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Abstract: Substance addiction is a neuropsychiatric disorder characterized by a recurring desire
to continue using a substance despite harmful consequences. Brain-derived neurotrophic factor
(BDNF) is a protein that plays a role in the activity-dependent remodeling of neural function in adult
nervous systems. This study analyzed the association of the rs6265 polymorphism of the BDNF
gene in a group of patients addicted to psychoactive substances who were participating in addiction
treatment for the first time, in a group of post-relapse psychoactive substance abusers and in a control
group. The study also assessed personality and anxiety in all study groups. Statistically significant
differences in the frequency of genotypes and alleles were found between all study groups. Compared
to the control, both study groups had statistically significantly higher scores for trait and state anxiety.
Addicted patients in both groups also had higher scores on the Neuroticism and Openness scales and
lower scores on the Extraversion and Agreeableness scales. The results of this study provide further
evidence that personality traits, anxiety and the rs6265 polymorphism of the BDNF gene may be risk
factors for susceptibility to addiction to psychoactive substances. In addition, they can be a predictor
of addiction relapse, but further extensive studies are required to confirm these findings.

Keywords: BDNF; addiction; polymorphism

1. Introduction

Substance addiction is a neuropsychiatric disorder characterised by a recurring de-
sire to continue using a substance despite harmful consequences [1]. This drug-seeking
behaviour is associated with craving and loss of control. The actions of drug abuse cause
addiction and generally require repeated drug exposure. Both the individual’s genetic
make-up and the psychological and social context in which drug use takes place strongly
influence this process [2].

Concrete diagnostic criteria for substance addiction are set in DMS-V (Diagnostic and
Statistical Manual of Mental Disorders) or ICD-10 (International Classification of Diseases
and Related Health Problems) and have been widely used to diagnose addiction and
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evaluate its treatment [3]. A return to drug use after prolonged periods of abstinence is one
of the most critical problems in the long-term treatment of drug addicts [4,5].

Brain-derived neurotrophic factor (BDNF) belongs to a group of secreted homodimeric
proteins called neurotrophins. They are widely recognised as regulators of cell growth,
survival and differentiation during nervous system development. Neurotrophins also
play an important role in the activity-dependent remodelling of neural function in adult
nervous systems [6]. It is increasingly recognised that such activity-dependent remodelling
is crucial for the transition from casual substance use to substance dependence, leading
to the investigation of the role of BDNF in the actions of substance abusers. In particular,
there has been considerable interest in the effects of BDNF on reward-related neuronal
circuits, which include dopamine (DA) neurons of the ventral tegmental area (VTA) and
related targets in the forebrain, such as the nucleus accumbens (NAc) and prefrontal cortex
(PFC) [7].

There is an urgent need to understand the mechanisms underlying relapse to substance
use. Several factors have already been shown to play a role in relapse susceptibility,
including dysregulation of the hypothalamic–pituitary–adrenal axis and overactivity of
the CRF system [8,9], a high cortisol/ACTH ratios [10], a lower amygdala volume [11],
or depressive symptoms [12,13]. Other studies have also suggested that higher serum
brain-derived neurotrophic factor (BDNF) levels are highly predictive of addiction relapse,
at least in cocaine abusers [14].

A common single-nucleotide polymorphism has been identified in the human BDNF
gene. This polymorphism involves an amino acid substitution from valine to methionine at
the 66th amino acid residue (Val66Met). This genetic variation is associated with altering
intracellular trafficking and packaging of proBDNF and, consequently, with the secretion
of mBDNF [15]. The Val66Met BDNF gene polymorphism has been linked with decreased
BDNF serum concentrations [16].

The five-factor model of personality has been proposed as a classification system for
people who are prone to addictive behaviour. This model describes five basic personality
dimensions: Neuroticism, Conscientiousness, Extraversion, Agreeableness, and Openness
to Experience, which encompasses an individual’s behavioural, emotional, and cognitive
patterns [17].

This study aimed to analyse the association of the rs6265 polymorphism of the BDNF
gene in a group of patients addicted to psychoactive substances participating in addiction
treatment for the first time, in a group of post-relapse psychoactive substance abusers
and a control group. The study also assessed personality measured using the NEO-FFI
questionnaire and anxiety measured using the STAI questionnaire in all study groups.

2. Results

The frequency distributions concurred with the Hardy–Weinberg equilibrium (HWE)
both in a group of patients addicted to psychoactive substances participating in addiction
treatment for the first time, in a group of patients addicted to psychoactive substances after
relapse and in the control group (Table 1).

Table 1. Hardy–Weinberg’s equilibrium for rs6265 is located in the BDNF gene.

Hardy–Weinberg Equilibrium, Including
Analysis for Estimation Bias Observed (Expected) Allele Freq χ2

(p-Value)

rs6265 BDNF patients in addiction treatment for the first time
n = 143

G/G 101 (101.5) p (G) = 0.84
q (A) = 0.16

0.1161
(0.7333)A/A 3 (3.5)

A/G 39 (37.9)

rs6265 BDNF patients with addiction relapse
n = 148

G/G 107 (107.3) p (G) = 0.85
q (A) = 0.15

0.0308
(0.8606)A/A 3 (3.3)

A/G 38 (37.5)
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Table 1. Cont.

Hardy–Weinberg Equilibrium, Including
Analysis for Estimation Bias Observed (Expected) Allele Freq χ2

(p-Value)

rs6265 BDNF control
n = 242

G/G 143 (142.2) p (G) = 0.77
q (A) = 0.23

0.084
(0.7714)A/A 14 (13.2)

A/G 85 (86.6)

p—statistical significance χ2 test.

Table 2 shows the frequency of genotypes and alleles of the rs6265 polymorphism in
the BDNF gene in all studied groups.

Table 2. Frequency of genotypes and alleles of the rs6265 polymorphisms in the BDNF gene in the
group of patients in addiction treatment for the first time, patients with relapses of addiction and the
control group.

rs6265 BDNF

Genotypes Alleles
G/G
n (%)

A/A
n (%)

A/G
n (%)

G
n (%)

A
n (%)

First-time treatment n = 143 101
(70.63%)

3
(2.10%)

39
(27.27%)

241
(84.27%)

45
(15.73%)

Control
n = 242

143
(59.09%)

14
(5.79%)

85
(35.12%)

371
(76.65%)

113
(23.35%)

χ2

(p-value)
6.376

(0.0412) *
6.390

(0.0115) *

Relapse addiction n = 148 107
(72.30%)

3
(2.03%)

38
(25.68%)

252
(85.14%)

296
(14.86%)

Control
n = 242

143
(59.09%)

14
(5.79%)

85
(35.12%)

371
(76.65%)

113
(23.35%)

χ2

(p-value)
8.074

(0.01765) *
8.220

(0.0041) *

*—significant statistical differences. n—number of subjects.

The means and standard deviations of the NEO-FFI results and the STAI state and
trait scales for the patients addicted to psychoactive substances participating in addiction
treatment for the first time, patients addicted to psychoactive substances after relapse and
the control group are shown in Table 3.

Table 3. STAI and NEO Five-Factor Inventory sten scores in the control group, patients in first-time
treatment, and patients with relapses of addiction.

