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In utero exposure to virus infections and the risk
of developing anorexia nervosa
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Background. The study aims to explore, using indirect ecological measures of exposure, the role of viral infections in
the development of anorexia nervosa (AN).

Method. The cohort of participants consisted of all female subjects born in the Veneto region in the period between
1970 and 1984, and residing in the urban and suburban area of Padua (27 682 female subjects in an area of 424 km?).
The main outcome measure was the diagnosis of AN resulting from the Public Mental Health Database, the Register
of Hospital Admissions, and the Register of the Eating Disorders Unit (n =402, 1.4%). The number of cases of rubella,
chickenpox, influenza and measles was ascertained for each month for the 15-year period.

Results. Exposures during the sixth month of pregnancy to the peaks of chickenpox [odds ratio (OR) 1.6, 95%
confidence interval (CI) 1.2-2.0] and rubella infections (OR 1.5, 95% CI 1.1-2.0) were significantly associated with an
increased risk of developing AN, even after controlling for socio-economic status, urbanization and month of birth.
We found weak evidence of a season-of-birth bias.

Conclusions. In utero exposure to viral infection could be a risk factor for developing AN. We need further
epidemiological and serological studies to confirm this hypothesis.
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Introduction other infections (Brown et al. 2004; Brown, 2006;
Brown & Derkits, 2010).

The pathogenic mechanisms of prenatal viral ex-
posure remain unclear (Fatemi & Folsom, 2009). Some

infectious agents, such as rubella or toxoplasma, can

Anorexia nervosa (AN) is a multifactorial disorder
whose risk seems to be determined by both genetic
and environmental factors. Although there is some
evidence of a possible role of prenatal risk factors in
the pathogenesis of this disorder (Cnattingius et al.
1999; Connan et al. 2003; Favaro et al. 2006, 2010;
Strober et al. 2007), no studies to date have explored
the role of in utero infections. The findings of a season-
of-birth bias (Winje et al. 2008) suggest that the explo-
ration of this hypothesis is worthwhile.

To date, in psychiatry, the hypothesis of a patho-
genetic role of prenatal infections has been explored
almost exclusively for schizophrenia (Mittal et al. 2008;
Brown & Derkits, 2010). The findings of the first
studies based on ecological measures of viral ex-
posures (Mednick et al. 1988; Barr et al. 1990; Suvisaari
et al. 1999) have been confirmed more recently by
studies relying on serologically documented maternal
exposure to influenza, rubella, toxoplasmosis and

cross the placenta and can have a direct effect on fetal
neurodevelopment (Fatemi & Folsom, 2009). How-
ever, the pathogenic effect of other agents, such as
influenza, that only rarely cross the placenta, must be
explained in other ways. The hypotheses involve the
maternal immunological response (immunoglobulins
or cytokines) that may interfere with brain develop-
ment (Deverman & Patterson, 2009) and the terato-
genic effects of hyperthermia or influenza remedies
(Brown & Derkits, 2010). Prenatal virus infection can
change the expression of some genes in the brain, both
directly (Fatemi & Folsom, 2009) and by an increase in
maternal glucocorticoids (Silverman et al. 2005). These
epigenetic effects may have important consequences
on neurodevelopment (Andersen, 2003; Lupien et al.
2009) and on the prenatal programming of the hypo-
thalamic-pituitary—adrenal axis (Lupien et al. 2009).
The aim of the present study was to explore the role
of exposure to four viral infections (rubella, chicken-
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pox, influenza, measles) in increasing the risk for AN
in a cohort of 27 682 female subjects born and resident
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in a definite geographical area. We hypothesized a
possible role of viral exposures in the months of
pregnancy most crucial for neurodevelopment (third
to sixth months of pregnancy).

Method
Study population

All subjects included in the study (1n=27682) were
female, born in the Veneto Region between 1 January
1970 and 31 December 1984, and were residing in the
urban and suburban areas of Padua (424 km?).

