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ABSTRACT

Background: Depression is often viewed as a risk factor for the development of Alzheimer s disease (AD), however little
is known regarding the underlying biological mechanisms linking these two diseases. Brain-derived neurotrophic factor
(BDNF) has been linked to both cognitive impairment and depression in past research; however few studies have ex-
amined this relation in a sample of Alzheimer s patients. The present study sought to address this gap in the literature by
examining the relation between serum BDNF levels and depression assessed by the Geriatric Depression Scale (GDS)
in a group of patients diagnosed with probable Alzheimer's disease. Methods: Participants included 169 individuals
diagnosed with Probable AD enrolled in the TARC Longitudinal Research Cohort with available BDNF levels and GDS
scores. The participants were divided into Depressed (N = 20) and Not Depressed (N = 149) based on GDS scores. Re-
sults: BDNF levels significantly predicted level (High vs. Low) of depression (f = 0.066, SE = 0.031, p = 0.034). BDNF
levels for the Depressed group were significantly higher than those observed in the Not Depressed group (p > 0.036).
Conclusions: These findings suggest that an upregulation of BDNF possibly exists among depressed AD patients as a
response to the chronic inflammatory processes that occur in depression. This upregulation of BDNF appears to persist
at least into early stages of Alzheimer 5.
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1. Introduction [7,8] and decreased levels of BDNF have been reported
in Alzheimer’s patients when compared with cognitively
normal subjects [9,10] although a recent study found no
differences [11]. Few studies have investigated the rela-
tionship between BDNF and depression in Alzheimer’s
patients. In one such study, a negative correlation be-
tween BDNF serum concentrations and level of depres-
sion as measured by the Geriatric Depression Scale has

been reported [12]. In contrast, a study of elderly Korean

Depression has been identified as a risk factor for the
development of Alzheimer’s disease [1], as a factor in the
conversion of MCI to AD [2], and as a disorder affecting
a significant number of individuals with AD [3]. The
underlying biological mechanisms linking depression
and AD are unclear. Among the mechanisms proposed
has been the dysregulation of neurotrophin signaling
which has been found in both depression [4] and AD [5].

Neurotrophins are small proteins that play significant
roles in maintaining neuronal survival and axonal guid-
ance. Brain-derived neurotrophic factor (BDNF) is one
neurotrophin whose level has been linked to impaired
cognition, depression and AD [6].

Lower serum BDNF levels have been reported in pa-
tients with major depression when compared to normals
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AD patients found no differences in serum BDNF levels
between subjects scoring high on the GDS (=20) and
those scoring low on the GDS [13]. The current study
investigated the relationship between serum BDNF con-
centrations and level of depression as measured by the
GDS in a sample of Alzheimer’s patients to help clarify
this relationship.
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2. Methods
2.1. Participants

Participants included 169 individuals diagnosed with
Probable AD enrolled in the TARC Longitudinal Re-
search Cohort with available BDNF levels and GDS
scores. Individuals with a history of a Major Depressive
Disorder, a concurrent Major Depressive Disorder or a
depression significant enough to impact neuropsychologi-
cal test performance were excluded from the TARC co-
hort. The methodology of the TARC project has been
described in detail elsewhere [14]. Briefly, each partici-
pant completes an annual examination consisting of a
medical examination, interview, blood draw, and neuro-
psychological testing at one of the five TARC sites.
These data are reviewed by a consensus committee at
each site and a diagnosis is assigned according to
NINCDS-ADRDA criteria [15]. Only those meeting cri-
teria for probable AD are included in the AD sample. The
characteristics of the participants are shown in Table 1.
The TARC cohort also consists of a sample of elderly
individuals that were judged to be within normal limits
by consensus on cognitive measures and the GDS. This
sample of 198 controls without depression was included
as a comparison sample for post hoc analyses. The
TARC project received Institutional Review Board ap-
proval and all participants and/or caregivers signed writ-
ten informed consent documents.

