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Abstract. - OBJECTIVE: Brain-derived neu-
rotrophic factor (BDNF) is a neurotrophic factor
with an important role in the regulation of body
weight, body mass index (BMI) and obesity. In-
creased BMI that leads to obesity is a substan-
tial risk factor for coronary heart disease (CHD).
The functional BDNF Val66Met polymorphism
(rs6265) has been associated with CHD, obesity
and BMI. The aim of the study was to determine
the association between BDNF rs6265 polymor-
phism and CHD and/or BMI in patients with CHD
and healthy control subjects.

PATIENTS AND METHODS: The study includ-
ed 704 Caucasian subjects: 206 subjects with
CHD and 498 healthy control subjects. The BDNF
rs6265 genotype frequency was similar in male
and female subjects, and there were no differ-
ences in the frequency of the BDNF rs6265 geno-
types in 206 patients with CHD and in 498
healthy subjects. When study participants were
subdivided according to the BMI categories into
normal weight, overweight and obese subjects,
significantly different BDNF rs6265 genotype fre-
quency was found within healthy subjects, but
not within patients with CHD. Healthy subjects,
but not patients with CHD, subdivided into carri-
ers of the Met/Met, Met/Val and Val/Val genotype,
had different BMI scores.

RESULTS: The BDNF rs6265 genotype frequen-
cy was similar in male and female subjects, and
there were no differences in the frequency of the
BDNF rs6265 genotypes in 206 patients with CHD
and in 498 healthy subjects. When study partici-
pants were subdivided according to the BMI cate-
gories into normal weight, overweight and obese
subjects, significantly different BDNF rs6265
genotype frequency was found within healthy
subjects, but not within patients with CHD.
Healthy subjects, but not patients with CHD, sub-

divided into carriers of the Met/Met, Met/Val and
Val/Val genotype, had different BMI scores. BDNF
rs6265 polymorphism was not associated with a
diagnosis of CHD or with BMI categories among
patients with CHD. In contrast, healthy Cau-
casians, carriers of the BDNF Met/Met genotype,
had more frequently normal weight compared to
carriers of other BDNF genotypesBDNF rs6265
polymorphism was not associated with a diagno-
sis of CHD or with BMI categories among patients
with CHD. In contrast, healthy Caucasians, carri-
ers of the BDNF Met/Met genotype, had more fre-
quently normal weight compared to carriers of
other BDNF genotypes.

CONCLUSIONS: BDNF rs6265 polymorphism
is associated with BMI categories, and the BDNF
Met/Met genotype has a protective role in obesi-
ty in healthy subjects, while this effect was not
present in patients with CHD.
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BDNF = brain-derived neurotrophic factor; BMI =
body mass index; CHD = coronary heart disease; CNS
= central nervous system; SNP = single nucleotide
polymorphism; Met = methionine; Val = valine.

Introduction

Increased body mass index (BMI) might lead to
obesity, as well as to coronary heart disease
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(CHD). These conditions are two most common
human health problems worldwide. Defined as an
excess of body fat, both increased BMI and obesi-
ty are risk factors for CHD'. Overweight and obe-
sity are characterized by the abnormal or exces-
sive fat accumulation that disturbs well-being and
impairs health?. Atherosclerosis is an inflammato-
ry disorder, associated with adipose tissue dys-
function®, that frequently contributes to the initia-
tion and progression of obesity-induced metabolic
and cardiovascular complications such as cardio-
vascular disease and CHD*. Obesity, cardiovascu-
lar diseases and CHD are multifactorial disorders
influenced by the complex interaction between
various genetic and environmental factors®.
Brain-derived neurotrophic factor (BDNF), a
member of the neurotrophine family, has major
roles in neurodevelopment, neuronal survival and
differentiation, neuronal function, synaptic plas-
ticity and connectivity in the brain, as well as in
the memory formation and processing, learning,
mood, cognition, and stress response®’. It is
widely distributed in the central nervous system
(CNS), especially in the hippocampus, amygdala,
cerebral cortex and hypothalamus®, where it mod-
ulates serotonergic, glutamatergic, cholinergic,
and dopaminergic neurotransmission®’. BDNF,
localized in the hippocampus and the hypothala-
mus, modulates both energy metabolism and
synaptic plasticity and, therefore, affects cogni-
tion and metabolic regulation'’. Besides CNS,
where it regulates energy homeostasis'!, BDNF
is also localized at the periphery in different cell
types associated with different pathologies occur-
ring in CHD and coronary artery disease'?. The
cardiovascular and metabolic effects of BDNF
suggest its role in human coronary atherosclero-
sis and metabolic syndrome'*'*. BDNF can be
stored and released from platelets into plasma's,
but it is also found in developing heart cells'®, ath-
erosclerotic vessels!”, macrophages'®, endothelial
cells'® and vascular smooth muscle cells'”°. All
these cell types may synthesize BDNF, there-
fore providing an explanation for its association
with atherosclerotic and cardiometabolic dis-
ease’. Among various other polymorphisms of
the BDNF gene, there is one functional single
nucleotide polymorphism (SNP) which produces
amino acid substitution (Valine/Val/to Methion-
ine/Met/) at position 66 (G196A or Val66Met) in
the pro-BDNF sequence and results in the im-
paired intracellular trafficking®'?%. In vitro studies
demonstrated that the Met variant of the BDNF
Val66Met polymorphism is related to the lower
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activity-dependent BDNF secretion from the cul-
tured hippocampal neurons?!. Due to the multiple
functions of this neurotrophic factor, BDNF has
been evaluated as a candidate gene in various
neuropsychiatric disorders including eating dis-
orders’%23 In addition, BDNF and BDNF
Val66Met polymorphism have been reported to
be associated with body weight regulation, BMI,
obesity!'!**? and cardiometabolic disease®!7.
However, these associations are far from clear,
and the results regarding BDNF Val66Met and
BMI*#:3132 and/or CHD'** are inconsistent.

The aim of the study was to evaluate the asso-
ciation between BDNF Val66Met polymorphism
and CHD and/or BMI in patients with CHD and
in healthy controls. The hypothesis was that dif-
ferent BDNF Val66Met genotypes will be associ-
ated with CHD or with increased BMI in CHD
patients and healthy control subjects that were all
Caucasians of the Croatian origin.

