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Abstract Cognitive aging processes are underpinned
by multiple processes including genetic factors. The
brain-derived neurotrophic factor (BDNF) has been
suggested to be involved in age-related cognitive
decline in otherwise healthy individuals. The gender-
specific role of the BDNF gene in cognitive aging
remains unclear. The identification of genetic bio-
markers might be a useful approach to identify
individuals at risk of cognitive decline during healthy
aging processes. The aim of this study was to
investigate the associations between three single-
nucleotide polymorphisms (SNPs) in the BDNF gene

and domains of cognitive functioning in normal
cognitive aging. The sample, comprising 369 partic-
ipants (M=72.7 years, SD=4.45 years), completed an
extensive neuropsychological test battery measuring
memory, motor function, and perceptual speed. The
relationships between the SNPs rs6265, rs7103411,
and rs7124442 and cognitive domains were examined.
While significant main effects of BDNF SNPs on
cognitive function were found for the association
between rs7103411 and memory performance,
gender-specific analyses revealed for females signifi-
cant main effects of rs7103411 for memory and of
rs6265 for perceptual speed independent of the
APOE*E4 status and education. The finding for the
association between rs6265 and perceptual speed in
females remained significant after Bonferroni correc-
tion for multiple comparisons. None of the analyses
showed significant results for males. This study is the
first to implicate that the SNPs rs6265 and rs7103411
affect cognitive function in the elderly in a gender-
specific way.
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Introduction

Many healthy aging individuals exhibit a decline in
cognitive function, including memory, motor function,
and perceptual speed. Research has implicated one of
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the neurotrophic factors, brain-derived neurotrophic
factor (BDNF), to be involved in age-related cognitive
decline. A hypothesis has emerged that aging is
associated with a decreased BDNF signalling capacity
in the CNS (Mattson et al. 2004). Age-related impaired
cognitive function might therefore reflect decreases in
BDNF in subregions of the brain that are primarily
affected by age-related diseases. Studies of higher-
cognitive-functioning animals including macaque
monkeys (Hayashi et al. 1997, 2001) support this
hypothesis. In humans, BDNF levels have been shown
to decrease in brain regions involved in age-related
neurodegenerative diseases: in Alzheimer’s disease in
the frontal cortex (Ferrer et al. (1999), the hippocam-
pus (Phillips et al. 1991), the parietal cortex (Hock et
al. 2000), and the entorhinal cortex (Narisawa-Saito et
al. 1996). However, there are fewer data on the effects
of BDNF levels in elderly humans during normal
cognitive aging. Some authors found that elderly
females (but not elderly males) with poorer cognitive
performance had lower BDNF levels than better
performers (Komulainen et al. 2008).

Long-term potentiation (LTP) is evident in the
hippocampus (Lynch 2004) and has been proposed as
a cellular mechanism for memory (Morris 1989; Tang
et al. 2001). LTP has been observed as being directly
related to BDNF levels in BDNF manipulated mice
(Korte et al. 1995, 1996, 1998) with progressive
decrease with genotype: wild-type mice, heterozygous
mice, and homozygous mice (Korte et al. 1995).
Linnarsson et al. (1997) found a similar relationship
in Morris water maze learning capacity of wild-type
mice versus BDNF mutant mice.

The BDNF gene encodes a precursor peptide that is
cleaved to form the mature BDNF protein (Seidah et al.
1996, as cited in Egan et al. 2003). The BDNF gene,
located on chromosome 11 (Jones and Reichardt 1990),
comprises many single-nucleotide polymorphisms
(SNPs). Research focusing on BDNF SNPs suggests
an association between BDNF genotype and BDNF
protein expression. Egan et al. (2003) found that
hippocampal neurons of individuals exhibiting the
minor allele in the BDNF SNP rs6265 (val66met) had
a reduced number of granules, suggesting that the minor
allele in this SNP may lead to impaired regulated
secretion of the BDNF protein. Human studies have
also focused on rs6265 and possible associations with
hippocampal function and memory. Hariri et al. (2003)
found that, during encoding and retrieval, major allele

