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Abstract

Posttraumatic stress disorder (PTSD) is a trauma-induced disorder characterized with impaired
cognitive function. BDNF modulates cognition and is involved in neuroprotection and neurocognitive
processing. The BDNF Val66Met polymorphism was found to influence cognitive functions. In PTSD,
carriers of the BDNF GG genotype had better spatial processing of navigation performance, and lower
hyperarousal and startle reaction than A allele carriers. The hypothesis was that veterans with PTSD,
carriers of the BDNF Val66Met A allele, will show reduced cognitive skills.

The study included 315 male Caucasian combat veterans, with (N=199) or without (N=116) current and
chronic PTSD. Cognition was assessed using the Rey-Osterrieth Complex Figure (ROCF) test that
determines visual-spatial perception and short and long-term visual memory function.

The results revealed that cognitive decline measured with ROCF test was associated with PTSD.
Presence of the BDNF Val66Met GG genotype in veterans with PTSD, but not in veterans without PTSD,
showed protective association with visual short-term memory and visual object manipulation after few
seconds (executive function), assessed with the ROCF immediate recall test, compared to the A carriers
with PTSD.

In conclusion, this was the first study to confirm the association between BDNF Val66Met and memory
and attention performed with ROCF in male veterans with PTSD. The results corroborated that the
BDNF Val66Met A allele, compared to GG genotype, is associated with poorer short-term visual
memory and attention linked with executive functions, in veterans with PTSD.
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Introduction

Post-traumatic stress disorder (PTSD) is a trauma-induced stress-related disorder with cognitive
decline contributing to the development, maintenance or exacerbation of symptoms [1].
Neuropsychological function is impaired in PTSD [2] including decreased performance in learning,



attention and working memory, executive functions and processing speed. Working and visual memory
deficits in PTSD, manifested through persistent re-experiencing of traumatic memories, are probably
caused by the decreased hippocampal volume [3] whose smaller size correlated with the progression
of PTSD [4,5]. PTSD patients show impaired executive functioning implicating prefrontal cortex (PFC)
dysfunction [6], characterized with particular difficulties in the appropriate regulation of PFC regions
given the specific task demands [7], but the results across different studies are inconsistent. Disturbed
cognition, due to concurrent emotional processing, hypervigilance, or decreased sleep could reduce
attention to relevant stimuli thus influencing processing speed [8], which is often associated with
prefrontal (i.e. inferior frontal gyrus) activation [9]. In the middle-aged civilian women, higher scores
of PTSD symptoms were related to the worse performance on psychomotor speed/attention) and
learning/working memory [10].

Brain derived neurotrophic factor (BDNF) modulates cell growth, survival, neuro-differentiation [11],
neuroprotection [12], and neuroplastic changes related to cognitive processes [13]. BDNF activity is
affected by the single nucleotide polymorphism Val66Met (G/A) of BDNF gene, a replacement of valine
by methionine [14]. BDNF Val66Met polymorphism affects the transport of BDNF mRNA to dendrites
and packaging and secretion of BDNF in neuronal cells, with the A allele associated with disturbances
in activity-dependent BDNF release [15]. Moreover, the A allele affected cognitive functions, especially
in the delayed recall of episodic memory and reduced hippocampal engagement during encoding and
retrieval of a spatial task [16]. Namely, A compared to GG carriers had poorer performance on the
memory tasks [17].

There are inconsistent data on the relationship between BDNF Val66Met and PTSD, reporting no
[18,19] or a significant [20] association. However, BDNF Val66Met is associated with the main feature
in PTSD, fear extinction learning: carriers of the BDNF Val66Met A allele with more severe PTSD had
poorer fear extinction than GG carriers with PTSD [21]. The complex relationship between PTSD,
trauma, BDNF Val66Met and hippocampal dependent processing affecting navigation skills was
reported: BDNF GG genotype carriers were more accurate in judging their own competence at spatial
processing of navigation performance than A carriers [22]. BDNF Val66Met was associated with startle
response in PTSD, since AA carriers showed increased hyperarousal vulnerability and higher startle
scores than the G carries [23]. These data suggest that A allele is a risk allele, while G allele is protective
from exaggerated startle reactions [23]. No significant associations between BDNF Val66Met
polymorphism with general cognitive ability, memory, executive function, visual processing skills and
cognitive fluency were found [24]. Differences might be due to several factors, including gender, age,
physical condition, ethnicity, cardio-vascular health status and diagnosis [25,26], valid tests measuring
cognitive decline, and different trauma exposure for subjects with PTSD [22]. Only one study
determined the association of BDNF Val66Met and memory in civilian women with PTSD, reporting
that negative memory bias was significantly increased with increasing numbers of A alleles [27].