STAI/NEO Five-Factor Inventory First-Time Treatment
(n = 143)

Control
(n = 242) Z (p-Value)

STAI trait scale 6.94 ± 2.28 5.18 ± 2.29 6.622 0.0000 *
STAI state scale 5.58 ± 2.46 4.72 ± 2.20 3.549 0.0003 *

Neuroticism scale 6.42 ± 2.16 4.71 ± 2.06 6.806 0.0000 *
Extraversion scale 5.88 ± 2.15 6.39 ± 1.99 −2.266 0.0234 *

Openness scale 5.13 ± 2.03 4.59 ± 1.61 2.341 0.0192 *
Agreeability scale 4.53 ± 1.98 5.43 ± 2.09 −3.995 0.0001 *

Conscientiousness scale 5.84 ± 2.13 5.92 ± 2.17 −0.270 0.7872
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Table 3. Cont.

STAI/NEO Five-Factor Inventory Relapse of addiction
(n = 148)

Control
(n = 242) Z (p-Value)

STAI trait scale 7.30 ± 2.29 5.19 ± 2.29 8.081 0.0000 *
STAI state scale 6.16 ± 2.37 4.72 ± 2.20 5.840 0.0000 *

Neuroticism scale 7.01 ± 2.12 4.71 ± 2.06 9.489 0.0000 *
Extraversion scale 5.62 ± 2.17 6.39 ± 1.99 −3.294 0.0009 *

Openness scale 5.24 ± 2.18 4.58 ± 1.61 3.170 0.0015 *
Agreeability scale 4.06 ± 1.84 5.43 ± 2.09 −6.305 0.0000 *

Conscientiousness scale 5.43 ± 2.31 5.93 ± 2.17 −2.125 0.0335 *

STAI/NEO Five-Factor Inventory First-time treatment
(n = 143)

Relapse of addiction
(n = 148) Z (p-Value)

STAI trait scale 6.94 ± 2.28 7.30 ± 2.29 −1.959 0.0500 *
STAI state scale 5.58 ± 2.46 6.16 ± 2.37 −1.421 0.1553

Neuroticism scale 6.42 ± 2.16 7.01 ± 2.12 −2.527 0.0115 *
Extraversion scale 5.88 ± 2.15 5.62 ± 2.17 0.842 0.3995

Openness scale 5.13 ± 2.03 5.24 ± 2.18 −0.674 0.5000
Agreeability scale 4.53 ± 1.98 4.06 ± 1.84 2.060 0.0393 *

Conscientiousness scale 5.84 ± 2.13 5.43 ± 2.31 1.628 0.1035

M ± SD—mean ± standard deviation; p—statistical significance with Mann–Whitney U-test; n—number of
subjects; *—statistically significant differences.

2.1. Patients in Addiction Treatment for the First Time vs. the Control Group

The frequencies of the rs6265 BDNF genotypes were statistically significantly different
in the tested sample of patients in addiction treatment for the first time when compared to
the control group (G/G 0.71 vs. G/G 0.59; A/A 0.02 vs. A/A 0.06; A/G 0.27 vs. A/G 0.35,
χ2 = 6.376, p = 0.0412) (Table 2).

Statistically significant differences in the frequency of rs6265 BDNF alleles were found
between patients in addiction treatment for the first time and in the control group (G 0.84
vs. G 0.77; A 0.16 vs. A 0.23, χ2 = 6.390, p = 0.0115) (Table 2).

Patients in addiction treatment for the first time compared to the control group scored
higher in assessing the STAI trait scale (6.94 vs. 5.18; Z = 6.622; p < 0.0001) STAI state
scale (5.58 vs. 4.72; Z = 3.549; p = 0.0003), NEO-FFI Neuroticism (6.42 vs. 4.71; Z = 6.806;
p < 0.0001) and NEO-FFI Openness scales (5.13 vs. 4.59; Z = 2.341; p = 0.0192). Significantly
lower results were obtained for the NEO-FFI Extraversion scale (5.88 vs. 6.39; Z = −2.266;
p = 0.0234) and the Agreeableness scale (4.53 vs. 5.43; Z = −3.995; p = 0.0001) (Table 3).

The results of the 2 × 3 factorial ANOVA of the NEO Five-Factor Personality Inventory
and the State-Trait Anxiety Inventory sten scales are summarised in Table 4.

A significant statistical impact of first-time therapy and rs6265 BDNF genotype was
demonstrated for the NEO-FFI Openness scale score.

There was a statistically significant effect of rs6265 BDNF genotype interaction for
first-time treatment or not addicted (control) groups on the Openness scale (F2.378 = 7.68;
p = 0.0005; η2 = 0.039; Figure 1). The power observed for this factor was 95%, and approxi-
mately 4% was explained by the polymorphism of the rs6265 BDNF and first-time therapy
or lack thereof on trait Openness score variance. There was also a statistically significant
effect of the rs6265 BDNF genotype on the Openness scale score (F2.378 = 8.29; p = 0.0003;
η2 = 0.042). The power observed for this factor was over 96%, and approximately 4% was
explained by first-time therapy or lack thereof on the variance in the Openness score. The
results of the post hoc test are shown in Table 6.
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Table 4. The results of 2 × 3 factorial ANOVA for first-time in addiction treatment and controls, NEO Five-Factor Inventory, STAI, and BDNF gene rs6265.

STAI/NEO Five-Factor
Inventory

Group

rs6265 BDNF ANOVA

G/G
n = 243

M ± SD

A/A
n = 17

M ± SD

A/G
n = 123

M ± SD
Factor F (p-Value) η2 Power

(Alfa = 0.05)

STAI trait scale

First time in addiction
treatment (FTT); n = 143 5.50 ± 2.53 7.33 ± 2.08 5.66 ± 2.30 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 435.92 (p < 0.0001)
F1.378 = 7.64 (p = 0.0059)
F2.378 = 0.76 (p = 0.4641)
F2.378 = 0.93 (p = 0.3950)

0.536
0.020
0.004
0.005

1.000
0.788
0.181
0.211

Control; n = 242 4.80 ± 2.25 4.79 ± 2.07 4.57 ± 2.18

STAI state scale

First time in addiction
treatment (FTT); n = 143 6.78 ± 2.37 8.67 ± 1.15 7.24 ± 2.03 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 653.12 (p < 0.0001)
F1.378 = 14.93 (p = 0.0001)
F2.378 = 2.76 (p = 0.0646)
F2.378 = 0.31 (p = 0.7348)

0.634
0.038
0.014
0.002

1.000
0.971
0.543
0.099

C: Control; n = 242 5.08 ± 2.22 6.50 ± 2.74 5.14 ± 2.29

Neuroticism scale

First time in addiction
treatment (FTT); n = 143 6.43 ± 2.24 8.33 ± 1.15 6.26 ± 1.94 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 620.51 (p < 0.0001)
F1.378 = 21.66 (p = 0.0000)
F2.378 = 1.73 (p = 0.1789)
F2.378 = 0.68 (p = 0.5048)

0.621
0.054
0.009
0.004

1.000
0.996
0.362
0.165

Control; n = 242 4.76 ± 2.14 5.07 ± 2.05 4.57 ± 1.92

Extraversion scale

First time in addiction
treatment (FTT); n = 143 5.95 ± 2.18 5.33 ± 0.58 5.73 ± 2.18 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 651.73 (p < 0.0001)
F1.378 = 1.30 (p = 0.2557)
F2.378 = 0.54 (p = 0.5847)
F2.378 = 0.70 (p = 0.4979)