participants had increased memory-related hippocampal
activity, compared with met-BDNF carriers. Moreover,
in healthy adults, the met allele was associated with
poorer processing speed and memory performance
(Miyajima et al. 2008; Raz et al. 2009). Research also
implicates the met-BDNF allele in working (short-term)
memory impairments in bipolar patients (Rybakowski et
al. 2003, 2006). Recently, it was suggested that the
presence of the met-BDNF allele, particularly in
association with apolipoprotein E (APOE*E4), may
predict a worse cognitive outcome in patients with mild
cognitive impairment (MCI; Forlenza et al. 2010) and
may negatively impact on cognitive function in
Parkinson’s disease (Guerini et al. 2009). In contrast,
however, studies on patients with other diseases
suggest that the met allele in the rs6265 SNP may
play a protective role against the decline of processing
speed function. Met-BDNF carriers with systemic
lupus erythematosus had significantly better processing
speed, executive function, and motor function perfor-
mance (Oroszi et al. 2006), and those with multiple
sclerosis had better processing speed and divided
attention performance (Zivadinov et al. 2007).

In addition to memory, the BDNF protein and
BDNF gene have been implicated in other age-
sensitive cognitive functions, including motor func-
tion. Parkinson’s disease (PD) patients had a weaker
expression of BDNF mRNA as compared with their
normal counterparts (Howells et al. 2000) and protein
(Parain et al. 1999) in substantia nigra neurons.
Additionally, rs6265 met-BDNF carriers with PD
versus major allele patients exhibited better cognitive
performance in the Tower of London test (Foltynie et
al. 2005) and showed a significantly higher risk of
developing levodopa-induced dyskinesia (Foltynie et
al. 2009), a disorder involving motor dysfunction.

The research on memory, motor function, and
processing speed demonstrates (a) a reduced expression
of the BDNF protein and mRNA in humans with
impaired functioning in these age-sensitive cognitive
domains and (b) effects of the BDNF genotype on
cognitive performance. This supports the hypothesis
that decreased expression of BDNF may reflect age-
sensitive impaired cognitive function. Better cognitive
performance in major allele participants may reflect a
healthy secretion of BDNF protein, versus impaired
secretion in minor allele carriers.

This study aimed to replicate and strengthen previous
studies, by supporting the hypothesis that cognitive
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performance (specifically memory, motor function, and
perceptual speed) associates with BDNF SNPs. We
focused on the rs6265 SNP, as well as BDNF SNPs
rs7103411 and rs7124442, selected for their involve-
ment in previously shown associations between BDNF
and age-sensitive cognitive functioning (Miyajima et
al. 2008; Xiromerisiou et al. 2007; Huang et al. 2007).

The overall aim was to better understand the role
of the BDNF gene in domain-specific cognitive
functioning and to apply this knowledge to a model
of cognitive functioning in the elderly general
population.

It was hypothesised that three BDNF SNPs, rs6265,
rs7103411, and rs7124442, would associate with
performance in the three cognitive domains (a)
memory, (b) motor function, and (c) perceptual speed,
and that participants exhibiting the major allele
genotype would have better cognitive performance,
followed by the heterozygous and homozygous geno-
types, respectively.

Materials and method

Sample

The sample comprised participants who were origi-
nally part of the 1989/1990 WHO MONICA Survey
Augsburg, Germany (“Monitoring trends and deter-
minants in cardiovascular disease”; Keil et al. 1998).
Participants of the MONICA Survey aged 65 years
and older were re-contacted as part of a follow-up
study, the “Memory and Morbidity in Augsburg
Elderly” (MEMO-Study; Schmidt et al. 2004). The
principal aim of the MEMO-Study was to investigate
the risk factors, notably cognitive and cardiovascular
function, of neurodegenerative diseases in an elderly
cohort. Of those re-contacted, 60.6% responded for
the MEMO-Study, resulting in a total of 385
participants (M=72.7 years, SD=4.45 years). The
data presented in this analysis are based on N=369
participants with complete data and genetic analyses.
Approval for the study was given by the ethics
committee at the University of Muenster, Germany.
Approval for the genetic analysis of the MEMO-
Study DNA was given by James Cook University,
Townsville, Australia. All participants gave written
informed consent. All tests were conducted in the
study centre under controlled conditions.

Measures

Cognitive test battery

The cognitive test battery comprised several individual
tests that measured global cognitive function, process-
ing speed, attention, motor function, and short- and
long-term memory (Nilsson et al. 2005).

