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Abstract

OBJECTIVES: Polymorphisms in BDNF gene has been proposed, as susceptibility loci
for stress-related psychiatric disorders. Several lines of molecular and biochemical
evidence point to the role of BDNF in anorexia nervosa (AN). Presonality traits may
constitute the intermediate phenotypes between genes and vulnerability to AN.
METHODS: BDNF Val66Met and -270C/T polymorphisms were genotyped in
149 patients with AN and 100 healthy control females. Temperamental traits in
all subjects were measured with Temperament and Character Inventory. First in
case-control analysis, we assessed, if analyzed genotypes confer risk for AN. Next,
the association of BDNF gene variants with personality dimensions in patients and
control subjects was analyzed.

RESULTS: No significant differences between patients with anorexia nervosa and
controls in frequency of genotypes and alleles were observed. AN patients with
Met allele showed higher Harm avoidance (ANOVA F=4.70; p=0.03) than Val/Val
homozygotes. AN patients, who carried the T allele of BDNF -270C/T polymor-
phism showed higher Persistence (Anova F=4.04; p<0.05) and Harm avoidance
(ANOVA F=7.93; p=0.006) than C/C homozygotes, however after correction for
multiple testing only the latter association remained statistically significant. No
significant relationship between Val/Met 66 genotype and -270C/T genotype with
personality was observed in healthy females.

CONCLUSIONS: These results may suggest, that BDNF -270 C/T polymorphism
may influence the personality trait associated with higher risk of AN.
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INTRODUCTION

Anorexia nervosa (AN) is severe psychiatric disorder,
affecting mainly young females. The outcome of the dis-
order might be poor in 50% of cases [36], and mortality
rate reaches 5-10% [37]. The aetiology of AN has been
regarded as multifactorial, with significant contribution
of both genetic and environmental influences [12]. Twin
studies suggest that heritability of AN might be higher
than 50% [5].

Brain derived neurotrophic factor (BDNF) is widely
expressed in the brain, and has been shown to regulate
neuronal development and modulate synaptic plasticity
[18]. Recently it was also established as an important fac-
tor in the energy homeostasis [23] and its role in stress-
related psychiatric disorders is highly probable [10].

In several studies, the serum level of BDNF has been
lower in patients with acute AN, than in healthy controls
[26,25], and this result was not normalized, after partial
weight recovery [27].

The BDNF gene has been mapped to chromosome
11p12-p14 [16]. In some [29,30,32], but not all studies
[13], [8] several polymorphic sites within this gene has
been associated with AN. A single nucleotide polymor-
phism (SNP) in the ‘5 prodomain region of the BDNF
gene, resulting in valine to methionine substitution in
codon 66 (BDNF Val66Met), has been associated with
lower depolarization-induced production of BDNF and
memory function [11]. Hariri et al. found that Met car-
riers exhibited diminished hippocampal engagement in
comparison with Val homozygotes during verbal episodic
memory task [17]. Recently, increased anxiety-related be-
haviors were reported in 66 Met/Met homozygous mice
[5]. The data concerning the functional role of -270 C/T
SNP polymorphism are not so plentiful, however some
studies may suggest the association of this variant with
neuroanatomical changes in the brain [1].

There is possiblity, that diagnostic criteria of DSM-IV
and/or ICD-10 might not be the optimal object of genetic
association studies [7]. The genetic background of com-
plex disorders, such as AN might be better explained,
when some simple dimensional constructs, called endo-
phenotypes, or intermediate phenotypes are introduced
[15]. It was proposed, that personality dimensions may
become useful endophenotypes of some psychiatric
disorders [4].

In many previous studies of personality in AN, the
psychobiological model of Cloninger and collegues was
used [6]. Results point to the significant differences
between AN patients and healthy control females, espe-
cially with regard to temperamental dimensions of Harm
avoidance and Persistence, which are elevated in patients
with AN [20,33].

Previous reports also suggest an association between
BDNF coding variants and some personality dimensions,
mainly neuroticism [34] and trait-anxiety [22] in healthy
subjects; however not all studies brought positive results
[39,38].

To clarify whether two BDNF polymorphisms:
Val66Met and -270 C/T increase risk of anorexia ner-
vosa and influence personality traits associated with
the susceptibility to develop the disorder, we compared
frequency of genotypes in AN patients and controls and
subsequently analyzed temperamental dimensions of
TCI in AN patients and healthy controls with different
genotypic variants of BDNF gene.