2.2. Measures

The TARC neuropsychology core battery consists of
common instruments administered as part of the estab-
lished Alzheimer’s disease 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), Boston Naming Test (30- and 60-item ver-
sions), verbal fluency (FAS), Clock Drawing Test, the
American National Adult Reading Test (AMNART), the
Geriatric Depression Scale (GDS-30), Mini-Mental State
Examination (MMSE), and ratings on the Clinical De-
mentia Rating scale (CDR).

2.3. Assays

Non-fasting samples were collected in serum-separating
tubes during clinical evaluations, allowed to clot at room
temperature for 30 minutes, centrifuged, aliquoted, and
stored at —80°C in plastic vials. Samples were sent frozen
to Rules Based Medicine (www.rulesbasedmedicine.com,
Austin, TX) where they were thawed for assay without
additional freeze-thaw cycles. Rules Based Medicine
conducted multiplexed immunoassays via their human
Multi-Analyte Profile (human MAP). Multiple proteins,
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including BDNF, were quantified though multiplex fluo-
rescent immunoassay utilizing colored microspheres with
protein-specific antibodies. For BDNF, the least detect-
able dose (LDD) was 0.029 ng/mL, inter-run coefficient
of variation was <7%, dynamic range was 0.0028-14
ng/mL, overall spiked standard recovery was 95%, and
cross-reactivity with other human MAP analytes was
<5%. Assays of BDNF levels from TARC data conducted
by this company utilizing this platform have been pub-
lished elsewhere [11].

2.4. Analyses

Statistical analyses were conducted using SPSS version
17 (Chicago, Ill). The participants were divided into two
groups based on scores on the GDS; Not Depressed
Group (GDS Score <9) and Depressed Group (GDS
Score =10). Analyses comparing the demographic cha-
racteristics of the sample were conducted using t-tests for
continuous and chi-squared test for discrete variables. In
order to determine if serum BDNF levels were signifi-
cantly related to level of depression a binary logistic re-
gression was applied with BDNF as the predictor vari-
able and level of depression (High vs. Low) as the out-
come variable. This logistic regression model included
age, gender, education and CDR score as covariates. To
further investigate differences between the groups, Uni-
variant Analysis of Variance was conducted with BDNF
as the dependent variable. CDR Global score was used a
co-variant to control for any affect of stage of disease in
analyzing level of depression and BDNF levels. A t-test
for independent samples was used in the post hoc analy-
sis to compare non-depressed AD with a sample of
non-depressed controls. Statistical significance was set as
a p-value <0.05.

3. Results

Demographic characteristics of the participants are
shown in Table 1. There were no significant differences
between the Not Depressed group and the Depressed
group on age or education. There were more females
than males in each group, although the gender distribu-
tion was not significantly different between groups. The
sample was primarily Caucasian (96%). The two groups
did not differ on MMSE. As would be expected from the
selection procedure of dividing participants into De-
pressed and Not Depressed groups based on a cutoff
score, the two groups differed significantly on GDS score
(p > 0.001). There were no significant differences in
BDNF levels between depressed and non-depressed pa-
tients for total GDS score. Results of the logistic regres-
sion found that BDNF significantly predicted severity
(High vs. Low) of depression (B = 0.066, SE = 0.031, p =
0.034) in a model including age, gender, education and

NM



Depression and Brain-Derived Neurotrophic Factor Levels in Alzheimer’s Disease 45

Table 1. Characteristics of the participants.

Not Depressed (N = 149) Depressed (N = 20) P
SEX
Females 98 (66%) 13 (65%) 0.882
Males 51 (34%) 7 (35%)
AGE
Mean (SD) 77.72 (7.80) 76.05 (9.57) 0.717
Range 57-92 58-91
EDUCATION
Mean (SD) 14.3 (3.488) 12.75 (4.102) 0.427
Range 0-25 years 5-22 years
MMSE
Mean (SD) 20.07 (5.323) 21.05 (5.083) 0.718
Range 4-30 4-30
GDS 30
Mean (SD) 3.69 (2.676) 15.55 (3.649) <0.001*
Range 0-9 11-22
BDNF
Mean (SD) 30.91 (9.172) 36.17 (7.272) 0.036%*
Range 12-44 23-44

#p <001, ** p<0.05

Table 2. Odds ratios for factors associated with depression among Alzheimer’s disease patients as determined by

logistic regression. N = 169.

