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Abstract

Objective: Since neurocognitive functioning following mild traumatic brain injury (mTBI) may 

be influenced by genetic factors that mediate synaptic survival and repair, we examined the 

influence of a common brain-derived neurotrophic factor (BDNF) polymorphism (Val66Met) on 

cognition using a well-defined sample of military Veterans with and without a history of mTBI.

Method: Participants included 138 Veterans (mTBI=75; military controls [MCs]=63) who 

underwent neuropsychological testing, including completion of self-report measures assessing 

psychiatric distress, and BDNF genotyping. The mTBI group was tested roughly 66.7 months 

following their most recent mTBI. Veterans were divided into two groups—Met+ (Met/Met and 

Met/Val; n=49) and Met- (Val/Val; n=89) and compared on domain-specific cognitive composite 

scores representing memory, executive functioning, and visuospatial speed.

Results: ANCOVAs adjusting for psychiatric distress, sex, years of education, and ethnicity/race 

revealed a significant group (mTBI vs. MC) by BDNF genotype (Met+ vs. Met-) interaction for 

the memory (p=.024; ηp
2=.039) and executive functioning (p=.010; ηp

2=.050) composites, such 

that Met+ mTBI Veterans demonstrated better performance than Met- mTBI Veterans on the 

cognitive measures, whereas Met+ MCs demonstrated worse performance relative to Met- MCs on 

the cognitive measures. No significant interaction was observed for the visuospatial speed 

composite (p=.938; ηp
2<.001).

Conclusions: These findings offer preliminary evidence to suggest that the Met allele may be 

protective in the context of remote mTBI. Findings need to be replicated using larger samples, and 
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future studies are necessary to elucidate the precise mechanisms and neural underpinnings of this 

interaction.

Keywords

brain-derived neurotrophic factor; cognition; mild traumatic brain injury; neuropsychological 
assessment; military Veterans

Introduction

Understanding the acute and chronic effects of traumatic brain injury (TBI) is of paramount 

importance to the Department of Defense and the Department of Veterans Affairs healthcare 

systems. Notably, almost 400,000 medically diagnosed TBIs were sustained by military 

service members between 2000–2018, of which approximately 80% were classified as 

mild1. Although designated as “mild,” a wide range of clinically meaningful symptoms 

often develop acutely post-injury, including but not limited to problems with thinking and 

cognition2. Likewise, objective cognitive deficits as measured by neuropsychological testing 

are also apparent acutely following mild TBI (mTBI)3–5. Despite the expectation of 

symptom resolution and cognitive recovery within a few weeks to months after mTBI4,6,7, 

negative sequelae can persist for many years8–10. Unfortunately, these persisting symptoms 

and concomitant deficits are often associated with a number of adverse outcomes, including 

problems with community reintegration following military separation as well as reduced 

psychosocial functioning and poor quality of life11–13.

A number of theories have been proposed to account for the heterogeneous clinical 

outcomes experienced by patients with mTBI14. Demographic factors such as age, biological 

sex, and lifetime number of mTBIs have been evaluated as possible variables contributing to 

the widespread outcomes observed post-injury15–17. Pre-morbid factors such as cognitive or 

intellectual functioning and psychological or psychosocial well-being have also been 

examined as predictors of clinical outcome18–20. Furthermore, injury-specific factors such as 

mechanism of injury (blast versus blunt force), degree of combat exposure, and presence and 

duration of loss of consciousness (LOC) and/or posttraumatic amnesia (PTA) have been 

examined as potential contributors to recovery and outcome following mTBI21–23. Yet, 

despite these numerous pursuits, the prognostic factors identified above typically explain 

only a small portion of the variability, suggesting that other factors are involved in 

determining outcome. This has raised questions regarding the extent to which biological 

factors such as genetic predisposition impact recovery. However, at present, our 

understanding of the influence of genetic factors on clinical outcome following mTBI 

remains unclear and incomplete.

To date, the apolipoprotein E (APOE) gene has been the most extensively studied gene 

within the context of TBI24–26. For example, several studies have shown that head injury 

history interacts with APOE-ε4 genotype to contribute to poorer neuropsychological 

function27 as well as accelerated age-related cognitive decline post-TBI and elevated risk for 

neurodegenerative disorders such as Alzheimer’s disease28–31. More recently, brain-derived 

neurotrophic factor (BDNF), a member of the neurotrophin family, has also received some 
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attention due to its association with central nervous system development and 

maintenance32–35. Specifically, BDNF is understood to be involved in neuronal growth and 

differentiation as well synaptic plasticity and connectivity36–39. Highly expressed within the 

cerebral cortex, especially in hippocampal and prefrontal regions, BDNF has been 

implicated in both neurocognitive functioning and the pathophysiology of complex 

neuropsychiatric (bipolar disorder, schizophrenia, posttraumatic stress disorder, etc.) and 

neurodegenerative (Alzheimer’s disease, Parkinson’s disease, etc.) disorders32,35,40–42.