MATERIALS AND METHODS

One hundered and forty nine AN patiens and 100
healthy controls participated in the study. Written
informed consent was obtained from all participants,
and the study protocol was approved by the local ethical
committee. In adolescent patients parental assent was
also obtained. All experiments were conducted in
accordance with the Declaration of Helsinki. The ano-
rexia nervosa patients (mean age 17.6 years+2.9) were
hospitalized in the Department of Child and Adolescent
Psychiatry, Poznan University of Medical Sciences in Po-
land. Diagnoses were established according to DSM-IV
[2] criteria with structured interview (SCID-P) and con-
firmed by senior researcher. The control females (mean
age 20.8 yearst1.2) came from the same geographical
region of Poland, which shows high ethnic homogene-
ity. Control subjects have never been diagnosed with
any psychiatric disorder, and have never received any
psychiatric treatment. All controls have also negative
result of the screening questionnaire for eating disorders
(EAT-26) [14]. Because design of the study was to assess
genetic variants in relation to personality, control group
comprised only adult (>18 years) individuals, who are
eligible to sign the informed consent themselves.

Assessments of personality traits with validated ear-
lier [33] Polish version of Temperament and Character
Inventory [6] (240 questions version) was performed
in all subjects. The TCI is a self-report instrument of
yes/no answers assessing the personality dimensions:
Novelty Seeking (40 items), Harm Avoidance (35 items),
Reward Dependence (24 items), Persistence (8 items),
Self-Directedness (44 items), Cooperativeness (42 items),
Self-Transcendence (33 items). All patients were assessed
within three weeks from admission.

DNA was isolated from the peripheral blood
leukocytes with salting out procedure [24]. The SNP
polymorphism of BDNF gene is located in position
198 of the coding sequence, and is characterized by the
substitution of adenine with guanine (A/G). Polymor-
phic variant has functional significance and results in
the substitution of valine to methionine in aminoacid
sequence. The amplification of the polymorphic site
was performed, according to the methods described
by Neves-Pereira et al. [28]. The PCR product of 197
base-pairs (bp) was digested with restrictive enzyme.
The fragments were separated on 2% agarose gel, and
were visualized with ethidium bromide. The uncut
product size was 197 bp allele A (Met), and allele G
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(Val) comprised the cut bands of 124 and 73 bp. The
other SNP polymorphism of BDNF gene is located in
position -270 of the promoter sequence, and is char-
acterized by the substitution of cytosine with thymine
(C/T). No functional significance of the variant has
been established. The amplification of the polymorphic
site was performed, according to the methods described
by Kunugi et al. [21]. The PCR product (223 bp) was
digested with restrictive enzyme. The fragments were
separated on 3.5% agarose gel, and were visualized
with ethidium bromide. The cut bands of 127, 78 and
18 bp indicated the presence of allele C, and allele T
comprised the cut bands of 127, 63 and 33 bp.

Distribution of genotypes in patients and in healthy
controls was checked for concordance with Hardy-Wein-
berg equilibrium. The frequency of genotypes in cases
and controls were compared with Chi-square test with
significance level of p=0.05. The analyses of the quantita-
tive variables were performed with ANOVA test. Initially,
age, height and weight were compared with diagnosis
as independent variable. Secondly, the analysis of the
relationship between genotypes and personality traits in
AN patients and healthy controls was performed with
genotypes as independent variables and dimensions of
personality as dependent variables. Only temperamen-
tal traits, mainly influenced with genetic factors were
analysed. The subjects were grouped according to the
carrier status of Met allele (Val/Met 66 polymorphisms)
and T allele (-270 C/T polymorphism). To control for
multiple testing (comparison of genotypes with multiple
personality traits) — the significance level was adjusted to
p=0.0125. Analyses were performed with SPSS statisti-
cal package for Windows [35]. The power analysis was
performed with internet-based on-line power calculator
(www.stat.ubc.ca).

BDNF gene, personality and anorexia

RESULTS

Patients with anorexia nervosa presented with sig-
nificant differences from control subjects in all anthro-
pometric characteristics, and showed lower age, weight,
height and BMI than controls (Table 1).

The distribution of the BDNF Val/Met 66 polymor-
phism in both study groups and -270C/T polymorphism
in control subjects were in Hardy-Weinberg equilibrium,
however -270 C/T polymorphism in AN patients showed
deviation from HWE. Power to detect a significant effect
in the case-control study was 32% and 10%, respectively
in analyses of Val/Met 66 and -270 C/T polymorphisms.
We did not observe differences in the frequency of the
two BDNF genotypes between AN patients and control
females. The detailed results were presented in Table 2.