The sample of AN subjects was composed of all
known cases of AN after consultation of three regis-
ters: the Register of the Eating Disorders Unit of
the area, the Public Mental Health Database, and the
Register of Hospital Admissions. The Register of the
Eating Disorders Unit collects data from the only pub-
lic Eating Disorders Unit in the city and surrounding
area. Patients with any type of eating disorder are in-
cluded in the register when they are referred to the
out-patient unit, when they request a private consul-
tation from therapists of the unit, and when they re-
ceive a psychiatric consultation after an admission in
Padua Hospital. In this register we found 1972 female
subjects with a lifetime eating disorder born between
1970 and 1984. Of this sample, 730 subjects belong to
the cohort of the study (397 subjects with a lifetime
diagnosis of AN and 330 with bulimia nervosa or
other atypical eating disorders without a lifetime diag-
nosis of AN). After consultation of the Public Mental
Health database and the Register of the Hospital
Admissions we retrieved five unknown cases with a
diagnosis of AN who belong to the cohort. All five
subjects had been admitted in a private hospital and
were included in the sample after examination of their
clinical records. The final sample consisted of 402 AN
subjects. Lifetime AN was defined according to
Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV) criteria, waiving the single
criterion of amenorrhea for 3 consecutive months,
since in some cases hormone replacement therapy
made it difficult to assess the presence of the criterion.
The mean age of onset of AN was 18.0 (s.0. =3.8) years
and the mean lifetime lowest body mass index was
15.6 (s.0.=1.5, range 8.5-17.5) kg/m?.

The control sample consisted of all the female
subjects of the same birth cohort without any type of
eating disorder diagnosis (1 =26950).

Representativeness of the sample

The 95% confidence intervals (Cls) of the estimated
prevalence of AN in the present study (1.45%, 95%
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CI 1.3-1.6) are above or partially overlap with the Cls
of the estimated lifetime prevalence in the female
population in Western countries (Hudson et al. 2007;
Keski-Rahkonen et al. 2008; Preti et al. 2009; Treasure
et al. 2010). They also are within the CIs of the lifetime
prevalence estimated in our previous prevalence
study (Favaro ef al. 2003) performed on a representa-
tive sample of 934 female subjects born between 1971
and 1979 inclusive using a structured clinical inter-
view with all subjects.

Assessment of AN subjects

All AN subjects recruited in the clinical setting were
interviewed face to face (99% of the total sample).
Clinical interviews were performed using the eating
disorders section of the Structured Clinical Interview
for DSM-1IV for present and lifetime diagnosis. Age
at onset was defined as the first occurrence of an
eating disorder diagnosis (Favaro et al. 2009). Social
class was determined using an Italian adaptation of
Havighurst’s formula (Favaro et al. 2003, 2006, 2009).
This formula calculates social class using paternal and
maternal professional status and degree of education.
The formula results in a score that ranges from 1
(very high) to 6 (very low social class). We considered
as high and medium-high social class subjects who
scored 3 or less. All interviewed subjects gave in-
formed written consent for the use of data in an
anonymous form. The study has been approved by the
Institutional Review Board.

Meteorological and demographical data, and
viral exposures

The Italian Statistical Annals of Demographics, Public
Health and Meteorology were consulted to collect the
required data. The Demographical Annals were con-
sulted to obtain the population density of the different
areas around Padua included in the study. We defined
‘urban’ as the area of the city with a population
density greater than 2000 inhabitants per km? and
‘suburban’ as all the areas of the province with a
population density greater than 200 inhabitants per
km?, but lower than 2000.

The number of monthly cases of influenza, rubella,
measles, and chickenpox (retrieved from the Italian
Public Health Statistical Annals) were divided for the
total living population in that year to obtain an inci-
dence rate. Incidence rates in the considered period
were divided into quartiles and the risk of those sub-
jects exposed to the peak incidence (highest quartile)
was compared with the risk of subjects exposed to the
lowest quartile. The peak quartiles were: measles
(=158 cases per 1000000 population), chickenpox
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(=94 cases); influenza (=29 cases) and rubella (=44
cases). In Italy, all cases affected by these diseases
must be reported to the Ministry of Health. Data about
rubella were available from 1970. For this reason, data
about rubella exposure for subjects born in the first
6 months of 1970 were not available.