0.633
0.003
0.003
0.004

1.000
0.206
0.138
0.168

Control; n = 242 6.30 ± 2.10 5.64 ± 1.94 6.66 ± 1.80

Openness scale

First time in addiction
treatment (FTT); n = 143 5.58 ± 1.99 4.67 ± 1.53 3.97 ± 1.68 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 559.45 (p < 0.0001)
F1.378 = 0.32 (p = 0.5682)
F2.378 = 8.29 (p = 0.0003)

F2.378 = 7.68 (p = 0.0005 *)

0.596
0.001
0.042
0.039

1.000
0.088
0.960
0.947

Control; n = 242 4.60 ± 1.59 4.36 ± 1.86 4.59 ± 1.63

Agreeability scale

First time in addiction
treatment (FTT); n = 1431 4.64 ± 2.06 6.00 ± 2.65 4.11 ± 1.67 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 504.71 (p < 0.0001)
F1.378 = 1.61 (p = 0.2046)
F2.378 = 1.69 (p = 0.1847)
F2.378 = 0.94 (p = 0.3923)

0.572
0.004
0.009
0.005

1.000
0.244
0.356
0.212

Control; n = 242 5.42 ± 2.15 5.71 ± 2.33 5.38 ± 1.96

Conscientiousness scale

First time in addiction
treatment (FTT); n = 143 5.76 ± 2.34 4.33 ± 0.58 6.16 ± 2.25 Intercept

FTT/control
rs6265

FTT/control × rs6265

F1.378 = 524.49 (p < 0.0001)
F1.378 = 1.56 (p = 0.2128)
F2.378 = 2.34 (p = 0.0974)
F2.378 = 0.91 (p = 0.4021)

0.581
0.004
0.012
0.005

1.000
0.238
0.473
0.208

Control; n = 242 5.67 ± 2.28 6.14 ± 2.51 6.31 ± 1.86

*—significant result; FTT—first time in addiction treatment; M ± SD-mean ± standard deviation.
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Figure 1. Interaction between first-time in addiction treatment (FTT)/control (C) and rs6265 BDNF
and Openness scale.

2.2. Patients with Addiction Relapse vs. the Control Group

The rs6265 BDNF genotype was significantly different in relapsed patients compared to
controls. (G/G 0.72 vs. G/G 0.59; A/A 0.02 vs. A/A 0.06; A/G 0.26 vs. A/G 0.35, χ2 = 8.074,
p = 0.01765) (Table 2).

Statistically significant differences in the frequency of rs6265 BDNF alleles were found
between patients with addiction relapse and the control group (G 0.85 vs. G 0.77; A 0.15 vs.
A 0.23, χ2 = 8.220, p = 0.0041) (Table 2).

The group of patients with a relapse of addiction in comparison with the control group
achieved higher scores in the assessment of the STAI trait scale (7.30 vs. 5.19; Z = 8.081;
p < 0.0001) STAI state scale (6.16 vs. 4.72; Z = 5.840; p < 0.0001), NEO-FFI Neuroticism
(7.01 vs. 4.71; Z = 9.489; p < 0.0001) and NEO-FFI Openness scales (5.24 vs. 4.58; Z = 3.170;
p = 0.0015). Significantly lower results were obtained for the NEO-FFI Extraversion (5.62 vs.
6.39; Z = −3.294; p = 0.0009) and the Agreeableness (4.06 vs. 5.43; Z = −6.305; p < 0.0001),
and the Conscientiousness scales (5.43 vs. 5.93; Z = −2.125; p = 0.0335) (Table 3).

The results of the 2 × 3 factorial ANOVA of the NEO Five-Factor Personality Inventory
and the State-Trait Anxiety Inventory sten scales are summarised in Table 5.

A significant statistical impact of addiction relapse and rs6265 BDNF genotype was
demonstrated for the STAI trait scale score.

There was a statistically significant effect of rs6265 BDNF genotype interaction for
patients with addiction relapse or those who were not using (control group) on the STAI
trait scale (F2.384 = 5.03; p = 0.0070; η2 = 0.026; Figure 2). The power observed for this factor
was 82%, and approximately 3% was explained by the polymorphism of the rs6265 BDNF
and relapse or being in the control group on trait STAI trait scale variance. There was also a
statistically significant effect of relapse or not using (the control group) on the STAI trait
scale score (F1.384 = 3.95; p = 0.0474; η2 = 0.010). The power observed for this factor was
over 51%, and approximately 1% was explained by relapse or lack thereof on the variance
in the STAI trait scale. Table 6 shows the results of the post hoc test.
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Table 5. The results of 2 × 3 factorial ANOVA for patients with addiction relapses and controls, NEO Five-Factor Inventory, STAI, and BDNF gene rs6265.

STAI/NEO Five-Factor
Inventory

Group

rs6265 ANOVA

G/G
n = 250

M ± SD

A/A
n = 17

M ± SD

A/G
n = 123

M ± SD
Factor F (p-Value) η2 Power

(Alfa = 0.05)

STAI trait scale

Addiction relapses (AR);
n = 148 7.65 ± 2.09 5.67 ± 1.53 6.44 ± 2.63 Intercept

AR/control
rs6265

AR/control × rs6265

F1.384 = 568.49 (p < 0.0001)
F1.384 = 3.95 (p = 0.0474)
F2.384 = 2.39 (p = 0.0928)

F2.384 = 5.03 (p = 0.0070) *

0.597
0.010
0.012
0.026

1.000
0.509
0.482
0.815

Control; n = 242 5.08 ± 2.22 6.50 ± 2.74 5.14 ± 2.28

STAI state scale

Addiction relapses (AR);
n = 148 6.27 ± 2.24 6.33 ± 1.53 5.84 ± 2.76 Intercept

AR/control
rs6265

AR/control × rs6265

F1.384 = 447.75 (p < 0.0001)
F1.384 = 7.71 (p = 0.0057)
F2.384 = 0.78 (p = 0.4594)
F2.384 = 0.08 (p = 0.9263)

0.538
0.020
0.004

0.0004

1.000
0.791
0.183
0.061

C: Control; n = 242 2.76 ± 2.24 4.78 ± 2.01 4.57 ± 2.18

Neuroticism scale

Addiction relapses (AR);
n = 148 7.13 ± 2.01 6.33 ± 1.15 6.71 ± 2.46 Intercept

AR/control
rs6265

AR/control × rs6265

F1.384 = 597.44 (p < 0.0001)
F1.384 = 16.59 (p = 0.0001)
F2.384 = 0.79 (p = 0.4500)
F2.384 = 0.41 (p = 0.6627)

0.608
0.041
0.004
0.002

1.000
0.982
0.186
0.116

Control; n = 242 4.76 ± 2.14 5.07 ± 2.06 4.57 ± 1.92

Extraversion scale

Addiction relapses (AR);
n = 148 5.57 ± 2.21 6.67 ± 2.31 5.68 ± 2.11 Intercept

RT/control
rs6265

AR/control × rs6265

F1.384 = 679.69 (p < 0.0001)
F1.384 = 0.24 (p = 0.6235)
F2.384 = 0.49 (p = 0.6136)
F2.384 = 1.06 (p = 0.3460)