Examination of the relationship between analyzed
genotypes and personality dimensions showed that
BDNF Val/Met 66 polymorphism may be associated
with personality traits in AN patients. Carriers of Met
allele showed higher Harm avoidance (ANOVA p=0.03)
than Val/Val homozygotes. No significant association
between Val/Met 66 polymorphism and personality was
observed in healthy control subjects. The detailed results
are presented in Table 3. Similarily, no association be-
tween -270 C/T genotype and personality was observed
in healthy controls. However, patients with anorexia
nervosa, who carried the T allele showed significantly
higher Persistence (ANOVA p<0.05) and Harm avoid-
ance (ANOVA p=0.006) than C/C homozygotes. The
detailed results are presented in Table 4. Finally, after
the introduction of Bonferroni adjusted p-level, only
the association between -270 C/T polymorphism and
Harm avoidance, in AN patients met criteria of statistical
significance.

Table 1. Antropometric characteristics of anorexia nervosa (AN) patients and healthy control subjects (HC).

Variable Mean+SD Range ANOVAF p-value
HC 20.7£1.24 19.00-25.00

Age (yrs.) 138.494 <0.01
AN 17.58+2.50 11.00-25.00
HC 168.80+7.61 156.00-189.00

Height (cm) 23.664 <0.01
AN 163.99+6.30 142.00-179.00
HC 59.98+9.73 45,00-95.00

Weight (kg) 227.267 <0.01
AN 41.48+7.56 25.70-75.00
HC 20.96+2.27 17.71-29.98

BMI (kg/m2) 296.991 <0.01
AN 15.37+2.24 10.75-24.49

In columns means + standard deviations, ranges, Anova F test results, and their significance were presented.
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Table 2. Distribution of 66 Val/Met and -270 C/T BDNF genotypes
in anorexia nervosa patients (AN) and healthy controls (HC).

BDNF 66 Val/Met polymorphism  HWE
Val/Val Val/Met Met/Met
64 19 3 9 .
HC Chi -_100360,
744%  22.1% 3.5% o=k
Study group
97 44 3 9 .
3 iy
67.4%  30.6% 2.1% p=0.
Chi2=2.20; p=0.33
BDNF -270 C/T polymorphism
c/C (Jh) TT
85 5 0 Chi2=0.07;
e =0.79
94.4% 5.6% 0% o=
Study group
125 6 1 2 .
p criers
94.7% 4.5% 0.8% p<v.

Chi2=0.79; p=0.67
In columns number (and percentage below) of subjects with
different genotypes were reported. Right column shows test of
concordance with Hardy-Weinberg Equilibrium (HWE). Below Chi-
square test of association between each genotype and diagnosis of
AN was presented.

DISCUSSION

In this study we did not observe the association be-
tween polymorphisms of BDNF gene and the diagnosis
of anorexia nervosa in Polish population. However,
given the typical effect size of genetic polymorphisms
associated with psychiatric diagnoses, this result should
be interpreted cautiously, and considered preliminary.
Tentative relationship of BDNF gene variants with

personality dimensions, which may predispose to the
development of AN was observed.

Association studies of BDNF Val/Met 66 polymor-
phism in eating disorders brought conflicting results
[13], however the largest case-control study of 1142
participants showed that Met66 allele may increase the
risk of different eating disorders, i.e. anorexia nervosa of
both types, and bulimia nervosa [30]. This observation
was later confirmed with family based design [32]. It
was proposed, that, -270C allele may increase the risk
of bulimic phenotype of eating disorders in some Euro-
pean populations [30], however these results were not
confirmed in subsequent family-based design study [32].
Our preliminary results did not confirm the reported as-
sociations with the diagnosis of AN, however the study
sample was underpowered to detect the significant effect.

In anorexia nervosa patients with T allele of -270C/T
polymorphism higher Harm avoidance was observed,
which is described as a trait associated with increased risk
of AN [20]. In contrast to Val/Met 66 polymorphisms, this
genetic variant has not been previously associated with
personality dimensions. The -270C/T polymorphism
was described as associated with late onset Alzheimer’s
disease [22], and our study may indicate it is also as-
sociated with personality trait predisposing to other
psychiatric disorders. Although, there are some data,
that —270C/T variant may have some functional role, we
also can not exclude the possibility, that observed effect is
caused by another polymorphic site, which is in linkage
disequilibrium with the analyzed variant.

Association of Val/Met 66 polymorphism with higher
Harm avoidance and -270 C/T polymorphism with
higher Persistence in AN patients did not reach the level
of statitstical significance. In previous studies of tem-
peramental traits in eating disorders, Harm avoidance
was considered an universal risk factor for all ED, and
Persistence was probably more pronounced in patients
with restrictive type pathology [21,33]. BDNF Met66

Table 3. Personality dimensions in healthy control subjects (HC) and anorexia nervosa patients (AN) with different genotypes of

BDNF Val/Met 66 polymorphism.