Processing speed and attention were assessed by two
traditional tasks. The first was the Stroop test (Stroop
1935) which consists of three subtests that assess word
reading, colour naming, and interference performance.
The Stroop test measures how easily a person can
adjust their perceptual set in accordance with changing
demands. More time required to complete the Stroop
test is associated with poorer cognitive performance.
An interference score was determined by subtracting
the word reading (Stroop Subtest I) response time from
the colour-word series (Stroop Subtest III) response
time. Previous research has found that age does not
usually affect performance in word reading and may
only yield a slight decline in performance in colour
naming. However, a dramatic age decline is seen in
interference performance (Houx et al.1993, as cited in
Nilsson et al. 2005).

The second task used to assess cognitive speed and
attentionwas the Letter Digit Substitution Test (Salthouse
1978). This test is a revised version of the digit symbol
test used in the Wechsler Adult Intelligence Sales
(WAIS) battery (Wechsler 1981, as cited in Nilsson et
al. 2005). A lower score on this test represents poorer
cognitive performance.

The Purdue Pegboard test (Tiffin 1948; Costa et al.
1963; Desrosiers et al. 1995), a motor function test,
was included to assess gross and fine motor coordi-
nation, and processing function. Participants were
required to place pins in holes as rapidly as possible
during three 30-s trials. During the first trial, they
used their right hand, in the second trial, their left
hand, and in the last trial, both hands simultaneously.
A score on this test is the sum of pins correctly
inserted by each single hand and the number of pairs
of pins correctly inserted using both hands. A lower
score reflects poorer motor speed.

Short- and long-term memories were assessed
using three word recall tests, originally used in the
Betula Study (Nilsson et al. 2005). In each word list,
12 words were presented on a tape recorder. The
words were carefully chosen (a) based on their
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frequencies of use in the spoken language, and (b) to
be as similar as possible with respect to word length.
In Word List 1 (WL1), the words were presented
every 2 s with no delay. Participants were then
instructed to freely recall as many of the presented
words as possible. All three word lists assess memory
through recall of studied events, but WL1 also served
as a baseline to which performance in the other two
lists can be compared. In Word List 2, a different list
of words was presented at half the speed (every 4 s),
thus manipulating the speed of encoding. In Word List
3, the words were presented every 2 s and were
presented simultaneously with a distractor task, in
which participants were required to sort a number of
cards into two piles according to colour. Due to the
divided attention aspect of this word list, it is also a
measure of working memory and executive function-
ing. The number of recalled words was assessed in all
three lists. A higher score represents better memory
performance.

The production component of semantic memory
was also assessed using a category Word Fluency test
(Beckman and Nilsson 1996; Nyberg et al. 2003). In
this task, participants were asked to name as many
animals as possible in a 1-min period. A lower score
in this test reflects poorer cognitive performance.

Principal component analysis

All individual cognitive and motor test scores were
transformed to standardised Z-scores in a precursor
study (Baune et al. 2006). A principal component
analysis using a Varimax rotation was carried out on
these Z-scores, revealing three main factors. All test
variables with a factor loading of 0.4 or greater were
considered significant contributors to one of these
factors. The first factor was labelled ‘memory
performance’ and included the number of correctly
recalled words from Word Lists 1–3 (factor loadings,
0.52–0.70) plus the total number of animal names
recalled in the word fluency test (factor loading,
0.50). The second factor was labelled ‘perceptual
speed’ and included the difference in time needed to
complete Stroop Subtest III versus Subtest I (factor
loading 0.74), plus the number of correct cells in the
Letter Digit Substitution Test (factor loading 0.47).
The third factor was labelled ‘motor function’ and
included the sum of pegs sorted in the Purdue

Pegboard Test for the right, left, and both hands
(factor loadings 0.75–0.76).

Genotyping

Three BDNF SNPs, including the functional val66met
polymorphism (rs6265) (position: chr11:27,636,492)
previously investigated in relation to cognitive func-
tion, rs7124442 (position: chr11:27,633,617) and
which has shown to be functionally related to BDNF
plasma levels in eating disorder subjects (Mercader et
al. 2007), as well as an intronic SNP rs7103411
(position: chr11:27,656,701), whose potential func-
tion for cognition has not been described yet, were
investigated.

Genotyping of the three SNPs was carried out
following published protocols for the multiplex
genotyping assay iPLEX™ for use with the MassAR-
RAY platform (Oeth et al. 2007). The genotyping
completion rate was 98% for rs6265 (N=360/369),
97% for rs7103411 (N=356/369), and 93% for
rs7124442 (N=344/369) due to genotyping errors.
Genotypes were determined by investigators blinded
to the purposes of this study. Genotype determination
of the APOE*E4 gene was carried out using a multi-
locus assay (Cheng et al. 1999) developed by Roche
Molecular Systems Alameda, USA (see details in
Baune et al. 2008).