0.638
0.0006
0.002
0.005

1.000
0.077
0.130
0.236

Control; n = 242 6.31 ± 2.10 5.64 ± 1.95 6.66 ± 1.80

Openness scale

Addiction relapses (AR);
n = 148 5.19 ± 2.19 5.67 ± 1.53 5.37 ± 2.21 Intercept

RT/control
rs6265

AR/control × rs6265

F1.384 = 560.99 (p < 0.0001)
F1.384 = 4.50 (p = 0.0344)
F2.384 = 0.08 (p = 0.9224)
F2.384 = 0.26 (p = 0.7670)

0.594
0.011

0.0004
0.001

1.000
0.562
0.062
0.092

Control; n = 242 4.61 ± 1.59 4.35 ± 1.86 4.59 ± 1.63

Agreeability scale

Addiction relapses (AR);
n = 148 4.01 ± 1.73 4.66 ± 2.31 4.16 ± 2.12 Intercept

AR/control
rs6265

AR/control × rs6265

F1.384 = 465.25 (p < 0.0001)
F1.384 = 7.33 (p = 0.0071)
F2.384 = 0.27 (p = 0.7622)
F2.384 = 0.12 (p = 0.8882)

0.548
0.019
0.001

0.0006

1.000
0.770
0.093
0.068

Control; n = 242 5.43 ± 2.15 5.71 ± 2.33 5.38 ± 1.96

Conscientiousness scale

Addiction relapses (AR);
n = 148 5.43 ± 2.26 5.67 ± 1.15 5.39 ± 2.29 Intercept

AR/control
rs6265

AR/control × rs6265

F1.384 = 540.2 (p < 0.0001)
F1.384 = 1.21 (p = 0.2728)
F2.384 = 0.73 (p = 0.4798)
F2.384 = 0.84 (p = 0.4343)

0.584
0.003
0.004
0.004

1.000
0.195
0.175
0.193

Control; n = 242 5.67 ± 2.28 6.14 ± 2.51 6.31 ± 1.86

*—significant result; AR—addiction relapses; M ± SD—mean ± standard deviation.
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Figure 2. Interaction between addiction relapses (AR)/control (C) and rs6265 BDNF and STAI
trait scale.

Table 6. Post hoc test (LSD) analysis of interactions between the patients in addiction treatment for
the first time/control, the patients with addiction relapse/control and rs6265 BDNF and Openness
scale and STAI trait scale.

rs6265 BDNF and Openness Scale

{1}
M = 3.97

{2}
M = 5.58

{3}
M = 4.67

{4}
M = 4.59

{5}
M = 4.61

{6}
M = 4.36

First time in addiction treatment G/G {1} 0.0000 * 0.5050 0.0698 0.0454 * 0.4793
First time in addiction treatment A/A {2} 0.3665 0.0001 * 0.0000 * 0.0134 *
First time in addiction treatment A/G {3} 0.9386 0.9540 0.7789

Control G/G {4} 0.9323 0.6439
Control A/A {5} 0.6048
Control A/G {6}

rs6265 BDNF and STAI trait scale
{1}

M = 6.45
{2}

M = 7.65
{3}

M = 5.67
{4}

M = 5.14
{5}

M = 5.08
{6}

M = 6.50

Addiction relapses G/G {1} 0.0049 * 0.5647 0.0032 * 0.0010 * 0.9406
Addiction relapses A/A {2} 0.1336 0.0000 * 0.0000 * 0.0729
Addiction relapses A/G {3} 0.6923 0.6585 0.5623

Control G/G {4} 0.8532 0.0377 *
Control A/A {5} 0.0257 *
Control A/G {6}

*—significant statistical differences, M—mean. LSD—least significant difference.

2.3. Patients in Addiction Treatment for the First Time vs. Patients with Addiction Relapse

The group of patients in addiction treatment for the first time compared to the group of
patients with addiction relapse obtained higher scores in the assessment of Agreeableness
(4.53 vs. 4.06; Z = 2.060; p = 0.0393). Significantly lower results were obtained for the STAI
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trait scale (6.94 vs. 7.30; Z = −1.959; p = 0.0500) and the Neuroticism scale (6.42 vs. 7.01;
Z = −2.527; p = 0.0115).

3. Discussion

BDNF has been linked to many mental disorders. The rs6265 polymorphism of
the BDNF gene causing the replacement of the valine amino acid at 66TH position with
methionine in the BDNF propeptide does not affect the sequence of the mature BDNF
protein. Still, it leads to reduced distribution of BDNF to the dendrites of neurons and
reduced activity-dependent secretion [18,19]. People with the Met allele had smaller
hippocampal volumes [20,21] and exhibited poorer performance during hippocampus-
dependent memory tasks [15]. Therefore, the Met allele, which is responsible for reduced
BDNF availability, is considered by many researchers to be a risk factor for psychopathology,
including increased neuroticism, anxiety, depression, and suicide [22–25].

Our study aimed to analyse the relationship between the rs6265 polymorphism of
the BDNF gene and addiction to psychoactive substances in patients starting addiction
treatment for the first time and in patients with addiction relapse, as well as to analyse
personality traits assessed using the NEO-FFI Inventory; anxiety measured using the STAI
questionnaire; and finally, the interaction between rs6265 and personality traits and anxiety.

The results of our association study indicate statistically significant differences in
genotype frequencies. The GG genotype occurred statistically significantly more often
in the group of addicted patients receiving addiction treatment for the first time and in
the group of patients with addiction relapse compared to the control group. Our research
also shows a significantly different distribution of rs6265 alleles. The G allele occurred
significantly more often in the group of addicted patients undergoing addiction treatment
for the first time and in the group of patients with addiction relapse compared to the
control group.

Cheng et al. [26] conducted an association study of the rs6265 polymorphism of the
BDNF gene in a group of methamphetamine and heroin addicts and the control group.
They found significant differences in the distribution of the BDNF Val66Met genotype
between people addicted to methamphetamine or heroin and the control group, which
suggests that a lower frequency of the 66Met carrier is associated with substance abuse,
which is also confirmed by studies by Jia et al. [27], who also analysed whether the rs6265
polymorphism of the BDNF gene is associated with heroin addiction. The results of their
study showed that the G allele of rs6265 was significantly more frequent in heroin addicts
than in controls. Their results are consistent with those obtained in this study.

Different results were obtained by Meng et al. [28]. The allele distribution of the rs6265
polymorphism of the BDNF gene did not differ significantly between heroin-addicted
patients and the control group in their study. They noted, however, that AA BDNF rs6265
carriers had an earlier onset of heroin addiction and a more pronounced trend in a family
history of heroin addiction than GG carriers after controlling for behavioural characteristics
within rs6265 genotypes.

In a group of people abusing methamphetamine, Su et al. [29] investigated the rela-
tionship between impulsivity and the Val66Met polymorphism of the BDNF gene. They
assessed impulsivity using the Chinese version of the Barratt Impulsivity Scale-11 (BIS-
11). They also examined the association of the polymorphism with the age of onset of
methamphetamine abuse. Their results showed that there were no significant differences
in the distribution of genotypes and alleles between the methamphetamine users and the
control group. In the methamphetamine abuse group, people carrying the Met allele had
significantly higher BIS scores for attentional impulsivity compared to people with the
Val/Val genotype. An earlier onset of methamphetamine use was also associated with the
Met allele.