The BDNF gene has several known single nucleotide polymorphisms (SNPs)—one of which 

is rs6265, also referred to as the “Val66Met” BDNF polymorphism43. This particular SNP 

involves substitution of the amino acid valine (“Val”, or Val*G) for methionine (“Met”, or 

Met*A) at codon 66, resulting in the following three genotypes: Val/Val, Met/Val, or Met/

Met. Importantly, the Val to Met substitution results in an alteration of gene structure, which 

in turn leads to improper protein folding and reduced binding of BDNF to its associated 

receptors35. At a cellular level, this polymorphism alters intracellular trafficking and 

secretion of BDNF in the brain, such that BDNF secretion is reduced in Met allele 

carriers40,44. Taken together, these observations have guided the general assumption in the 

literature that possession of a Met allele is associated with detrimental clinical outcomes.

Within the context of neurocognitive functioning, several studies examining both healthy 

and clinical populations (i.e., those with neuropsychiatric and neurodegenerative disorders) 

have found significant associations between the Val66Met BDNF polymorphism and 

cognition—namely on tests of memory and executive functioning40,45,46. With regard to 

memory, early work suggested that Met allele carriers (those homozygous and heterozygous 

for the Met allele) demonstrated worse performance on episodic and working memory tasks 

relative to non-Met carriers (Val/Val homozygotes)44,47–49. Similarly, when compared to 

their non-Met counterparts, Met carriers also performed more poorly on tasks associated 

with executive functioning50,51. However, a 2012 meta-analysis of 31 independent samples 

of both healthy and clinical populations showed that there was not a consistent significant 

association between the Val66Met polymorphism and cognition36.

Adding to the complex BDNF literature, a recent review examining the impact of BDNF on 

cognition in healthy and clinical samples (e.g., Alzheimer’s disease, Parkinson’s disease, 

schizophrenia, bipolar disorder, etc.) demonstrated that about half of the studies included in 

the review found an association between the Val66Met polymorphism and cognition52. 

Notably, memory was the cognitive domain most frequently associated with BDNF 

genotype, followed by executive functioning. However, the direction of the relationship was 

not consistent across studies, as some investigators found evidence for the Val allele to be 

associated with better cognition, whereas others demonstrated protective effects of the Met 

allele on cognition. Authors of the review concluded that existing studies are inconclusive; 

however, they pointed to a possible dissociation in the literature such that non-Met carriers 

generally show better performance relative to Met carriers on tests of memory, whereas Met 

carriers tended to show better performance than non-Met carriers on tasks of executive 

functioning52.
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Studies examining the BDNF Val66Met polymorphism and neurocognitive functioning in 

TBI samples are far less extensive, though available findings are similarly equivocal. 

Notably, McAllister and colleagues43 reported slower processing speed in those with the 

BDNF Met allele across a sample comprised of those with and without mild to moderate 

TBI. Another study examining mTBI found that the Met allele, compared to Val/Val 

homozygotes, was associated with worse performance on the Neuropsychological 

Assessment Battery53. However, in the context of penetrating (severe) TBI, Krueger and 

colleagues54 reported that carriers of the BDNF Met allele made greater gains in executive 

functioning over time following TBI relative to non-Met (i.e., Val/Val) carriers. 

Comparatively, no genotype differences in episodic memory or general intelligence were 

observed54. Finally, in another study examining participants with penetrating TBI, Barbey et 

al.55 found that those with the Met allele outperformed their Val/Val allele counterparts on 

all aspects of general intelligence, including verbal comprehension, perceptual reasoning, 

working memory, and processing speed.

Taken together, the influence of the BDNF Val66Met polymorphism on neurocognitive 

functioning following TBI is unclear, and the relationship between the two is likely 

complex. Notable issues contributing to mixed findings in the literature are differences in 

injury-related variables and demographic characteristics across studies. In addition, time 

since injury, or chronicity, is a key variable that may be particularly important when 

examining genetic associations and clinical outcome. Moreover, cognitive outcomes of 

interest have varied widely across studies, and many studies have not included a non-TBI 

control group for comparison. Given the heterogeneous and inconclusive findings in the 

literature, we sought to further clarify the relationship between the BDNF Val66Met 

polymorphism and cognition using a well-characterized sample of participants with and 

without a remote history of mTBI. We hypothesized that the BDNF Val66Met 

polymorphism would influence neurocognitive functioning and that this relationship would 

be moderated by Veterans’ mTBI status.

