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Abstract

Brain-derived neurotrophic factor (BDNF) is a neurotrophin that promotes neuronal survival,

growth, and differentiation. The role of BDNF in learning and memory suggests that it may also

modulate the clinical course of Alzheimer’s disease (AD). This study aimed to determine whether

BDNF genetic variants are related to premorbid educational attainment, progression of cognitive

and functional decline, and associated neuropsychiatric symptoms in AD patients. A sample of

AD subjects (N = 341) was genotyped for the BDNF polymorphisms: Val66Met, C270T, and

G-712A. Subjects received tests of cognition and daily function at baseline and at multiple

subsequent time points. They were also characterized for the frequency and severity of

neuropsychiatric symptoms. There was a significant effect of Val66Met genotype on educational

attainment (F = 7.49, df = 2,329, P = 0.00066), with Met/Met homozygotes having significantly

lower education than both the Val/Met and Val/Val groups. No association was observed between

any BDNF polymorphism and measures of cognitive or functional decline. The T-allele of the

C270T polymorphism was associated with a higher prevalence of neuropsychiatric symptoms and

specifically with the presence of hallucinations. The effect of the Val66Met polymorphism on

premorbid educational attainment is intriguing and should be verified in a larger sample.
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INTRODUCTION

Brain-derived neurotrophic factor (BDNF) is a neurotrophin that promotes a number of

developmental phenomena, including neuronal growth, survival, and differentiation [1–3].
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Moreover, BDNF has been discovered to play a critical role in the adult brain, in modulating

synaptic transmission and plasticity, especially long-term potentiation (LTP) [4,5] that is

important for learning and memory. These properties suggest that BDNF may contribute

essentially to neurodegenerative diseases such as Alzheimer’s disease (AD), in which

cognitive dysfunction is thought to result from a failure of neuroprotective mechanisms [6].

The brains of AD patients demonstrate decreased levels of BDNF mRNA [7,8] and protein

[9–11], and serum levels of BD-NF have been found to correlate with clinical severity of

AD [12].

Geneticists have recently identified a number of single nucleotide polymorphisms (SNPs) of

BDNF, including C270T, Val66Met (G196A), and G-712A. Previous investigations of the

role of these polymorphisms in the pathogenesis of AD have been conflicting. The T-allele

of the C270T polymorphism (in the noncoding exon I) has been identified in several studies

to be associated with AD [13–16] as well as early-onset AD in patients lacking the

apolipoprotein E (ApoE) 4 allele [17]. However, no association has been found in several

other studies [18–25]. The G-712A polymorphism is a novel variant that was recently

identified by our group in the putative BDNF promoter region [24]. The G-allele and the

G/G genotype were found to have a nominally higher frequency in subjects with substance

dependence than in controls, but no association was observed with AD or several other

neuropsychiatric disorders. The G-712A polymorphism has not yet been studied for

functional effects at a molecular level.

Among the identified BDNF polymorphisms, the Val66Met variant in the prepeptide region

(in the coding exon V) has received the greatest attention. This is perhaps because it

represents a missense mutation (G196A) that produces a non-conservative amino acid

substitution (Valine to Methionine) and because evidence has mounted in several models

that it constitutes a “functional” mutation. Neurons transfected to express the Met variant

show lower depolarization-induced secretion [26,27] and altered intracellular trafficking

[28] of BDNF. Healthy subjects who are carriers and/or homozygotes of the Met-allele have

been shown to have impaired hippocampal activity and decreased hippocampal volumes

[26,29], as well as poorer performance on tests of episodic memory [26,27, 30].

Although most studies examining the association of Val66Met with the risk of AD have

found no significant effect at least two reports have suggested higher frequencies of the Val-

allele among patients with AD [13, 38]. In addition, some studies have begun to investigate

the impact of Val66Met on other characteristics of AD, including age of onset, cognitive test

scores, neuropsychiatric symptoms, rate of disease progression, and disease duration

[19,31,33,39,40].

Thus, a majority of studies – including a previous report from our group [24] – have failed

to link these three BDNF polymorphisms to an increased risk of AD. However, the role of

this gene in neuronal function and learning and memory suggests that it may modulate the

premorbid or post-onset course of AD. Given the increasing evidence that the process of AD

may begin early in life [41,42], we included a measure of early-life cognitive performance in

the form of premorbid educational attainment. Higher education has been associated with a

reduced risk for AD in several studies [43–50].