Personality dimension Genotype HC AN
MeanzSD ANOVAF p-value MeanzSD ANOVAF p-value
Val/Val 3.88+1.86 4.75+£1.69
Persistence 0.058 0.810 0.027 0.869
Val/Met + Met/Met 3.75+2.21 4.81+£1.92
Val/Val 18.9216.82 18.19£5.33
Novelty seeking 0.294 0.590 0.150 0.700
Val/Met + Met/Met 19.94£6.33 17.76£5.39
Val/Val 17.58+6.93 20.3216.18
Harm avoidance 0.025 0.875 4.703 0.032
Val/Met + Met/Met 17.29+4.63 23.06+5.99
Val/Val 15.33+3.69 15.82+3.34
Reward dependence 0.531 0.469 1314 0.254
Val/Met + Met/Met 16.06+3.01 14.94+4.26

Number of subjects in HC group: Val/Val (n=64) and Val/Met plus Met/Met (n=22); in AN group Val/Val (n=97) and Val/Met plus Met/Met
(n=47). In columns meansz standard deviations, Anova F test results, and their significance were presented.
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Table 4. Personality dimensions in healthy control subjects (HC) and anorexia nervosa patients (AN) with different genotypes of
BDNF -270 C/T polymorphism.

Personality dimension Genotype HC AN
MeantSD ANOVAF p-value Mean+SD ANOVAF p-value
C/C 3.73+1.81 4.72+1.74
Persistence 3.711 0.058 4.037 0.047
C/T+T/T 5.40+2.70 6.17+.75
C/C 19.64+6.65 18.22£5.51
Novelty seeking 1323 0.254 0.644 0.424
CT+T/T 15.75£4.35 16.20+4.49
C/C 17.4246.39 20.52+6.08
Harm avoidance 0.080 0.779 7.927 0.006
C/T+T/T 16.50+4.51 27.67+5.05
C/C 15.38+£3.43 15.51£3.72
Reward dependence 2.361 0.129 0.409 0.524
C/T+T/T 17.80£2.77 16.60£3.91

Number of subjects in HC group: C/C (n=85) and C/T plus T/T (n=5); and in AN patients group: C/C (n=125) and C/T plus T/T (n=7). In
columns meansz standard deviations, Anova F test results, and their significance were presented.

allele was associated with increased HA and risk for
anxiety and depression [20], however the association of
Val66 with temperamental trait of neuroticism [5] and
anxiety-related traits were also reported [23]. It was pre-
viously demonstrated, that anxious [3] and neurotic [10]
personality traits may predispose to the development of
AN. Indirect confirmation of the association between
Met66 allele and anxiety-related traits comes also from
animal model, in which mice homozygous for Met66
allele showed increased anxiety-related behaviors, when
placed in stressful settings [6]. Moreover, it was recently
reported, that polymorphism in BDNF-specific receptor
gene (neurotrophic tyrosine kinase receptor type 2) show
association both with anorexia nervosa and Harm avoid-
ance [31]. Thus, Met66 allele of BDNF gene may trans-
diagnostically increase the risk of different internalizing
disorders by influencing the temperamental dimensions,
such as neuroticism and HA. Our results did not confirm
the relationship between Met66 allele and Harm avoid-
ance, however in larger sample of patients, the difference
between genotypes may become significant.

This study has several limitations. We recruited
only inpatients with AN, and the results may not be
generalized to subjects with less severe symptoms. The
study was underpowered to detect the significant differ-
ences in relation to diagnosis, however published data
may be relevant in subsequent meta-analysis of BDNF
polymorphisms in AN. Lack of association between
66Met polymorphism and -270T polymorphism with
some personality traits in healthy subjects, may be re-
lated to higher heterogeneity of these traits in general
population. Despite the fact, that patients and controls
were recruited from the same geographical region, we
can not exclude the possibility of population stratifica-
tion. The significant difference in age between patients
and control subjects resulted from design of the study,

which required for healthy controls to be capable to sign
the informed consent themselves.

In conclusion, these results suggest that in patients
with AN, T allele of 270 C/T polymorphism may influ-
ence trait of Harm avoidance, which may predispose
to the development of anorexia nervosa. The tentative
associations between Val/Met 66 polymorphism with
Harm avoidance, and -270 C/T polymorphism with Per-
sistence do not reach the adjusted level of significance.
Thus, the role of temperamental traits, as intermediate
phenotype between genotype and clinical syndrome
gathered partial support. Because of small study sample
we were not able to confirm the association between
BDNF polymorphisms and AN diagnosis in Polish
population, however due to the lack of power no defini-
tive conclusions could be made. Our results should be
considered preliminary and require confirmation in a
larger sample of patients.
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