Addiction is a multifactorial disease. In addition to genetic factors, personality traits
may also contribute to the use of psychoactive substances [30]. The five-factor model of
personality, also known as the Big Five, assumes that personality consists of five basic
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dimensions: Neuroticism, Agreeableness, Openness, Conscientiousness and Extraversion.
Each dimension describes enduring character traits influencing people’s thoughts, feelings
and behaviour. The Big Five Theory was developed based on lexical research analysing the
words used to describe personality in different languages. Researchers used a statistical
method called factor analysis to find common factors or dimensions underlying these
words. Such an analysis was conducted for the first time by Fiske [31] in 1949, and later his
results were confirmed and developed by other scientists [32–35]. Factor analysis showed
that the five personality dimensions exist across cultures and contexts [36] and among
people with mental disorders [37]. There is no clear definition of each dimension, but they
can be described as follows: Neuroticism is the tendency to experience negative emotions
like fear, sadness or anger. Agreeableness is the tendency to cooperate, be kind and care for
others. Openness is the tendency to seek new experiences, be creative and be curious about
the world. Conscientiousness is the tendency be organised, responsible and hard-working.
Extraversion is the tendency to be sociable, energetic and assertive [38].

In our study, personality was assessed using the NEO-FFI Inventory. The analysis
showed that patients participating in addiction treatment for the first time, compared to
the control group, obtained higher scores on the Neuroticism and Openness scales. The
same was true when comparing the group of patients with addiction relapse and the
control group. However, when comparing the group of patients participating in addiction
treatment for the first time with the group of patients with addiction relapse, patients
participating in addiction treatment for the first time scored statistically significantly lower
on the Neuroticism scale. On the Extraversion and Agreeableness scales, patients partici-
pating in addiction treatment for the first time and patients with addiction relapse achieved
statistically significantly lower results compared to the control group. However, when
comparing the group of patients participating in addiction treatment for the first time with
the group of patients with addiction relapse, patients participating in addiction treatment
for the first time had a statistically significantly lower result on the Agreeableness scale.

In this study, we also assessed the impact of the rs6265 genotype interaction of the
BDNF gene in groups of people with a substance use disorder in treatment for the first time,
as well as its impact in those experiencing addiction relapse and those in the control group.
When comparing the group of patients participating in addiction treatment for the first
time with the control group, a statistically significant impact of the interaction of the rs6265
genotype of the BDNF gene and first-time addiction treatment or no drug use (control
group) on the Openness scale was found. A statistically significant effect of the rs6265
genotype of the BDNF gene on the value result on the Openness scale was also found.

Kulkarni et al. [39] conducted a study to assess the level of nicotine addiction in
tobacco smokers (working in the corporate sector) to learn about their personality profiles
and the relationship between personality traits and continued smoking. They showed
that Neuroticism was significantly related to the level of nicotine addiction. Extraversion
and openness were associated with health problems, while agreeableness and conscien-
tiousness were related to social factors as a reason for quitting smoking. Extraversion and
Agreeableness have been linked to occupational and social factors as causes of relapse.
Indeed, a growing body of literature examines the links between the Big Five and illicit drug
use [40–42]. Research conducted by Terracciano et al. [41] among 1102 adults allowed us to
conclude that people with a high level of Neuroticism were more likely to use cannabis.
Moreover, people with lower Agreeableness and Conscientiousness scores were more likely
to use cannabis. Similar results were obtained by Dash et al. [40], who examined a sample
of 3785 twins and siblings from Australia. They showed that high levels of Neuroticism,
low Agreeableness and Conscientiousness were associated with cannabis addiction. Similar
results were also obtained by Sutin et al. [42] on a sample of 412 adults, which showed that
higher levels of Neuroticism and lower scores for Agreeableness and Conscientiousness
were associated with a greater likelihood of using cocaine or opiates.

The BDNF gene may be associated with the putative common pathophysiology of
depression and anxiety. One common, non-conservative polymorphism has been identified



Int. J. Mol. Sci. 2024, 25, 788 11 of 14

in the human BDNF gene, rs6265, which causes substitution at codon 66. Several studies
suggest that the Met allele is associated with reduced hippocampal volume and abnormal
hippocampal activation in humans [15,43,44], and the hippocampus plays a role in regulat-
ing mood state. It can be expected that the BDNF Val66Met polymorphism may influence
behaviour and anxiety.

Anxiety disorders often co-exist with substance dependence and are more common in
families with a history of using psychoactive substances [45].

Using the STAI questionnaire, our study also analysed anxiety as a trait and state.
Compared to the control group, patients participating in addiction treatment for the first
time achieved statistically significantly higher results in the assessment of anxiety as a
trait and as a state. Patients with addiction relapses, compared to the control group, also
obtained statistically significantly higher results of anxiety as a trait and as a state. When
comparing the group of patients participating in addiction treatment for the first time with
the group of patients with addiction relapse, patients participating in addiction treatment
for the first time obtained a statistically significantly lower score on the STAI trait scale.

We also assessed the interactions of the rs6265 genotype of the BDNF gene and relapse
or not using (the control group) with the STAI trait scale. We also found a statistically sig-
nificant impact of addiction relapse or not using (the control group) on the STAI trait score.

Pietras et al. [46] conducted a study that assessed anxiety as a trait and as a state
measured using the State-Trait Anxiety Inventory (STAI) among nicotine addicts and the
control group. They showed that the average intensity of trait anxiety and state anxiety
and its level differ between groups.

Despite many studies on the influence of the rs6265 polymorphism of the BDNF gene
and susceptibility to addiction, it is not easy to find a consensus in this case. This may be
explained by various factors, including study samples that are generally relatively small
and effects that may be specific to gender and ethnicity.

Addictions are multifactorial and polygenic. Therefore, there is still a need for research
on the association of candidate gene polymorphisms because although a single polymor-
phism has a negligible impact on the manifestation of the addiction phenotype, they are
still unrecognised.

4. Materials and Methods
4.1. Participants

The study group consisted of 533 volunteers. Of these, 291 were addicted to psy-
choactive substances (mean age = 28.87, SD = 6.58) and 242 were in the control group
(mean age = 22.52, SD = 4.14). The Pomeranian Medical University Bioethics Committee
in Szczecin approved the study (KB-006/01/2022). Before participation in the study, all
participants gave written informed consent. The study was conducted in the Independent
Health Promotion Laboratory, Pomeranian Medical in Szczecin. Both participants who
were addicted to psychoactive substances and the control group participants underwent
the same psychometric testing with the State-Trait Anxiety Inventory (STAI) questionnaire
and NEO Five-Factor Personality Inventory (NEO-FFI). The study group included peo-
ple participating in addiction treatment for the first time (143) and people experiencing
addiction relapse (148).

4.2. Psychometric Tests

The STAI questionnaire is a tool that measures anxiety as a trait, which is a persistent
predisposition to having worries, stress, discomfort, and anxiety. It also measures anxiety as
a state, which takes the form of fear, anxiety, and momentary stimulation of the autonomic
nervous system in response to specific situations.

For each of the five traits, the NEO-FFI Five-Factor Inventory contains six components—
Neuroticism (anxiety, hostility, depression, self-consciousness, impulsivity and suscepti-
bility to stress), Extroversion (warmth, sociability, assertiveness, activity, emotion seeking
and positive emotions), Agreeableness (trust, straightforwardness, altruism, humility and
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openness to experience), and positive emotions), openness to experience (fantasy, aesthetics,
feelings, actions, ideas and values), agreeableness (trust, straightforwardness, altruism,
compliance, modesty and tenderness) and conscientiousness (competence, orderliness,
duty, striving for achievement, self-discipline and consideration) [47].