Materials and Methods

Participants and Procedures

Participants included 138 Veterans (n=75 mTBI; n=63 MC’s) who had largely (91.3%) 

served in Operation Enduring Freedom (OEF), Operation Iraqi Freedom (OIF), and/or 

Operation New Dawn (OND). Veterans with a history of mTBI were primarily recruited 

from various outpatient clinics within the Veterans Affairs San Diego Healthcare System 

(VASDHS), as well as through posted study advertisements and word-of-mouth, and MC 

Veterans were primarily recruited through study advertisements and word-of-mouth. Study 

procedures involved completion of (1) a clinical interview to determine TBI history, (2) self-

report measures assessing psychiatric distress, and (3) a comprehensive neuropsychological 

assessment. Veterans were also asked to provide a DNA sample via buccal swab for BDNF 

genotyping. The VASDHS institutional review board approved this study and all Veterans 

provided informed consent prior to their research participation.
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Inclusion/Exclusion Criteria

Inclusion criteria included being a military Veteran between the ages of 18–55 who 

completed all study procedures, including providing a buccal sample for genetic analysis. 

Exclusion criteria included the following: (1) diagnosis of a severe mental illness (e.g., 

bipolar disorder, schizophrenia, or other related disorders); (2) diagnosis of a severe 

neurological disorder or medical condition (e.g., multiple sclerosis, Parkinson’s disease, 

stroke, myocardial infarction); (3) diagnosis of a moderate or severe TBI according to 

VA/DoD criteria56; (4) any recent (within 30 days) or current substance or alcohol abuse or 

dependence according to Diagnostic and Statistical Manual of Mental Disorders-Fourth 
Edition, Text Revision (DSM-IV-TR) criteria57; and (5) suboptimal performance (defined by 

manual-specific guidelines) on the Test of Memory Malingering (TOMM) Trial 2 or 
Retention Trial58 or the California Verbal Learning Test-II (CVLT-II)59 Forced Choice 

Recognition subtest. Given our interest in examining Veterans with remote mTBI histories, 

anyone tested within one year of their most recent mTBI was also excluded.

Measures

Clinical Interview—A modified version of the VA Semi-Structured Clinical Interview for 

TBI60 was used to assess Veterans’ history of TBI. The interview gathered information 

pertaining to injury-severity characteristics, including presence and duration of loss of 

consciousness (LOC), alteration of consciousness (AOC), and posttraumatic amnesia (PTA); 

mechanism and setting of injury (blast versus blunt-force trauma; military/combat versus 

civilian-related injury); and dates of each injury reported. Importantly, Veterans were 

queried about any head injuries that occurred prior to, during, and after their military 

service. The clinical interviews were conducted by trained post-baccalaureate or graduate-

level researchers under the supervision of a licensed psychologist/neuropsychologist. When 

available (i.e., for those Veterans who had specifically been evaluated by a TBI or 

polytrauma clinic within the VASDHS), medical records were also reviewed to verify TBI 

history. To determine whether an injury met criteria for a mTBI, the VA/DoD Clinical 

Practice Guideline for Management of Concussion/Mild TBI56 definition was used. 

According to this definition, a mTBI occurs when at least one of the following criteria have 

been met: (1) any period of LOC ≤ 30 minutes; (2) any period of AOC up to 24 hours; 

and/or (3) any period of PTA ≤ 24 hours. If an injury met diagnostic criteria for a mTBI, the 

Veteran was classified as a TBI participant. Those without a history of mTBI were classified 

as a MC participant.

Self-Report Questionnaires—Current PTSD symptoms were measured using the 

Posttraumatic Stress Disorder Checklist – Military Version (PCL-M)61. The PCL-M, a 17-

item self-report questionnaire, was designed to assess DSM-IV-TR diagnostic criteria for 

PTSD. Using a scale ranging from 1–5, with “1” indicating “not at all” and “5” indicating 

“extremely,” participants were asked to evaluate how much they have been bothered by each 

symptom over the past month. A total score (possible range: 17–85) was calculated by 

adding together the selected values from each item; higher scores indicate greater PTSD 

symptoms. The PCL-M has been frequently used in studies of military Veterans and its 

psychometric properties have been well established.
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Current depressive symptoms were measured using the Beck Depression Inventory-II (BDI-

II)67. The BDI-II, a 21-item self-report questionnaire, measures depressive symptomatology 

occurring over the past two weeks. Participants were asked to rate each item using a scale 

ranging from 0–3, and a total score (possible range: 0–63) was calculated by totaling the 

selected responses from each item; higher scores indicate greater depressive symptoms. 

Similar to the PCL-M, the BDI-II has been frequently used in studies of military Veterans62 

and the measure has excellent psychometric properties67,68.

Neuropsychological Assessment—To assess premorbid intellectual functioning, the 

Reading subtest from the Wide Range Achievement Test 4 (WRAT4)69 was administered. 

Additionally, the following core neuropsychological tests were administered: California 

Verbal Learning Test-Second Edition (CVLT-II)59; Logical Memory and Visual 

Reproduction from the Wechsler Memory Scale-Fourth Edition (WMS-IV)70; Rey Complex 

Figure Test (RCFT)71; Design Fluency, Trail Making, and Verbal Fluency from the Delis-

Kaplan Executive Function System (D-KEFS)72; Block Design from the Wechsler 

Abbreviated Scale of Intelligence-Second Edition (WASI-II)73; Coding and Symbol Search 

from the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV)74; and the Wisconsin 

Card Sorting Test-64 Card Version (WCST-64)75. Finally, the Test of Memory Malingering 

(TOMM)58 was administered as a stand-alone performance validity test, and the CVLT-II 

Forced Choice Recognition subtest59 was used as an embedded performance validity test.

