples, showed a non-significant (OR 1.17, 95% CI
0.91–1.52) association between prematurity and
offspring AN risk.

Child related markers of prenatal problems, such
as retarded growth5 and prenatal complications,38

were associated with higher risk of offspring BN. In
the former study,5 retarded growth was defined as
birth weight, birth length and head circumference
all below 10th percentile at birth. In the latter twin
study,38 a composite measure of prenatal compli-
cations included premature contractions, swelling,
high blood pressure, vaginal bleeding, seizures/tox-
emia, German measles, labor lasting more than 24
h, serious physical injury, other serious illness, any
other complication, and any prenatal complica-
tion. Birth weight was also examined in the latter
study, but no association was observed with BN.
Conversely, higher, not lower birth weight for gesta-
tional age showed an independent, dose-response
association (the higher the weight, the higher the
risk) with BN in females in the latest Swedish regis-
ter study.34 In contrast to previous findings, prema-
turity and very low birth weight appeared
protective of eating disorder symptoms in a study
that tracked prematurely born babies into
adulthood.39

The Prenatal Effects of Maternal Eating

Disorders

Women who suffer from eating disorders during
pregnancy have been shown to be at increased risk
for prenatal complications (e.g., slow fetal growth
and low birth weight in the offspring of females
with AN).40,41 These complications could, in turn,
further increase the risk of eating disorders among
offspring. Maternal stress has been hypothesized to
be one of the key mediating factors (for a compre-
hensive review, see Micali et al.42) by directly influ-
encing fetal behavior and neurodevelopment. The
programming of fetal metabolism and the stress
regulating system might take place through epige-
netic43 or other routes. The effects of maternal eat-
ing disorder are also thought to be mediated
through nutritional factors, including under-
nutrition in women with past or current AN, and
alterations in glucose metabolism in women with
BN.42 However, it should be noted that genetic vul-
nerability can confound the association between
maternal prenatal eating disorders and fetal out-
comes, as genetic influences34,44 or maternal eating
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disorder diagnosis34 have usually not been con-
trolled in the studies.

Summary of Prenatal Risk Factors for Eating

Disorders

A substantial body of evidence suggests that
higher prenatal testosterone exposure increases
food intake and masculinizes behavior in offspring.
Higher prenatal testosterone might also protect
against the development of disordered eating
symptoms, although studies are not fully consist-
ent. Studies of 2D:4D ratios have yielded more pos-
itive evidence than those examining females from
opposite-sex twin pairs. Direct positive evidence
for prenatal testosterone effects in twins from
opposite-sex pairs is scarce from sources other
than the Michigan State University Twin Registry.
Ethnic diversity (more common in the Michigan
twin study than in other samples) might account
for some of the observed differences. On the other
hand, supporting data of prenatal testosterone
effects (for both 2D:4D and opposite-sex twins) has
for the greater part been based on disordered eat-
ing symptoms rather than eating disorder diagno-
ses. It is therefore possible, although perhaps not
very likely (because disordered eating and diagnos-
tic eating disorders should be part of the same con-
tinuum), that prenatal hormone effects are only
important for disordered eating symptoms. More
likely, low statistical power contribute to the incon-
sistent results—studies with broader diagnostic
definitions are able to recruit far more participants
than those with narrow criteria and this translates
into better ability to detect between-group differ-
ences. The same is true for dimensional vs. cate-
gorical symptom measurements. Even in the meta-
analysis,12 which combined three twin samples,
inadequate statistical power might explain negative
findings.

Evidence linking prenatal maternal physical
states to future eating disorders in the offspring is
also conflicting. The association between maternal
anemia, diabetes, and pre-eclampsia and offspring
AN was shown in one study,5 but has not been
replicated in others.8,34,45 Utilization of composite
measures instead of examination of individual pre-
natal factors38,46 has complicated interpretations of
results (see also Supporting Information Table 1).
Likewise, there is suggestive evidence for the
potential importance of maternal infections and
maternal vitamin D levels, but replications are
lacking. The season of birth effect, shown in some
studies of AN and BN, but not replicated in others,
may also provide indirect evidence of the signifi-

cance of infection susceptibility and vitamin D lev-
els in eating disorders. Finally, prematurity has
been found to predict later AN in several stud-
ies8,9,34,38; the effect has been observed in both out-
patients and inpatients, and in twins. However,
evidence has been somewhat conflicting, with a
meta-analysis not supporting an association, and
the three Swedish register studies8,9,34 that did
show a prematurity effect were based on partly
overlapping samples.