Patients and Methods

Participants

The study included 704 subjects who were di-
vided into 206 subjects with coronary heart dis-
ease (CHD), and 498 healthy control subjects, all
Caucasians of the Croatian origin. Diagnosis of
CHD was done by a cardiologist using ICD-10
criteria. Ischemic heart disease is reported in ICD-
10 with categories 120-125. These categories in-
clude angina pectoris, myocardial infarction, cur-
rent complications following myocardial infarc-
tion and chronic ischemic heart disease. The crite-
ria for diagnosing CHD were: > 50% stenotic le-
sions in at least one major coronary vessel deter-
mined by coronary angiography or multi-slice
computed tomography (MSCT), myocardial in-
farction, coronary stent implantation and coronary
artery bypass surgery. Exclusion criteria for CHD
subjects were: neurodegenerative and neuropsy-
chiatric disorders, use of antidepressants and anxi-
olytic medication, acute infections and inflamma-
tions. The control group consisted of 498 healthy
subjects, screened during the routine physical
check-ups. Exclusion criteria were: CHD, neu-
rodegenerative and neuropsychiatric disorders,
current use of antidepressants, anxiolytic medica-
tion, acute infections and inflammations. These
study methods were approved by the local Ethics
Committee of the School of Medicine, University
of Zagreb. All participants provided written in-
formed consent prior to participation.
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Body mass index (BMI)

Height was measured to the nearest 0.5 cm.
Body weight was measured with a digital scale to
the nearest 0.1 kg. BMI was calculated as weight
(kg) over height (m?). According to the BMI cat-
egories, subjects were classified as normal-
weight (BMI = 18.5-24.9), overweight (BMI =
25.0-29.9), or obese (BMI = 30.0) subjects.

Genotyping

Blood samples were obtained between 7:30
am and 8:00 am. Blood samples were drawn into
8.5 ml yellow-top Vacutainer tubes with 1.5 ml
of acid citrate dextrose anticoagulant. Genomic
DNA was isolated from blood using the “salting
out” method**. The BDNF Val66Met polymor-
phism (dbSNP ID rs6265) was genotyped in a to-
tal volume of 10 pl, containing 20 ng of DNA,
using ABI Prism 7300 real-time PCR System ap-
paratus (Applied Biosystems, Foster City, CA,
USA). Genotyping was carried out using the Tag-
man based allele-specific polymerase chain reac-
tion assay, according to manufacturer’s instruc-
tions. The primers and probes were purchased
from Applied Biosystems as TagMan® SNP
Genotyping Assay (assay ID: C_11592758_10).
The possibility of genotyping errors was exclud-
ed by randomly choosing 5% of samples for re-
peated genotyping with 100% concordance.

Statistical Analysis
The results were evaluated with Sigma Stat 3.5
(Jandel Scientific Corp., San Jose, CA, USA) and

presented as numbers and percentages, or median
and 25" (Q1) and 75" (Q3) percentile. The BDNF
Val66Met (rs6265) genotype frequencies and de-
viation from Hardy-Weinberg equilibrium were
compared using >-tests and Yates correction for
continuity. To evaluate what category contributed
to rejecting the null hypothesis, standardized
residual (R)* was calculated. Normality of distrib-
ution was assessed with the Kolmogorov-Smirnov
test. A multiple linear regression analysis was used
to check for the influence of diagnosis, age, and
gender on BMI. Age, height, weight and BMI val-
ues were evaluated with Kruskal-Wallis ANOVA
on ranks or Mann-Whitney test, as normality of
the data failed. In the case of normal distribution
of the data, BMI values between two groups were
compared with Student #-test. The level of signifi-
cance was corrected to 0.025, and tests were two-
tailed. G*Power 3 Software*® was used for con-
ducting power analyses, i.e. to determine a priori
sample size and actual power. For multiple linear
regression analysis (with a = 0.025; power =
0.800; a small effect size = 0.30; number of pre-
dictors = 3), total desired sample size was 49, and
the actual sample size was 704. For genetic analy-
ses with a y*-test (with o = 0.025; power 1 — ) =
0.800 and a small effect size (w = 0.30; df = 4), to-
tal desired sample size was 157; if df = 2, total de-
sired sample size was 128; and if df = 1, total de-
sired sample size was 106, while the actual total
sample size was 206 for CHD patients and 498 for
healthy controls. Therefore, the study included ap-
propriate sample size and statistical power to de-

Table I. Demographic data (age, gender, weight, height and BMI) of study participants subdivided according to diagnosis.

Patients with CHD n = 206

Gender (n; %)

Men 140; 68.0
Women 66; 32.0
x>-test x>=42.06;df=1;
Age (years) 57; 56-58
Mann-Whitney test U =31845.50;
Height (cm) 175; 173-176
Mann-Whitney test U =31743.00;
Weight (kg) 86; 84-88
Mann-Whitney test U=33831.50;
BMI (kg/m?) 27.7; 27.3-30.0
Mann-Whitney test U =44063.00;

Healthy subjects n = 498
203;40.8
295;59.2
p <0.001*
52;51-53
p <0.001*
167; 166-168
p <0.001*
77;75-79
p <0.001*
27.1;26.7-27.8
p =0.003*

BMI, body mass index; CHD, coronary heart disease; age, height, weight and BMI are shown as median and 95% CI for the

median.
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tect significant differences in the studied groups. p
< 0.05 was considered statistically significant.

Results

Demographic data (gender, age, height, weight
and BMI) for study participants are shown in
Table 1. The frequency (% test) of male and fe-
male subjects differed significantly (p < 0.001),
as there were significantly (R=3.96) more male
(68%) than female (32%) patients in CHD group,
compared to the group of healthy subjects (Table
I). Patients with CHD were significantly (Mann-
Whitney test) older (p < 0.001), significantly
taller (p < 0.001), significantly heavier (p <
0.001) and had significantly higher BMI (p <
0.001) than healthy subjects (Table I).

The distribution of the BDNF Val66Met
(rs6265) genotypes was in the Hardy-Weinberg
equilibrium in patients with CHD (> = 0.85; df =
1; p = 0.358) and in healthy subjects (x> = 0.72;
df = 1; p = 0.190). The frequency of BDNF
r$6265 genotypes did not differ significantly be-
tween male and female subjects in healthy group
(x* = 0.76; df = 2; p = 0.685) or in patients with
CHD (* = 0.36; df = 2; p = 0.834). Therefore, in
the further evaluations subjects were not subdi-
vided according to gender.