The results of both inventories, i.e., STAI and NEO-FFI, were reported as the sten
scores. The conversion of the raw score to the sten scale was carried out according to the
Polish standards for adults, where it was assumed that 1–2 sten corresponds to very low
results, 3–4 corresponds to low results, 5–6 corresponds to average results, 7–8 corresponds
high results and 9–10 sten corresponds to very high results.

4.3. Genotyping

The genomic DNA was isolated from venous blood using standard procedures. Geno-
typing was performed using the real-time PCR method. The fluorescence signal was plotted
as a function of temperature to provide melting curves for each sample. The rs6265 BDNF
polymorphic site peaks were read at 53.29 ◦C for the A allele and 59.93 ◦C for the G allele.

4.4. Statistical Analysis

The concordance between the genotype frequency distribution and Hardy–Weinberg equi-
librium (HWE) was tested using the HWE software (https://wpcalc.com/en/equilibrium-
hardy-weinberg/ accessed on 5 April 2023). The relations between rs6265 BDNF variants:
first-time therapy subjects, addiction relapse subjects and control subjects and the NEO
Five-Factor Inventory were analysed using a multivariate analysis of factor effects ANOVA
[NEO-FFI/scale STAI/× genetic feature × control and first-time treatment, addiction
relapse × (genetic feature × control and first-time treatment, relapses addiction)]. The
condition of homogeneity of variance was fulfilled (Levene test p > 0.05). The analysed
variables were not distributed normally. The NEO Five-Factor Inventory (Neuroticism,
Extraversion, Openness, Agreeability and Conscientiousness) sten scores were compared
using the U Mann–Whitney test. rs6265 BDNF genotype frequencies differences between
control subjects and first-time treatment and relapse addiction were tested using the chi-
square test. All computations were performed using STATISTICA 13 (Tibco Software Inc.,
Palo Alto, CA, USA) for Windows (Microsoft Corporation, Redmond, WA, USA). Statistical
significance was assumed at p < 0.05.

5. Conclusions

The results of this study provide further evidence that personality traits, anxiety,
and the rs6265 polymorphism of the BDNF gene may be risk factors for susceptibility to
addiction to psychoactive substances. In addition, they can be a predictor of addiction
relapse, but further extensive studies of this type are needed to confirm the results of
this study.

We emphasise that analysing genotypes and alleles in connection with personality-
related factors is justified. Still, it should be remembered that it may also be a factor limiting
the interpretation of the study.

However, the innovative nature of the study makes it necessary to create homogeneous
subgroups—including those that consider the respondents’ personality characteristics.

Author Contributions: Conceptualization, A.S.-P. and A.G.; methodology, A.S.-P. and A.G.; software,
K.C.; validation, J.C. and J.M.; formal analysis, K.C.; investigation, A.B.; resources, A.S.-P.; data
curation, A.S.; writing—original draft preparation, A.S.-P., A.G., K.C., R.R., A.S., J.C., A.B. and J.M.;
writing—review and editing, A.S.-P., A.G., K.C., O.S.-S., J.C., A.B. and J.M.; visualisation, A.S.-P.;
supervision, A.G.; project administration, A.G. funding acquisition, A.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This project was financed by the program of the Minister of Science and Higher Educa-
tion in Poland under the name “Regional Initiative of Excellence” in 2019–2022, project number
002/RID/2018/19, amount of financing 12,000,000 PLN.

https://wpcalc.com/en/equilibrium-hardy-weinberg/
https://wpcalc.com/en/equilibrium-hardy-weinberg/


Int. J. Mol. Sci. 2024, 25, 788 13 of 14

Institutional Review Board Statement: Approval was obtained from the Pomeranian Medical
University Bioethical Committee in Szczecin (KB-006/01/2022).

Informed Consent Statement: All participants gave written informed consent before entering
the study.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Goldstein, R.Z.; Volkow, N.D. Drug Addiction and Its Underlying Neurobiological Basis: Neuroimaging Evidence for the

Involvement of the Frontal Cortex. Am. J. Psychiatry 2002, 159, 1642–1652. [CrossRef] [PubMed]
2. Zou, Z.; Wang, H.; d’Oleire Uquillas, F.; Wang, X.; Ding, J.; Chen, H. Definition of Substance and Non-Substance Addiction. Adv.

Exp. Med. Biol. 2017, 1010, 21–41. [CrossRef] [PubMed]
3. Camí, J.; Farré, M. Drug Addiction. N. Engl. J. Med. 2003, 349, 975–986. [CrossRef] [PubMed]
4. Dackis, C.A.; O’Brien, C.P. Cocaine Dependence: A Disease of the Brain’s Reward Centers. J. Subst. Abuse Treat. 2001, 21, 111–117.

[CrossRef]
5. Wagner, F.A.; Anthony, J.C. From First Drug Use to Drug Dependence; Developmental Periods of Risk for Dependence upon

Marijuana, Cocaine, and Alcohol. Neuropsychopharmacology 2002, 26, 479–488. [CrossRef] [PubMed]
6. Bolaños, C.A.; Nestler, E.J. Neurotrophic Mechanisms in Drug Addiction. Neuromol. Med. 2004, 5, 69–83. [CrossRef]
7. Li, X.; Wolf, M.E. Multiple Faces of BDNF in Cocaine Addiction. Behav. Brain Res. 2015, 279, 240–254. [CrossRef]
8. Fox, H.C.; Hong, K.I.A.; Siedlarz, K.; Sinha, R. Enhanced Sensitivity to Stress and Drug/Alcohol Craving in Abstinent Cocaine-

Dependent Individuals Compared to Social Drinkers. Neuropsychopharmacology 2008, 33, 796–805. [CrossRef]
9. McKee, S.A.; Sinha, R.; Weinberger, A.H.; Sofuoglu, M.; Harrison, E.L.; Lavery, M.; Wanzer, J. Stress Decreases the Ability to Resist

Smoking and Potentiates Smoking Intensity and Reward. J. Psychopharmacol. 2011, 25, 490–502. [CrossRef]
10. Sinha, R.; Fox, H.C.; Hong, K.I.A.; Hansen, J.; Tuit, K.; Kreek, M.J. Effects of Adrenal Sensitivity, Stress- and Cue-Induced Craving,

and Anxiety on Subsequent Alcohol Relapse and Treatment Outcomes. Arch. Gen. Psychiatry 2011, 68, 942–952. [CrossRef]
11. Wrase, J.; Makris, N.; Braus, D.F.; Mann, K.; Smolka, M.N.; Kennedy, D.N.; Caviness, V.S.; Hodge, S.M.; Tang, L.; Albaugh, M.;

et al. Amygdala Volume Associated with Alcohol Abuse Relapse and Craving. Am. J. Psychiatry 2008, 165, 1179–1184. [CrossRef]
12. Greenfield, S.F.; Weiss, R.D.; Muenz, L.R.; Vagge, L.M.; Kelly, J.F.; Bello, L.R.; Michael, J. The Effect of Depression on Return to

Drinking: A Prospective Study. Arch. Gen. Psychiatry 1998, 55, 259–265. [CrossRef]
13. Dodge, R.; Sindelar, J.; Sinha, R. The Role of Depression Symptoms in Predicting Drug Abstinence in Outpatient Substance Abuse

