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Summary

Background: The brain-derived neurotrophic factor (BDNF) is a key protein in maintaining
neuronal integrity. The BDNF gene is thought to play an important role in the pathophysiology
of mood and anxiety disorders. The aim of this study was to investigate, for the first time in a
single study, the association between BDNF Val®®Met polymorphism, anxiety, alcohol consump-
tion, and cortisol stress response.

Method: 98 healthy university students (54 females and 44 males), genotyped for the Val®*Met
polymorphism, participated in a physical-stress procedure (cold pressure test, CPT) after having
been informed that they would undergo a painful experience. Indices of anxiety and of stress
were collected from repeated measurement of salivary cortisol, blood pressure, and heart rate.
Results: BDNF Met carriers, were more anxious during the CPT (p < 0.001), drank more alcohol
per week, (p < 0.05), and showed significantly higher anticipatory cortisol response (p < 0.05),
but not in response to the CPT, than Val/Val homozygotes. The association of BDNF Val®®Met
polymorphism with HPA axis reactivity to stress was not modulated by gender. These results
suggest that Met carriers are particularly sensitive in anticipating stressful events, which extends
previous findings on the moderating role of the BDNF Val®®Met polymorphism in the face of
stressful life events.

© 2011 Elsevier Ltd. All rights reserved.
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functioning (Erickson et al., 2003). Several authors have
attributed various problems in health and wellbeing to the
impaired attunement of individuals to their environment, as
a consequence of a dysfunctional hypothalamic—pituitary—
adrenal (HPA) axis — the major pathway for regulating stress
responses — and its cortisol production (e.g. McEwen, 1998b;
Corbett et al., 2009).

A neurotrophin that has been shown to regulate the HPA
response to stress is the brain-derived neurotrophic factor
(BDNF). BDNF is a critical regulator of the formation, plas-
ticity, and integrity of neurons in brain circuits that regulate
emotion (Angelucci et al., 2005; Duman and Monteggia,
2006). In animals, exposure to stress early in life (for exam-
ple, repeated maternal separation) has been found to induce
a relative decrease in the expression of BDNF and to sub-
sequent neuronal atrophy and degeneration in the hippo-
campus and the cortex, which can persist into adulthood
(Murakami et al., 2005; Roceri et al., 2004; Song et al., 2006).
Duman and Monteggia (2006) suggested that decreased
expression of BDNF contributes to depression and that upre-
gulation of BDNF plays a role in the actions of antidepressant
treatment. Along the same line, Sertoz and colleagues (2008)
suggest that low BDNF might be associated with burnout
symptoms including altered mood and cognitive functions.
The interaction between BDNF and HPA is even more com-
plicated by evidence suggesting that neuroactive steroids, as
dehydroepiandrosterone (DHEA), pregnenolone (PREG),
modulate both HPA axis and BDNF protein levels (Naert
et al., 2007). Moreover, it seems that in men plasma BDNF
levels, as well as cortisol levels, are significantly higher in the
morning than in the night (Begliuomini et al., 2008).

A promising functional single nucleotide polymorphism
(SNP) that leads to an exchange of amino acids from valine
(Val) to methionine (Met) has been found at codon 66 in the 5’
pro domain of the BDNF gene (Egan et al., 2003). The Met
allele is associated with a decrease in activity-dependent
secretion of BDNF compared to the Val allele (Egan et al.,
2003). Given that the Met/Met homozygote variant occurs in
only 2—3% of the Caucasian population, most studies have
compared carriers of a Met allele (Val/Met) with individuals
who are homozygous for the Val allele (Val/Val). Interest-
ingly, Shalev et al. (2009) showed that BDNF Val®*Met is
associated with HPA axis reactivity to psychological stress:
male Val/Val homozygotes showed a greater rise in salivary
cortisol than Val/Met heterozygotes, while female partici-
pants exhibited a trend towards the opposite response. Along
the same line, Schiile et al. (2006) showed, by means of the
fluorescence resonance energy transfer method (FRET), that
Met carriers were associated with a significantly higher HPA
axis activity during the dexamethasone/CRH test than Val/
Val homozygotes.