The BDNF rs6265 genotype frequency
(Met/Met, Val/Met and Val/Val genotypes) did
not differ significantly (%> = 0.210; df = 2; p =
0.900) between patients with CHD and healthy

subjects. These results revealed that BDNF
Val66Met polymorphism was not significantly
associated with diagnosis of CHD in our sample.

To evaluate the possible association between
BDNF 156265 polymorphism and BMI, previous-
ly found in a group of adolescents®* but not in
adult® subjects from the same origin, patients
with CHD and healthy subjects were subdivided
according to the BMI categories into normal-
weight, overweight and obese subjects (Table II).
The frequency of the BDNF rs6265 Met/Met,
Val/Met and Val/Val genotypes did not differ sig-
nificantly between normal-weight, overweight
and obese patients with CHD (p = 0.441). In con-
trast, the distribution of the BDNF Val66Met
genotypes differed significantly (p = 0.017) be-
tween normal-weight, overweight and obese
healthy subjects (Table II). Results showed that
the Met/Met genotype in the group of healthy
subjects with normal weight contributed to this
significant result (R = 2.15), since the most
prominent difference was found in the frequency
of Met/Met genotype between normal weight
(52.4%), overweight (38.1%) and obese (9.5%)
healthy subjects.

As the finding of the significant association
between BDNF rs6265 polymorphism and BMI
disagreed with our previous results in adults®, to
confirm this data, patients with CHD and healthy
subjects were subdivided into carriers of the
Met/Met, Val/Met and Val/Val genotypes, and
their BMI values were evaluated. Kruskal-Wallis
ANOVA on Ranks showed no significant (H =

Table Il. The distribution of the BDNF rs6265 genotypes in 206 patients with coronary heart disease (CHD) and in 498
healthy participants, subdivided according to the body mass index (BMI) category.

Normal weight Overweight Obese

n % n % n %
Patients with CHD
BDNF Val66Met genotype
Met/Met 3 7.3 1 1.5 4 4.0
Val/Met 14 34.2 16 24.6 25 25.3
Val/Val 25 58.5 48 73.9 70 70.7
x>-test x> =3.75,df =4; p=0.441
Healthy subjects
BDNF Val66Met genotype
Met/Met 11%* 8.0 8 3.8 2 1.3
Val/Met 40 29.0 50 237 50 33.6
Val/Val 87 63.0 153 72.5 97 65.1
¥ >-test x>=12.01;df =4; p=0.017*%; R =2.15

BDNEF, brain derived neurotrophic factor, n is the number of subjects. Frequencies are expressed as percentages (%).
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0.69; df = 2; p = 0.709) differences in the BMI
values in patients with CHD, subdivided accord-
ing to their BDNF rs6265 genotypes. Namely, the
Met/Met homozygotes had median BMI value of
28.9 (Q1 =23.5; Q3 = 34.2), which was not sig-
nificantly different from the median BMI value
of Val/Met carriers (27.5; Q1 = 24.8; Q3 = 30.5)
or the Val/Val carriers (27.7; Q1 = 26.3; Q3 =
31.1). On the other hand, there was a nominally
significant (H = 6.02; df = 2; p = 0.049) differ-
ence in the BMI values within healthy control
subjects subdivided into carriers of the Met/Met,
Val/Met and Val/Val genotypes (Figure 1) since
the lowest BMI values were found in healthy car-
riers of the Met/Met genotype compared to carri-
ers of other BDNF genotypes. Dunn’s method
showed nominally significant difference (p =
0.046) in BMI values between healthy subjects,
carriers of the Met/Met and Met/Val genotypes
(Figure 1).

To evaluate the possible association between
BMI and age, gender and diagnosis (CHD vs.
healthy group), multiple linear regression analy-
sis was used. This analysis used BMI as the de-
pendent variable, and age, gender and diagnosis
as independent variables, and revealed a signifi-
cant model (F; .y = 4.56, p = 0.004, R, =

0.015). However, there was no significant effect
of age (p = 0.066), gender (p = 0.131) or diagno-
sis (p = 0.072) on BMI values. These results sug-
gested that these independent variables did not
affect BMI values.

Discussion

The main findings from the present study are:
(1) similar BDNF 156265 genotype frequency be-
tween patients with CHD and healthy controls
and a lack of gender-related differences in the
frequency of the BDNF 156265 genotype; (2) sig-
nificant differences in BDNF rs6265 genotype
frequency between normal-weight, overweight
and obese healthy subjects, but not within nor-
mal-weight, overweight and obese patients with
CHD; (3) overrepresentation of the Met/Met
genotype in healthy subjects with normal weight;
(4) nominally significant difference in BMI val-
ues within healthy control subjects, but not with-
in patients with CHD, subdivided into carriers of
the BDNF rs6265 Met/Met, Val/Met and Val/Val
genotypes; (5) the lowest BMI values in healthy
carriers of the Met/Met genotype compared to
carriers of other BDNF genotypes.

60 -
X
50 A P=0.046
[ |
40 A X
£
3 1 I
2
20 A 1
X
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0
Met/Met Val/Met Val/Val
L | J
BDNF Val66Met genotype
Healthy subjects

Figure 1. Values of the body mass index (BMI) in 498 healthy participants, subdivided according to the BDNF rs6265 poly-
morphism into carriers of the Met/Met, Val/Met and Val/Val genotypes. Central box represents the values from the lower to up-
per quartile and the middle line represents the median. The horizontal line extends from the minimum to the maximum value
and the far out” values (outliers) are displayed as separate asterisks. *p = 0.046 for BMI values between the Met/Met and

Val/Met genotype carriers (Dunn’s test).
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In our work, the BDNF rs6265 genotype fre-
quency did not differ between Caucasian patients
with CHD and healthy controls. These results are
in line with the findings obtained on Caucasian
Italian subjects® where the allelic and genotypic
frequencies of BDNF rs6265 polymorphism were
similar in patients with coronary artery disease
and healthy controls. That study showed a gen-
der-specific association® since there was a higher
frequency of the Met allele in female patients
with coronary artery disease compared to female
control subjects, suggesting a higher cardiovas-
cular risk. However, the cited work was under-
powered, as it included only 12 patients with
coronary artery disease*, and hence the reported
significance might be due to the type 1 error. In
contrast to these data, in our study gender was
not significantly associated with BDNF rs6265
polymorphism either in patients with CHD, or in
healthy subjects. Therefore, we collapsed all par-
ticipants (CHD and controls) and subdivided
them according to gender, and found no signifi-
cant (2 = 0.196; df = 2; p = 0.906) differences in
the BDNF rs6265 genotype frequency between
343 men and 361 women. The lack of any gen-
der-related differences in the frequency of the
BDNF 156265 genotypes is in line with the previ-
ous data’-**2%37,

