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Abstract \
Background: Brain-derived neurotrophic factor (BDNF) has been implicated in the pathophysiology of Alzheimer’s disease (AD),
and decreased peripheral levels of this protein are associated with an increased risk of developing the disease. This study focuses
on whether serum BDNF levels could be used as a predictor of AD progression.

Methods: In this longitudinal observational study, we recruited cognition normal participants (N = 98) and AD (N = 442) from the
Clinic at the Taipei Veterans General Hospital. We conducted a mini-mental status exam, a 12-item memory test, a categorical
verbal fluency test, and a modified 15-item Boston naming test. A Serum BDNF level and apolipoprotein E (APOE) allele status were
measured. The AD patients were followed prospectively. Based on the difference of MMSE scores, these patients were divided into
fast decliners (decline > 3/y) and slow decliners (MMSE decline < 3/y). Logistic regression was conducted to examine the impact
of serum BDNF levels and other factor on the likelihood of AD patients being slow decliners. Pearson’s correlation was used to
estimate the relationship between serum BDNF levels and the score of neuropsychological tests.

Results: In a logistic regression model containing serum BDNF levels, age, sex, APOE4 carrier status, education levels, and base-
line MMSE score, higher serum BDNF levels were associated with a slower rate of cognitive decline in the AD group. Serum BDNF
levels positively correlated with the results of multiple neuropsychological tests.

Conclusion: BDNF is a protective factor against AD progression and likely plays a role in establishing a link between AD pathology

and clinical manifestations.
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1. INTRODUCTION

Alzheimer’s disease (AD) is now recognized as a continuum that
includes cognitively normal (CN), mild cognitive impairment
(MCI), and dementia.! In clinical practice, such as physician-
patient communication or advance care planning, and in trial
design, such as stratification of patients or setting of endpoints,?
understanding the trajectory of the disease course is important.
An ideal biomarker could be beneficial for serving this pur-
pose. Several conditions should be met for this biomarker: non-
invasive, easily obtainable, reliable, cheap, well-validated, and
correlated with AD pathology.? As a blood-based sample with
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a readily available immunoassay, serum brain-derived neu-
rotrophic factor (BDNF), indicated to be correlated with the
central BDNF level,* fits the first four conditions compared to
neuroimaging or cerebrospinal fluid biomarker tests.

BDNF belongs to the neurotrophin family and might play an
important role in the pathophysiology of AD. The downstream
cascades of BDNF binding to its receptor contribute to many
aspects of neural circuit formation, including neuronal differ-
entiation, growth, and synaptic plasticity.” BDNF levels were
the highest in the hippocampal region of brain and in mice,
the BDNF-Tropomyosin receptor kinase B (TrkB) pathway is
essential for hippocampal long-term potentiation and related
to long-term memory development.®” BDNF modulates both
the presynaptic and postsynaptic areas in the cyclic adenosine
monophosphate (cAMP)-responsive element binding protein 1
(CREB)-dependent memory-forming model.>''" BDNF exerts
ability of reducing amyloid B (Ap) generation and tau protein
phosphorylation. In reverse, A} and tau overexpression causes
BDNF down-regulation.'? In clinical studies, lower levels of
BDNF in the cerebrospinal fluid are associated with the progres-
sion from MCI to AD."

It has been shown that BDNF can cross the blood-brain bar-
rier toward peripheral tissues.!* In the peripheral system, BDNF
levels can be measured using plasma or serum samples and cor-
responding bioassays, and the two types of sources represent
two different pools of BDNE! Researchers reported mixed
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results from studies involving plasma BDNF samples. In a 2-year
follow-up study, plasma BDNF levels were neither different
between healthy elderly subjects and MCI patients nor related to
cognition or functional decline.® In another study, MCI patients
have higher BDNF levels, and BDNF has excellent discrimina-
tion accuracy when compared to healthy control subjects and
MCI subjects.!” However, serum BDNF results are more consist-
ent. The levels of BDNF are increased in AD patients with slow
cognitive decline'® and associated with a lower risk of cognitive
decline in the MCI group and a lower risk for dementia among
the dementia-free group.'” These studies are limited by relatively
small sample sizes (only two had more than 400 participants)
and rarely focus on AD progression.

Due to this evidence, we aim to examine BDNF’s role in AD
progression and, subsequently, the relationship between serum
levels of BDNF and cognitive function on a larger scale.