Vinberg et al. (2009) demonstrated that individuals at high
risk of affective disorders and who are Met carriers may
exhibit an enhanced stress response. However, the altered
stress response may be expressed only in combination with
other risk variants through interactions with the environ-
ment. Furthermore, Elzinga et al. (2011) showed that BDNF
Val®*Met moderated the effects of childhood abuse and
recent stress on BDNF levels, with the Met carriers with a
history of childhood abuse (CA) having lower BDNF levels
compared to Met carriers without a history of CA, whereas
this pattern was reversed in the Val/Val group. Moreover, Met

carriers have also been found to be more anxious and
depressed, both in animal studies (Chen et al., 2006) and
in human studies (Jiang et al., 2005; Frodl et al., 2008; Gatt
et al., 2009; Montag et al., 2009; Montag et al., 2010;
Verhagen et al., 2010). In contrast to all these studies, Lang
et al. (2005) found higher anxiety scores, as measured by the
State Trait Anxiety Inventory (STAI), which allows anxiety to
be quantified as a comparatively stable personality trait, in
Val/Val homozygous individuals compared to Met carriers.

Besides being involved in regulating the HPA axis, the
BDNF Val®®Met polymorphism seems to be involved in alcohol
addiction, craving, and withdrawal (for a review, see Davis,
2008). First, the Met/Met BDNF polymorphism has been
associated with alcoholism in violent alcoholics (Matsushita
et al., 2004). Second, animal and in vitro studies suggest that
short-term exposure to alcohol may increase BDNF levels in
an effort to maintain homeostasis, but that long-term alcohol
use causes both a decrease in BDNF levels in the hippocampus
and hippocampal atrophy. In humans, Korean alcoholic
patients were shown to have lower plasma BDNF levels
(Joe et al., 2007). All these studies suggest that both low
BDNF levels and the Met allele are associated with long-term
alcohol use.

Interestingly, the number of alcohol units consumed per
week and heavy drinking are positively associated with
plasma cortisol levels (Gianoulakis et al., 2003) and salivary
cortisol levels (Badrick et al., 2010). Dai et al. (2002) found
that a single drink in advance of a stressor prevented the
cortisol response to that stressor.

The purpose of the present study was to bring the pieces of
this puzzle together in order to understand the multifaceted
relation between BDNF Val®®Met polymorphism, HPA axis
reactivity, anxiety, and alcohol consumption. Furthermore,
we aimed at extending previous findings of Shalev et al.
(2009) and investigate whether physical stress may also
induce higher cortisol stress response in association with
the BDNF Val®*Met polymorphism. In order to do that, healthy
university students, genotyped for the Val®®Met polymorph-
ism, we asked to participate in a physical-stress procedure
(cold pressure test: CPT) and informed beforehand that this
would be a painful experience. Indices of anxiety and of
stress were collected from repeated measurement of salivary
cortisol, blood pressure, and heart rate. To test whether
anxiety and/or general neurotic trait may be correlated with
alcohol consumption in Met carriers, participants filled out a
personality trait questionnaire. We expected Met carriers to
show higher cortisol levels in response to the cold pressure
test, to be more anxious, and to consume more alcohol than
Val/Val homozygotes.

2. Materials and methods
2.1. Participants

98 young Caucasian healthy adults (44 male/54 female), with
a mean age of 22.2 years (SD = 2.6, range 18—30), served as
participants for partial fulfilment of course credit or a finan-
cial reward. The sample was drawn from 110 adults in the
Leiden and Rotterdam Metropolitan area (The Netherlands),
who volunteered to participate in studies of behavioral
genetics. Participants were recruited via ads posted on
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community bulletin boards and by word of mouth. Exclusion
criteria were any major medical illness that could affect
brain function, current and/or past substance abuse, neuro-
logical conditions, endocrine illness, history of head injury,
and history of psychiatric medical treatment. Participants
were selected individually via a phone interview by the same
lab-assistant using the Mini International Neuropsychiatric
Interview (M.I.N.l.; Sheehan et al., 1998). The M.I.N.I. is a
well established brief diagnostic tool in clinical and stress
research that screens for several psychiatric disorders includ-
ing schizophrenia, depression, mania, ADHD, and obsessive-
compulsive disorder (Sheehan et al., 1998; Elzinga et al.,
2007; Elzinga et al., 2008). Based on the interview, we
excluded 12 of the 110 potential participants because of
hints to a possible psychiatric disorder (ADHD, Mania) and/or
substance abuse (cannabis).