In the Italian Annals of Meteorology we found data
regarding monthly average minimum and maximum
temperature (degrees Celsius) per month and per
year. Meteorological data were surveyed at the
Meteorological Station of Venice airport, which is
30 km from Padua.

Statistical analysis

Analysis of seasonality was performed using the
Edwards test (Edwards, 1961), which is designed to
detect seasonal cyclic trends. Crude odds ratios (ORs),
with 95% ClIs and Mantel-Haenszel statistics, were
used as measures of the relative risk of developing
AN. Logistic regression analyses were used to derive a
multivariate model of the risk of developing AN using
viral exposure as independent variables and taking
into account potential confounder variables (socio-
economic status, population density and month of
birth). These procedures were implemented using
SPSS software (SPSS Inc., USA).

Results
Seasonality and meteorological factors

When analysing the month of birth of AN subjects, the
Edwards seasonality test was not significant [*=3.98,
degrees of freedom (df) =2, p>0.1], even after adjust-
ing for season of birth in the control sample (y*=2.17,
df=2, p>0.1). The analysis remained non-significant
(N.s.) after dividing the sample according to diagnostic
subtype. Using a logistic regression analysis and
comparing the risk of those born in the single months
of the year with the risk of those born in the month
with the lowest number of AN cases (March), we
found that being born in June conferred a significantly
higher risk (OR 2.2, 95% CI 1.3-3.6, p =0.002). The OR
continued to be significant after including urbaniza-
tion in the analysis as a confounder variable (OR=2.2,
95% CI 1.3-3.6, p=0.002). The average minimum
temperature at the first and at the last month of preg-
nancy in AN subjects was similar to those of controls
(mean+s.p.) (first month: 94+63 v. 9.1+6.5°C,
t=0.97, N.s.; month of birth: 9.74+6.6 v. 94+6.5°C,
t=0.86, N.s.).

Viral exposure

Table 1 shows the ORs for AN according to the ex-
posure to peaks of viral infections in specific months
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of pregnancy. Exposure during the fourth to sixth
months of pregnancy to the peaks of chickenpox and
during the sixth month to the peaks of rubella infec-
tions was significantly associated with an increased
risk of developing AN. The risk for exposure during
the sixth month of pregnancy was increased even after
controlling for the effects of socio-economic status,
urbanization and month of birth (Table 1). In the per-
iod considered, the peaks of rubella and chickenpox
had a partial overlap as regards months (rubella be-
tween February and June; chickenpox between
December and May) and years (rubella: years 1973,
1977-1979, 1982-1984; chickenpox: years 1974,
1976-1984). Analyses performed using viral incidence
as a continuous variable resulted in a similar level of
significance.

Subjects exposed during the sixth month of preg-
nancy at peaks of rubella and chickenpox were com-
pared with non-exposed subjects in relation to age
at onset, highest and lowest body mass index, and di-
agnostic subtype (lifetime restricter subtype versus
lifetime presence of recurrent binge eating or purging
behaviours). Exposure to the peak of chickenpox was
associated with a lower age of onset of AN (17.0+3.3
v. 18.5+3.9 years, t=3.64, p<0.001), whereas no dif-
ferences emerged for subjects exposed to the peak of
rubella (17.4+3.8 v. 18.14+3.7 years, t=1.42, p=0.16).
No differences emerged for highest and lowest body
mass index, and for diagnostic subtype.

Discussion

This study is the first to explore the possibility that
viral exposure during pregnancy could be among the
risk factors for the development of AN. We found that
exposures to peaks of rubella and chickenpox during
the sixth month of pregnancy significantly increased
the risk of developing AN. We only used an indirect
ecological measure of exposure, so we cannot
establish if the risk is due to one of the viruses, to both,
or to another environmental factor—including
other viruses —whose exposure is similar to that of
rubella/chickenpox.