2. METHODS

2.1. Participants

We prospectively recruited CN participants and those with AD
from the Neurology Outpatient Clinic at the Taipei Veterans
General Hospital. The CN participants were volunteers with
no subjective or objective impairments in cognitive function.
Patients with probable AD dementia with amnestic presentation
were included in this study based on the core clinical criteria
established by the Alzheimer’s Association and the National
Institute on Aging in 2011?° and eligible for inclusion (N =
597). Subsequent to the diagnosis, the AD group was followed
up annually in 2 years and those who undergo no further fol-
low-up examination (N = 155) were excluded. We excluded
patients with cognitive impairment with atypical presentation,
extensive white matter lesion, cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopa-
thy (CADASIL) by NOTCH3 genotyping, and other etiologies,
such as acute consciousness changes due to systemic disease,
drug intoxication, central nervous system infection, neurologi-
cal deficits following head trauma, or major depression based
on the 5th edition of the Diagnostic and Statistical Manual of
Mental Disorders.*' Before participating in the study, all the par-
ticipants and their caregivers provided informed consent. The
Institutional Review Board of Taipei Veterans General Hospital
approved this research program.

2.2. Clinical evaluation and procedures

Participants underwent a standardized clinical evaluation that
included a clinical interview, physical examination, neuropsycho-
logical evaluation, laboratory tests, and computed tomography or
magnetic resonance imaging upon recruitment. The mini-mental
status exam (MMSE) was used to assess general cognitive func-
tion.?? To assess short-term memory, executive function, and lan-
guage function, the 12-item memory test, categorical verbal fluency
test (VF), and modified 15-item Boston naming test (BNT) were
used. MMSE and VF test were repeated when the AD group was
followed up. The results from the second-year follow-up were used
for whole group analysis whenever available.

2.3. Measurement of serum BDNF levels

At baseline, fresh venous blood samples were collected in poly-
propylene tubes. We allowed the samples to clot at room tem-
perature for 30 minutes before centrifuging them and storing
them at —80°C for biochemical analysis. Serum BDNF levels were
measured in duplicate using the Human BDNF Immunoassay
Quantikine enzyme-linked immunosorbent assay (ELISA) kit
(DBD00; R&D Systems, Minneapolis, MN, USA), according to
the instructions and protocols provided by the manufacturer. All
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samples from each participant were measured on the same plate
to avoid interpolate variation and the coefficients of variance
(CVs) of all samples were below than 15%.

2.4. DNA analysis

Please refer to the Supplementary Material (http:/links.lww.
com/JCMA/A206) for DNA analysis procedures.

2.5. Statistical analysis

To establish the differences between demographic profiles and
neuropsychological evaluation results between the CN and
AD groups, independent two-sample ¢ tests and chi-square test
were conducted. These patients were divided into fast declin-
ers (MMSE decline > 3/y) and slow decliners (MMSE decline
< 3/y).2** The demographic profiles and neuropsychological
evaluation tests of slow and fast decliners were compared using
independent two-sample ¢ tests and chi-square tests. Considering
that the kurtosis of the serum BDNF levels was 1.104, a natu-
ral log transformation was performed before further analysis.
The difference in serum BDNF levels between sexes was tested
using an independent two-sample t-test. Pearson’s correlation
was used to estimate the relationship between serum BDNF lev-
els and the participants’ age and neuropsychological evaluation
results. Logistic regression was used to examine the impact of
serum BDNF levels, age, sex, APOE4 carrier status, education
levels, and baseline MMSE score on the likelihood of patients
with AD being slow decliners. An analysis of subgroups was
conducted in two aspects. First, for AD participants who had
complete 2-year follow-up, we analyzed the results from the
first and second follow-up separately. Second, we divided the
AD participants into mild-moderate severity group (baseline
MMSE score > 15) and severe group (baseline MMSE score <
15)% before logistic regressions were performed between fast
and slow decliners. Statistical analyses were performed using
SPSS software version 26 (IBM, Inc., Armonk, NY, USA), and
statistical significance was set at p < 0.05.