Written informed consent was obtained from all partici-
pants after the nature of the study was explained to them;
the protocol was approved by the institutional review board
(Leiden University, Institute for Psychological Research).

2.2. Questionnaires

Participants filled out the Liebowitz Social Anxiety Scale
(LSAS), Eysenck’s personality questionnaire (EPQ-RSS), and
one rating scale about weekly alcohol consumption. The LSAS
(Liebowitz, 1987) consists of 24 short descriptions of social
situations and participants have to indicate to what degree
(none, mild, moderate, severe) those situations cause them
anxiety or fear. The EPQ-RSS questionnaire consists of 48 yes/
no questions that measure extraversion, neuroticism and
psychoticism traits of personality (Eysenck & Eysenck,
1991). Higher scores on the 12 items of a given personality
scale indicate a stronger tendency to exhibit that personality
trait. Finally, participants reported how many units of alcohol
they drank regularly per week.

2.3. Cold pressure test

To induce stress we used the well established cold pressure
test (CPT, von Baeyer et al., 2005; Colzato et al., 2008).
Participants were asked to immerse a hand in cold water (1—
4°C) for 1.5 min. Pumps circulating the cold water prevented
the development of a microenvironment of warmer water
around the hand of the participant. Ice cubes were used to
cool the water and a perforated plastic separated the ice
from the hands of the participants.

2.4. Subjective measures of stress

Subjective indicators of anxiety, nervousness, and feelings of
insecurity were assessed once (after the CPT) on a visual
analogue scale ranging from 0 to 10.

2.5. General procedure

Prior to the testing session, participants were given the Ora-
gene TMDNA self-collection kit for DNA sampling. After receipt
of their DNA, participants were scheduled for testing within a
fixed time window (between 1500 and 1800 h) to counter
effects of circadian changes in cortisol. Following Colzato

et al. (2008), participants were asked to minimize their phy-
sical exercise during the hour before the experiment and to
refrain from big meals, coffee, tea, drinks with a low pH,
chocolate or chocolate milk, psychoactive drugs and alcohol
(all variables known to have an influence on cortisol levels)
starting from 20:00 the evening before the experiment. Com-
pliance with these instructions was motivated by announcing
that saliva samples would be taken. Testing was carried out by
lab-assistants, who were naive with respect to the hypotheses
and participants’ genetic predispositions, ina laboratoryin the
Institute for Psychological Research of Leiden University.

The study consisted of one session lasting for about 50 min.
At every assessment point all physiological stress markers
(saliva, HR, SBP and DBP) were measured. The study comprised
two parts. In the first part participants were informed that
later they would undergo a painful stress procedure. After-
wards, a baseline assessment of physiological measures
(—15 min) was followed by the filling out the LSAS, the EPQ-
RSS and the rating scale about weekly alcohol consumption.

The second part of the study consisted of the CPT followed
by the presentation of a rating scale to obtain subjective
measures of stress and two assessments of physiological
measures (+15 min and +30 min).

2.6. Sampling and biochemical analysis

Salivary cortisol: Salivary cortisol was sampled three times
during the 50-min session at the following time-points:
15 min prior to the CPT and 15 and 30 after the CPT. Saliva
samples were obtained using Salivettes (Sarstedt, Rommels-
dorf, Germany). Saliva samples were stored at —18 °C before
assaying (Dresden LabService GmbH, Dresden, Germany).
Heart rate and blood pressure: Heart rate and systolic and
diastolic blood pressure (SBP and DPB) were measured from
the non-dominant arm with a OSZ 3 Automatic Digital Elec-
tronic Wrist Blood Pressure Monitor (Speidel and Keller).

