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Abstract

Reduced brain-derived neurotrophic factor (BDNF) signaling is considered as a pathogenic event
in early Alzheimer’s disease (AD), but the influence of apathy and apolipoprotein E epsilon-4
allele (APOE4) on serum BDNF values was not previously investigated in AD. We evaluated
serum BDNF levels in AD, amnestic mild cognitive impairment (MCI) and control subjects.
Baseline BDNF levels were similar in AD, MCI and controls. AD patients having apathy showed
lower BDNF values than patients without apathy (p<0.05). After correction for the influence of
apathy, APOE4 carriers showed lower BDNF levels (p<0.01) and MMSE scores (p<0.01) than
non-APOE4 carriers in the subgroup of AD females, but not in males. Significant (p<0.05)
positive correlations between BDNF values and MMSE scores were only observed in subgroups of
AD males and of AD patients without apathy. These results are showing the association of apathy
and APOE4 with reduced serum BDNF levels in AD, and are suggesting that BDNF reductions
might contribute to the worse cognitive performance exhibited by AD apathetic patients and
female APOE4 carriers.
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1. Introduction

A down regulation of brain-derived neurotrophic factor (BDNF) signaling seems to be an
early event in the pathogenesis of Alzheimer’s disease (AD) [1, 2]. Decreased levels of
BNDF and its precursor protein (proBDNF) in the hippocampus and cortex, a reduced
expression of the high-affinity BDNF receptor tyrosine kinase B (trkB) in cortical areas and
in basal forebrain cholinergic neurons, and low BDNF concentrations in the cerebrospinal
fluid (CSF) have been reported in AD and mild cognitive impairment (MCI) [1, 3-6].

BDNF seems to be essential for neural plasticity and memory, may reduce the
amyloidogenic cleavage of the amyloid precursor protein and prevent apoptotic neuronal
death through activation of its specific trkB receptors, and was found to protect against
neurodegeneration in various animal models of AD [7, 8]. Therefore, a reduction of brain
BDNF may contribute to synaptic and neuronal damage, amyloid deposition, and cognitive
deficits characteristic of AD. In fact, decreases of BDNF, proBDNF or trkB in cortical areas
or in cholinergic neurons of the basal forebrain were found to correlate with accumulation of
neuritic plaques and synaptophysin loss [4], and with scores of cognitive impairment [3, 6]
in AD patients. A positive association between low CSF BDNF concentrations and poor
memory performance was also reported in non-demented subjects [5].

Alterations in circulating BDNF have been described in AD and MCI, although with
controversial results. Several reports showed low BDNF levels [9-12], but other studies
found unchanged [13-15] or even elevated [16] concentrations of BDNF in the serum/
plasma of AD and MCI patients compared to controls. Investigations about the influence of
serum BDNF on cognitive functions in AD and MCI are also inconclusive. Whereas some
authors found that serum BDNF levels were reduced in AD patients with a fast cognitive
decline [17] and correlated positively with episodic memory scores in MCI patients [12],
other investigators reported an association of increased BDNF with poorer memory
performance in AD [14] and a lack of association of serum BDNF with the progression of
cognitive impairment or with the conversion to AD in MCI subjects [9].

AD is frequently associated with depression, and depressive symptoms constitute a
significant risk factor for AD [18]. On the other hand, dysphoria/depression symptoms show
an important overlapping with apathy, the more prevalent neuropsychiatric symptom in AD
[19]. According to recent publications, some BDONF gene polymorphisms increase the risk
of AD-related depression and are associated with the response to antidepressant treatment in
AD patients [20-22]. Investigations on the relationship between circulating BDNF and
depression indicate that BDNF levels are reduced in major depression, and tend to normalize
after treatment with selective serotonin reuptake inhibitors (SSRIs) and during clinical
remission [23]. However, there are no previous studies evaluating the influence of dysphoria/
depression and apathy on serum BDNF levels in AD patients.

In the present study we investigated the influence of apathy on serum BDNF in AD patients.
Associations of BDNF values with apolipoprotein E epsilon-4 allele (APOE4) status

(present or absent), disease severity and dysphoria/depression in AD were also investigated.
In addition, we evaluated group differences in circulating BDNF levels and its relationships
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with age, sex and cognitive performance in elderly controls, in subjects with amnestic MCI
and in AD patients.