In total, 25 variables of interest were generated from the above core battery, and domain-

specific cognitive composite scores were computed to reduce the number of comparisons 

made. First, all individual raw scores were transformed to z scores and adjustments were 

made to ensure that all variables could be interpreted in a uniform manner—that is, all 

variables were calculated so that higher scores reflect better performance. A theory-driven 

approach was then used to generate three domain-specific cognitive composites, and 

Cronbach’s alpha (α) was used to evaluate the internal consistency of each composite. 

Specifically, measures assessing learning and memory were grouped together to create the 

“memory” composite (8 items; α = 0.86); measures assessing aspects of executive 

functioning were grouped together to create the “executive functioning” composite (10 

items; α = 0.82); and measures assessing visuospatial speed were group together to create 

the “visuospatial speed” composite (7 items; α = 0.78). Table 1 displays the specific tests 

associated with each cognitive composite and Table 2 lists descriptive statistics associated 

with each individual neuropsychological variable.

Laboratory Genotyping Procedures

Buccal samples were obtained from each Veteran and DNA was extracted and analyzed to 

determine participants’ BDNF (rs6265) genotype (Qiagen QIAamp DNA Purification Kit, 

#51306). Samples were quantified (Invitrogen Qubit dsDNA HS Assay Kit # Q32854) for 

polymerase chain reaction (PCR) amplification of BDNF (BDNF PCR with Platinum Taq 

DNA Polymerase Kit [Invitrogen #10966018] and dNTP mix 10mM [Invitrogen 

#18427013] were used [C_11592758_10 for SNP rs6265]). BDNF genotyping results for the 

overall sample were as follows: Met/Met (n=3, 2.2%), Met/Val (n=46, 33.3%), and Val/Val 

(n=89, 64.5%). Based on these observed frequencies, Veterans were divided into two groups
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—Met+ (Met/Met and Met/Val) and Met- (Val/Val). Veterans were not informed of their 

BDNF genotype.

Statistical Analyses

Descriptive statistics were run on the overall sample, and the mTBI BDNF Met+, mTBI 

BDNF Met-, MC BDNF Met+, and MC BDNF Met- groups were compared using analyses 

of variance (ANOVAs) and chi-square tests or Fisher’s exact tests, as appropriate, to 

determine whether groups differed on any sample characteristics. Next, correlations were 

conducted to assess relationships between independent variables (group and BDNF 

genotype), dependent variables (cognitive composite scores), and relevant sample 

characteristics. Finally, two-way analyses of covariance (ANCOVAs) were conducted to 

evaluate the effect of group (mTBI versus MC) and BDNF genotype (Met+ versus Met-) 

across the three cognitive composites (memory, executive functioning, and visuospatial 

speed), adjusting for necessary covariates (see below under “Results”). Partial eta-squared 

values (ηp
2) were used to indicate effect sizes (interpreted as 0.01 = small, 0.06 = medium, 

and 0.14 = large). The Statistical Package for the Social Sciences (SPSS; Version 25) was 

used to conduct all analyses, and p < .05 was used as our criterion for significance.

Results

Sample Characteristics

The overall sample (N=138) included 75 Veterans with a history of mTBI (BDNF Met+ = 

30, BDNF Met- = 45) and 63 MC participants without a history of mTBI (BDNF Met+ = 19, 

BDNF Met- = 44). Participants were predominantly male Veterans (78.3%) who served in 

the Navy (35.6%), Marines (33.3%), Army (23.7%), and Air Force (7.4%). On average, 

Veterans were 32.6 years of age (SD = 7.1; Range = 22–53 years) at the time of study 

participation and had completed 14.5 years of education (SD = 1.8; Range = 10–18 years).

Sample characteristics for the mTBI BDNF Met+, mTBI BDNF Met-, MC BDNF Met+, and 

MC BDNF Met- groups are displayed in Table 3. As expected, groups differed with respect 

to PTSD and depressive symptomatology, such that the mTBI groups endorsed significantly 

greater psychiatric distress relative to the MC groups. Additionally, groups differed on sex, 

such that the Met- groups had a higher proportion of females relative to the Met+ groups. 

Otherwise, there were no group differences with respect to age, years of education, WRAT4 

Reading performance, and ethnicity/race.