Linkage disequilibrium was moderately high be-
tween SNPs rs6265 and rs7103411 (D′=0.968, r2=
0.762) and low between SNPs rs6265 and rs7124442
(D′=0.936, r2=0.078) and SNPs rs7103411 and
rs7124442 (D′=0.906, r2=0.088; haploview 4.2).

Statistical analyses

Hardy–Weinberg equilibrium was examined using the
programme Finetti provided as an online source
(http://ihg.gsf.de/cgi-bin/hw/hwa1.pl; Wienker TF &
Strom TM). Differences between men and women in
categorical variables were tested by chi-square test or
Fisher’s exact test if less than five participants were in
any group. Linkage disequilibrium for the three
BDNF SNPs (D′ and r2) was calculated using Haplo-
view 4.2. Differences in performance in the three
cognitive domains (motor function, memory, and
perceptual speed) across genotypes were tested for
each of the three SNPs using analysis of covariance
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(ANCOVA). Age, gender, and education were consid-
ered as covariates in these analyses.

The effects of the variable ‘gender’ in previous
related research (Foltynie et al. 2005; Raz et al. 2009;
Komulainen et al. 2008) provided a rationale for
entering this variable as a covariate in the present
study. Age and education (measured as number of
years of education) were entered as covariates
because they significantly correlated to the three
cognitive domains (Z-scores). We also applied multi-
variable linear regression analyses to evaluate if
differences, between genotypes of a specific SNP
follow a linear trend. In these models, the respective
cognitive domain score was the dependent variable
and age, gender, education, and a categorical variable
for genotype (coded 0 for major allele, 1 for
heterozygous, and 2 for minor allele genotype) were
the independent variables. The models were per-
formed for each domain and each of the three SNPs.
All ANCOVAs and multivariable linear regression
analyses were also carried out in gender-stratified
groups, in order to reveal possible gender differences.
In these analyses, the variable gender was not
included in the models.

Additional sensitivity analyses considered APOE*E4
status as covariate together with gender and education-
al years. Furthermore, since a strong correlation
between cognitive ability and length of education has
been described previously, education was withdrawn as
a covariate from the linear regression models during
sensitivity analyses. Statistical analyses were per-
formed using SPSS software (version 17.0). Bonferroni
correction for multiple comparisons was calculated for
three SNPs and three cognitive tests leading to a
corrected p value of p=0.006.

Power calculations

Power calculations were carried out to determine the
minimal effect size this study could detect for effects
of BDNF SNP on cognitive function in the whole
sample and in gender-stratified subgroups. In the
whole sample, according to genotyping rates per SNP
of N=360 (rs6265), N=356 (rs7103411), and N=343
(rs7124442) and an assumed power=0.8, α err prob=
0.05 and three genotype groups, it was possible to
detect minimal effect sizes of f=0.165 for rs6265, f=
0.166 for rs7103411, and f=0.169 for rs7124442.

Assuming the same power of 0.8, α err prob=0.05
and three genotype groups, gender-stratified power
calculations indicated SNP-specific minimal detect-
able effect sizes f for men (f=0.23 for rs6265; f=
0.228 for rs7103411; f=0.23 for rs7124442) and
women (f=0.24 for rs6265; f=0.245 for rs7103411;
f=0.25 for rs7124442).

Partial η2 from ANOVA analyses were utilised to
calculate empirical effect sizes as presented in Table 2.
Comparisons between minimal detectable and empir-
ically observed effect sizes were made for data
interpretation. Power calculations with G*Power
version 3.1 were carried using the statistical test
ANOVA (fixed effects, one-way).

Results

Characteristics of the sample and genotype
distribution

Table 1 presents the characteristics of the study
participants stratified by gender. The sample consisted
of 203 males and 182 females. Men had significantly
more years of education and poorer scores in all three
cognitive domains than women, with the difference in
the motor function domain being statistically signif-
icant. The major allele distributions of the three
examined SNPs are also presented in Table 1. The
major allele genotype was carried by about two thirds
of the participants for SNPs rs6265 (GG; 68.9%) and
rs7103411 (TT; 63.8%), and by about half for
rs7414442 (TT; 51.0%). No significant differences
were found in the distributions of SNP genotypes
between both genders. The distributions of rs6265,
rs7103411, and rs7124442 genotypes did not signif-
icantly differ from the expected numbers calculated
on the basis of observed allele frequencies according
to the Hardy–Weinberg equilibrium.