2.7. DNA laboratory analysis

Genomic DNA was extracted from saliva samples using the
Oragene TM DNA self-collection kit following the manufac-
turer’s instructions (DNA Genotek, Inc., 2006). Following Col-
zato et al. (2010a,b,c), the genotype was scored by two
independent readers by comparison to sequence-verified stan-
dards. The Val®*Met polymorphism (rs 6265) was extracted
from whole genome data using PLINK software (http://
pngu.mgh.harvard.edu/~purcell/plink). Val®*Met was in the
equilibrium as stated by Hardy and Weinberg (p = 0.26). More-
over, genotype frequencies (Val®®Val 65.5%, Val®*Met 31.5%,
and Met®®Met 3%) were similar to those reported in previous
studies on Caucasian populations (Gatt etal., 2009; Lang et al.,
2005; Elzinga et al., 2010). Individuals who were homozygous
for the Met allele were merged with the heterozygous indivi-
duals into a group of Met carriers (n = 39) and compared to
homozygous Val carriers (n = 59).

2.8. Statistical analysis

All statistical tests were carried out using SPSS version 17
(Windows). First, statistical analysis of cortisol, heart rate,
and blood pressure was subjected to repeated measures gen-
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Table 2 Means =+ standard deviations for cortisol, heart
rate, systolic (SBP) and diastolic blood pressure (DBP) for
the whole sample, Met carriers and Val/Val homozygous

individuals.
Whole sample  Met carriers  Val/Val
homozygous
N 98 39 59
Cortisol
—15min  8.5+4.8 9.845.3 7.6 +4.2
+15 min 9.1+4.9 9.4+ 4.1 9.0+5.3
+30 min 10.3 £ 6.6 10.1 £5.2 10.5+7.4
Heart rate
—15min  75.8 £ 13.6 78.4 +13.5 74.1 +13.6
+15 min 68.7 £ 11.2 71.4+10.7 67.0+11.3
+30 min 69.5 + 12.1 70.4 +11.6 68.9 +12.5
SBP
—15min 128 £ 16 129 +17 127 £ 15
+15 min 124 + 16 127 + 15 122 + 17
+30 min 124 + 19 127 + 22 123 + 16
DBP
—15min 74+ 11.3 73 +10.5 75 +11.9
+15 min 74+9.4 74 +£10.0 74 £9.1
+30 min 76 +£14.2 78 +18.1 75 £ 11.0

" Significant group difference p < 0.05.

F(1,97) =31.74, p < 0.0001,
F(1,97) = 23.36, p < 0.0001, »?=0.20, and more insecure,

n?=0.25,

more nervous,

F(1,97) =23.32, p < 0.0001, % =0.19 s (see Table 1).

3.4. Weekly alcohol consumption

Met carriers consumed significantly more alcohol than Val/
Val homozygote, F(1,97)=4.44, p <0.05, 1*=0.05 (see

Table 1).

3.5. Social anxiety (LSAS scale)

Met carriers reached higher scores on social anxiety,
F(1,97) =4.42, p <0.05, n? =0.04, than Val/Val homozy-

gotes (see Table 1).

Figure 1

3.6. Eysenck’s personality questionnaire
(EPQ-RSS)

Met carriers reached comparable scores on neuroticism,
extraversion and psychoticism as Val/Val homozygotes,
F’s <1 (see Table 1).

3.7. Correlations

In Met carriers, weekly alcohol consumption correlated posi-
tively with feelings of anxiety during CPT, r(39)=0.283,
p < 0.05, while social anxiety score, neuroticism, and corti-
sol level at Time 1 followed the same trend without reaching
significance. In Val/Val homozygotes, no significant correla-
tions were obtained between alcohol consumption, cortisol
level at Time 1, neuroticism, and anxiety scores.