Participants with mTBI were evaluated roughly 66.7 months (SD = 33.96; Mdn = 61; Range 
= 12–156 months) following their most recent mTBI; the two mTBI groups (mTBI BDNF 

Met+ and mTBI BDNF Met-) did not differ on this variable. The majority (77.0%) had a 

history of multiple (at least 2 or more) mTBIs, with an average of 2.5 lifetime mTBIs (SD = 

1.37; Mdn = 2; Range = 1–8). With regard to injury severity characteristics, 57.3% of the 

sample experienced LOC during their most significant mTBI, 42.7% experienced AOC, and 

52.0% experienced PTA. Finally, 65.3% of the mTBI sample reported a history of blast 

exposure.
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Selection of Covariates

To determine relevant covariates for our main analyses, we evaluated relationships between 

independent variables, dependent variables, and sample characteristics. Correlation analyses 

are presented in Table 4. Regarding our independent variables of interest, group status 

(mTBI vs. MC) was significantly associated with the memory composite, years of education, 

and the PCL-M and BDI-II total scores; BDNF genotype (Met+ vs. Met-) was significantly 

associated with sex. Additionally, all three cognitive composite scores (our dependent 

variables of interest) were significantly associated with each other, as well as performance 

on the WRAT4 Reading subtest, the PCL-M and BDI-II total scores, sex, and ethnicity/race. 

Given these significant associations, the PCL-M (i.e., PTSD symptoms)1, sex, years of 

education, and ethnicity/race were used as covariates in our main analyses.

Neurocognitive Functioning

Results of a 2×2 ANCOVA adjusting for PTSD symptoms, sex, years of education, and 

ethnicity/race did not yield significant main effects for group (mTBI versus MC; p = .587; 

ηp
2 = .002) or BDNF genotype (Met+ versus Met-; p = .682; ηp

2 = .001) on the memory 

composite. However, a significant interaction was found (F(1, 130) = 5.23, p = .024; ηp
2 

= .039) such that the Met+ mTBI group demonstrated better performance than the Met- 

mTBI group on the memory composite, whereas the Met+ MC group demonstrated worse 

performance relative to the Met- MC group on the memory composite. Figure 1a shows 

adjusted means and standard errors for the memory composite, and unadjusted means and 

standard deviations are presented in Table 5.

Given that the memory composite may be confounded by executive functioning (as 

demonstrated by the high correlation between the memory and executive functioning 

composites; see Table 4), a follow-up 2×2 ANCOVA was conducted to further isolate 

memory, adding the executive functioning composite as an additional covariate. Results of 

this ANCOVA (adjusting for PTSD symptoms, sex, years of education, ethnicity/race, and 

the executive functioning composite) no longer revealed a significant group × BDNF 

genotype interaction (F(1, 129) = 1.68, p = .197; ηp
2 = .013).

When the executive functioning composite was evaluated as the dependent variable, results 

of a 2×2 ANCOVA adjusting for PTSD symptoms, sex, years of education, and ethnicity/

race did not yield significant main effects for group (p = .089; ηp
2 = .022) or BDNF 

genotype (p = .845; ηp
2 < .001). However, a significant interaction was found (F(1, 130) = 

6.78, p = .010; ηp
2 = .050) such that the Met+ mTBI group exhibited better performance 

than the Met- mTBI group on the executive functioning composite, whereas the Met+ MC 

group showed poorer performance relative to the Met- MC group on the executive 

functioning composite. Figure 1b shows adjusted means and standard errors for the 

executive functioning composite, and unadjusted means and standard deviations are 

presented in Table 5.

1The PCL-M and BDI-II total scores were highly associated with one another; as a result, only one measure of psychiatric distress was 
used as a covariate in the main analyses. In this case, the PCL-M was selected as a covariate due to its overall greater associations with 
the independent and dependent variables (see Table 4).
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Given that the executive functioning composite may be confounded by the visuospatial 

speed composite (as demonstrated by the high correlation between the executive functioning 

and visuospatial speed composites; see Table 4), a follow-up 2×2 ANCOVA was conducted 

to further isolate executive functioning, adding the visuospatial speed composite as an 

additional covariate. When this additional covariate was added, results remained significant 

(F(1, 129) = 8.60, p = .004; ηp
2 = .063).

Finally, results of a 2×2 ANCOVA adjusting for PTSD symptoms, sex, years of education, 

and ethnicity/race did not yield significant main effects for group (p = .160; ηp
2 = .015) or 

BDNF genotype (p = .860; ηp
2 < .001) on the visuospatial speed composite, and the 

interaction was also not significant (p = .938; ηp
2 < .001). Figure 1c shows adjusted means 

and standard errors for the visuospatial speed composite, and unadjusted means and standard 

deviations are presented in Table 5.

Results for all analyses held when the BDI-II was added as a covariate in follow-up 2×2 

ANCOVAs. Specifically, there continued to be a significant group by genotype interaction 

on the memory (p = .031, ηp
2 = .036) and executive functioning (p = .011, ηp

2 = .050) 

composites when PTSD symptom, depression symptoms, sex, years of education, and 

ethnicity/race were included as covariates.