Divergent to our results, a significant associa-
tion between the BDNF rs6265 polymorphism and
coronary artery disease was reported in Chinese
patients'?. That study, which included a sufficient
number of participants, found a protective effect
of the BDNF Met/Met genotype on the occurrence
of the unstable angina pectoris. The differences
might be due to the ethnic differences in the distri-
bution of the BDNF rs6265 genotypes between
Caucasian and Asian participants, especially in the
frequency of the Met/Met genotype®?’. To evaluate
this ethnic difference in all subjects included in
our present and the cited report'?, we evaluated the
distribution of the BDNF rs6265 genotypes, and
confirmed significant (%> = 302.867; df = 2; p <
0.001) differences between these two ethnic
groups, as the BDNF Met/Met genotype was
found in 4.5% of Croatian participants compared
to 21.2% of Chinese participants. Our research,
performed on the homogenous sample of Cau-
casian subjects of the Croatian origin, did not find
a significant association between BDNF 156265
polymorphism and CHD. This result was not con-
firmed in a recent meta-analysis®® that included
Coronary Artery Disease Genome-Wide Replica-
tion and Meta-Analysis (CARDIoOGRAM) consor-
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tium with > 22 000 coronary artery disease cases
and > 60 000 controls. This investigations found
that BDNF 1s6265 polymorphism was significant-
ly associated with coronary artery disease, al-
though with a modest effect®®. The discrepancies
between studies lay in the number of subjects in-
volved, but also in the fact that CARDIoGRAM
included more heterogeneous sample. However,
this work provided evidence that smoking, a vari-
able that was not controlled in our study, did not
significantly affect the association between BDNF
rs6265 polymorphism and CHD?*. Therefore, we
might conclude that a larger sample of CHD cases
might help reveal a significant association, which
was not detected in our present sample.

Although unexpected*?, our next major find-
ing was a significant association between BDNF
rs6265 polymorphism and BMI categories in
healthy adults, but not in CHD subjects, since
Met/Met genotype was more frequently found in
healthy control subjects with normal weight. This
result is in line with other literature data showing
that this polymorphism was associated with
BMI*313239 "and it was confirmed when healthy
subjects were subdivided into carriers of different
BDNF 156265 genotypes, and their BMI values
were compared. Namely, lower BMI values were
detected in carriers of the Met/Met genotype,
suggesting a protective role of this genotype in
obesity in healthy, but not in CHD subjects. The
result agrees with the significant association be-
tween the Met/Met genotype and lower
BMI*3132 Qur results agree with the reported as-
sociation between BDNF rs6265 polymorphism
and obesity in a large number of children of Eu-
ropean origin*’, large groups of Filipino
women*!, and in a large number of European*
and Korean®! subjects. As BDNF 156265 is a
functional polymorphism?!??, the protective ef-
fect of the BDNF 66Met allele in obesity, found
in our study in healthy subjects, might be ex-
plained by the higher BDNF concentration asso-
ciated with the BDNF 66Met allele’* in normal
weight subjects. If BDNF Val carriers have re-
duced BDNF mRNA expression and, therefore,
decreased BDNF concentration in the brain re-
gions that regulate feeding and energy expendi-
ture, this might result in excessive energy intake
and increased weight gain. Similar findings were
shown for other BDNF polymorphisms, as
rs12291063 was associated with obesity*, while
other polymorphisms in the BDNF gene were al-
so associated with BMI in a multi-ethnic meta-
analyses***. The association between BDNF
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186265 polymorphism and serum BDNF concen-
tration was recently confirmed in large cohort®®,
but contradictory data also exist!>#

Our data do not agree with findings showing a
lack of association between BDNF 1s6265 poly-
morphism and BMI®#™#_ or with data showing in-
creased BMI related to more frequent presence of
the BDNF 66Met allele in adult women?® or adoles-
cents®*. As compared to a lack of significant associ-
ation between BMI and BDNF rs6265 polymor-
phism in our previous study®, the differences might
be explained by the fact that the present research in-
cluded a larger healthy control group that was sam-
pled in the same center. Also, this previous study
sampled subjects longitudinally at three-time points
(1972, 1982 and 2006), while the present study
sampled subjects during the year 2014. Based on
the WHO estimates, 57.7% of the adult population
(> 20 years old) in Croatia are overweight and
24.2% are obese. This increase in obesity in Croatia
follows trends in EU*, which is confirmed by the
BMI values (27.4 + 4.5) reported article previously
including 1553 healthy control volunteers®'. These
BMI values are similar to average BMI values
(27.6 £ 4.2) in the present study. However, in our
previous article?” marginally lower BMI values
could be observed in carriers of the Met/Met
genotype, but, due to the rare (3.5%) frequency of
the Met/Met genotype, subjects were classified in-
to Met carriers and Val/Val homozygotes.

The present paper found no significant associ-
ation between BDNF 1s6265 polymorphism and
BMI values or BMI categories in patients with
CHD. There was a similar trend towards the
higher Met/Met genotype frequency in normal
weight patients with CHD, that followed the re-
sults in healthy subjects, but this trend was not
significant. As the Met/Met genotype is rare in
Croatian subjects, this result might be explained
by the smaller group of patients included, and
larger groups are needed to confirm this result.
Similarly, no significant association between
BDNF 156265 polymorphism and metabolic syn-
drome, which is characterized also by the in-
creased BMI, was found in Thai subjects*.

Therefore, as recently discussed®, our results
suggest a major role of BDNF and its
tropomyosin receptor kinase B (TrkB) in adap-
tive responses of the brain and body to metabolic
challenges, response to metabolic, oxidative, and
excitotoxic stress, and in the control of energy
metabolism via divergent effects achieved in the
CNS but also in pancreas, liver, skeletal muscle,
and heart. Its beneficial effects are seen in the

suppression of appetite, increase in insulin sensi-
tivity and parasympathetic cardiovascular tone,
while detrimental effects are associated with re-
duced BDNF signaling, lower BDNF concentra-
tions and development of the metabolic syn-
drome and obesity, leading to CHD.