Zdanys et al. Page 2

J Alzheimers Dis. Author manuscript; available in PMC 2014 July 07.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The present investigation aimed to determine whether Val66Met, C270T, or G-712A was

related to educational attainment, age of disease onset, progression of cognitive and

functional decline, and associated neuropsychiatric symptoms in AD. From previously

described effects of the Met-allele of the Val66Met polymorphism on BDNF protein

secretion and episodic memory performance, we hypothesized that this allele would be

associated with lower educational attainment, earlier disease onset, and a more rapid rate of

progression. Effects on neuropsychiatric variables and all analyses of C270T and G-712A

were considered exploratory.

MATERIALS AND METHODS

Subjects

The study sample was comprised of 341 patients with probable AD [51] who enrolled in a

study of the genetics of AD and were initially evaluated in the Yale Alzheimer’s Disease

Research Unit between July 1992 and August 2003. Most of these patients then participated

in a variety of other research protocols permitting the accumulation of longitudinal cognitive

and functional data. Nineteen of these patients have subsequently died and had autopsy

confirming definite AD [52]. The demographics and clinical characteristics of patients are

displayed in Table 1. The racial composition of the sample was: European-American (n =

333; 97.7%), African-American (n = 6; 1.8%), and Hispanic (n = 2; 0.59%).

Patients received a comprehensive evaluation, including medical history, physical

examination, CBC, serum chemistries, thyroid function studies, B12, folate, urinalysis,

electrocardiogram, and brain MRI or CT. Subjects were excluded for any neurological or

medical disorder (other than AD) judged related to cognitive deterioration or for current

psychiatric, alcohol, or substance disorders. Research protocols in which subjects

participated following initial evaluation included treatment, neuroimaging, and

neuropsychological studies. Some treatments received by subjects – in particular

cholinesterase inhibitors, high-dose vitamin E (≥400 IU daily), and psychotropic drugs –

may potentially have impacted behavioral variables analyzed in this study. However, these

treatments were assumed to be independently distributed with respect to BDNF genotypes,

and this assumption was tested statistically. In addition, each subject was assigned an

approximate date of disease onset, based on review of medical records and interviews with

one or more family members. The date of onset was defined (using a manual available from

the corresponding author upon request) as the date at which the “earliest definite symptom”

appeared. This could be either a cognitive symptom (e.g., forgetfulness or repetitiousness) or

a significant decline in an instrumental activity of daily living (e.g., impaired driving) if

cognitively based. All subjects (or their responsible next of kin) provided written informed

consent and were studied under protocols approved by the Yale Human Investigation

Committee and conducted in accordance with the Helsinki Declaration of 1975.

Behavioral evaluation

Subjects were evaluated using a number of cognitive, functional, and neuropsychiatric tests

and rating scales at initial presentation (see Tables 2 and 4). Several of these measures were

repeated longitudinally, at varying frequencies, depending on requirements of the different
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research protocols in which subjects subsequently participated. Many subjects enrolled in

multiple studies spanning several years.

Cognitive performance of subjects was measured using both the Mini-Mental State

Examination (MMSE) [53] and the cognitive subscale of the Alzheimer’s Disease

Assessment Scale (ADAS-Cog) [54]. Functional capacity was assessed using the

Instrumental Activities of Daily Living (IADL) scale [55] and the Alzheimer’s Disease

Cooperative Study-Activities of Daily Living inventory (ADCS-ADL) [56]. Both the IADL

and ADCS-ADL ratings were obtained by interviewing the patient’s caregiver. The IADL

was administered at baseline only (and therefore included in retrospective but not

prospective analyses) and scored from 0.27 (no impairment) to 1.00 (maximal impairment)

as previously described [57]. Behavioral and psychological symptoms associated with

dementia were evaluated using the Neuropsychiatric Inventory (NPI) [58] as previously

described [59]. The NPI used scripted questions administered to the patient’s caregiver to

assess twelve behavioral domains (Table 4). For each domain in which symptoms were

confirmed, the caregiver provided frequency and severity scores, the product of which

equaled the domain score (range = 0–12). The sum of all domain scores yielded the total

NPI score (range 0–144). Of the cognitive, functional, and neuropsychiatric measures, the

MMSE was performed on the entire sample (N = 341), whereas all other measures were

available only for subsamples, as detailed in Tables 2 and 4. All subject data were obtained

by trained raters who were unaware of genotypes.

