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(0.05), t = –2.70, p = 0.01] visual memory. No other neuropsy-

chological variables were significantly related to the BDNF 

levels. The BDNF levels were not significantly related to the 

neuropsychological test scores in the control group.  Conclu-
sions:  Increased serum BDNF levels were associated with 

poorer visual and verbal memory, but only among AD cases. 

The current findings point toward an upregulation of serum 

BDNF as one possible mechanism linked to memory distur-

bances in AD though it does not appear to be linked to dis-

ease severity.  Copyright © 2010 S. Karger AG, Basel 
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 Abstract 

  Aims:  Our purpose was to study the link between serum 

brain-derived neurotrophic factor (BDNF) levels and neuro-

psychological functioning through the Texas Alzheimer’s 

Research Consortium cohort.  Methods:  A total of 399 par-

ticipants [probable Alzheimer’s disease (AD) n = 198, controls 

n = 201] were available for analysis. The BDNF levels were as-

sayed via multiplex immunoassay. Regression analyses were 

utilized to examine the relation between BDNF levels and 

neuropsychological functioning.  Results:  There were no sig-

nificant mean differences in BDNF levels between cases and 

controls. In the AD group, the BDNF levels were significantly 

negatively associated with the scores on immediate [B = 

–0.07 (0.02), t = –3.55, p = 0.001] and delayed [B = –0.05 (0.02), 

t = –2.79, p = 0.01] verbal memory and immediate [B = –0.12 
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 Introduction 

 Neurotrophic factors (NTFs)  [1]  are a family of regula-
tory proteins that have been given a great deal of attention 
in Alzheimer’s disease (AD) research. NTFs are small 
proteins that play essential roles in cell morphology, axo-
nal guidance, neuronal survival, as well as memory for-
mation and cognition  [2] . Given that (1) NTFs are often-
times synthesized in areas impacted by AD neuropathol-
ogy early in the course of the disease  [3] , axonal transport 
is essential for NTF signaling, and (2) axonal transport 
failures are oftentimes associated with neurodegenera-
tive dementias  [2] , dysregulation of the NTF system can 
be expected to be associated with AD. 

  Brain-derived neurotrophic factor (BDNF) is an NTF 
that has been widely studied in AD. Autopsy studies 
have found decreased BDNF, pro-BDNF and BDNF 
mRNA levels in brains of patients with AD and mild 
cognitive impairment  [4–6] . There is less consensus re-
garding the serum levels of BDNF in AD, as reports of 
increase  [7] , decrease  [8]  and no difference  [9]  as com-
pared to elder controls have been published. In terms of 
cognitive functioning, Peng et al.  [4]  analyzed autopsy 
data available on 54 participants (control n = 20, mild 
cognitive impairment n = 17, AD n = 17) of the Religious 
Orders Study and found that pro-BDNF and mature 
BDNF levels were positively associated with Mini-Men-
tal State Examination (MMSE) and Global Cognitive 
scores (a composite score of 19 neuropsychological tests 
administered as part of the Religious Orders Study pro-
tocol). Analyzing data from 27 AD patients and 28 age-
matched controls, Laske et al.  [7]  found no significant 
relation between serum BDNF levels and MMSE scores, 
which was consistent with an independent investigation 
including 60 AD patients and 33 controls  [10] . Analyz-
ing data from the 198 participants (99 AD and 99 elder 
controls) from the Texas Alzheimer’s Research Consor-
tium (TARC), O’Bryant et al.  [9]  failed to demonstrate 
any significant relation between serum BDNF levels and 
MMSE or Clinical Dementia Rating (CDR) scores. How-
ever, each of the previously mentioned studies reported 
data on only global estimates of cognition rather than 
detailed neuropsychological test findings of specific 
cognitive domains. Gunstad et al.  [11]  recruited 35 older 
adults (age = 60–85 years) who were screened for current 
significant medical, neurological or psychiatric condi-
tions in order to evaluate the relation between serum 
BDNF levels and neuropsychological functioning 
among healthy older adults. These authors found a sig-
nificant positive association between serum BDNF lev-

els and scores of global cognition (MMSE) and confron-
tation naming [Boston Naming Test (BNT) – short 
form] with BDNF accounting for 13 and 15% of the vari-
ance in obtained scores, respectively. There was, how-
ever, no significant association between serum BDNF 
levels and measures of learning and memory, attention 
and information processing speed, working memory, 
executive functioning or verbal fluency, which may have 
been due to low power from the small sample size. Ko-
mulainen et al.  [12]  analyzed data from 1,389 partici-
pants of the DR’s EXTRA project and found decreased 
levels of plasma BDNF significantly associated with 
poorer CERAD scores of confrontation naming, list 
learning, list recall, list recognition and list savings for 
women, but not for men. 