Association of genotypes and cognitive performance

Figures 1 and 2 present the associations between the
rs6265, rs7103411, and rs7124442 SNPs and cognitive
performance after being adjusted for age, gender, and
years of education. Figure 1 presents the mean Z-scores
for the three cognitive domains (motor function,
memory, and perceptual speed) according to rs6265
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genotype. Results from one-way ANCOVAs showed no
significant main effect of rs6265 genotype for (a) motor
function (F(2,340)=1.574, p=0.209, η2=0.009 ), (b)
memory (F(2,338)=1.898, p=0.151, η2=0.011), or (c)
perceptual speed (F(2,340)=1.416, p=0.244, η

2=0.008).
Additional linear regression analysis revealed that

the decrease in memory performance with each

additional A allele showed a close to significant trend
(p=0.059). Trends for the other two cognitive
domains were non-significant.

Figure 2 presents the mean Z-scores for the three
cognitive domains (motor function, memory, and
perceptual speed) according to rs7103411 genotype.
Results from one-way ANCOVAs showed a signifi-

Fig. 1 Cognitive performance by rs6265 genotype for memory,
motor function, and perceptual speed domains. A Z-score of 0
represents the population mean; a score of −1.0 represents
poorer performance than the mean by one standard deviation,
and a score of +1.0 represents better performance than the mean
by one standard deviation. Covariates included age, gender and
years of education

Fig. 2 Cognitive performance by rs7103411 genotype for
memory, motor function and perceptual speed domains. A Z-
score of 0 represents the population mean; a score of −1.0
represents poorer performance than the mean by one standard
deviation, and a score of +1.0 represents better performance
than the mean by one standard deviation. Covariates included
age, gender and years of education

Characteristic Male (n=197) Female (n=172) Total (N=369) p Value

Age, years (mean, SD) 73.01 (4.46) 72.35 (4.41) 72.70 (4.45) 0.144*

Education, years (mean, SD) 11.26 (2.52) 10.01 (1.92) 10.67 (2.34) 0.000*

Motor function (Z-score)a −0.76 (2.57) 0.84 (2.47) 0.00 (2.64) 0.000*

Memory (Z-score)a −0.21 (3.10) 0.23 (3.03) 0.00 (3.07) 0.171*

Perceptual speed (Z-score)a −0.14 (1.65) 0.16 (1.81) 0.00 (1.73) 0.101*

rs6265, n=360 (98%)

GG 124 (65.6) 124 (72.5) 248 (68.9)

GA 59 (31.2) 38 (22.2) 97 (26.9)

AA 6 (3.2) 9 (5.3) 15 (4.2)

Total 189 (100.0) 171 (100.0) 360 (100.0) 0.119**

rs7103411, n=356 (97%)

TT 119 (62.6) 108 (65.1) 227 (63.8)

TC 60 (31.6) 50 (30.1) 110 (30.9)

CC 11 (5.8) 8 (4.8) 19 (5.3)

Total 190 (100.0) 166 (100.0) 356 (100.0) 0.861**

rs7124442, n=343 (93%)

TT 97 (52.4) 78 (49.4) 175 (51.0)

TC 67 (36.2) 68 (43.0) 135 (39.4)

CC 21 (11.4) 12 (7.6) 33 (9.6)

Total 185 (100.0) 158 (100.0) 343 (100.0) 0.299**

Table 1 Characteristics of
the MEMO-Study partici-
pants (N=369)

Percent (%) genotype com-
pletion rate
a A Z-score of 0 represents
the population mean; a
score of 1.0 represents better
performance than the
mean by one standard
deviation

*p Value of Student’s t test
for continuous variables

**p Value of χ2 -test for
categorical variables
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cant main effect of genotype for memory (F(2,333)=
4.613, p=0.011, η2=0.027; effect size f=0.166), but
no significant main effect for genotype for (a) motor
function (F(2,335)=0.026, p=0.975, η

2=<0.001) or (b)
perceptual speed (F (2 ,334) = 0.721, p= 0.487,
4η2=0.004).

Trend analyses provided a significant trend for a
decrease in memory performance with every increase
of the C allele (p=0.03), whereas no significant trends
were found for the other cognitive domains.