Determination of BDNF genotypes

In our recent study, a new SNP variant (G/A) was identified in the 5′ region of the BDNF

gene (712 bp from Exon 1, thus the variant was named “G-712A”) using denaturing high

performance liquid chromatography (dHPLC) [24]. The newly identified SNP, G-712A, and

two previously reported SNPs, C270T [15] and Val66Met (rs6265) [60], were genotyped in

patients with AD by PCR and restriction fragment length polymorphism (PCR-RFLP)

analysis. Primer pairs and PCR conditions for genotyping the three BDNF SNPs have been

previously summarized [24]. ApoE genotypes were determined as previously described

[57,59].

Statistical analysis

Analyses of the Val66Met polymorphism involved three-group comparisons. However, the

C270T and G-712A variants were studied using two-group comparisons between carriers

and non-carriers of the less frequent allele, given the scarcity of homozygotes for the T-

allele of the C270T polymorphism (n = 3) and the A-allele of the G-712A polymorphism (n

= 2). Subject characteristics were compared across gene dose groups using Student’s t-test

or analysis of variance (ANOVA) for continuous variables or chi-square analysis for

dichotomous variables. We hypothesized that the Met-allele of the Val66Met polymorphism

would be associated with lower educational attainment and an earlier age of disease onset.

The effect of each BDNF polymorphism on rates of AD progression were analyzed using

both retrospective and prospective techniques similar to those employed in our previous

study of ApoE ε4 [57]. Retrospective analyses examined cross-sectional cognitive (MMSE,
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ADAS-Cog) and functional (IADL, ADCS-ADL) data obtained at each subject’s initial visit,

controlling for the duration of symptoms by analysis of covariance (ANCOVA). While

disease duration was the essential covariate in retrospective analyses, age, sex, and

educational attainment were also entered in the ANCOVA models. Prospective analyses of

disease progression were also conducted for the MMSE, ADAS-Cog, and ADCS-ADL for

all subjects who had at least two observations spanning at least six months. For these

analyses, an annualized rate of change on each scale was calculated by least-squares

regression, using all available measurements for each subject. Rates of change were

compared across BDNF genotype groups by AN-COVA, controlling for age, sex, and

education. We hypothesized that the Met-allele of the Val66Met polymorphism would

confer a more rapid cognitive and functional decline.

Finally, we analyzed the effect of each BDNF polymorphism on neuropsychiatric symptoms

in AD, as measured by the NPI. The distribution of total NPI scores in our sample showed a

strong positive skew, necessitating nonparametric analyses (Kruskal-Wallis H for three-

group analysis of Val66Met, or Mann-Whitney U for two-group analysis of other

polymorphisms). The association between BDNF polymorphisms and the presence of

symptoms in the twelve NPI domains was further explored using multiple logistic regression

models, with domain score (zero or nonzero) as dependent variable and the following

independent variables (in addition to BDNF genotype): age, sex, education, and MMSE

score.

For the hypothesis-driven analyses of Val66Met effects on educational attainment, age of

onset, and seven measures of disease progression, a statistical significance level of α = 0.01

was adopted. With several related dependent variables, full Bonferroni correction (0.05/9 =

0.0056) was considered to confer unacceptably high type II error. Effects on

neuropsychiatric variables and all analyses of C270T and G-712A were deemed exploratory

(α = 0.05). Since BDNF allele frequencies are known to vary across population groups, and

the non-European-American portion of the present sample was too small (n = 8) to control

for race statistically, we rechecked all significant results, excluding these subjects. All

statistical analyses were performed using SPSS (SPSS Inc., Chicago, IL) and employed two-

tailed tests of significance.