Discussion

Previous studies examining the relationship between BDNF genotype and 

neuropsychological functioning following TBI have used disparate, heterogeneous samples 

and the focus has been on more severely injured samples. Furthermore, prior studies have 

examined a wide range of time intervals (acute/post-acute to remote TBI) for post-injury 

assessment and have inconsistently included a comparison control group. Given that these 

methodological differences have resulted in conflicting and inconsistent findings in the 

literature, our primary objective was to use a well-defined sample of participants with and 

without a history of remote mTBI to examine the influence of the BDNF Val66Met 

polymorphism on cognitive functioning. Using this approach, our preliminary results 

suggest a dissociation of BDNF genotype on neuropsychological performance across groups 

studied. Specifically, among Veterans with a history of mTBI, BDNF Met carriers showed 

better performance relative to non-carriers on measures of memory and executive 

functioning, whereas the opposite was true for our military control Veterans—that is, BDNF 

Met carriers showed worse performance relative to non-carriers on measures of memory and 

executive functioning. Our findings lend support to the notion that the Met allele may be 

protective in the context of remote mTBI but less beneficial in Veterans without a history of 

neurotrauma.

To our knowledge, the present study is the first to establish an interaction between history of 

TBI and BDNF genotype on cognitive functioning in the context of mild TBI among 

Veterans. Few prior studies have examined this interaction—even in the broader TBI 

literature—and findings from these available studies are largely equivocal. Somewhat 

consistent with our results, Krueger et al.54 showed that relative to non-Met carriers (i.e., 

Val/Val homozygotes), Met carriers demonstrated better cognition—specifically, better 
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executive functioning—in those with a remote history of penetrating TBI, although they 

found no effects of BDNF in their control group. In contrast, McAllister et al.43 

demonstrated that the Met allele was associated with poorer processing speed across 

participants with and without a history of mild to moderate TBI; however, no differences in 

processing speed were observed between Met carriers and non-carriers when the sample was 

limited to only the TBI sample43. Furthermore, study authors found that the Val66Met 

polymorphism was not associated with memory measures in either the TBI or control group. 

Interestingly, both our study and Krueger et al.54 examined military Veterans with remote 
TBI histories whereas McAllister et al.43 examined participants one month post-injury, 

which could explain the disparate findings. Additionally, BDNF genotype groups were 

defined differently in the above studies; whereas McAllister et al.43 examined all three 

genotype groups (Met/Met, Met/Val, and Val/Val), we combined the two Met allele groups 

into a single “Met+” group (Met/Met + Met/Val) due to the low frequency of Met 

homozygotes in our sample. Krueger et al.54 utilized a similar approach as ours, suggesting 

that this methodological difference may have also contributed to the inconsistent findings.

In addition to the above studies, others have evaluated the relationship between the BDNF 

Val66Met polymorphism and cognition using only a TBI sample. For example, Barbey et al.
55 showed that the Met allele was associated with better general intelligence (i.e., verbal 

comprehension, perceptual reasoning, working memory, and processing speed) in military 

Veterans with a history of penetrating TBI who were evaluated in the chronic phase of 

injury. However, another study evaluating BDNF genotype and cognition in the context of 

civilian mTBI found that Met carriers performed more poorly than non-Met carriers on the 

Neuropsychological Assessment Battery both acutely (~5 hours) and at six months 

following injury53. Given these findings coupled with our observations in the current study, 

it is possible that the effect of the Val66Met polymorphism on cognitive functioning is 

dependent upon injury-specific variables (i.e., injury severity, mechanism of injury, 

chronicity of injury, etc.) that synergistically influence recovery and outcome following TBI. 

While it is difficult to disentangle variables that may be contributing to the discrepant 

findings in the literature, it is notable that release of BDNF is activity-dependent, and its 

secretion varies by brain region76. Therefore, given that injury due to head-trauma is highly 

heterogeneous, it is possible that BDNF secretion may be contingent upon whether or not 

particular brain regions were injured during the initial insult and the extent of neural injury. 

Clearly, the link between the BDNF Val66Met polymorphism and cognition following TBI 

is complex, and future studies are needed to further tease apart these relationships.

From a mechanistic perspective, studies have shown that the Val to Met substitution occurs 

in the portion of the BDNF gene that encodes the precursor peptide (pro-BDNF), which is 

later cleaved to form the mature neurotrophin (mature-BDNF)44,76. Notably, the Val66Met 

polymorphism has been shown to directly influence the processing and release of pro-

BDNF, but indirectly affects activity-dependent secretion of mature-BDNF76. Pro- and 

mature-BDNF interact with different receptors (tumor necrosis factor receptor [p75NTR] 

versus a receptor of the tyrosine kinase group [TrkB], respectively) and thus are associated 

with different functions within the central nervous system; whereas pro-BDNF promotes 

apoptosis and suppression of axonal growth, mature-BDNF regulates neuronal survival, 

dendritic branching, and synaptic plasticity.78 Importantly, prior research has shown that 
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pro-BDNF is upregulated in the central nervous system following neurotrauma55. As such, 

decreased pro-BDNF secretion may limit apoptosis of surviving cells, suggesting that the 