  The current study sought to examine the link between 
serum BDNF levels and neuropsychological functioning 
among a sample of patients diagnosed as having probable 
AD primarily in the early stage of their disease and nor-
mal controls from the TARC Longitudinal Research Co-
hort. Based on the previous human and animal literature 
linking BDNF to learning and memory  [12–16] , it was 
hypothesized that the serum BDNF levels would be sig-
nificantly associated with measures of immediate and de-
layed memory scores. 

  Subjects and Methods 

 Participants  
 The participants included 399 individuals (198 diagnosed as 

having probable AD and 201 controls) enrolled in the TARC Lon-
gitudinal Research Cohort. The methodology of the TARC proj-
ect has been described in detail elsewhere  [17] . Briefly, each par-
ticipant completes an annual examination consisting of a medical 
examination, interview, blood draw and neuropsychological test-
ing at 1 of the 5 TARC sites. These data are reviewed by each site 
consensus committee and diagnosis is assigned according to 
NINCDS-ADRDA criteria  [18]  with only those meeting criteria 
for probable AD included into the study. Controls were judged to 
be within normal limits on consensus review. Participants with 
AD were studied at a relatively early stage of the disease. The 
breakdown of numbers of CDR global scores for the AD patients 
was as follows: 0.5 = 69, 1 = 79, 2 = 41, 3 = 7 (2 AD cases were miss-
ing CDR scores). The TARC project received institutional review 
board approval and all participants and/or caregivers signed writ-
ten informed consent documents. A subset of this sample (AD
n = 98, controls n = 98) was published previously in a study exam-
ining the potential of BDNF in distinguishing between case and 
control status  [9] . 

  Measures 
 The TARC neuropsychology core battery consists of com-

mon instruments administered as part of the established AD 
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clinical/research platforms at each participating institution and 
includes digit span (WAIS-R, WAIS-III, WMS-R), Trail Making 
Test, WMS Logical Memory and Visual Reproduction (WMS-R 
and WMS-III), BNT (30- and 60-item versions), verbal f luency 
(FAS), Clock Drawing Test, the American National Adult Read-
ing Test, the Geriatric Depression Scale, MMSE  [19] , and ratings 
on the CRD scale  [20] . In order to equate scores from digit span 
and story memory scales, all raw scores were converted to scale 
scores based on previously published normative data  [21–23] . 
For the BNT, the current group recently published an indepen-
dent study demonstrating the psychometric utility of an esti-
mated 60-item BNT score that can be calculated from 30-item 
versions  [24] ; this estimated 60-item score was used for all 30-
item administrations. Adjusted scale scores were utilized as de-
pendent variables in the analyses.

  Assays 
 Nonfasting samples were collected in serum-separating tubes 

during clinical evaluations, allowed to clot at room temperature 
for 1 h, centrifuged, aliquoted and stored at –80   °   C in plastic vials. 
Samples were sent frozen in a single batch to Rules Based Medi-
cine (www.rulesbasedmedicine.com, Austin, Tex., USA), where 
they were thawed for assay without additional freeze-thaw cycles. 
Rules Based Medicine conducted multiplexed immunoassay via 
their human Multi-Analyte Profile (human MAP). Multiple pro-
teins, including BDNF, were quantified though multiplex fluores-
cent immunoassay utilizing colored microspheres with protein-
specific antibodies. For BDNF, the least detectable dose was 0.029 
ng/ml, the interrun coefficient of variation was  ̂  7%, the dynam-
ic range was 0.0028–14 ng/ml, the overall spiked standard recov-
ery was 95%, and the crossreactivity with other human MAP an-
alytes was  ! 5%. Assays conducted by this company utilizing this 
platform, including TARC data, have been published elsewhere
 [9, 25] .