3. RESULTS

3.1. Participants

A total of 540 study participants were enrolled, including 442
AD patients and 98 CN participants. Table 1 summarizes the
background characteristics of the participants. The two groups

Demographic data, serum BDNF levels, and cognitive test
performance of the study participants

Characteristics CN (N =98) AD (N = 442) p
Age 71.6 (8.0) 79.5 (7.0)b <0.001
Sex

Male® 40 (40.8%) 227 (51.4%) 0.059
APOE €4 carrier® 5 (15.3%) 160 (36.2%) <0.001
Education (y) 12 3(4.8) 9.6 (4.6)b <0.001
Serum BDNF levels 10.1 (0.3) 9.9 (0.4)b <0.001
MMSE 28 4(1.7) 18.4 (5.3)b <0.001
12-item memory test 019 IN=72) 1.1(1.8b (N=436) <0.001
Verbal fluency 13 228 (N="71) 6.5(2.9)b (N=438) <0.001
Boston naming test 14.4 (1.0) (N = 70) 11.5(2.8b (N=439) <0.001

Data presented as mean and SD in parentheses unless noted.

AD = Alzheimer’s disease; APOE = apolipoprotein E; BDNF = brain-derived neurotrophic factor; CN
= cognitively normal; MMSE = Mini-Mental State Examination.

#Presented as the number of participants and percentages in parentheses.

"0 < 0.001 vs CN.
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showed significant differences in age, APOE4 carrier status, and
years of education. The CN group was the younger than the AD
group (CN 71.6=8.0, AD 79.5+7.0; p < 0.001). There was a
greater proportion of APOE4 carriers in the AD group (36.2%)
than in the CN group (15.3%) (p < 0.001). The CN group had
higher educational years than the AD group (CN 12.3+4.8, AD
9.6+4.6; p < 0.001). The sex distribution between the groups
did not show any significant differences (male proportion in CN
40.8%, AD 51.4%; p = 0.059).

3.2. Neuropsychological evaluations

There were significantly lower scores for AD patients in the
MMSE, 12-item memory test, VF, and BNT than CN partici-
pants (MMSE: CN 28.4+1.7, AD 18.4+5.3,p < 0.001; 12-item
memory test: CN 8.0+1.9, AD 1.1+1.8, p < 0.001; VF: CN
13.2+2.8, AD 6.5+2.9, p < 0.001; BNT: CN 14.4+1.0, AD
11.5+2.8,p < 0.001).

3.3. Serum BDNF levels

The mean = SD of natural log-transformed serum BDNF levels
were 10.1+0.3 in the CN group, 9.9+0.4 in the AD group
and 9.9+0.4 in the whole group. The AD group had lower
serum BDNF levels than the CN group (p < 0.001). The serum
BDNF level was higher in female participants (10.0 = 0.4) than
male participants (9.9+0.4) (p < 0.001). Overall, the level of
serum BDNF decreased with increasing age (r = -0.144; p <
0.001).

3.4. Serum BDNF levels and neuropsychological
evaluations

Serum BDNF levels showed positive correlations with MMSE
scores (r = 0.116; p = 0.007), 12-item memory test scores (7 =
0.134; p = 0.003), and VF scores (r = 0.129; p = 0.004). No cor-
relation was found between the serum BDNF levels and BNT
scores (p = 0.345).

3.5. Serum BDNF levels and MMSE decline rate in AD
patients

All AD patients received the first-year follow-up and 335
(335/442 = 75.8%) patients received the second-year follow-
up. The mean following period was 23.1+8.3 months. Of

Comparison of demographics, the carrier status of APOE, and
the results of neuropsychological tests between slow and fast
decliners

Characteristics Slow decliner (N = 347) Fast decliner (N = 95) p
Age 79.8 (6.5) 78.5(8.7) 0.177
Sex

Male? 174 (50.1%) 53 (55.8%) 0.329
APOE €4 carrier® 131 (37.8%) 29 (30.5%) 0.194
Education (y) 9 4(4.7) 10.6 (4.5) 0.023
Serum BDNF levels 9(0.4) 9.8(0.5) 0.006
MMSE 18 2(5.5) 19.2 (4.4) 0.091
12-item memory test 2(1.8) (N=342) 1.1(1.9 (N=94) 0.718
Verbal fluency 6(2.9) (N =345) 6.0 (2.9) (N=193) 0.111
Boston naming test 11 5 (2.8) (N = 345) 11.52.7) (N =94) 0.987

Data presented as mean and SD in parentheses unless noted.

APOE = apolipoprotein E; BDNF = brain-derived neurotrophic factor; MMSE = Mini-Mental State
Examination.