Evidence of maternal smoking as a risk factor for
BN is based on one study37 that failed to control for
maternal eating disorders, and was not replicated
in another one34 that had a significantly larger
sample, more reliable register-based prospective
measures, and control for maternal vulnerability to
eating disorders. This latter point is important,
since maternal eating disorder symptoms may be
associated with smoking and explain the associa-
tion through genetic transmission mechanisms, as
has been shown in maternal smoking/alcohol use
and externalizing disorders.47–49

Smaller birth size as a risk factor for BN also
appears to be based on one study5 only. Opposite
findings, i.e. higher birth weight and increased risk
for BN,34 and fewer eating disorder symptoms
among prematurely born very low birth weight
(�1500 g) individuals assessed in adulthood,39

have been reported. On the other hand, the meta-
bolic programming in prematurely born individu-
als with very low birth weight may be completely
different compared to those with slightly lower
birth weights.39 Research also shows that a neo-
nate’s small size for gestational age, i.e., a “thrifty
phenotype,”50 predisposes to depression,51 higher
neuroticism52 and early metabolic programming
for a tendency toward weight gain, impaired glu-
cose tolerance and type 2 diabetes.53,54 All of these
factors have been associated with BN and BED in
the past,55–57 suggesting that the “thrifty
phenotype” hypothesis might be important to
investigate in BN and BED. Importantly, infant’s
higher birth weight is shown to be associated with
risk similar to those pertaining to thrifty pheno-
type,58 which might explain some of the seemingly
contrasting findings.

Perinatal Risk Factors for Eating
Disorders

Markers of Perinatal Risks in Children

Child related perinatal problems associated with
increased risk of later AN include placental infarc-
tions, early cardiac problems (such as congenital
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cardiomyopathy), neonatal hyporeactivity and
hypotonia, hypothermia, tremors, and need of oxy-
gen administration immediately after the birth.5

These findings were based on data including both
patients from The Eating Disorders Unit of Padua,
Italy and a population-based sample from the
same area. In Swedish register data that included
only inpatients, cephalhematoma, mediated
through forceps delivery or vacuum extraction, was
associated with future AN8,9; however, in a reanaly-
sis in a significantly larger, extended sample,34

cephalhaematoma was no longer associated with
AN or any other eating disorder, even in a separate
analysis of inpatients and outpatients. Infant feed-
ing problems (defined as frequent feeding/gastro-
enterological problems at age �6 months) were
associated with increased risk of AN in the 1970s
British Cohort Study.45 The same study found no
association between AN and the need for oxygen
administration or ventilation following birth.

Of perinatal child related risk indicators for BN,
placental infarction, neonate hyporeactivity, and
early feeding problems5 have been implicated, but
two other studies34,38 have failed to replicate these
findings.

The Effects of Obstetric Complications

An increasing number of obstetric complications
(1–5 complications: OR 1.8, 95% CI 1.1–3.2; >5 com-
plications: OR 3.3, 95% CI 1.6–6.6) has been
reported to increase the risk of AN.5 An increasing
number of complications also predicted lower age
of onset of AN in the same study. Single obstetric
complications associated with AN included umbili-
cal cord wrapped around the neck,5 premature rup-
ture of membranes, and breech delivery.9 In a
recent Swedish register study34 including outpa-
tients and inpatients, “other birth trauma” (involv-
ing head/neck/central nervous system, but not
cephalhaematoma) and Cesarian section, but not
premature rupture of membranes, were associated
with later AN. However, in the same study, within-
family analyses suggested that the associations
could at least partly be explained by maternal vul-
nerability, and not by the independent effects of
birth trauma or Cesarian section. Nonetheless, in a
recent review and meta-analysis,13 the authors
could not confirm an association between these and
other obstetric complications and AN, BN or disor-
dered eating symptoms. In the same review paper, a
separate meta-analysis of a vaginal instrumental
delivery and offspring AN yielded nonsignificant
results (OR 1.6, 95% CI 0.7–1.7). No obstetric com-
plications have been associated with BN, although

the definition of “obstetric complications” has var-
ied between the studies, e.g., placental infarction,
hyporeactivity or composite of perinatal complica-
tions including obstetric factors were defined as
obstetric complications in the studies by Favaro
et al.5 and Foley et al.38 (reviewed above).