Although the study had sufficiently large sam-
ple size (n = 704) to detect a significant associa-
tions and adequate statistical power (= 0.800)
with the level of significance corrected to 0.025,
possible limitation was a relatively small sample
size of CHD group (n = 206) which is why we
might have missed to detect a possible associa-
tion of BDNF rs6265 polymorphism and BMI in
this group. Only one SNP of the BDNF gene
(rs6265) was assessed. However, this is a func-
tional polymorphism?!?? reported to be associat-
ed with plasma/serum BDNF concentration®’,
BMI* and CHD®. As the frequency of the BDNF
Met/Met genotype is very rare in Caucasians of
Croatian origin?%3¥7-33-34 the frequency of the
Met/Met genotype was less than 5% in over-
weight and obese subjects included in this study.
Hence, these results should be taken into consid-
eration with caution, and these investigations
should be confirmed in larger groups. Advan-
tages of the study were the inclusion of ethnical-
ly homogenous non-related Caucasian subjects
of the European ancestry.

Conclusions

BDNF 156265 polymorphism was not associat-
ed with diagnosis of CHD or with BMI in pa-
tients with CHD. However, BDNF 156265 poly-
morphism was associated with BMI among
healthy control subjects due to the most frequent
presence of the BDNF Met/Met genotype in
healthy subjects with normal weight.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) Despres JP. Body fat distribution and risk of cardio-
vascular disease: an update. Circulation 2012;
126: 1301-1313.

2) Xia Q, GrRaNT SF. The genetics of human obesity.
Ann NY Acad Sci 2013; 178-190.



A. Sustar, M. Nikolac Perkovic , G. Nedic Erjavec, D. Svob Strac, N. Pivac

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

CHALDAKOV GN, FIORE M, GHENEV Pl, BELTOWSKI J,
RANcIC G, TuNceL N, ALoe L. Triactome: neuro-im-
mune-adipose interactions. Implication in vascular
biology. Front Immunol 2014; 5: 130.

OucHi N, PArRkeR JL, Lugus JJ, WALsH K. Adipokines
in inflammation and metabolic disease. Nat Rev
Immunol 2011; 11: 85-97.

KuLLo 1J, DiNnGg K. Mechanisms of disease: The
genetic basis of coronary heart disease. Nat Clin
Pract Cardiovasc Med 2007; 10: 558-569.

Russo-NEusTADT A. Brain-derived neurotrophic fac-
tor, behavior, and new directions for the treatment
of mental disorders. Semin Clin Neuropsychiatry
2003; 9: 109-118.

HonG O, Liou YJ, Tsari SJ. Effects of BDNF poly-
morphisms on brain function and behavior in
health and disease. Brain Res Bull 2011; 286:
287-297.

PRUUNSILD P KAZANTSEVA A, AD T, PALm K, Timmusk T.
Dissecting the human BDNF locus: bidirectional
transcription, complex splicing, and multiple pro-
moters. Genomics 2007; 90: 397-406.

GRATACOS M, GoONzALEZ JR, MERCADER JM, DE CID R,
URRETAVIZCAYA M, EsTiviLL X. Brain-derived neu-
rotrophic factor Val66Met and psychiatric disor-
ders: meta-analysis of case-control studies con-
firm association to substance-related disorders,
eating disorders, and schizophrenia. Biol Psychia-
try 2007; 61: 911-922.

Gomez-PiINILLA F Brain foods: the effects of nutri-
ents on brain function. Nat Rev Neurosci 2008; 9:
568-578.

Rios M. BDNF and the central control of feeding:
accidental bystander or essential player? Trends
Neurosci 2013; 36: 83-90.

JIANG H, WANG R, Liu Y, ZHANG Y, CHEN ZY. BDNF
Val66Met polymorphism is associated with unsta-
ble angina. Clin Chim Acta 2009; 400: 3-7.

CHALDAKOV GN, FIorRE M, STANKULOV IS, MANNI L,
HRrisTova MG, ANTONELLI A, GHENEV Pl, ALoE L. Neu-
rotrophin presence in human coronary athero-
sclerosis and metabolic syndrome: a role for NGF
and BDNF in cardiovascular disease? Prog Brain
Res 2004; 146: 279-289.

GOLDEN E, EmILANO A, MAUDsLEY S, WINDHAM BG,
CArRLSON OD, EGaN JM, DriscoLt I, FERrucCI L, MAR-
TIN B, MatTsoN MR Circulating brain-derived neu-
rotrophic factor and indices of metabolic and car-
diovascular health: data from the Baltimore Longi-
tudinal Study of Aging. PLoS One 2010; 5:
€10099.

Fusimura H, ALTAR CA, CHEN R, NAKAMURA T, NAKA-
HASHI T, KaMmBAYASHI J, SUN B, TANDON NN. Brain-de-
rived neurotrophic factor is stored in human
platelets and released by agonist stimulation.
Thromb Haemost 2002; 87: 728-734.

DoNovaN MJ, LIN MI, WIEGN P RINGSTEDT T, KRAEMER
R, HAHN R, WANG S, IBaNEZ CF, RAFII S, HEMPSTEAD
BL. Brain derived neurotrophic factor is an en-
dothelial cell survival factor required for intramy-

3424

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

ocardial vessel stabilization. Development 2000;
127: 4531-4540.

Eusirt J, INOUE N, KoBAYAsHI S, SHIRAKI R, OTtsul K,
HoNJo T, TAKAHASHI M, OHASHI Y, ICHIKAWA S,
TERASHIMA M, MoRI T, AWANO K, SHINKE T, SHITE J, HI-
RATA K, YokozAkl H, KAWASHIMA S, YokoyAmMA M. Pos-
sible role of brain-derived neurotrophic factor in
the pathogenesis of coronary artery disease. Cir-
culation 2005; 112: 2114-2120.

Cal D, Howm JM, DUIGNAN IJ, ZHENG J, XAYMARDAN
M, CHIN A, BALLARD VL, BELLA JN, EDELBERG JM.
BDNF-mediated enhancement of inflammation
and injury in the aging heart. Physiol Genomics
2006; 24:191-197.

NAKAHASHI T, FusiMura H, ALTAR CA, Li J, KAMBAYASHI
J, TanboN NN, Sun B. Vascular endothelial cells
synthesize and secrete brain-derived neurotroph-
ic factor. FEBS Lett 2000; 470: 113-117.

TAcl I, KasuL HK, Avpo bu A. Brain derived neu-
rotrophic factor (BDNF) in cardiometabolic physi-
ology and diseases. Anadolu Kardiyol Derg 2012;
12: 684-688.