To the best of our knowledge, there are no data on the association of the BDNF Val66Met and Rey-
Osterrieth Complex Figure (ROCF) test that determines visual-spatial perception and short and long-
term visual memory function, in male veterans with PTSD. Therefore, the aims of the study were to 1)
evaluate the pattern of change in cognitive function in veterans with or without PTSD using ROCF test;
2) examine the possible association of visuospatial abilities, attention, memory and processing speed
with BDNF Val66Met; and 3) confirm if BDNF Val66Met A allele is associated with reduced cognitive
skills in veterans with PTSD.

Materials and methods

Subjects and cognitive measurements



The study included only 315 male, medication free, Caucasian combat veterans of Croatian origin,
recruited between 2002 and 2008 at the University Hospital Dubrava: 199 war veterans diagnosed with
current and chronic combat related PTSD (using the Structured Clinical Interview and Clinician
Administered PTSD Scale (CAPS) based on Diagnostic and Statistical Manual for Mental Disorders-IV
criteria [28] with median CAPS 58 (51;72) and median age 42 (38;48), and 116 veterans exposed to the
same combat experience who did not develop PTSD, with median age 39 (34;43). Exclusion criteria:
schizophrenia, mental retardation, dementia, cognitive dysfunction, mood disorders, substance or
alcohol abuse. They were mostly married (67%) and 71% finished high schools, with similar social and
cultural backgrounds. Veterans were seeking treatment in Veterans PTSD program. They were further
referred as cases (veterans with PTSD) and controls (veterans without PTSD).

Visual working memory in cases/controls was evaluated, as described previously [29], using the ROCF
test which measures individual’s visuospatial abilities, attention, visual memory and processing speed.
It consists of replicating the drawing of a complex figure (ROCF copy) and then reproducing it from the
memory less than three minutes after observation (ROCF immediate recall) and 30 minutes after
observation (ROCF delayed recall). Each subtest has maximum score of 20.

All subjects signed informed consent prior to the study which was approved by the corresponding
Ethics committee, fully compliant with the Declaration of Helsinki standards from 1975, as revised in
2008.

Blood collection and genotyping

Genomic DNA was isolated from peripheral blood using a salting out method [30]. BDNF Val66Met
(rs6265) polymorphism was genotyped using Applied Biosystems® 7300 Real-Time PCR System with
TagMan® SNP Genotyping Assay (Foster City, CA, USA) primers and probes (Assay ID: C_11592758 10).
The reaction was performed following manufacture’s protocol in 10 plL reaction volume with
approximately 20 ng of DNA. Around 10% of samples were repeated as a quality control for genotyping
assays.

Statistical analysis

Data was analyzed using Graph Prism version 7.00 (GraphPad Software, Inc.). Due to deviation from
the normal distribution for all tested neuropsychological scales, calculated using the Kolmogorov-
Smirnov test, the results were expressed as median and 25™ (Q1) and 75™ (Q3) percentiles and non-
parametric statistical analyses were used. The x?test was used for Hardy-Weinberg equilibrium and to
calculate differences in BDNF Val66Met AA, GA and GG genotypes, A vs. GG carriers, and G vs. AA
carriers distribution. General linear model analyzed possible effects of diagnosis, age, smoking and
education level on ROCF scores. Kruskal Wallis ANOVA and Mann Whitney test were used to determine
differences in the ROCF scores depending on BDNF Val66Met genotypes, in cases/controls separately.
All tests were two-tailed, with p < 0.05. GxPower 3 Software [31] was used to determine a priori
sample size and statistical power [with a = 0.05; expected small to medium effect size = 0.2; and
statistical power (1 - b) = 0.800]. The required sample sizes were: for a Mann Whitney test, N = 191;
for a x’test, N = 241 with df = 2; or N = 197 with df=1; for Kruskal-Wallis ANOVA, N=246. Therefore, the
study included N=315 subjects and had adequate sample size and statistical power.