4. Discussion

The present study, for the first time, attempted to under-
stand the multifaceted relation between BDNF Val66Met
polymorphism, and stress reactivity — as measured in terms
of HPA axis reactivity — anxiety, and alcohol consumption.
Met carriers reported significantly stronger feelings of anxi-
ety, nervousness, and insecurity during the CPT, and gener-
ally higher scores in social anxiety, than Val/Val
homozygotes. The same Met carriers consumed significantly
more alcohol per week and showed a stronger anticipatory
stress response (an anticipatory psychoendocrine response
that occurs during the period immediately preceding the
onset of exercise or physical stress; Mason et al., 1973).
Met carriers did not show higher cortisol levels in response to
the CPT, as indicated by the increased levels of salivary
cortisol at Time 1, but not at Time 2. These results suggest
that cortisol levels increased in response to the information
provided before the CPT that they would undergo a painful
experience, rather than to the physical-stress procedure
itself.

Our results replicate earlier findings by Jiang et al.
(2005) and Montag et al. (2010) in showing an association
between the Met-allele and higher anxiety in humans. They
are also consistent with the observation of Wichers et al.

Salivary Cortisol (nM\L)
©

—@— Met carriers
—(O— Val/Val homozygous
—@— Overall

15 30

Time (minute)

Modulation of salivary cortisol by BDNF Val®®Met during the CPT.
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(2008) that Met carriers exhibit a more pronounced nega-
tive-affect response to social stress than Val/Val homozy-
gotes. Our findings go beyond the study of Shalev et al.
(2009) in suggesting that not only social stress (as induced
by the Trier Social Stress Test, in which participants role-
play in front of two unfriendly interviewers and then carry
out a challenging counting task), but also physical stress
induces higher cortisol stress responses in association with
the BDNF Val®®Met polymorphism. Moreover, our study
suggests that the BDNF Val®®Met polymorphism may not
only be associated with alcohol abuse (see Davis, 2008),
but may be related to alcohol consumption in the healthy
population as well. Finally, we show that, in Met carriers,
alcohol consumption correlated positively with feelings of
anxiety during the CPT. At this point, we can only speculate
that Met carriers may indeed use alcohol to “control” the
anxiety associated with stressful situation. Given that, in
Met carriers, anxiety during CPT, but not neuroticism,
correlated with alcohol consumption, we suggest that
our findings may be specific to anxiety, rather than to a
general neurotic personality trait (at least as measured by
the EPQ-RSS questionnaire).

However, we failed to replicate Shalev et al.’s (2009)
finding of a gender modulation in the association of BDNF
Val®®Met polymorphism with HPA axis reactivity to stress:
male Val/Val homozygotes showed a greater rise in salivary
cortisol than Val/Met heterozygotes, while in female parti-
cipants there was a trend for the opposite response.

This inconsistency may be explained by the different
methodology used by the two studies: the study by Shalev
and colleagues used a twice as long protocol as we did,
adopted a social rather than physical stressor, and involved
eight rather than three samples of salivary cortisol. Even if,
gender differences has been found in association with
physical stress, both in children and adults (Dixon et al.,
2004; Allen et al., 2009), a possible role of the strength of
the stress induction — or of the induced stress response — is
suggested by the study of Zimmer et al. (2003). They used a
version of the CPT, the modified plunge test, which was
conducted twice on 2 consecutive trials. The result was a
significantly larger cortisol increase in men compared to
women, which however was obtained only in the second but
not in the first trial. This leaves the possibility that a
gender modulation along the lines of Shalev et al. (2009)
can be found with a more extreme, or more temporally
extended stress induction than we have used in the present
study.

A limitation of this study is that, given the correlational
nature of the observed relationship between BDNF Val®®Met
polymorphism, stress reactivity, anxiety, and alcohol con-
sumption, it is not possible to provide a conclusive causal
interpretation of the way these factors are related. The
interaction between BDNF, anxiety, and drinking behavior
seems to be rather dynamic. Indeed, animal and in vitro
studies suggest that short-term exposure to alcohol may
increase BDNF levels in an effort to maintain homeostasis,
but that long-term alcohol use causes both a decrease in
BDNF levels in the hippocampus and hippocampal atrophy
(for areview, see Davis, 2008). Just like a downward spiral, so
one may speculate, anxiety may be reduced by drinking
alcohol on the short run but cause more stress on the long
run (Sinha, 2008).
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