Odds

95% CI for

Risk Factor Ratio 0Odds Ratio P-value
Age 0.967 0.909 1.030 0.299
Gender 1.031 0.362 2.939 0.955
Education 0.886 0.779 1.007 0.064
CDR Score 0.597 0.263 1.359 0.219
BDNF 1.068 1.005 1.135 0.034*

*p <0.05

CDR Global Impairment (Table 2). The BDNF levels for
the Depressed group were significantly higher than those
found for the Not Depressed group (F = 4.485, p = 0.036)
when the affect of stage of disease was co-varied.

4. Discussion

Although there has been little research on BDNF and
depression in Alzheimer’s disease, what research that has
been conducted, along with the more extensive research
on BDNF and depression and BDNF and AD, suggests
that a decline in serum concentration in depressed AD
patients would be expected. The current study found a
significantly higher serum BDNF level for AD patients
scoring in the depressed range on the GDS when com-
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pared with not depressed AD patients. This is contradic-
tory to the findings of a previous study that used the
GDS and found a significant negative correlation be-
tween GDS scores and BDNF levels [12]. The results
from the previous study, however, were limited by the
small number of AD patients assessed (N = 11). Another
study found no difference in BDNF levels when com-
paring severely depressed patients with those not se-
verely depressed [13]. That study compared patients with
age associated cognitive decline, MCI and AD and used
20 as the cutoff for severe depression. The overall level
of depression in the sample was very high with the
means of each group being near or above 20. Although
the ranges for the GDS scores were not given, it is likely
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that many of the “not severely depressed” would have
met the criteria for depression used in our study. Addi-
tionally, the sample included MCI patients and control,
whereas only AD patients were used in the current study.

Although the findings are contradictory to some pre-
vious findings on the relationship of BDNF to GDS
scores, they are consistent with others showing an in-
crease in BDNF ecarly in Alzheimer’s [16] and studies
reporting an increase in BDNF in both MCI and Alz-
heimer’s [17]. Our sample consisted of AD patients in
the mild stage of dementia and this increased level of
BDNF may be a compensatory upregulation to deal with
the accumulation of Alzheimer’s pathology. To further
investigate the role of depression a post hoc analysis
compared the non-depressed normals (BDNF Mean =
30.83, SD = 8.947) in the TARC sample with the
non-depressed AD group. There was no difference on
BDNF levels (t = 0.179, p = 0.869). This suggests that
depression is a contributing factor to the increased
BDNF level. The underlying mechanism responsible for
the higher BDNF level in the depressed group may be a
reflection of chronic inflammatory processes that are
related to the pathophysiology of depression [18] and
persist in early Alzheimer’s. Inflammation has long been
implicated as a pathogenic mechanism in AD. O’Bryant
and colleagues [19] recently developed a highly predic-
tive algorithm for Alzheimer’s disease based on concen-
trations of serum proteins that was strongly influenced
by markers of inflammation. The authors concluded that
“... a disproportionate number of inflammatory and vas-
cular markers were weighted most heavily in analyses.
Additionally, these markers consistently distinguished
cases from controls...suggesting the existence of an in-
flammatory-related endophenotype of AD.” The present
findings likewise suggest an inflammatory- related
endophenotype of individuals with depression in Alz-
heimer’s.

The present study suffers from its cross-sectional na-
ture and relatively small sample of individuals with a
higher level of depressive symptoms. The small number
of patients with at least mild depression reflects a sam-
pling bias in the TARC cohort where individuals with
high initial levels of depression were excluded from the
study. The finding of an upregulation of BDNF related to
level of depression needs to be replicated in a larger
sample. The present findings are suggestive that indi-
viduals with depression in early AD may represent a
subtype that may have a different presentation and may
respond differently to pharmacological interventions.
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