“Presented as the number of participants and percentages in parentheses.
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these patients, 95 (21.5%) experienced a rapid decline and 347
(78.5%) experienced a slow decline. Table 2 summarizes the
characteristics of the two groups. There was a lower level of
education among slow decliners (9.4+4.7 vs 10.6+4.5 years;
p = 0.023) than among fast decliners. There were no significant
differences between the two groups in terms of age, sex, AOE4
carrier status, or MMSE scores at baseline. Slow decliners had
a higher serum BNDF level than fast decliners (9.9+0.4 vs
9.8+0.5; p = 0.006).

In the logistic regression model, 6.8% (Nagelkerke R?) of the
variance in the decline rate was explained. After adjusting for
age, sex, APOE4 carrier status, education levels, and baseline
MMSE score, the odds ratio (OR) of slow decliner was 2.37
(95% CI, 1.326-4.230) for a unit increase in serum BDNF levels.
Increased age was associated with slow decline (OR, 1.04; 95%
CI, 1.003-1.071), while education was associated with a lower
OR of slow decline (OR, 0.95; 95% CI, 0.895-0.997) (Table 3).

A logistic regression was conducted on the 335 patients who
received both the first and second follow-up surveys based on
demographic factors such as age, sex, APOE4 carrier status,
education, baseline MMSE score, and serum BDNF levels.

During first follow-up, the mean following period was
12.6 5.2 months. Of these patients, 85 (25.4%) experienced
a rapid decline and 250 (74.6%) experienced a slow decline.
There was no difference noticed between rapid and slow declin-
ers in terms of age, sex, APOE#4 carrier status, education levels,
baseline MMSE score, or serum BDNF levels. Logistic regression
model indicated only increased age associated with slow decline
(OR, 1.04; 95% CI, 1.004-1.075) (Table 4). During second-year
follow-up, the mean following period was 25.5+7.1 months.
Of these patients, 71 (18.2%) experienced a rapid decline and
274 (81.8%) experienced a slow decline. The slow decliners
were older (79.7+6.4 vs 77.0+9.2 years; p = 0.035) and had
higher serum BDNF levels (10.0+0.4 vs 9.8+0.5; p = 0.017).

Logistic regression model for predicting slow decline in AD
patients using serum BDNF levels

Parameter B (SE) Wald Significance OR (95% CI)
Age 0.036 (0.017) 4.586 0.032 1.036 (1.003-1.071
Sex -0.065 (0.252) 0.067 0.795 0.937 (0.572-1.535
APOE €4 carrier 0.369 (0.258) 2.040 0.153

(0.017) ( )

(0.252) ( )

( ) 1.446 (0.872-2.397)
Years of education  —0.057 (0.028) 4.217 0.040 0.945 (0.895-0.997)
Baseline MMSE -0.018 (0.024) 0.576 0.448 0.982 (0.938-1.029)
Serum BDNF levels  0.862 (0.296) 8.487 0.004 2.368 (1.326-4.23)
Constant -9.241(3.37) 7.532 0.006

AD = Alzheimer’s disease; APOE = apolipoprotein E; B = beta coefficient; BDNF = brain-derived
neurotrophic factor; MMSE = Mini-Mental State Examination; OR = odds ratio; Wald = Wald statistics.

Logistic regression model for predicting slow decline in AD
patients using serum BDNF levels, first-year follow-up

Parameter B (SE) OR (95% CI)

Age 0.038(0.017) 4.698 0.030 1.039 (1.004-1.075
Sex 0.069 (0.266) 0.068 0.794 1.072 (0.636-1.807
APOE €4 carrier —-0.027 (0.269) 0.010 0.921 0.974 (0.575-1.648
Years of education  —0.001 (0.03)  0.002 0.963 0.999 (0.942-1.058

( (

( (

(

Wald Significance

Baseline MMSE 0.007 (0.026) 0.069 0.793 1.007 (0.957-1.069
Serum BDNF levels  0.164 (0.313) 0.274 0.601 1.178 (0.638-2.173
Constant -3.668 (3.555) 1.065 0.302

AD = Alzheimer’s disease; APOE = apolipoprotein E; B = beta coefficient; BDNF = brain-derived
neurotrophic factor; MMSE = Mini-Mental State Examination; OR = odds ratio; Wald = Wald statistics.
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Logistic regression model indicated that increased serum BDNF
levels (OR, 2.55; 95% CI, 1.299-5.020) and increased age (OR,
1.06; 95% CI, 1.019-1.102) were associated with slow decline
(Table 35).