EcaNn MF, Kosima M, CALLicoTT JH, GOLDBERG TE, Ko-
LACHANA BS, BERTOLINO A, ZAITSEV E, GoLD B, GoLD-
MAN D, DEAN M, Lu B, WEINBERGER DR. The BDNF
val6émet polymorphism affects activity-depen-
dent secretion of BDNF and human memory and
hippocampal function. Cell 2003; 112: 257-269.

CHEN ZY, PATEL PD, SANT G, MENG CX, TENG KK, HEmP-
STEAD BL, Lee FS. Variant brain-derived neurotrophic
factor (BDNF) (Met66) alters the intracellular traf-
ficking and activity-dependent secretion of wild-type
BDNF in neurosecretory cells and cortical neurons.
J Neurosci 2004; 24: 4401-4411.

MONTELEONE P ZANARDINI R, TORTORELLA A, GENNAREL-
LI M, CASTALDO E, CANESTRELLI B, Mas M. The 196G/A
(valé6met) polymorphism of the BDNF gene is
significantly associated with binge eating behav-
ior in women with bulimia nervosa or binge eating
disorder. Neurosci Lett 2006; 406: 133-137.

SKLEDAR M, NikoLAC M, Dobig-Curkovic K, CurRKoviC
M, Borovecki F, Pivac N. Association between
brain-derived neurotrophic factor Val6é6Met and
obesity in children and adolescents. Prog Neu-
ropsychopharmacol Biol Psychiatry 2012; 36:
136-140.

GUNSTAD J, SCHOFIELD P PAuL RH, SPITzNAGEL MB, Co-
HEN RA, WiLLAms LM, KoHN M, GorpoN E. BDNF
Val66Met polymorphism is associated with body
mass index in healthy adults. Neuropsychobiology
2006; 53: 153-156.

BECKERS S, PEETERS A, ZEGERS D, MERTENS |, VAN GAAL
L, VAN HuL W. Association of the BDNF Val66Met
variation with obesity in women. Mol Genetics
Metab 2008; 95: 110-112.

SuwA M, KisHimoto H, Noruil Y, NAKANO H, SAsAki
H, RADAK Z, KumAaGal S. Serum brain-derived neu-
rotrophic factor level is increased and associated
with obesity in newly diagnosed female patients
with type 2 diabetes mellitus. Metabolism 2006;
55: 852-857.



BDNF Met/Met genotype in obesity in healthy Caucasian subjects and CHD patients

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

LeBRUN B, BARIOHAY B, Movse E, JEAN A. Brain-de-
rived neurotrophic factor (BDNF) and food intake
regulation: a minireview. Auton Neurosci 2006;
126-127: 30-38.

NikoLAC Perkovic M, MusTtArPic M, PAviovic M, UzuN
S, KozumpLik O, BARisIC I, Muck-SELER D, PivAC N.
Lack of association between brain derived neu-
rotrophic factor Valé6met polymorphism and body
mass change over time in healthy adults. Neu-
rosci Lett 2013; 545: 127-131.

JANG H, Liu Y, ZHANG Y, CHEN ZY. Association of plas-
ma brain-derived neurotrophic factor and cardiovas-
cular risk factors and prognosis in angina pectoris.
Biochem Biophys Res Commun 2011; 415: 99-103.

Hong KW, Lim JE, Go MJ, SHIN CHO Y, AHN Y, HAN
BG, OH B. Recapitulation of the association of the
Val66Met polymorphism of BDNF gene with BMI
in Koreans. Obesity (Silver Spring) 2012; 20:
1871-1875.

SHUGART YY, CHEN L, DAY IN, Lewis SJ, TimpsoN NJ,
YuaN W, ABDOLLAHI MR, RING SM, EBRAHIM S, GOLD-
ING J, LAwLOR DA, DAVEY-SMITH G. Two British
women studies replicated the association be-
tween the Val66Met polymorphism in the brain-
derived neurotrophic factor (BDNF) and BMI. Eur
J Hum Genet 2009; 17: 1050-1055.

Bozzini' S, GAmBELLI P BoioccHl C, SCHIRINZI S, FAL-
CONE R, Buzzi B StorTi C, FALcoNE C. Coronary
artery disease and depression: possible role of
brain-derived neurotrophic factor and serotonin
transporter gene polymorphisms. Int J Mol Med
2009; 24: 813-818.

MiLLer SA, Dykes DD, PoLesky HF. A simple salting
out procedure for extracting DNA from human nu-
cleated cells. Nucleic Acids Res 1988; 16: 1215.

FiELD AR Mies JFF. Discovering statistics using R,
London, UK: SAGE Publications, Ltd., 2012.

FAauL F ERDFELDER E, LANG AG, BucHNER A. G*Power
3: a flexible statistical power analysis program for
the social, behavioral, and biomedical sciences.
Behav Res Methods 2007; 39: 175-191.

Pivac N, Kim B, Nebic G, Joo YH, Kozaric-KovAcic
D, HonG JP. Muck-SELER D. Ethnic differences in
brain-derived neurotrophic factor Val66Met poly-
morphism in Croatian and Korean healthy partici-
pants. Croat Med J 2009; 50: 43-48.

Kaess BM, Preis SR, LIEB W, BEISER AS, YANG Q, CHEN
TC, HENGSTENBERG C, ERDMANN J, SCHUNKERT H, SE-
SHADRI S, VASAN RS; ON BEHALF oF CARDIOGRAM. Cir-
culating brain-derived neurotrophic factor concen-
trations and the risk of cardiovascular disease in
the community. J Am Heart Assoc 2015; 4:
e001544.

ZHAO J, BRADFIELD JRP LI M, WANG K, ZHANG H, Kim
CE, ANNAIAH K, GLESSNER JT, THOMAS K, GARRIS M,
FrRAackeLToN EC, OTIENO FG, SHANER JL, SmiITH RM,
CHIAVACCI RM, Berkowitz RI, HAKONARSON H, GRANT
SF. The role of obesity-associated loci identified in
genome-wide association studies in the determi-
nation of pediatric BMI. Obesity (Silver Spring)
2009; 17: 2254-2257.

40)

41)

42)

Eiks CE, Loos RJ, HARDY R, WiLLs AK, WONG A,
WAREHAM NJ, KuH D, OnG KK. Adult obesity sus-
ceptibility variants are associated with greater
childhood weight gain and a faster tempo of
growth: the 1946 British Birth Cohort Study. Am J
Clin Nutr 2012; 95: 1150-1156.