Met allele may potentially have a protective role in the context of neurotrauma76,78–80. Other 

studies investigating different clinical samples (e.g., multiple sclerosis, systemic lupus 

erythematosus) have also demonstrated similar protective effects of the Met allele on 

cognition55, and a mouse model of experimental stroke showed that long-term functional 

recovery was enhanced in Met carriers81,82. Moreover, another study found that Met but not 

Val allele status was protective against depression in the presence of greater physical 

exercise88, raising the possibility that neurobehavioral outcomes may be modified by 

important environmental variables in a manner specific to Met allele carriers. Taken 

together, there appears to be growing support for the possibility of differential effects of the 

Met allele on neuropsychological outcomes in clinical versus healthy samples, and this may 

further speak to the possible underlying mechanisms associated with the dissociation of the 

Val66Met polymorphism on cognition that we observed in the present study among our 

mTBI and healthy control Veterans. Additionally, age at time of injury may also be a salient 

factor in this relationship, as previous studies have suggested that the association between 

BDNF genotype and cognition may be age-dependent54,55,76,77. If this is true, perhaps age 

interacts with the ratio of pro- and mature-BDNF levels, which may ultimately have 

differential effects on cognition. Although future studies are needed in order to further 

investigate the underlying mechanisms associated with this relationship using both human 

and animal models, there appears to be some evidence to suggest that the balance between 

pro- and mature-BDNF plays an important role in clinical outcomes such as cognitive 

functioning78.

Finally, neuroimaging studies may also help to elucidate the neural underpinnings of the 

relationship between the BDNF Val66Met polymorphism and cognitive functioning in those 

with and without a history of mTBI. Although prior imaging research has been conducted 

examining the relationship between BDNF and gray and white matter morphometry in 

healthy samples83–86, few studies have investigated such relationships in the context of mild 

TBI. Thus, an important next step may be to examine the structural neural correlates of the 

present findings to help clarify the potential protective role of the Met allele in the context of 

mTBI. It is also important to consider that the association between the BDNF Val66Met 

polymorphism and cognition may also be contingent on additional factors (i.e., age, sex, 

time since injury, number of previous TBIs) that synergistically influence recovery and 

outcome following TBI76.

Our study has several strengths including a carefully characterized, well-defined sample of 

Veterans with a history of remote mTBI and the inclusion of a military control group that 

allowed for the examination of group by BDNF genotype interactions on neurocognitive 

functioning. However, there are some important limitations that should be considered when 

interpreting the results. First, we specifically evaluated military Veterans and therefore it is 

unknown how our findings may generalize to non-Veteran samples. Relatedly, our focus was 

on evaluating the influence of the BDNF Val66Met polymorphism on neurocognitive 

functioning in those with a remote history of mTBI (i.e., at least one year or more post-

injury); thus, our results may have less relevance for those who are evaluated in the acute 

phase of injury. As indicated previously, time since injury may play an important role in the 
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relationship between BDNF genotype and cognition, and ongoing studies are necessary to 

address whether the BDNF Val66Met polymorphism differentially impacts cognitive 

outcome in those with acute versus chronic TBIs. Furthermore, determining the relationship 

between genetics, injury chronicity, and lifetime number of mTBIs may also be an important 

avenue of future research.

Beyond issues of generalizability, other limitations include a smaller sample size and 

therefore insufficient power, which has been a common limitation noted across the TBI-

genetics literature43,53. Of note, Ioannidis and colleagues87 indicated that caution must be 

taken when interpreting findings from genetic studies that are likely underpowered; thus, we 

caution readers to interpret our findings as preliminary, and we suggest that larger-scale/

population-based studies are needed in order to confirm the associations identified in the 

current study. It should also be noted that due to the low frequency of Met homozygotes in 

our sample, we combined Met/Met-carriers with Met/Val-carriers into a single “Met+” 

group and compared those participants to Val homozygotes. Future research with larger 

samples is needed in order to evaluate Met homozygotes as well as the contribution of other 

genetic polymorphisms (e.g., APOE) that may interact with BDNF to influence outcomes. 

Finally, the data from this study were cross-sectional, and future studies will need to employ 

longitudinal designs in order to more fully understand the association of the BDNF 

Val66Met polymorphisms and cognitive functioning following TBI.