The mild-moderate severity group contained 349 (79.0%)
patients and severe group 93 (21.0%) patients. In the mild-
moderate severity group, the slow decliners had higher serum
BDNEF levels (10.0+0.4 vs 9.8 +0.5; p = 0.003). Logistic regres-
sion model conveys similar results with the whole group analy-
sis: higher serum BDNF levels were associated with slow decline
(OR, 2.605; 95% CI, 1.392-4.877), increased age was associ-
ated with slow decline (OR, 1.05; 95% CI, 1.011-1.086) and
education associated with a lower OR of slow decline (OR,
0.94; 95% CI, 0.883-0.998) (Table 6). In the severe group, no
difference was noticed considering age, sex, APOE4 carrier sta-
tus, education levels, baseline MMSE score, or serum BDNF lev-
els between rapid and slow decliners. Logistic regression model
revealed no significant effect of these variables on decline rate.

4. DISCUSSION

This study had two major findings. First, increased serum BDNF
levels were associated with a slower rate of cognitive decline in
the AD group. Second, serum BDNF levels positively correlated
with better results of multiple neuropsychological tests.

A previous 1-year follow-up study of patients with AD
reported higher serum BDNF levels were associated with
slower cognitive decline.'® With an extended follow-up period
of an average of 23 months, our study revealed a similar
result. Our logistic regression model suggests that BDNF is
a protective factor against rapid cognitive decline in patients

Logistic regression model for predicting slow decline in AD
patients using serum BDNF levels, second-year follow-up

Parameter B (SE) Wald Significance OR (95% CI)
Age 0.058 (0.02) 8.558 0.003 1.06 (1.019-1.102)
Sex 0.251(0.307) 0.670 0.413 1.286 (0.704-2.348)
APOE €4 carrier 0.477 (0.325) 2.147 0.143 1.611 (0.851-3.048)
Years of education ~ —0.048 (0.035) 1.944 0.163 0.953 (0.89-1.02)
Baseline MMSE -0.021 (0.031) 0.478 0.489 0.979 (0.921-1.04)
Serum BDNF levels ~ 0.938 (0.345) 7.395 0.007 2.554 (1.299-5.02)
Constant —-11.745 (3.988) 8.674 0.003

AD = Alzheimer’s disease; APOE = apolipoprotein E; B = beta coefficient; BDNF = brain-derived
neurotrophic factor; MMSE = Mini-Mental State Examination; OR = odds ratio; Wald = Wald statistics.

Logistic regression model for predicting slow decline in AD
patients using serum BDNF levels, mild-moderate severity group

Parameter B (SE) Wald  Significance OR (95% CI)

Age 0.047 (0.018)  6.466 0.011 1.048 (1.011-1.086)

Sex -0.104 (0.282)  0.136 0.712 0.901 (0.518-1.566)

APOE €4 0.349 (0.284) 1.504 0.220 1.417 (0.812-2.474)
carrier

Years of -0.063 (0.031)  4.099 0.043 0.939 (0.883-0.998)
education

Baseline MMSE  0.053 (0.04) 1.733  0.188 1.054 (0.974-1.141)

Serum BDNF 0.958 (0.32) 8.960 0.003 2.605 (1.392-4.877)
levels

Constant —12.467 (3.758)  11.003  0.001

AD = Alzheimer's disease; APOE = apolipoprotein E; B = beta coefficient; BDNF = brain-derived
neurotrophic factor; MMSE = Mini-Mental State Examination; OR = odds ratio; Wald = Wald statistics.
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with AD, especially in the mild-to-moderate severity group.
In a Japanese study involving 405 dementia-free community-
dwelling older adults, higher serum BDNF levels were associ-
ated with lower odds of cognitive decline following MCIL.?¢
It was found that higher BDNF gene expression in the dor-
solateral prefrontal cortex was associated with slower cog-
nitive decline, with the strongest effect occurring in patients
with dementia.?” It has been also demonstrated that there is a
strong association between AD pathology and BDNF levels in
relation to clinical presentation. The reduction in phosphoryl-
ated CREB protein leads to a decrease in BDNF expression
and impaired axonal transport due to neuronal death or dys-
function results in reduced BDNF levels at the synapses.?®?’
The impaired downstream signaling pathways affects neu-
ronal plasticity, synapse development, and cell survival,
which could contribute to cognitive decline observed in AD
patients.'? In animal models, the correlation between central
nervous system BDNF and cognitive performance was proved
to be directly related. Compared with controls, deprivation
of BDNF induced cognitive decline in rodents; in contrast,
cognitive improvement was observed in rodents receiving
exogenous BDNF injection.’® In human, this connection is
also detected. Lower peripheral BDNF levels were associated
with smaller volume of hippocampus and worse memory,*
and changes in the serum BDNF was revealed to mediate the
effect of cognitive training.’! More recently, BDNF was recog-
nized as an exerkine, mediating the neurological benefits from
physical exercise.> The current study approaches the rela-
tionship between BDNF and cognitive function from another
angle, showing that BDNF is predictive in cognitive decline in
AD patients. A higher BDNF level might indicate a relatively
lower pathological burden on the patient’s brain, thus contrib-
uting to a slower rate of cognitive decline.