Results from one-way ANCOVAs for the relation-
ship between mean Z-scores for the three cognitive
domains (motor function, memory, and perceptual
speed) and the rs7124442 genotypes showed no
significant main effect of genotype for (a) motor
function (F(2,321)=0.081, p=0.922, η2=0.001), (b)
memory (F(2,319)=0.171, p=0.843, η

2=0.001), or (c)
perceptual speed (F(2,320)=0.015, p=0.985, η

2=<0.001).
Additional trend analyses showed no significant results.

Gender differences

In female participants, one-way ANCOVA, corrected
for age and education, showed a significant main
effect of rs6265 genotype for perceptual speed
(empirical effect size f=0.255 vs minimal detectable
effect size f=0.24) and a close to significant main
effect for memory (Table 2). Similarly, the SNP
rs7103411 showed a significant main effect with
memory (empirical effect size f=0.259 vs minimal
detectable effect size f=0.245) and speed domains
(empirical effect size f=0.21 vs minimal detectable
effect size f=0.245). Linear regression analysis
confirmed these results and showed a significant
trend of decrease in memory performance and
perceptual speed with the increasing number of
mutant alleles in case of rs6265 and rs7103411 in
females. However, neither of the aforementioned
associations were present in males (Table 2). We
found no significant effect of rs7124442 genotype on
any of the cognitive domains either in males or in
females (Table 2).

Sensitivity analyses

Investigating the effects of the genetic APOE*E4
status (not including BDNF SNPs in ANCOVA) on
the three domains of cogntive performance showed no
significant effect of the apolipoprotein E risk allele on

poorer cognitive performance either in the whole or
gender-stratified samples (with or without eudcation
as covariate). When the BDNF SNPs, together with
the APOE*E4 status were included as a covariates in
the ANCOVA models for the association between
BDNF SNPs and cognitive function, the previously
reported female-specific significant associations be-
tween rs6265 and perceptual speed (F(2,161)=3.27; p=
0.04) and between rs7103411 and memory (F(2,154)=
4.57; p=0.01) remained signifcant independent of
APOE*E4 status; however, the previously reported
effects of rs7103411 on perceptual speed (F(2,155)=
1.83; p=0.16) disappeared.

Finally, when education in years was removed as a
covariate from these gender-specific analyses, the
reported associations between rs6265 and perceptual
speed (F(2,161)=4.44; p=0.01) remained the same,
whereas the association between rs7103411 and
memory (F(2,155)=5.10; p=0.007) was strengthened.

Discussion

This study investigated associations between three
SNPs of the BDNF gene (rs6265, rs7103411, and
rs7124442) and three domains of cognitive function
for memory, motor function, and perceptual speed in a
community-based elderly population. The age-
adjusted results indicate a gender-specific association
between rs6265 and perceptual speed and between
rs7103411 and memory independent of APOE*E4
and education status, with major allele participants
having better performance. In the female subgroup,
the observed empirical effect sizes for the associations
between rs6265 and perceptual speed as well as for
the relationship between rs7103411 and memory (but
not for rs7103411 and perceptual speed) were higher
than the minimal detectable effect sizes. These
findings indicate that the relatively small study had
sufficient statistical power to detect smaller effects of
the BDNF gene on the performance of these cognitive
domains in gender-stratified analyses.

The first main finding is that, like previous
research (Miyajima et al. 2008; Foltynie et al. 2005,
2009; Raz et al. 2009), the current study demonstrated
a significant association between the rs6265 SNP and
cognitive performance. The hypothesis that the
rs6265 SNP would significantly associate with mem-
ory was supported; however, the hypothesis that the
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rs6265 SNP would significantly associate with motor
function or perceptual speed was not supported. The
results also indicated a trend favouring the major
allele participants in memory and perceptual speed
performance. This trend echoes previous studies that
found better performance in major allele participants
(Rybakowski et al. 2003, 2006). Additionally, the
pattern of performance (better performance in major
allele participants, followed by poorer performance in
heterozygous and homozygous participants, respec-
tively) in the memory and perceptual speed domains
is in line with the notion that the BDNF gene
modulates cognitive performance, by virtue of its
effects on BDNF protein levels. Specifically, in-
creased levels of the met allele in the rs6265 SNP
may increasingly impair regulated secretion of the
BDNF protein as suggested by Egan et al. (2003).
This may explain the impaired memory and percep-

tual speed performance observed in the met-BDNF
carriers of this aging cohort. Our findings are
supported by a previous study showing that the
presence of the met-BDNF allele may predict a worse
cognitive outcome in patients with MCI (Forlenza et
al. 2010) and cognitive impairment in Parkinson
patients (Guerini et al. 2009).