In summary, findings from the present study revealed a dissociation such that BDNF Met 

carriers with a history of mTBI showed better performance relative to non-Met carriers on 

measures of memory and executive functioning, whereas BDNF Met carriers without a 

history of mTBI showed worse performance relative to non-Met carriers on measures of 

memory and executive functioning, offering preliminary evidence to suggest that the Met 

allele may be protective in the context of mTBI but less beneficial in Veterans without an 

mTBI history. In addition to establishing this important group by genotype interaction, 

results from our study suggest that continuing to explore genetic influences on cognitive 

outcome following mTBI may have important clinical implications. For example, 

determining the extent to which genetic factors contribute to post-injury outcome has the 

potential to offer critical information to healthcare providers and patients. Importantly, this 

information could have profound relevance to treatments that are currently being developed 

and optimized within a precision medicine approach in order to help those at greatest risk for 

poor recovery and outcome following mTBI. As this research continues to evolve, it will 

also be necessary to examine gene by gene and gene by environment interactions on 

cognitive outcome following TBI. This avenue of research promises to be a rich area of 

study that will undoubtedly have important clinical implications, especially as we move 

toward a more personalized approach to medicine.
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Figure 1a. 
Memory cognitive composite scores across traumatic brain injury (TBI) and military control 

(MC) participants by BDNF genotype (Met+ versus Met-). Mean scores (adjusted) with 

standard errors are displayed.
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Figure 1b. 
Executive functioning cognitive composite scores across traumatic brain injury (TBI) and 

military control (MC) participants by BDNF genotype (Met+ versus Met-). Mean scores 

(adjusted) with standard errors are displayed.

Merritt et al. Page 19

Clin Neuropsychol. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1c. 
Visuospatial speed cognitive composite scores across traumatic brain injury (TBI) and 

military control (MC) participants by BDNF genotype (Met+ versus Met-). Mean scores 

(adjusted) with standard errors are displayed.
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Table 2.

Neuropsychological variables: Descriptive statistics.

Variable Raw Score: Mean (SD) Standard Score: Mean (SD) Standard Score: Median

Memory Composite

 CVLT-II Trials 1–5 Total Recall
a 50.47 (9.41) 50.25 (9.88) 50.00

 CVLT-II Short Delay Free Recall
b 10.75 (2.83) −0.07 (0.99) 0.00

 CVLT-II Long Delay Free Recall
b 11.30 (2.92) −0.09 (1.04) 0.00

 WMS-IV Logical Memory I
c 27.73 (7.19) 10.92 (2.91) 11.00

 WMS-IV Logical Memory II
c 24.58 (7.86) 10.74 (3.19) 11.00

 WMS-IV Visual Reproduction I
c 39.14 (3.81) 11.17 (2.39) 12.00

 WMS-IV Visual Reproduction II
c 31.28 (8.61) 11.22 (3.23) 11.00

 RCFT Delay
d 19.55 (6.95) 53.39 (29.17) 57.00

Executive Functioning Composite

 WCST-64 Perseverative Responses
a 8.10 (6.93) 46.73 (8.12) 47.00

 WCST-64 Total Errors
a 14.06 (8.85) 50.11 (9.78) 51.00

 D-KEFS Verbal Fluency Letter
c 39.91 (10.12) 10.57 (3.02) 11.00

 D-KEFS Verbal Fluency Category
c 43.02 (7.71) 11.54 (3.15) 12.00

 D-KEFS Verbal Fluency Switching
c 14.55 (2.80) 10.98 (3.29) 11.00

 D-KEFS Verbal Fluency Switching Accuracy
c 13.24 (3.24) 11.16 (3.20) 11.00

 D-KEFS Design Fluency Filled
c 10.24 (3.24) 10.30 (2.69) 10.00

 D-KEFS Design Fluency Empty
c 11.41 (3.54) 10.51 (2.85) 11.00

 D-KEFS Design Fluency Switching
c 8.89 (2.56) 11.02 (2.71) 11.00

 D-KEFS TMT Number-Letter Switching
c 70.74 (24.38) 9.98 (2.59) 10.00

Visuospatial Speed Composite

 WAIS-IV Coding
c 74.84 (12.66) 10.70 (2.40) 11.00

 WAIS-IV Symbol Search
c 33.61 (7.64) 10.22 (2.90) 10.00

 D-KEFS TMT Visual Scanning
c 18.72 (4.99) 11.04 (2.21) 11.00

 D-KEFS TMT Number Sequencing
c 26.72 (9.52) 11.16 (2.48) 12.00

 D-KEFS TMT Letter Sequencing
c 25.25 (8.84) 11.30 (2.44) 12.00

 D-KEFS TMT Motor Speed
c 20.19 (6.39) 12.08 (1.27) 12.00

 WASI-II Block Design
a 50.01 (12.54) 56.08 (8.20) 57.00

Abbreviations: CVLT-II = California Verbal Learning Test - Second Edition; WMS-IV = Wechsler Memory Scale – Fourth Edition; RCFT = Rey 
Complex Figure Test; WCST-64 = Wisconsin Card Sorting Test-64 Card Version; D-KEFS = Delis-Kaplan Executive Function System; TMT = 
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Trail Making Test; WAIS-IV = Wechsler Adult Intelligence Scale – Fourth Edition; WASI-II = Wechsler Abbreviated Scale of Intelligence – 
Second Edition.

Notes:

a
Standard score values are presented as T-scores

b
Standard score values are presented as z-scores

c
Standard scores values are presented as scaled scores

d
Standard score values are presented as percentiles.
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