Treatment. J. Subst. Abuse Treat. 2005, 28, 189–196. [CrossRef] [PubMed]
14. D’Sa, C.; Fox, H.C.; Hong, A.K.; Dileone, R.J.; Sinha, R. Increased Serum Brain-Derived Neurotrophic Factor Is Predictive of

Cocaine Relapse Outcomes: A Prospective Study. Biol. Psychiatry 2011, 70, 706–711. [CrossRef]
15. Egan, M.F.; Kojima, M.; Callicott, J.H.; Goldberg, T.E.; Kolachana, B.S.; Bertolino, A.; Zaitsev, E.; Gold, B.; Goldman, D.; Dean, M.;

et al. The BDNF Val66met Polymorphism Affects Activity-Dependent Secretion of BDNF and Human Memory and Hippocampal
Function. Cell 2003, 112, 257–269. [CrossRef] [PubMed]

16. Lang, U.E.; Hellweg, R.; Sander, T.; Gallinat, J. The Met Allele of the BDNF Val66Met Polymorphism Is Associated with Increased
BDNF Serum Concentrations. Mol. Psychiatry 2009, 14, 120–122. [CrossRef] [PubMed]

17. McCrae, R.R.; John, O.P. An Introduction to the Five-Factor Model and Its Applications. J. Pers. 1992, 60, 175–215. [CrossRef]
18. Chen, Z.Y.; Jing, D.; Bath, K.G.; Ieraci, A.; Khan, T.; Siao, C.J.; Herrera, D.G.; Toth, M.; Yang, C.; McEwen, B.S.; et al. Genetic

Variant BDNF (Val66Met) Polymorphism Alters Anxiety-Related Behavior. Science 2006, 314, 140. [CrossRef]
19. Chen, Z.Y.; Patel, P.D.; Sant, G.; Meng, C.X.; Teng, K.K.; Hempstead, B.L.; Lee, F.S. Variant Brain-Derived Neurotrophic Factor

(BDNF) (Met66) Alters the Intracellular Trafficking and Activity-Dependent Secretion of Wild-Type BDNF in Neurosecretory
Cells and Cortical Neurons. J. Neurosci. 2004, 24, 4401–4411. [CrossRef]

20. Bueller, J.A.; Aftab, M.; Sen, S.; Gomez-Hassan, D.; Burmeister, M.; Zubieta, J.K. BDNF Val66Met Allele Is Associated with
Reduced Hippocampal Volume in Healthy Subjects. Biol. Psychiatry 2006, 59, 812–815. [CrossRef]

21. Pezawas, L.; Verchinski, B.A.; Mattay, V.S.; Callicott, J.H.; Kolachana, B.S.; Straub, R.E.; Egan, M.F.; Meyer-Lindenberg, A.;
Weinberger, D.R. The Brain-Derived Neurotrophic Factor Val66met Polymorphism and Variation in Human Cortical Morphology.
J. Neurosci. 2004, 24, 10099–10102. [CrossRef] [PubMed]

22. Enoch, M.A.; White, K.V.; Waheed, J.; Goldman, D. Neurophysiological and Genetic Distinctions between Pure and Comorbid
Anxiety Disorders. Depress. Anxiety 2008, 25, 383–392. [CrossRef] [PubMed]

23. Hashimoto, K.; Shimizu, E.; Iyo, M. Critical Role of Brain-Derived Neurotrophic Factor in Mood Disorders. Brain Res. Rev. 2004,
45, 104–114. [CrossRef]

24. Hwang, J.P.; Tsai, S.J.; Hong, C.J.; Yang, C.H.; Lirng, J.F.; Yang, Y.M. The Val66Met Polymorphism of the Brain-Derived
Neurotrophic-Factor Gene Is Associated with Geriatric Depression. Neurobiol. Aging 2006, 27, 1834–1837. [CrossRef] [PubMed]

https://doi.org/10.1176/appi.ajp.159.10.1642
https://www.ncbi.nlm.nih.gov/pubmed/12359667
https://doi.org/10.1007/978-981-10-5562-1_2
https://www.ncbi.nlm.nih.gov/pubmed/29098666
https://doi.org/10.1056/NEJMra023160
https://www.ncbi.nlm.nih.gov/pubmed/12954747
https://doi.org/10.1016/S0740-5472(01)00192-1
https://doi.org/10.1016/S0893-133X(01)00367-0
https://www.ncbi.nlm.nih.gov/pubmed/11927172
https://doi.org/10.1385/NMM:5:1:069
https://doi.org/10.1016/j.bbr.2014.11.018
https://doi.org/10.1038/sj.npp.1301470
https://doi.org/10.1177/0269881110376694
https://doi.org/10.1001/archgenpsychiatry.2011.49
https://doi.org/10.1176/appi.ajp.2008.07121877
https://doi.org/10.1001/archpsyc.55.3.259
https://doi.org/10.1016/j.jsat.2004.12.005
https://www.ncbi.nlm.nih.gov/pubmed/15780549
https://doi.org/10.1016/j.biopsych.2011.05.013
https://doi.org/10.1016/S0092-8674(03)00035-7
https://www.ncbi.nlm.nih.gov/pubmed/12553913
https://doi.org/10.1038/mp.2008.80
https://www.ncbi.nlm.nih.gov/pubmed/19156154
https://doi.org/10.1111/j.1467-6494.1992.tb00970.x
https://doi.org/10.1126/science.1129663
https://doi.org/10.1523/JNEUROSCI.0348-04.2004
https://doi.org/10.1016/j.biopsych.2005.09.022
https://doi.org/10.1523/JNEUROSCI.2680-04.2004
https://www.ncbi.nlm.nih.gov/pubmed/15537879
https://doi.org/10.1002/da.20378
https://www.ncbi.nlm.nih.gov/pubmed/17941097
https://doi.org/10.1016/j.brainresrev.2004.02.003
https://doi.org/10.1016/j.neurobiolaging.2005.10.013
https://www.ncbi.nlm.nih.gov/pubmed/16343697


Int. J. Mol. Sci. 2024, 25, 788 14 of 14

25. Iga, J.I.; Ueno, S.I.; Yamauchi, K.; Numata, S.; Tayoshi-Shibuya, S.; Kinouchi, S.; Nakataki, M.; Song, H.; Hokoishi, K.; Tanabe,
H.; et al. The Val66Met Polymorphism of the Brain-Derived Neurotrophic Factor Gene Is Associated with Psychotic Feature
and Suicidal Behavior in Japanese Major Depressive Patients. Am. J. Med. Genet. B Neuropsychiatr. Genet. 2007, 144B, 1003–1006.
[CrossRef] [PubMed]

26. Cheng, C.Y.; Hong, C.J.; Yu, Y.W.Y.; Chen, T.J.; Wu, H.C.; Tsai, S.J. Brain-Derived Neurotrophic Factor (Val66Met) Genetic
Polymorphism Is Associated with Substance Abuse in Males. Brain Res. Mol. Brain Res. 2005, 140, 86–90. [CrossRef]

27. Jia, W.; Shi, J.G.; Wu, B.; Ao, L.; Zhang, R.; Zhu, Y.S. Polymorphisms of Brain-Derived Neurotrophic Factor Associated with
Heroin Dependence. Neurosci. Lett. 2011, 495, 221–224. [CrossRef] [PubMed]