The Perinatal Effects of Maternal Eating

Disorders

As noted previously, the offspring of mothers
with eating disorders may be exposed to a double
disadvantage, wherein they may have inherited
genes that increase risk for eating disorders as well
as the environments (in part shaped by the paren-
tal genotype) that increase the likelihood of expres-
sion of the underlying risk genotype in the child
(“cycle of risk”).59 A parent who suffers from an
eating disorder may extend the excessive eating
restrictions to a child; some reports suggest that
mothers suffering from AN may not recognize the
child’s hunger and may also excessively restrict
child’s eating.60 In a case-control study of feeding
practices of women with past or present eating dis-
orders, female infants at 2 and 4 weeks of age had
higher rates of suckling and were weaned from the
bottle later and with more difficulties compared to
controls.61 Women with high body shape and
weight concerns were also found to be less likely to
breastfeed their infants,62 which has been associ-
ated with adverse child outcomes.63, 64

Summary of Perinatal Risk Factors for Eating

Disorders

Of the studies with positive findings of perinatal
factors and eating disorders, two were based on
largely overlapping Swedish register data that
included only inpatients with AN, whereas the
third and most recent register study included both
inpatients and outpatients from several eating dis-
order groups (and had partly overlapping data with
the two former studies). The study by Favaro et al.5

included a diverse sample with both outpatients
and general population participants, whereas the
1970 British Cohort Study45 comprised a
population-based sample and examined quite dif-
ferent prenatal/perinatal variables, rendering com-
parisons difficult. However, for variables strictly
comparable across studies (such as the need for
oxygen and ventilation at birth), no associations
were found. A lack of association with perinatal
factors has also been shown in several other stud-
ies. For example, in the twin study by Foley et al.,38

no significant association was found between a
composite measure of perinatal risk factors and
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AN, BN or their broad forms. Feingold et al.46 also
failed to observe associations between a composite
measure of perinatal complications and eating dis-
order symptoms (assessed with the eating disorder
inventory and eating attitude test) in a cohort born
prematurily. Finally, a meta-analysis by Krug
et al.13 found no association between instrumental
delivery and risk for AN.

Of the above mentioned studies, only the most

recent Swedish register study controlled for the

genetic effects, although genetic liability for eating

disorders is significant,65 and women with eating

disorders tend to have increased risk for prenatal

and perinatal complications.40–42 In the Swedish

study, evidence for maternal-level confounding for

AN was found for several factors including mater-

nal smoking, Caesarian delivery, a composite of

other birth trauma, and the protective effects of

higher maternal weight. By contrast, using a dis-

cordant sibling design that examined healthy sis-

ters of women with AN, Favaro et al.44 found no

evidence for confounding by familial risk. These

authors explored whether the risk for a composite

of perinatal/obstetric complications was a conse-

quence of the genetic vulnerability for AN, or

whether obstetric complications increase the risk

of AN independently of, or in interaction with, the

disorder’s genetic liability. Elevated rates of compli-

cations in unaffected sisters of patients with AN

was not found, suggesting that perinatal complica-

tions are an independent risk factor that may inter-

act with, but are not caused by, familial risk factors

for AN.

Discussion

Based on the existing evidence, the overall effect of
prenatal/perinatal factors to the total risk of eating
disorders and disordered eating appears to be rela-
tively small. One study reported an attributable risk
of prenatal or perinatal factors to the total risk of
AN in hospital treated cases as 3.6%. If there are
early prenatal/perinatal risk factors, it is likely that
they operate in conjunction with other individual
or environmental factors, and depending on the
combination of the risk factors, the outcome varies.
For example, hypoxia during pregnancy or delivery
can damage fetal brain tissue and predispose to
several different neuropsychological disorders
besides AN.66,67 Maternal smoking, low vitamin D,
and retarded or accelerated fetal growth shown
sporadically in BN also appear to be associated

with multiple other psychiatric and somatic out-
comes in offspring.68–70

The small effects of prenatal sex-hormones may
be hard to detect when examining low base rate
disorders such as AN and BN, which may explain
the lack of association. Nevertheless, the small
effect sizes question how much clinical signifi-
cance prenatal sex hormone have on disordered
eating and highlight the need to further establish
the effect size. Future studies should also examine
whether the effects are larger when interacting
with other risk factors.

Evidence derived from a few independent data

sets8,29 suggest that early insults to the central

nervous system and subsequent subtle brain dam-
age may contribute to the onset of AN at least in a

subpopulation of individuals. Italian data44 further
support an independent role of perinatal factors

(including composite measure of clearly harmful
pregnancy and delivery complications, hypoxia-

related neonatal complications, and dysmaturity,
i.e./signs of retarded fetal growth), and the latest

Swedish register data34 supports an independent
role of multiple births and lower gestational age as

risk factors for AN. In both of these studies, the ele-

vated risk for these specific factors was not caused
by genetic risk factors for AN shared by the mother

and the offspring.