Results

General linear model determined the effects of diagnosis (PTSD or controls), age, smoking and
education level, that were placed as fixed factors, and age and general |Q used as covariates on the
ROCF copy, immediate and delayed recall test scores (Table 1). Highly significant (p<0.001) predictor
of both ROCF immediate and delayed recall test scores was diagnosis of PTSD, while other variables



did not contribute to the model. None of the variables was significantly associated with the ROCF copy
test scores (Table 1).

Table 1. Effects of diagnosis, age, general IQ, smoking and education level on ROCF copy, immediate
and delayed test scores

Predictor ROCF copy ROCF immediate recall ROCF delayed recall
Diagnosis F=0.843; p=0.360 F=132.877; p<0.001 F=222.422; p<0.001
Education level F=0.612; p=0.654 F=0.117; p=0.976 F=0.965; p=0.428
Smoking F=0.004; p=0.949 F=0.971; p=0.326 F=0.055; p=0.815
Age F=0.045; p=0.832 F=0.673; p=0.413 F=0.392; p=0.532

General 1Q scores

F=0.092; p=0.762

F=1.308; p=0.255

F=2.913; p=0.091

Model

R?=0.020

R?=0.555

R?=0.682

Veterans with PTSD had significantly (p<0.001; Mann Whitney test) lower ROCF immediate test scores
than controls, confirming the effect of diagnosis on the ROCF immediate and delayed recall scores.
Both groups had decreased ROCF delayed recall scores; however, cases had significantly (p<0.001)
lower scores than controls (Supplementary Table 1, Fig. 1). Both groups had maximum, similar ROCF
copy test scores that evaluated visual memory.

Out of 315 subjects, 63.5% had GG, 34.0% had GA and 2.5% had AA BDNF Val66Met genotype,
respectively. This distribution was in the Hardy-Weinberg equilibrium (x>=2.046; df=2; p=0.359). Minor
allele frequency (MAF) was 0.195 which is in concordance with estimated MAF of 0.200 in European
population [32]. The frequency (x*test) of BDNF Val66Met genotypes, A vs. GG carriers and G vs. AA
carriers, respectively, did not differ significantly between cases/controls (Supplementary Table 2, Fig.
2).

The differences in the ROCF copy, immediate and delayed recall test scores between AA, GA or GG
genotype carriers, or between A vs. GG carriers, or between G vs. AA carriers, were evaluated in cases/
controls separately (Supplementary Table 3, Fig. 3). Both groups had maximum scores on the ROCF
copy test regardless of the BDNF Val66Met genotype: these ROCF copy scores did not differ
significantly between carriers of the BDNF genotypes, A vs. GG carriers, or G vs. AA carriers in
cases/controls (Supplementary Table 3, Fig. 3). In controls, no significant differences were observed in
the ROCF immediate recall scores between carriers of different genotypes, A vs. GG carriers or G vs.
AA carriers (Supplementary Table 3, Fig. 3). In veterans with PTSD, the ROCF immediate scores did not
differ significantly in BDNF genotype carriers, or G carriers and AA homozygotes (Supplementary Table
3, Fig. 3). However, A carriers had significantly (p=0.040) lower ROCF immediate recall test scores than
GG carriers (Supplementary Table 3, Fig. 3). There were no significant differences in the ROCF delayed
recall scores between AA, GA or GG genotypes, A vs. GG carriers or G vs. AA carriers in cases/controls
(Supplementary Table 3, Fig. 3). In confirmation (Supplementary Table 1, Fig. 1), veterans with PTSD,
subdivided into A vs. GG carriers had significantly lower ROCF immediate working visual memory
(p<0.001) and ROCF delayed visual memory (p<0.001) scores than corresponding control A vs. GG
carriers (Supplementary Table 1, Fig. 1).

Discussion



This study found that ROCF test was associated with BDNF Val66Met polymorphism in male veterans
with PTSD. Namely, the presence of the GG homozygous genotype in veterans with PTSD, but not in
veterans without PTSD (controls), showed protective association with visual short-term memory and
visual object manipulation after few seconds (executive function), assessed with the ROCF immediate
recall test, compared to the A carriers with PTSD. No significant associations were found with the ROCF
delayed scores, measuring long term visual memory, object manipulation and visual constructional
abilities in long term memory system, or in ROCFT copy test scores, between carriers of the BDNF
Val66Met genotypes in veterans with and without PTSD. In line with previous results [29], veterans
with PTSD had significantly lower ROCF immediate and delayed recall test scores than veterans without
PTSD.