CROTEAU-CHONKA DC, MARVELLE AF, LANGE EM, LEE
NR, ADAR LS, LANGE LA, MoHLKE KL. Genome-wide
association study of anthropometric traits and evi-
dence of interactions with age and study year in
Filipino women. Obesity (Silver Spring) 2011; 19:
1019-1027.

SpeuioTes EK, WiLLER CJ, BERNDT SI, MoNDA KL, THOR-
LEIFSSON G, JACKSON AU, LANGO ALLEN H, LINDGREN
CM, LuAN J, MAGI R, RANDALL JC, VEDANTAM S, W/IN-
KLER TW, Qi L, WORKALEMAHU T, HEID IM, STEINTHORS-
DOTTIR V. STRINGHAM HM, WEEDON MN, WHEELER E,
WooD AR, FERREIRA T, WEYANT RJ, SEGRE AV, ESTRADA
K, LIANG L, NEMESH J, PARK JH, GUSTAFSSON S,
KILPELAINEN TO, YANG J, BOUATIA-NAJI N, Esko T,
FEITOSA MF, KUTALIK Z, MANGINO M, RAYCHAUDHURI S,
SCHERAG A, SMITH AV, WELCH R, ZHAO JH, ABEN KK,
ABSHER DM, AmIN N, DixoN AL, FisHER E, GLAzZER NL,
GoDDARD ME, HEARD-COSTA NL, HOESEL V. HOTTENGA
JJ, JoHANSSON A, JOHNSON T, KETKAR S, LAaMINA C, LI
S, MorraTT MIE, MIYERS RH, NARIsu N, PERRY JR, PETERS
MJ, Preuss M, RIPATTI S, RIVADENEIRA F, SANDHOLT C,
Scott UJ, TimpsoN NJ, TYRER JP VAN WINGERDEN S,
WATANABE RM, WHITE CC, WIKLUND F, BARLASSINA C,
CHASMAN DI, CooPeErR MN, JANsSON JO, LAWRENCE
RW, PELLIKKA N, PROKOPENKO |, SHI J, THIERING E, ALA-
VERE H, ALIBRANDI MT, ALMGREN P ARNOLD AM, As-
PELUND T, ATwoobD LD, BALKAU B, BALMFORTH AJ, BEN-
NETT AJ, BEN-SHLOMO Y, BERGMAN RN, BERGMANN S,
BIEBERMANN H, BLAKEMORE Al, BOES T, BONNYCASTLE
LL, BORNSTEIN SR, BROwN MJ, BUCHANAN TA, Bu-
SONERO F, CAmPBELL H, Cappuccio FP. CAVALCANTI-
PROENCA C, CHEN YD, CHEN CM, CHINES PS, CLARKE
R, CoIN L, CONNELL J, DAY IN, DEN HEUER M, DUAN J,
EBRAHIM S, ELLIOTT P ELOSUA R, EIRIKSDOTTIR G, ERDOS
MR, ERikssON JG, FACHERIS MF, FELix SB, FISCHER-
Posovszky P FoLsom AR, FRIEDRICH N, FREIMER NB,
Fu M, GAGeT S, GEJMAN PV, Geus EJ, GIEGeR C,
GUESING AP GOEL A, GOYETTE P GRALLERT H, GRASSLER
J, GREENAWALT DM, GRrRoVvES CJ, GUDNASON V,
Guibuccl C, HARTIKAINEN AL, HassaNALI N, HALL AS,
HAVULINNA AS, HAYWARD C, HEATH AC, HENGSTENBERG
C, Hicks AA, HINNEY A, HOFMAN A, HOMUTH G, Hul
J, IaL W, IRBARREN C, Isomaa B, Jacoss KB, JARICK I,
JEWELL E, JOHN U, JBRGENSEN T, JOUSILAHTI P JulA A,
KAAKINEN M, KAJANTIE E, KAPLAN LM, KATHIRESAN S,
KETTUNEN J, KINNUNEN L, KNOwLES JW, KoLcic |,
KONIG IR, KOSKINEN S, KovAacs P Kuusisto J, KrRarT P
KvAL@Y K, LAITINEN J, LANTIERI O, LANZANI C, LAUNER
LJ, Lecoeur C, LEHTIMAKI T, LETTRE G, Liu J, Lokki ML,
LoreNTZON M, LuBeN RN, Lubwic B; MAGIC, MA-
NUNTA P MAREK D, MARRE M, MARTIN NG, MCARDLE
WL, McCARTHY A, McKNIGHT B, MEITINGER T, ME-
LANDER O, MEYRE D, MIDTHJELL K, MONTGOMERY GW,
MOoRKEN MA, MoRrIS AR MuLic R, NGwA JS, NELS M,
NEeviLLE MJ, NyHoLT DR, O'DoNNELL CJ, O'RAHILLY S,
ONG KK, O0sTrRA B, PARE G, PARKER AN, PEROLA M,
PIcHLER I, PIETILAINEN KH, PLATou CGQG, PoLAsek O,
Pouta A, RAFELT S, RAMAKARI O, RAYNER NW, RIDDER-

3425



A. Sustar, M. Nikolac Perkovic , G. Nedic Erjavec, D. Svob Strac, N. Pivac

43)

44)

45)