28. Meng, C.; Lan, J.; Wang, Y.; Song, M.; Gao, X.; Ran, L.; Moira, S.; Wang, W. Influence of Brain-Derived Neurotrophic Factor
Genetic Polymorphisms on the Ages of Onset for Heroin Dependence in a Chinese Population. Genet. Test. Mol. Biomark. 2012, 16,
1044–1050. [CrossRef]

29. Su, H.; Tao, J.; Zhang, J.; Xie, Y.; Sun, Y.; Li, L.; Xu, K.; Han, B.; Lu, Y.; Sun, H.; et al. An Association between BDNF Val66Met
Polymorphism and Impulsivity in Methamphetamine Abusers. Neurosci. Lett. 2014, 582, 16–20. [CrossRef]

30. Hill, P.L.; Roberts, B.W. Personality and Health: Reviewing Recent Research and Setting a Directive for the Future. In Handbook of
the Psychology of Aging, 8th ed.; Elsevier: Amsterdam, The Netherlands, 2016; pp. 205–218. [CrossRef]

31. Fiske, D.W. Consistency of the Factorial Structures of Personality Ratings from Different Sources. J. Abnorm. Soc. Psychol. 1949, 44,
329–344. [CrossRef]

32. Smith, G.M. Usefulness of Peer Ratings of Personality in Educational Research. Educ. Psychol. Meas. 1967, 27, 967–984. [CrossRef]
33. Norman, W.T. 2800 Personality Trait Descriptors—Normative Operating Characteristics for a University Population; University of

Michigan: Ann Arbor, MI, USA, 1967.
34. Goldberg, L.R. Language and Individual Differences: The Search for Universals in Personality Lexicons. Rev. Personal. Soc.

Psychol. 1981, 2, 141–156.
35. McCrae, R.R.; Costa, P.T. Validation of the Five-Factor Model of Personality Across Instruments and Observers. J. Pers. Soc.

Psychol. 1987, 52, 81–90. [CrossRef] [PubMed]
36. John, O.P.; Naumann, L.P.; Soto, C.J. Paradigm Shift to the Integrative Big Five Trait Taxonomy. In Handbook of Personality: Theory

and Research; Guilford Press: New York, NY, USA, 2008; Volume 3, pp. 114–158.
37. Yang, J.; McCrae, R.R.; Costa, P.T.; Dai, X.; Yao, S.; Cai, T.; Gao, B. Cross-Cultural Personality Assessment in Psychiatric

Populations: The NEO-PI-R in the People’s Republic of China. Psychol. Assess. 1999, 11, 359–368. [CrossRef]
38. Kang, W. Big Five Personality Traits Predict Illegal Drug Use in Young People. Acta Psychol. 2022, 231, 103794. [CrossRef]
39. Kulkarni, P.; Parkar, S.; Kate, N.; Ninawe, K.; Limbachiya, R. Role of Personality in Tobacco Smoking Behavior in Corporate

Sector: A Cross-Sectional Study. Ind. Psychiatry J. 2018, 27, 103. [CrossRef]
40. Dash, G.F.; Slutske, W.S.; Martin, N.G.; Statham, D.J.; Agrawal, A. Big Five Personality Traits and Alcohol, Nicotine, Cannabis,

and Gambling Disorder Comorbidity. Psychol. Addict. Behav. 2019, 33, 420–429. [CrossRef]
41. Terracciano, A.; Löckenhoff, C.E.; Crum, R.M.; Bienvenu, O.J.; Costa, P.T. Five-Factor Model Personality Profiles of Drug Users.

BMC Psychiatry 2008, 8, 22. [CrossRef]
42. Sutin, A.R.; Evans, M.K.; Zonderman, A.B. Personality Traits and Illicit Substances: The Moderating Role of Poverty. Drug Alcohol.

Depend. 2013, 131, 247–251. [CrossRef]
43. Szeszko, P.R.; Lipsky, R.; Mentschel, C.; Robinson, D.; Gunduz-Bruce, H.; Sevy, S.; Ashtari, M.; Napolitano, B.; Bilder, R.M.;

Kane, J.M.; et al. Brain-Derived Neurotrophic Factor Val66met Polymorphism and Volume of the Hippocampal Formation. Mol.
Psychiatry 2005, 10, 631–636. [CrossRef]

44. Hariri, A.R.; Goldberg, T.E.; Mattay, V.S.; Kolachana, B.S.; Callicott, J.H.; Egan, M.F.; Weinberger, D.R. Brain-Derived Neurotrophic
Factor Val66met Polymorphism Affects Human Memory-Related Hippocampal Activity and Predicts Memory Performance.
J. Neurosci. 2003, 23, 6690. [CrossRef]

45. Merikangas, K.R.; Swendsen, J.D.; Preisig, M.A.; Chazan, R.Z. Psychopathology and Temperament in Parents and Offspring:
Results of a Family Study. J. Affect. Disord. 1998, 51, 63–74. [CrossRef] [PubMed]

46. Pietras, T.; Witusik, A.; Panek, M.; Szemraj, J.; Górski, P. Anxiety, Depression and Methods of Stress Coping in Patients with
Nicotine Dependence Syndrome. Med. Sci. Monit. 2011, 17, 272–276. [CrossRef]

47. Costa, P.T.; McCrae, R.R. The Revised NEO Personality Inventory (NEO-PI-R). In The SAGE Handbook of Personality Theory and
Assessment: Volume 2—Personality Measurement and Testing; Sage Publications Ltd.: Thousand Oaks, CA, USA, 2008; pp. 179–198.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ajmg.b.30520
https://www.ncbi.nlm.nih.gov/pubmed/17510948
https://doi.org/10.1016/j.molbrainres.2005.07.008
https://doi.org/10.1016/j.neulet.2011.03.072
https://www.ncbi.nlm.nih.gov/pubmed/21458533
https://doi.org/10.1089/gtmb.2012.0016
https://doi.org/10.1016/j.neulet.2014.08.030
https://doi.org/10.1016/B978-0-12-411469-2.00011-X
https://doi.org/10.1037/h0057198
https://doi.org/10.1177/001316446702700445
https://doi.org/10.1037/0022-3514.52.1.81
https://www.ncbi.nlm.nih.gov/pubmed/3820081
https://doi.org/10.1037/1040-3590.11.3.359
https://doi.org/10.1016/j.actpsy.2022.103794
https://doi.org/10.4103/ipj.ipj_46_16
https://doi.org/10.1037/adb0000468
https://doi.org/10.1186/1471-244X-8-22
https://doi.org/10.1016/j.drugalcdep.2012.10.020
https://doi.org/10.1038/sj.mp.4001656
https://doi.org/10.1523/JNEUROSCI.23-17-06690.2003
https://doi.org/10.1016/S0165-0327(98)00157-8
https://www.ncbi.nlm.nih.gov/pubmed/9879804
https://doi.org/10.12659/MSM.881767
https://doi.org/10.4135/9781849200479.N9

	Introduction 
	Results 
	Patients in Addiction Treatment for the First Time vs. the Control Group 
	Patients with Addiction Relapse vs. the Control Group 
	Patients in Addiction Treatment for the First Time vs. Patients with Addiction Relapse 

	Discussion 
	Materials and Methods 
	Participants 
	Psychometric Tests 
	Genotyping 
	Statistical Analysis 

	Conclusions 
	References