Significant positive association between BDNF Val66Met GG genotype and ROCF immediate recall test
agrees with better cognitive performance in GG homozygotes than A carriers in both healthy and
clinical populations [22]. In policemen and military, GG carriers, opposed to A carriers, more accurately
judged their competence at allocentric spatial processing [22], suggesting that BDNF modulates
navigation behavior [22]. The A substitution negatively affects BDNF intracellular trafficking and
activity-dependent secretion in hippocampus, where it is highly expressed [16]. In addition, A carriers
have slightly smaller hippocampal volume than GG homozygotes [33], which could consequently lead
to impaired memory and cognitive function. In contrast, no significant association between BDNF
Val66Met polymorphism and cognitive function in healthy subjects [34], or a protective effect of the
A allele on several cognitive domains [33] in subjects with Alzheimer’s disease [35] and traumatic brain
injury [36] was reported. Different BDNF Val66Met effects on cognition in
neurodegenerative/neuropsychiatric disorders might result from the different etiology of these
disorders. Similarly to our data, majority of the studies in patients with psychiatric disorders [16,17] or
healthy individuals [22] associate the presence of the GG homozygous genotype with better executive
function and memory. Acute and chronic stress reduced BDNF expression [37], while exposure to
chronic stress during late adolescence in A carriers increased fear memory and elevated the risk of
developing PTSD in adulthood [37]. However, studies analyzing BDNF Val66Met polymorphism and
cognitive functioning in PTSD patients are scarce.

Our data, obtained in veterans with PTSD, but not in veterans without PTSD (controls), showed lower
short term visual memory scores in BDNF Val66Met A carriers, which could correspond to the poorer
processing of the visual and spatial information in A compared to GG carriers [22]. We confirmed
working memory problems and attention deficits occurring in PTSD. In our study veterans with PTSD,
carriers of the A allele or GG carriers, had significantly reduced ROCF immediate and delayed scores
compared to control A allele or GG carriers. These results, obtained in male veterans with PTSD,
partially agree with recent results [27] in civilian women with PTSD: A allele carriers had significantly
poorer immediate memory, while heterozygous women (but not homozygote AA carriers) had lower
delayed memory performance than controls, measured with a Repeatable Battery for the Assessment
of Neuropsychological Status [27]. However, this study, in contrast to ours, did not detect significant
differences in the immediate memory performance between carriers of different BDNF Val66Met
genotypes subdivided according to the diagnosis [27]. A greater negative memory bias in women with
PTSD carrying A allele than controls, where negative memory bias showed increasing trend with higher
number of A alleles in women with PTSD [27], as well as poorer processing of traumatic information of
veterans with PTSD that carry A allele [22] was also found. These differences were not detected in
healthy subjects [22, 27]. In line with our results, animal study found poor performance in stress



exposed BDNF*/Met mice, suggesting that these mice are more susceptible to stress-induced working
memory impairments [38].

The effect BDNF Val66Met polymorphism on cognitive and executive functions was affected by aging
[39]. In our study, age, education and smoking were not significantly associated with working memory,
attention and visual perception, assessed by ROCF test. On the other hand, the diagnosis of PTSD was
shown to be a highly significant predictor of the decreased executive performance and worse working
visual memory, since veterans with PTSD had significantly lower ROCF immediate and ROCF delayed
scores, but not ROCF copy test scores, than veterans without PTSD, which is in line with our previous
data [29] and data in civilian women with PTSD [27]. Possible sex differences in the cognition and BDNF
Val66Met genotypes were excluded since the present study included only male veterans with or
without PTSD.

Limitation are that the study included only male subjects, and the cognition was assessed using only
the ROCF. However, due to the sex differences in BDNF Val66Met polymorphism and its sex-specific
role in cognition [40], we excluded the possible influence of sex.

Conclusion

This is the first study to evaluate the association between BDNF Val66Met and memory and attention
performed with ROCF in male veterans with PTSD. We have confirmed that the A allele of the BDNF
Val66Met is associated with poorer short-term visual memory and attention linked with executive
functions, compared to the GG carriers in veterans with PTSD.
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