  Analyses 
 Statistical analyses were conducted using SAS version 9.3 (SAS 

Institute, Inc., Cary, N.C., USA). In order to determine if the se-
rum BDNF levels were significantly predictive of neuropsycho-
logical scores, linear regression models were created using serum 
BDNF as the predictor variable and neuropsychological scores
as the outcome variable. Statistical significance was declared for 
p values  ! 0.05. 

  Results 

 The average age and education of the control group 
was 70.4 (SD = 8.9) and 15.5 (SD = 2.7) years, respective-
ly, while the average age and education of the AD group 
was 76.6 (SD = 8.3) and 14.2 (SD = 3.4) years, respective-
ly. The sample was 95% Caucasian and there were slight-
ly more females than males, though the gender distribu-
tion was not significantly different between the groups. 
As expected, the AD patients obtained significantly
lower MMSE scores (mean = 20.9, SD = 5.6) than the 
controls (mean = 29.4, SD = 0.9) as well as higher CDR 

sum of boxes scores (AD mean = 6.3, SD = 3.8; controls 
mean = 0.005, SD = 0.05). As in our prior report on a 
subset of this cohort, there was no difference in serum 
BDNF levels between the control and AD groups. Demo-
graphic characteristics of the study population are shown 
in  table 1 . 

  The mean serum BDNF levels were not significantly 
different between AD cases and normal controls (p  1  
0.05). The BDNF levels did not significantly predict any 
neuropsychological scores among the control group. In 
the AD group, however, the BDNF levels were signifi-
cantly negatively associated with the scores on immediate 
(B = –0.07, SE = 0.02, t = –3.55, p = 0.001) and delayed
(B = –0.05, SE = 0.02, t = –2.79, p = 0.01) verbal memory 
(WMS Logical Memory immediate and delayed indices) 
and immediate (B = –0.12, SE = 0.05, t = –2.70, p = 0.01) 
visual memory (WMS Visual Reproduction immediate 
index). No other neuropsychological variables were sig-
nificantly related with the BDNF levels. 

  Next we split the AD cases into early AD (CDR Glob-
al Score = 0.5–1; n = 99) versus late AD (CDR Global
Score = 2–3; n = 47) to determine if the findings above 
were moderated by disease severity. The BDNF levels 
were no longer significantly related to the memory scores, 
suggesting that this effect is across the AD disease spec-

Table 1. B aseline demographic characteristics

AD Control p 
value

Subjects 198 201
Sex (female) 130 (65.7) 137 (68.2) 0.60
Age, years

Mean 8 SD 76.6388.33 70.4288.86 <0.01
Range 56–93 52–90

Race/ethnicity (Caucasian) 190 (96.5) 188 (93.5) 0.18
Education, years

Mean 8 SD 14.2083.40 15.5282.72 <0.01
Range 0–22 10–25

MMSE
Mean 8 SD 20.9385.56 29.4280.85 <0.01
Range 4–30 26–30

CDR sum of Boxes
Mean 8 SD 6.3583.82 0.00580.05 <0.01
Range 0.5–17.0 0.0–0.5

BDNF
Mean 8 SD 31.4689.10 30.9688.82 0.57
Range 6.40–43.0 2.10–43.0

Figures in parentheses are percentages.
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trum. To further delve into this, we then split the file by 
APOE4 status (present versus absent). Among the AD 
cases without any missing data, there were 52 cases who 
were APOE4 negative and 84 who were APOE positive. 
BDNF was a significant predictor of immediate memory 
scores (WMS Logical Memory I B = –0.96, SE = 0.04, t = 
–2.43, p = 0.02; WMS Visual Reproduction I B = –0.95, 
SE = 0.04, t = –2.22, p = 0.03) among the APOE4-negative 
AD cases, whereas BDNF was not significantly related to 
any memory measures among the APOE4-positive cases 
( fig. 1 ). 