Negative findings, particularly from the meta-
analysis,13 should also be taken into account. How-
ever, negative findings might reflect power
issues5,45 overall small effect sizes of these risk fac-
tors, or varying definitions of prenatal/perinatal
factors. Furthermore, it is possible that early risk
factors pertain only to a sub-population of individ-
uals with AN.

Prenatal/perinatal risk factors of BN have
attracted less study.5,34,35,37 In addition to the study
by Favaro et al.,5 where restricted growth and
smaller birth size predicted later BN, another line
of research suggests that the newborn’s slightly
smaller than normal size for gestational age71 pre-
disposes to early metabolic programming towards
range of vulnerabilities72,73 relevant in BN. A seem-
ingly contrary finding of the higher birth weight
predicting BN from the Swedish data,34 may reflect
the significance of the early metabolic program-
ming towards tendency to weight gain,58 which is
also relevant in BN. These factors’ role in BN
should be investigated further in the future.

To overcome the major obstacle related to statis-
tical power in earlier studies, it would be important
to use large data sets, perhaps by combining differ-
ent samples. With large combined data sets, future
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studies in the field could also focus on interactions
between early risks, protective factors, and various
environmental and genetic influences. Research on
potential sex-specific exposures in males with eat-
ing disorders could provide hints for general mech-
anisms of these disorders, since males appear to
demand more risk factors than females in order to
develop eating disorders.74 Different risks between
sexes, such as the effect of maternal weight in the
Swedish register study,34 provide intriguing clues
about future lines of research. Because psychiatric
disorders tend to overlap and share part of their
underlying etiology,75, 76 evidence from several
other disorders such as ADHD, major depression,
autism and schizophrenia1,3,77 suggest that
research on prenatal infections and maternal
immune response would be worth pursuing in eat-
ing disorders.

When planning future studies, it should be noted
that prenatal risk factors are not necessarily
causal.2,34,47,78,79 Risks such as maternal stress and
poorer overall health are also associated with
adverse postnatal factors, like parental psychologi-
cal problems. It is therefore important that prenatal
and postnatal developmental effects could be
teased out with future study designs.

Another central caveat is the genetic liability for
eating disorders that ranges from 30% up to 80%.65

Genetic influences can confound the outcomes if
maternal vulnerability is left uncontrolled, and so
far, only two studies38,44 in eating disorders have
taken genetic confounding into account. Another
type of approach would be to control for maternal
eating disorder diagnosis or other parental psycho-
pathology and social factors,37 which is obviously
useful. Nevertheless, these methods do not tackle
unknown and unmeasured confounding. It is likely
that only a fraction of those with higher vulnerabil-
ity for eating disorders have prominent symptoms
and have been diagnosed with an eating disorder.
Consequently, simply controlling for eating disorder
diagnoses is likely to address only the tip of the ice-
berg. Moreover, studies of other psychiatric disor-
ders have shown that statistical methods are not
necessarily able to sufficiently address genetic con-
founding. As an example, when investigating the
effects of maternal smoking on offspring ADHD,
Thapar et al.47 separated prenatal environmental
effects from inherited ones with a design based on
assisted reproductive technologies with offspring
both genetically unrelated and related to the
mother; i.e., the sample included mothers who had
been pregnant with their biological offspring as well
as with offspring conceived with donated egg cells.
The authors found that for ADHD symptoms, the

magnitude of association was significantly higher in
the genetically related mothers and offspring than
in the genetically unrelated ones. Likewise, using a
co-twin control method, Maughan et al.69 examined
the effects of prenatal smoking on early childhood
conduct problems and found that around half of the
association was attributable to correlated genetic
effects, which means that the same genes contribut-
ing to maternal smoking during pregnancy are also
related to increased conduct problem risk. There-
fore the studies that do not control for genetic risk
are inflating the degree of effect from the smoking
alone. Given these findings, most association
between prenatal and perinatal factors and later eat-
ing disorders in offspring should be interpreted with
caution in terms of causality. Limitations of tradi-
tional studies could be avoided by using genetically
sensitive designs, such as sibling designs, twin
designs such as the co-twin control method,80 and
novel designs including mothers with genetically
unrelated offspring. These designs are difficult to
implement, but would yield stronger data that can
speak to the independent effects of prenatal and
perinatal factors on eating disorder risk.

The authors thank Dr. Klump for extremely valuable

comments concerning this manuscript.
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