Both rubella and chickenpox viruses are known to
cross the placenta and to produce severe fetal syn-
dromes when an infection occurs in the first months of
pregnancy (Grose, 1999; Brown et al. 2000). Although
an infection in the later months of pregnancy is less
dangerous in terms of severe malformations and sur-
vival, the whole range of its effects on the fetal brain
is largely unknown. Furthermore, during maternal
infections, the fetus is exposed to higher levels of
cytokines and corticosteroids that may have important
effects on neurodevelopment trajectories (Deverman
& Patterson, 2009). The susceptibility of pregnant
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Table 1. Risk of anorexia nervosa in subjects exposed to the peaks of viral infections

Cases Controls

Month of (n=402) (n=26950) Adjusted® OR Adjusted® OR
Virus type pregnancy n exposed n exposed OR (95% CI) [4 (95% CI) (95% CI)
Measles 3 42 3509 0.7 (0.5-1.0) 0.061

4 44 3565 0.8 (0.6-1.1) 0.225

5 42 3636 0.8 (0.5-1.1) 0.092

6 54 3775 1.0 (0.7-1.3) 0.893
Chickenpox 3 92 5825 1.1 (0.9-1.5) 0.322

4 106 5886 1.3 (1.0-1.7) 0.024 1.3 (1.0-1.7)* 1.3 (0.8-2.3)

5 116 5899 14 (1.1-1.7) 0.014 1.3 (1.0-1.7)* 1.3 (0.7-2.3)

6 124 5870 1.6 (1.2-2.0) 0.000 1.5 (1.2-2.0)* 2.1 (1.2-3.6)*
Influenza 3 50 3672 1.0 (0.7-1.3) 0.853

4 53 3719 1.0 (0.7-1.3) 0.888

5 52 3694 0.9 (0.7-1.3) 0.744

6 54 3566 1.0 (0.7-1.4) 0.998
Rubella“ (n=386) (n=25231)

3 57 3587 1.2 (0.8-1.6) 0.363

4 56 3774 1.1 (0.8-1.5) 0.588

5 66 3779 1.2 (0.9-1.7) 0.149

6 78 3781 1.5 (1.1-2.0) 0.005 1.5 (1.1-2.0)* 2.1 (1.3-3.5)*

OR, Odds ratio; CI, confidence interval.
@ Adjusted for socio-economic status and urbanization.

® Adjusted for socio-economic status, urbanization and month of birth.
¢ Data available for subjects born between July 1970 and December 1984.

*p <0.05.

women is also an important factor to be considered.
Chickenpox is a very contagious illness, but most
women of childbearing age were probably infected
during childhood (estimation is 90-95%). Reinfec-
tions, although possible, are quite rare. Rubella is less
contagious and susceptibility in young women is esti-
mated to be greater than 5% in Italy (Revello et al.
2004). However, it was probably higher before the
vaccination campaign started. In Italy, rubella vacci-
nation has been recommended since 1972 for pre-
adolescent girls (Revello et al. 2004), so most women
in our sample were not vaccinated.

Our study seemed to show that the window of risk
for developing AN is at the end of the second trimester
of pregnancy. This is different from what has been
found in schizophrenia (Brown & Derkits, 2010), for
which the months implicated are earlier in pregnancy.
There is evidence that infection-associated events in
early fetal life have a stronger neurodevelopmental
impact compared with late pregnancy infections
(Andersen, 2003; Meyer et al. 2007). This would be
consistent with the characteristics of AN patients who,
unlike individuals with schizophrenia, usually have
normal intelligence quotient levels and high school
achievement (Blanz et al. 1997). Later exposures,
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however, could have more subtle effects on neuro-
development and could interfere with the develop-
ment of neurocircuits implicated in the pathogenesis
of AN (Kaye et al. 2009) as well as with the program-
ming of the stress response systems (Favaro ef al. 2008,
2010).