STRALE M, RIEF W, RUOKONEN A, ROBERTSON NR, Rze-
HAK P SALOMAA V., SANDERS AR, SANDHU MS, SANNA S,
SARAMIES J, SAVOLAINEN MJ, SCHERAG S, SCHIPF S,
SCHREIBER S, SCHUNKERT H, SILANDER K, SINISALO J, Sis-
covick DS, Smit JH, SoraNzo N, Sovio U, STEPHENS J,
SURAKKA |, SWIFT AJ, TAMMEsoO ML, TARDIF JC, TEDER-
LAVING M, TesLovicH TM, THOMPSON JR, THOMSON B,
TONJES A, Tuomi T, vaN MEURS JB, vaN OMMEN GJ,
VATIN V., ViIKARI J, Visvikis-SIEST S, VITART V. VoGEeL Cl,
VoIGHT BF, WAITE LL, WALLASCHOFskI H, WALTERS GB,
WIDEN E, WIEGAND S, WiLD SH, WILLEMSEN G, WITTE
DR, WittEmaN JC, Xu J, ZHANG Q, ZGAGA L, ZIEGLER
A, ZITTING P, BEiBY JP. FAROOQI IS, HEBEBRAND J,
Huikurl HV, JAMES AL, KAHONEN M, LEvINSON DF,
MacciarDl F, NIEMINEN MS, OHLssoN C, PALMER LJ,
RIDKER PM, StumvoLL M, BECKMANN JS, BOEING H,
BOERWINKLE E, BoomsmA DI, CAULFIELD MJ, CHANOCK
SJ, CoLuns FS, CuppLEs LA, SmitH GD, ERDMANN J,
FROGUEL P, GRONBERG H, GYLLENSTEN U, HALL P,
HANSEN T, HARRIS TB, HATTERSLEY AT, HAYES RB, HEIN-
RICH J, Hu FB, Hveem K, ILuG T, JARVELIN MR, KAPRIO
J, Karre F KHAw KT, KIEMENEY LA, KRUDE H, LAAKSO
M, LAWLOR DA, METsPALU A, MUNROE PB, OUWEHAND
WH, PEDERSEN O, PENNINX BW, PETERS A, PRAMSTALLER
PP QuEerTERMOUS T, REINEHR T, RISSANEN A, RUDAN I,
SAMANI NJ, ScHWARz PE, SHULDINER AR, SPECTOR TD,
TuomILEHTO J, UDA M, UITTERLINDEN A, VALLE TT,
WABITSCH M, WAEBER G, WAREHAM NJ, WATKINS H;
PrROCARDIS CONSORTIUM, WILSON JF, WRIGHT AF, ZiL-
LIKENS MC, CHATTERIEE N, McCARROLL SA, PURCELL S,
ScHADT EE, VisscHER PM, Assives TL, Borecki IB, De-
LOUKAs P Fox CS, Groor LC, HARITUNIANS T, HUNTER
DJ, KaraN RC, MoHLKE KL, O'CoNNELL JR, PELTONEN
L, SCHLESSINGER D, STRACHAN DP vaN Duun CM,
WICHMANN HE, FRAYLING TM, THORSTEINSDOTTIR U,
ABECAsIS GR, BARROSO I, BOEHNKE M, STEFANSSON K,
NORTH KE, McCARTHY MI, HIRSCHHORN JN, INGELSSON
E, Loos RJ. Association analyses of 249,796 indi-
viduals reveal 18 new loci associated with body
mass index. Nat Genet 2010; 42: 937-948.

LANG UE, HELLWEG R, SANDER T, GALLINAT J. The Met
allele of the BDNF Val66Met polymorphism is as-
sociated with increased BDNF serum concentra-
tions. Mol Psychiatry 2009; 14: 120-122.

Mou Z, Hypbe TM, Lipska BK, MARTINOWICH K, WEI P
ONG CJ, HUNTER LA, PALAGUACHI GIl, MORGUN E,
TeNG R, LAl C, ConDARCO TA, DEmiDowICH AR KRAUSE
AJ, MARSHALL LJ, Haack K, VORUGANTI VS, CoLE SA,
Butte NF Comuzzie AG, NALLS MA, ZONDERMAN AB,
SINGLETON AB, EVANs MK, MARTIN B, MAUDSLEY S,
Tsao JW, KLEINMAN JE, YANOvski JA, HAN JC. Human
obesity associated with an intronic SNP in the
brain-derived neurotrophic factor locus. Cell Rep
2015; 13: 1073-1080.

Guo Y, LANKTREE MB, TAvLOR KC, HAKONARSON H,
LANGE LA, KeaTING BJ; IBC 50K SNP ARrRAY BMI CoN-

46)

47)

48)

49)

50)

51)

52)

53)

54)

sorTIUM. Gene-centric meta-analyses of 108 912
individuals confirm known body mass index loci
and reveal three novel signals. Hum Mol Genet
2013; 22: 184-201.

TERRACCIANO A, PIRAS MG, LOBINA M, MuLAs A,
MEIRELLES O, SuTIN AR, CHAN W, SANNA S, UbA M,
CRISPONI L, ScHLESSINGER D. Genetics of serum
BDNF: meta-analysis of the Valé6Met and
genome-wide association study. World J Biol Psy-
chiatry 2013; 14: 583-589.

ARUA V, FERRER-BARCALA M, ARANDA N, CaNALs J. BD-
NF Val66Met polymorphism, energy intake and
BMI: a follow up study in school children at risk of
eating disorders. BMC Public Health 2010; 10;
363.

SURIYAPROM K, TUNGTRONGCHITR R, THAWNASOM K.
Measurement of the levels of leptin, BDNF asso-
ciated with polymorphisms LEP G2548A, LEPR
GlIn223Arg and BDNF Val66Met in Thai with
metabolic syndrome. Diabetol Metab Syndr 2014;
6; 6.

ZEMAN M, JACHYMOVA M, JIRAK R, VECKA M, TVRZICKA
E, StankovA B, ZAk A. Polymorphisms of genes for
brain-derived neurotrophic factor, methylenete-
trahydrofolate reductase, tyrosine hydroxylase,
and endothelial nitric oxide synthase in depres-
sion and metabolic syndrome. Folia Biol (Praha)
2010; 56: 19-26.

WHO RerorT (2013). http://www.euro.who.int/__da-
ta/assets/pdf_file/0003/243291/Croatia-WHO-
Country-Profile.pdf?ua=1 (accessed 20 December
2015).

KozAric Kovacic D, Grusisic Iuc M, Romic Z, ViI-
povic A, JENDRICKO T, Pivac N. Body mass index
in male Caucasian veterans with or without
posttraumatic stress disorder. Progr Neuro-Psy-
chopharmacol Biol Psychiatry 2009; 33: 1447-
1450.

MarosI K, MattsoNn M. BDNF mediates adaptive
brain and body responses to energetic chal-
wlenges. Trends Endocr Metab 2014; 25: 89-98.

Pivac N, NikolAc M, Nebic G, MusTApPiC M, BOROVEC-
KI F HAINSEK S, PReESECKI P PAvLovic M, MiMICA N,
Muck SeLer D. Brain derived neurotrophic factor
Val66Met polymorphism and psychotic symp-
toms in Alzheimer’s disease. Prog Neuropsy-
chopharmacol Biol Psychiatry 2011; 35: 356-
362.

Pivac N, Kozaric-Kovacic D, Grusisic-ILic M, NEDIC
G, Rakos I, NikoLac M, Brazev M, Muck-SELER D.
The association between brain-derived neu-
rotrophic factor Val66Met variants and psychotic
symptoms in posttraumatic stress disorder. World
J Biol Psychiatry 2012; 13: 306-311.