RESULTS

Subject characteristics

Table 1 presents the characteristics of the entire sample and each genotype group. Val66Met

genotypes were available for n = 332 subjects; C270T genotypes for n = 332 subjects; and

G-712A genotypes for n = 310 subjects. The genotypic distribution of each of the three

SNPs was consistent with Hardy-Weinberg equilibrium expectations (data not shown).

However, as previously detailed for a substantially overlapping sample [24] (291 of 295 AD

subjects in that report are also included in the present study), significant linkage

disequilibrium (LD) was found between SNPs G-712A and C270T (P < 0.001), with more

modest LD between SNP Val66Met and SNP G-712A (P =0.019) or SNP C270T (P =

0.003). ApoE genotypes were also available for n = 338 subjects, and ApoE ε4 carrier status

was randomly distributed with respect to BDNF genotypes.
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In hypothesis-driven comparisons, there was a significant effect of Val66Met genotype on

educational attainment (F = 7.49; df = 2,329; P = 0.00066; Observed Power = 0.83 at α =

0.01; European-Americans: F = 7.30; df = 2,322; P = 0.00079; Observed Power = 0.82 at α

= 0.01). Post-hoc Tukey test revealed that Met/Met homozygotes had significantly lower

education than both Val/Met heterozygotes (P = 0.00056) and Val/Val homozygotes (P =

0.0060). However, Val/Met heterozygotes and Val/Val homozygotes did not differ from

each other (P =0.14). Since males had significantly more education than females (14.0 vs.

12.8 years, P =0.001, t-test), the effect of Val66Met genotype on educational attainment was

re-examined with the addition of sex as a covariate and was minimally changed (F = 6.51; df

= 2,328; P = 0.0017; ANCOVA). There was no significant effect of either C270T or

G-712A genotype on educational attainment or of any polymorphism on age of disease

onset.

Otherwise, few significant differences in subject characteristics were observed across

genotype groups. Carriers of the A-allele of the G-712A polymorphism were

disproportionately female (χ2 = 4.57, df = 1, P = 0.032). In addition, Val66Met Met/Met

homozygotes were significantly more likely than Val/Val or Val/Met subjects to be

receiving cholinesterase inhibitors at the time of initial assessment (χ2 = 6.21, df = 1, P =

0.045). Apart from this, treatment with cholinesterase inhibitors, antipsychotics,

antidepressants, and high-dose vitamin E was distributed independently of genotype.

Retrospective analysis of disease progression

Table 2 summarizes the retrospective analyses of cognitive and functional progression in

AD patients. It specifically contains the baseline cognitive and functional data according to

BDNF genotypes.

Val66Met—Among n = 332 subjects for whom Val66Met genotypes were available,

MMSE performance was analyzed in the overall sample, whereas ADAS-Cog (n = 274),

IADL (n = 320), and ADCS-ADL (n =165) performance were analyzed in subsamples. The

demographic profile of these sub-samples and all others analyzed below did not differ from

that of the overall sample characterized in Table 1. Val66Met genotype groups did not differ

significantly in performance on the MMSE (F = 0.68; df = 2,325; P = 0.51), ADAS-Cog (F

= 0.78; df = 2,267; P = 0.46), IADL (F = 0.01; df = 2,313; P = 0.99), or ADCS-ADL (F =

0.84; df = 2,158; P = 0.43), controlling for disease duration, age, sex, and education.

C270T—Among n = 332 subjects for whom C270T genotypes were available, MMSE

performance was analyzed in the overall sample, whereas ADAS-Cog (n = 275), IADL (n =

320), and ADCS-ADL (n = 165) performance were analyzed in subsamples. T-carriers and

C/C homozygotes did not differ significantly in performance on the MMSE (F = 0.01; df =

1,326; P = 0.93), ADAS-Cog (F = 0.04; df = 1,269; P = 0.84), IADL (F = 0.60; df = 1,314;

P = 0.44), or ADCS-ADL (F = 0.40; df = 1,159; P = 0.53), controlling for disease duration,

age, sex, and education.