In our sample, we found weak evidence of a season-
of-birth bias in the risk of developing AN. The present
study is the first to use a large sample born during
a definite period of time in a specific geographical re-
gion. Years of birth were almost never specified in
previous studies that have examined the presence of a
season-of-birth bias in AN (Winje et al. 2008), so even
in large studies (Eagles ef al. 2001; Watkins et al. 2002;
Crisp et al. 2006; Button & Aldridge, 2007) no esti-
mation is possible about the representativeness of the
samples. As reviewed by Winje et al. (2008), studies
about season of birth in AN, although using different
methods and definitions, tend to find an excess of birth
in spring. This is in contradiction with our findings,
since in our sample March is the month with the low-
est rate of AN births. The observed excess of birth in
June in our sample did not seem to be completely
mediated by exposure to rubella or chickenpox during
the sixth month of pregnancy, since the OR was still
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significant after including virus incidence in the
model. In addition, we found no evidence of any link
between temperature at birth or at conception and the
risk of developing AN (Waller ef al. 2001).

Finally, we found evidence that exposure to rubella
and/or chickenpox during the sixth month of preg-
nancy is associated with a lower age at onset of AN.
In a recent report, we found that age at onset is de-
creasing in younger generations, showing a negative
correlation with year of birth (Favaro et al. 2009). Since
exposure to chickenpox infections increased during
the years considered in the present study (see Sup-
plementary material, available online), this relation-
ship could be due to the overlapping of these two
phenomena. However, since a lower age at onset has
been associated to a higher number of perinatal com-
plications in a previous study (Favaro et al. 2006),
another possible hypothesis is a link between viral
exposure and perinatal complications. It is noteworthy
that although viral infection is a known risk factor for
several types of pregnancy, delivery and neonatal
complications (Goldenberg & Thompson, 2003;
Conde-Agudelo et al. 2008; Zaki Mel, 2008), no study
to date has explored the interaction between these two
types of early environmental risk factors. Viral infec-
tions might increase the risk of developing a psychi-
atric illness by increasing the risk of pregnancy and
obstetric complications (Wright et al. 1995; Venables
et al. 2007). Since perinatal complications seem to be a
risk factor for eating disorders (Cnattingius et al. 1999;
Favaro et al. 2006), this hypothesis should also be
tested in AN patients.

The main limitation of the present study is the
use of indirect ecological measures of viral exposure.
Before considering viral infection during pregnancy as
a possible risk factor for developing AN, it is necessary
to confirm our data with serologically demonstrated
maternal infections. In the years considered by the
present study, there was only one great peak of influ-
enza (January 1970). This could lead to an under-
estimation of the effects of this type of viral infection.
We used a multiple recruitment strategy (clinical cases
and case registers for AN subjects and case register for
controls) to ensure a good representativeness of the
sample. This could be considered as both a strength
and a limitation of the study, because five AN subjects
and all controls were not directly interviewed.
The recruitment of the AN sample was mainly per-
formed in a clinical setting and their representative-
ness might be put in doubt. However, our Eating
Disorders Unit is the only specialized unit in the city
and surrounding area. The estimated prevalence of
AN in the Padua area is within the 95% CIs of the
lifetime prevalence rate of our previous study (Favaro
et al. 2003). For this reason, we believe that our sample
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of AN subjects could be considered as fairly rep-
resentative of AN cases in the population. We found
relatively low incidences of viral diseases in the
population as reported by the Italian Statistical Annals
of Public Health. For a number of reasons, it is possible
that these reports are somewhat underestimated. How-
ever, we used these reports to identify the months
when the peak of infections occurred, and only as a
secondary analysis we explored the effect of incidence
as a continuous variable.

In conclusion, in utero exposure to viral infection
could be a risk factor for developing AN. We need
further epidemiological and serological studies to
confirm this hypothesis. It is the role of future research
to understand the complex relationship between viral
infection, maternal nutritional factors and exposure to
stress, since both nutrition and stress can influence in-
fection susceptibility. Furthermore, the role of specific
obstetric complications as mediating factors between
viral infection and subsequent risk for a psychiatric
disorder need to be explored. As for schizophrenia
(Brown & Derkits, 2010), the progressive acknowl-
edgement of the role of prenatal factors in the patho-
genesis of psychiatric disorders demonstrates the
importance of public health and social interventions to
improve the health status of pregnant women and
those of childbearing age.

Note

Supplementary material accompanies this paper on
the Journal’s website (http:/ /journals.cambridge.org/

psm).
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