The second main finding of this study is that, as
was hypothesised, the rs7103411 SNP was signifi-
cantly associated with memory performance. This
result differs from the previous study by Miyajima et
al. (2008) that found no significant associations
between this SNP and cognitive performance, how-
ever, which might be related to the mainly haplotype
approach employed by Miyajima et al. In our study,
participants exhibiting the major allele versus hetero-
zygous and minor allele genotypes had significantly
better global memory performance. Sub-analyses of

Table 2 Results of one-way ANCOVAs and linear regression analyses corrected for age and education in gender-stratified groups

ANCOVA Linear regression model

F value p Value η2 value B value CI (95%) p Value

Lower bound Upper bound

rs6265; n=360 (98%); males, n=189; females, n=171

Motor function Males 2.126 0.122 0.024 0.244 −0.384 0.872 0.444

Females 1.213 0.243 0.003 0.185 −0.418 0.789 0.545

Memory Males 0.981 0.377 0.011 −0.195 −0.926 0.537 0.600

Females 2.472 0.088 0.030 −0.778 −1.470 −0.086 0.028

Perceptual speed Males 0.953 0.387 0.011 0.234 −0.182 0.651 0.269

Females 5.226 0.006 0.061 −0.622 −1.056 −0.188 0.005

rs7103411; n=356 (97%); males, n=190; females, n=166

Motor function Males 0.211 0.810 0.002 −0.007 −0.599 0.585 0.982

Females 0.033 0.968 <0.001 −0.030 −0.642 0.582 0.923

Memory Males 0.825 0.440 0.009 −0.221 −0.871 −0.429 0.503

Females 5.103 0.007 0.063 −0.981 −1.600 −0.217 0.010

Perceptual speed Males 0.473 0.624 0.005 0.183 −0.197 0.563 0.344

Females 3.377 0.037 0.042 −0.581 −1.022 −0.141 0.010

rs7124442; n=343 (93%); males, n=185; females, n=158

Motor function Males 0.610 0.544 0.007 −0.297 −0.826 0.232 0.270

Females 0.572 0.565 0.008 0.268 −0.320 0.856 0.368

Memory Males 0.061 0.941 0.001 −0.049 −0.607 0.509 0.862

Females 0.471 0.625 0.006 0.329 −0.341 0.999 0.333

Perceptual speed Males 0.884 0.415 0.010 −0.171 −0.499 0.156 0.303

Females 1.785 0.172 0.024 0.256 −0.170 0.681 0.237

CI confidence interval
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associations between the rs7103411 SNP and the
individual memory tests indicated that this effect was
strongest for the Word Fluency task. This supports
previous research implicating the BDNF gene in long-
term memory (Hariri et al. 2003). Sub-analyses not
described in the results also revealed a genotype effect
on performance for Word List 3, which supports
previous results implicating the BDNF gene in short-
term memory (Rybakowski et al. 2003, 2006). How-
ever, unlike these studies that found better short-term
memory performance in major allele participants, the
current study found better performance in heterozy-
gous participants for Word List 3. This may reflect a
difference in mental health as the participants in the
previous studies suffered from bipolar disorder.

The third main finding of this study is that the
hypothesis that the three BDNF SNPs would signif-
icantly associate with motor function and perceptual
speed was not supported. As already mentioned, a
non-significant trend favouring major allele partici-
pants for better perceptual speed performance was
observed in the rs6265 SNP; this was also evident in
the rs7103411 SNP. Another non-significant trend
favouring homozygous participants for better motor
function performance was observed in the rs6265 and
rs7103411 SNPs. This corroborates the results from
the prior study by Oroszi et al. (2006) who hypoth-
esised that the BDNF minor allele plays a protective
role against motor function decline.

The fourth main finding is that the rs712442 SNP
was not significantly associated with performance in
any of the cognitive domains. Furthermore, the
patterns of performance according to rs712442 geno-
type greatly differed from the performance patterns
observed in the rs6265 and rs7103411 SNPs. This
suggests that the rs712442 SNP may not play an
important role in cognitive functioning in a normal
cognitive aging.