G-712A—Among n = 310 subjects for whom G-712A genotypes were available, MMSE

performance was analyzed in the overall sample, whereas ADAS-Cog (n = 261), IADL (n =
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299), and ADCS-ADL (n = 154) performance were analyzed in subsamples. A-carriers and

G/G homozygotes did not differ significantly in performance on the MMSE (F = 0.12; df =

1,304; P = 0.73), ADAS-Cog (F = 0.02; df = 1,255; P = 0.90), IADL (F = 0.78; df = 1,293;

P = 0.38), or ADCS-ADL (F = 1.15; df = 1,148; P = 0.29), controlling for disease duration,

age, sex, and education.

Prospective analysis of disease progression

Table 3 summarizes the prospective analyses of cognitive and functional progression in AD

patients. It specifically contains annualized rates of change for cognitive and functional

measures according to BDNF genotypes.

Val66Met—Among n = 332 subjects for whom Val66Met genotypes were available,

annualized rates of change in MMSE (n = 215), ADAS-Cog (n = 179), and ADCS-ADL (n =

156) performance were measured in subsamples. Val66Met genotype groups did not differ

significantly in the rate of change of MMSE (F = 0.00; df = 2,209; P = 1.00), ADAS-Cog (F

= 0.04; df = 2,173; P = 0.97), or ADCS-ADL (F = 0.41; df = 2,150; P = 0.67), controlling

for age, sex, and education.

C270T—Among n = 332 subjects for whom C270T genotypes were available, annualized

rates of change in MMSE (n = 213), ADAS-Cog (n = 179), and ADCS-ADL (n = 154)

performance were analyzed in subsamples. T-carriers and C/C homozygotes did not differ

significantly in the rate of change in MMSE (F = 0.69; df = 1,208; P = 0.41), ADAS-Cog (F

= 2.47; df = 1,174; P = 0.12), or ADCS-ADL (F = 0.01; df = 1,149; P = 0.94), controlling

for age, sex, and education.

G-712A—Among n = 310 subjects for whom G-712A genotypes were available, annualized

rates of change in MMSE (n = 198), ADAS-Cog (n = 171), and ADCS-ADL (n = 145) were

analyzed in subsamples. A-carriers and G/G homozygotes did not differ significantly in the

rate of change in MMSE (F = 1.33; df = 1,193; P = 0.25), ADAS-Cog (F = 3.24; df = 1,166;

P = 0.07), or ADCS-ADL (F = 0.72; df = 1,140; P = 0.40), controlling for age, sex, and

education.

Analysis of neuropsychiatric symptoms

NPI data were available for n = 248 subjects. Of these, Val66Met and C270T genotypes

were available for n = 241 subjects, and G-712A genotypes for n = 222. There was no

significant effect of Val66Met on total NPI score (χ2=1.61, df = 2, P = 0.45, Kruskal-Wallis

H test). Conversely, carriers of the T-allele of the C270T polymorphism had higher NPI

scores than C/C homozygotes (24.5 ± 21.2 vs. 14.9 ± 15.1; Z = −2.11, P = 0.035, Mann-

Whitney U test; European-Americans: Z = −1.87, P = 0.062). G-712A genotype groups did

not differ in total NPI score (Z = −1.66, P = 0.098).

Our exploratory analysis of individual NPI domains is summarized in Table 4. This analysis

suggests that the higher prevalence of neuropsychiatric symptoms for the C270 T-allele may

accrue specifically from the presence of hallucinations (T-carriers: 36.4%; C/C

homozygotes: 13.7%) (OR = 3.25, 95% CI = [1.22–8.62], P = 0.018; European-Americans:
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OR = 3.08, 95% CI = [1.12–8.48], P = 0.029) but not from disturbances in other domains.

Neither Val66Met nor G-712A genotype was associated with the presence of behavioral

symptoms in any NPI domain.

DISCUSSION

We evaluated the role of BDNF variants in modulating several features of the clinical course

of AD. We specifically investigated effects of three BDNF polymorphisms – Val66Met,

C270T, and G-712A – on educational attainment, age of onset, progression of cognitive and

functional decline, and associated neuropsychiatric symptoms in AD patients. Val66Met

demonstrated a significant effect on education (with Met/Met homozygotes having fewer

years of education than both the Val/Met and Val/Val groups) but not age of onset or rates

of cognitive or functional progression. Other polymorphisms were not associated with any

of these variables. The T-allele of the C270T polymorphism was associated with a higher

prevalence of neuropsychiatric symptoms and specifically with the presence of

hallucinations.