  Discussion 

 In the current study, the serum BDNF levels were not 
significantly different between AD cases and controls, 
which is consistent with our previously published find-

ings  [9]  and suggests that serum BDNF is not a useful 
marker for disease status. However, the BDNF levels were 
found to be significantly negatively associated with mea-
sures of immediate and delayed verbal memory as well
as immediate visual memory among the AD patients, 
whereas the serum BDNF levels were not associated with 
any neuropsychological test scores among the nonde-
mented controls. These findings are consistent with those 
of Laske et al.  [8] , who evaluated a sample of 30 patients 
diagnosed as having AD (15 ‘early’ and 15 ‘late’) along 
with 10 controls and found that the serum BDNF levels 
were increased in early AD cases relative to controls and 
late AD cases, which were not significantly different from 
one another. The mean serum BDNF level in that study 
was comparable to our AD sample though the level 
among their late AD cases was much lower, which is con-
sistent with prior work  [10] . Our study is different from 
that of Laske et al.  [8]  in that we examined a much larger 
sample of cases and controls, our AD cases were at a pre-
dominantly early stage of their disease, and more detailed 
neuropsychological testing was available in our study. 
Our study is also unique from other prior work in this 
same respect given the relatively larger sample size along 
with neuropsychological, rather than global cognitive 
screening, outcomes. 

  The finding of a negative association between serum 
BDNF levels and performance on measures of visual 
and verbal memory suggest the possibility that upregu-
lation of BDNF is a compensatory mechanism in pa-
tients with AD. Such compensatory mechanisms have 
been identified in those at risk for developing AD (e.g. 
mild cognitive impairment patients, APOE4, family 
history) in previous investigations through neuropatho-
logical analysis  [26]  as well as neuroimaging  [27] . In 
terms of BDNF, Christensen et al.  [28]  recently exam-
ined the link between intrahippocampal aggregated 
A �  1–42  injections (1  � g/ � l) and cortical and serum 
BDNF as well as cortical 5-HT 2A  levels among rats. 
These authors found that the A �  1–42 -injected animals 
performed significantly poorer on a memory task than 
the control group at 2- and 6-week assessment periods. 
Additionally, over time, the vehicle-injected animals 
had significantly  higher  serum BDNF levels than the 
control group, which was due to a continuous rise in 
BDNF levels throughout the course of the experiment. 
However, the BDNF levels in the frontal cortex were 
found to be significantly lower among the vehicle-in-
jected rats than the controls though no difference was 
noted in the hippocampal cortex between groups. These 
findings point to the possibility of a link between A �  
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  Fig. 1.  Relation between serum BDNF levels and WMS Logical 
Memory I and Visual Reproduction I scores.   
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and BDNF as well as the possibility of an upregulation 
of serum BDNF levels with early accumulation of A �  in 
the cerebral cortex. It is also noteworthy that the serum 
BDNF concentrations increase during treatment with 
donepezil, suggesting that this is one possible mecha-
nism for efficacy of this drug with AD patients  [7] .

  In order to determine if this potential compensatory 
mechanism was specific to early AD cases, we reran our 
analyses by early versus late AD. These analyses did not 
support the notion of disease severity as a potential mod-
erator of this finding. Additional analyses by APOE4 sta-
tus were conducted and showed that higher BDNF lev -
els were related to poorer memory scores only among 
APOE4-negative cases (there was no link between BDNF 
and memory measures among controls regardless of 
APOE4 status). These data point to the possibility of a 
neurotrophic-related endophenotype of AD that is spe-
cific to APOE4-negative cases. However, the sample size 
for these analyses was small and requires further inqui-
ry. It is possible that targeted therapeutics may offer ad-
ditional relief (or slowed progression) of some cases, 
whereas others (i.e. those with significantly upregulated 
BDNF) would likely not benefit from this additional 
treatment. 

  The current findings are limited by the cross-sec-
tional nature of the analyses. However, the TARC cohort 

is being evaluated annually and follow-up analyses
examining the link between serum BDNF levels and
progression of cognitive dysfunction and/or dementia
are underway as well as inclusion of relevant genetic
polymorphisms. The current findings point toward an 
upregulation of serum BDNF as one possible mechanism 
linked to memory disturbances in AD though it does not 
appear linked to disease severity in our cohort, possibly 
due to the predominance of individuals with early stage 
disease. Additionally, this link was restricted to learning 
measures (visual and verbal) among cases who were 
APOE4 negative. It is likely that the restriction of range 
among delayed memory scores played a significant role 
in those analyses. These findings may be indicative of an 
additional AD-specific endophenotype that is related to 
BDNF and APOE genotype. 
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