Finally, the gender-specific analyses of the afore-
mentioned associations between the BDNF gene and
cognitive function, derived primarily from the female
subgroup, suggests, for the first time, that female
aging participants with the minor allele of either
rs6265 or rs7103411 had an increased risk of poorer
cognitive performance (memory and perceptual
speed) as compared with the major allele carrier.
Although this observation was validated by sufficient
statistical power in this study and the sample size in
our study is comparable to or higher than several

other studies in the field, it needs to be considered
that other genetic association studies on cognitive
function have reported smaller effect sizes. When
applying an α err prob=0.01 (1% instead of 5%) for
three genotype groups per SNP to the gender-specific
power calculations (assumed power of 80%), the
observed effected sizes for all SNPs were smaller than
the expected effect sizes (SNP-specific range between
0.28 and 0.3). Thus, a false-positive finding in our
study cannot be ruled out. After applying Bonferroni
correction for multiple comparisons yielding a cor-
rected p value of p=0.006 (3 SNPs×3 cognitive
domains), the female-specific finding for the associ-
ation between rs6265 and perceptual speed remained
significant, whereas the other findings did not
withstand this Bonferroni-corrected p value. However,
it is important to recognise that the Bonferroni
correction can be overly conservative for non-
independent tests (Perneger 1998). Overall, this study
requires a replication study in independent samples
which should aim for a comparable cognitive pheno-
type. Homogenous cognitive phenotypes across rep-
lication samples would help to reduce the probability
of false-positive/negative findings. The use of indi-
vidual cognitive tests rather than compound measures
derived from various single cognitive tests as in our
study might be best suited for a replication study for
reasons of comparability of cognitive phenotypes.

The mechanisms for this gender-specific observa-
tion—although indirectly supported by a recent study
in male failing to show an association between the
Val66Met polymorphisms and cognitive function
assessed by various cognitive domains (Tsai et al.
2008)—remain unclear and require replication and
further assessment in independent and larger samples
utilising comparable cognitive phenotypes. In contrast
to our finding, a larger Scottish study on cognitive
aging showed an association between the Met66 allele
and improved reasoning skills; however, reasoning
skills describe different cognitive abilities than our
cognitive phenotypes, which make the studies not
directly comparable. In addition, this study showed no
gender by genotype interaction as compared with the
Scottish study (Harris et al. 2006). Again, the lack of
comparability on the gender finding between this and
our study may be due to the use of different cognitive
phenotypes.

The underlying notion tested in the current study
was that the BDNF gene affects the BDNF protein,
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which in turn affects cognitive performance. The
absence of the knowledge of the BDNF protein levels
for each participant was a major limitation. Addition-
ally, there was no imaging of the brain structures
relevant to the cognitive domains being tested (e.g.
hippocampus and substantia nigra). Therefore, the
linking of the BDNF gene to cognitive functioning via
its effects on BDNF protein and brain functioning can
only be inferred. The reality of this system may
include interactions of the BDNF gene with other
genes or proteins, or some undetermined neurological
pathway involving the BDNF gene. Therefore, future
research should aim to include measures of (a) BDNF
protein levels, (b) brain imaging, (c) BDNF genotyp-
ing, and (d) cognitive functioning. The synthesis of
such data would reveal a clearer picture of the BDNF
gene’s role in cognitive functioning, including its
possible effects on BDNF protein levels, brain
functioning, and cognitive functioning. In addition,
linking BDNF with brain morphology and cognitive
function is of special relevance as recently demon-
strated in a twin study using diffusion tensor imaging
that showed the BDNF gene (rs6265) may affect the
intellectual performance by modulating the white
matter development (Chiang et al. 2011).

In conclusion, the current study suggests a
relationship between the BDNF gene and (a) memory
and (b) perceptual speed functioning but not (c) motor
function in humans during normal aging. Although
trends have been observed, the current findings suggest
that the BDNF gene plays a less important role in
motor function and perceptual speed in normal
cognitive aging humans than in diseased aging
humans. The current findings support previous re-
search implicating the BDNF gene in memory func-
tioning and provide the first results implicating the
rs7103411 SNP in affecting memory performance in
this population. In addition, this study indicates that
female participants may be at a higher risk of poorer
memory and perceptual speed when being carrier of
minor allele risk genotypes of SNPs of the BDNF gene
independent of the APOE*E4 status. Future research
should further investigate these particular SNPs, as
well as investigate more robustly the genotypic effects
of the BDNF SNPs on short- versus long-term
memory. Finally, future research should aim to further
explore the relationship between the BDNF gene and
BDNF protein to clarify the relationship between the
BDNF gene and age-sensitive cognitive functioning.
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