Education

Perhaps the most intriguing finding of this study was the highly significant effect of the

Val66Met polymorphism on premorbid educational attainment, with Met/Met homozygotes

having fewer years of education than other genotype groups (by 2.9 and 3.6 years). Previous

studies have seldom provided information pertaining to educational attainment as a function

of BD-NF genotypes. The AD samples studied by Chuu et al. [39] and Borroni et al. [40]

both evidenced no statistically significant differences in education according to Val66Met

genotype, although in each case the Met/Met homozygotes (n = 5, and n = 19 respectively)

had numerically fewer years of education than the other groups by approximately one year.

In a large (N = 641) non-AD sample (that included patients with schizophrenia, their

unaffected siblings, and healthy controls), Egan and colleagues observed no significant

effect of Val66Met on educational attainment [26]. However, genetic effects on education

may be quite different in AD populations insofar as they are skewed toward lower

“cognitive reserve” as discussed below.

An association between Met/Met homozygosity and lower educational attainment in patients

with AD would suggest that the previously-described effect of the Met-allele on episodic

memory [26,27,30] might have long-term impact on academic performance. Notably, in the

report of Egan et al. the effect of Val66Met on episodic memory performance accrued from

poorer performance by Met/Met homozygotes compared to other genotype groups [26].

Interestingly, higher educational attainment has been shown in several cohorts of varying

ethnicities to be associated with a reduced risk for AD [43–50]. This phenomenon has been

linked to the more general hypothesis of “cognitive reserve,” which holds that a reduced risk

of incident AD may be conferred by increased educational and occupational attainment [44],

and ultimately by additional neural networks that become active when other brain regions

become too damaged by AD neuropathology to function [61]. Although, this hypothesis is

often viewed in terms of higher education, occupation, and leisure activity as a lifestyle that

protects against later development of AD, it might also have genetic determinants. A gene or
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a number of genes (including Val66Met) might predispose both to greater cognitive reserve

throughout the lifespan as well as to a reduced risk of AD. Arguing against Val66Met as

such a gene is the preponderance of AD studies that demonstrate no association [14,19–

22,24,31–36]. However, these studies, particularly those conducted in populations of

European origin, have contained comparatively few Met/Met homozygotes, and further

research may be necessary to rule out Met/Met homozygosity as a risk factor for AD.

Age of onset and rate of progression

Contrary to expectations, we observed no effect of Val66Met on age of disease onset or

subsequent rates of cognitive or functional progression. Our finding that BDNF

polymorphisms were unrelated to age of onset accords with several other studies that

reported no effect of Val66Met [19,31,39] or C270T [19] on this variable.

Our observations that BDNF polymorphisms were unrelated to rates of cognitive and

functional progression – either retrospectively or prospectively – is also consistent with the

extant research. Nacmias and colleagues examined the effect of Val66Met on the cognitive

profile of mild to moderate AD using a cross-sectional design and reported no effect [33].

However, they did not control for duration of symptoms to attempt a retrospective analysis

of disease progression. Similarly, Desai and collaborators [19] found no association between

the Val66Met and C270T polymorphisms and MMSE scores but again did not covary for

duration of symptoms. However, these investigators included a unique quantitative measure

of AD progression – overall disease duration (from onset to death) – and again observed no

differences across Val66Met and C270T genotype subgroups.

Our finding that Val66Met was unrelated to prospective rates of cognitive decline in AD is

consistent with one previous study [39]. Chuu et al. determined rate of change by sequential

MMSE scores in 149 AD patients followed for an average of 3.9 years and demonstrated no

effect on the rate of cognitive change. Our study is the first to measure cognitive change

prospectively for C270T or G712-A and the first to measure change in activities of daily

living for any BDNF polymorphism in AD.