Positive correlations exist between serum BDNF levels and
cognitive tests such as the MMSE, 12-item memory test, and
VF across the entire group. This finding is consistent with previ-
ous studies. It has been reported that BDNF levels correlated
positively with total MMSE scores or concentration subcategory
of MMSE in AD groups.*-¢ In the 90+ study, the expression
of BDNF mRNA in Brodmann area 7 was positively correlated
with the MMSE score.?” These tests are compound measure of
memory registry, store, and retrieval and executive along with
other cognitive functions, reflecting a global cognitive function
decline in AD. Correspondingly, in the brain of AD patients,
decrease of BDNF is not limited to the hippocampus.® On the
contrary, BNT more focus on semantic memory store,**? which
might explain the non-significance.

Consistent with our findings, several previous studies have
demonstrated that age protects against rapid cognitive decline in
patients with AD. Older patients with AD show a slower decline
in the Alzheimer’s Disease Assessment Scale-cognitive subscale
(ADAS-cog) 11 and MMSE.*° In Chinese-speaking populations,
two studies reported slower decline rates and a reduced risk of
rapid cognitive decline in older patients with AD.*"*> The patho-
logical changes preceding clinical AD symptoms are expected
to be more advanced in younger patients, which may lead to a
more rapid decline in cognition.*

The cognitive reserve (CR) hypothesis may explain why
higher education levels were associated with rapid cognitive
decline in the AD group in the present study. Patients with a
higher CR maintain equal cognitive performance despite having
a more advanced pathology. Once the compensation mechanism
is overloaded, an accelerated clinical decline will occur.** There
is evidence that education strengthens the CR in AD patients,
causing their cognitive function to deteriorate rapidly,* and
analysis from the Amsterdam Dementia Cohort also supports
this finding.*
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According to the results of our study, female participants had
higher serum BDNF levels than male participants did. In previ-
ous studies, there was no significant difference between the sexes
in the general elderly population and those with depression.*-*”
The relationship between estrogen and BDNF was first estab-
lished among the sex hormones. Several mechanisms may be
involved in the induction of BDNF expression, including DNA
tethering, activation of the CREB, histone acetylation, and DNA
methylation.* However, all of our subjects were postmenopau-
sal when the hormone profile differed significantly from that at
reproductive age. The relationship between sex, sex hormones,
and BDNF levels may require a more focused investigation in
this group.

Overall, serum BDNF levels and age were negatively corre-
lated in the entire cohort. A study in the elderly have reported
that serum BDNF concentration declines with increasing
age* and a study of 20-to 60-year-old participants found a
negative correlation between plasma BDNF levels and age.>°
But the results differed when the participants were dispersed
according to their age. In the Berlin aging study II, no differ-
ences were found between BNDF levels in older and younger
groups (mean age, 68.7+3.7 and 28.9+3.1, respectively).*
These conflicting results indicate that further research is
required to understand how BDNF levels change throughout
the human life.

We conducted a longitudinal study in a fair number of
patients with AD, the results of which may provide supplemen-
tary material for the use of serum BDNF as an AD biomarker in
clinical settings. However, this study has some limitations. First,
the diagnoses of AD were based only on the clinical criteria.
This may affect the credibility of diagnosis without AD-specific
biomarkers including Ap and pathologic tau. Nonetheless, we
found that the AD group had worse results than CN group in
all neuropsychological tests. This reinforces the precision of the
patient stratification. Second, there were no longitudinal follow-
up data in the CN group, which compromises the comparability
between the groups.

In conclusion, we confirmed that serum BDNF plays a pro-
tective role in AD prognosis and acts as a bridge between AD
pathology and clinical manifestations. By identifying serum
BDNF as a potential biomarker for AD, this study contributes
to our understanding of AD trajectory. Further comprehensive
studies are necessary to clarify the underlying mechanism and
validate role of BDNF in predicting AD progression.
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