Collectively, the available research for Val66Met on AD progression suggests that, although

the Met-allele is associated with impaired episodic memory performance in non-AD

populations [26,27,30] and – if the present finding is replicated – Met/Met homozygosity

with lower educational attainment in AD, this does not alter the age of AD onset or the rate

of post-onset progression. Postmortem AD brain specimens demonstrate decreased levels of

BDNF mRNA [7,8] and protein [9–11]; however, these alterations may be unrelated to

Val66Met genotype. Although the Met-allele has been linked to reduced BDNF secretion in

vitro [26–28], one recent study observed no effect of this allele on BDNF concentrations in

AD brain (in a sample that included only 3 Met/Met homozygotes) [11]. Genetic influences

on the post-onset progression of AD remain elusive, as no polymorphism has yet been

shown to alter rates of deterioration. Even ApoE ε4, despite conferring an increased risk and

a lower age of onset of AD [62,63], has broadly not been shown to alter cognitive and

functional progression (reviewed in [57]).
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Neuropsychiatric symptoms

Our finding that carriers of the T-allele of the C270T polymorphism had modestly greater

behavioral disturbance than C/C homozygotes as measured by total NPI score (Z = −2.11, p

= 0.035, Mann-Whitney U test) must be interpreted with caution. We did not correct for

multiple comparisons to reduce the risk of Type II error in this exploratory analysis, and the

nominal significance of this finding was lost when European-Americans were considered

separately (Z = −1.87, P = 0.062). Examination of NPI subscores by logistic regression

suggested that the T-allele was specifically associated with increased risk for the presence of

hallucinations. That the T-allele of C270T has been documented in higher frequency among

patients with schizophrenia than healthy controls in several studies [60,64–66] raises the

possibility that this allele might predispose broadly to psychotic symptoms. However, other

studies have failed to corroborate this association in schizophrenia [24,67,68].

We did not replicate the finding of Borroni et al. of a significant effect of the Val66Met

polymorphism on depressive symptoms in AD [40]. Those authors reported significantly

higher risk for depression in both Met carriers and Met/Met homozygotes compared to

Val/Val homozygotes, using both the NPI and the Geriatric Depression Scale. We observed

no effect of Val66Met on the presence of depressive symptoms using the NPI.

Limitations

A number of potential limitations of this investigation deserve comment. First, our subject

sample was drawn from an academic medical center and may differ demographically from a

population sample [69]. In particular, our subject observations were performed mainly

during the course of trials of investigational drugs whose effects on AD progression may

obscure those of BDNF genotypes. However, most of the experimental treatments in

question were ultimately found not to influence the progression of AD symptoms, and any

small effects were likely distributed randomly with respect to BDNF genotypes. Second, our

retrospective analysis of disease progression was susceptible to recall bias, as disease onset

was estimated by recollection of relatives. However, prospective and retrospective ratings by

relatives have shown reasonably close agreement [70], and inaccuracies in recollection are

unlikely to be systematically biased with regard to BDNF genotypes. Finally, our most

noteworthy finding – of an effect of Val66Met on educational attainment – was based on

only twelve Met/Met homozygotes. It is perhaps all the more remarkable that such a highly

significant difference emerged, despite the limited power of the sample to detect an effect

that was present only in Met/Met homozygosity (~4% of subjects of European origin).

Nonetheless, this finding will certainly need to be replicated with additional AD samples.

In conclusion, we observed that Val66Met – in particular Met/Met homozygosity – was

associated with lower premorbid educational attainment in AD patients. However, it did not

confer an earlier age of onset or a more rapid cognitive and functional decline. The T-allele

of the C270T polymorphism was associated with a higher prevalence of neuropsychiatric

symptoms and specifically with the presence of hallucinations. Otherwise, these three

polymorphisms did not impact the clinical course of AD in our sample.
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Fig. 1.
Scatter plot of premorbid educational attainment (yrs) by Val66Met genotype in AD patients

(N = 332). Each symbol denotes an individual subject. Val/Val and Val/Met subjects with 12

yrs education are separated into three rows for legibility. Horizontal bars indicate group

means. There was a significant effect of Val66Met genotype on educational attainment (F =

7.49; df = 2,329; P = 0.00066, ANOVA). Post-hoc Tukey test showed that the Met/Met

homozygote group had significantly lower education than both the Val/Met heterozygotes (P

= 0.00056) and the Val/Val homozygotes (P = 0.0060). However, the Val/Met heterozygote

and Val/Val homozygote groups did not differ from each other (P = 0.14).
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