2. Methods
2.1. Subjects

The study sample included 362 Caucasian subjects evaluated at three institutions specialized
on cognitive disorders from A Corufia, Granada and Mélaga (Spain). It consisted of 252
patients with AD (196 women; mean age: 74.99+7.35 years), 48 amnestic MCI patients (35
women; mean age: 73.46+7.57 years) and sixty two healthy cognitive controls (43 women;
mean age: 68.44+7.20 years). AD patients met DSM-IV criteria [24] and NINCDS-ADRDA
criteria for probable AD [25]. Amnesic MCI patients were selected according to Petersen
criteria revised [26]. Subjects having any other significant neurological or psychiatric
disease, active allergies, unstable medical conditions or clinically significant laboratory
abnormalities were not included in the study. Patients and controls were not taking systemic
corticosteroids, anti-parkinsonian agents, narcotics or cholinesterase inhibitors for at least
one month prior to blood sampling. Patients showing clinically significant depression in the
medical evaluation and/or scores higher than fifteen in the 17-item subscale of the Hamilton
Depression Scale [27] were not included in the study. Although the general level of physical
activity was not quantified in the present study, none of the participants reported to be on
specific exercise programs. The study was conducted according to Good Clinical Practice
guidelines and written informed consent was obtained from all participants.

2.2. Measurement of serum BDNF levels and APOE genotyping

A butterfly-21 INT (Venisystems, Abbott Ireland Ltd., Sligo, Ireland) was inserted into the
antecubital vein and baseline blood samples were taken during the morning using evacuated
blood collecting tubes (\enojet, Terumo Europe N.V., Leuven, Belgium). Then, serum
samples were extracted and stored at —40 °C until assays. Serum BDNF levels were
determined by using a solid phase enzyme-linked immunosorbent assay (ELISA) kit specific
for the quantitative determination of both natural and recombinant human BDNF in cell
culture supernates, serum and plasma (R&D Systems, Inc., Minneapolis, MN, USA)
provided by Vitro SA (Spain). The minimum detection limit of the assay was <62.5 pg/ml.
The intra- and inter-assay coefficients of variation were <10%.

Apolipoprotein E (APOE) polymorphisms were identified in all participants according to the
method previously described [28].

2.3. Clinical and neuropsychological evaluations

Cogpnitive performance was evaluated in all participants by using the Mini Mental State
Examination (MMSE) [29] and the ADAS-cog+ [30], a 14-item extended version of the AD
Assessment Scale-cognitive subscale with an increased sensitivity to detect cognitive
changes in milder patients. AD severity was assessed by using the Clinical Interview Based
Impression of Severity with Caregiver Input (CIBIS+) [31]. CIBIS+ scores in all controls
and MCI cases included in this study were 1 and 2, respectively. The presence of a major
depressive episode was ruled out through clinical interview and evaluation with the 17-item
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subscale of the Hamilton Depression Scale. Scores of apathy/indifference (apathy) and
depression/dysphoria (dysphoria) as evaluated with the Neuropsychiatric Inventory (NPI)
[32] were obtained for 250 AD patients. Apathy in the NP1 is rated according to the
frequency (1 to 4, occasionally to very frequently) and severity (1 to 3, mild to severe) of
alterations in eight sub-items assessing the lack of spontaneity, initiative, emotional
response, participation in activities, motivation and plans, social interaction, interests, and
care about doing new things. Total apathy and dysphoria scores (frequency x severity) range
from 0 to 12 points. The maximum sum score for the NPI-12 items is 144.

2.4. Statistical Analysis

Data are presented as means plus/minus standard deviations (X+SD). BDNF data showed a
normal distribution as evaluated with the Kolmogorov-Smirnov test in each of the three
diagnostic groups. Group comparisons were done by Chi-Square and ANOVA analyses as
appropriate. The influences of gender (female, male) and APOE4 status (present, absent) on
BDNF levels in the whole population and in each diagnostic group (Controls, MCI and AD)
were evaluated by ANCOVA using age and APOE4 or gender, respectively, as covariates. In
the AD group, BDNF levels were further analyzed by MANCOVA with age as a covariate,
and gender, APOE4, apathy (present, absent) and dysphoria (present, absent) as between-
subjects factors. Since this analysis revealed a significant effect of apathy and a significant
interaction of gender and APOE4, additional data analyses were conducted for apathy-
related subgroups and for female AD patients with and without APOE4. The influence of
apathy on BDNF levels, cognitive performance measures (MMSE and ADAS-cog+ scores)
and NPI scores in AD patients was analyzed by ANCOVA/MANCOVA, including age,
disease severity (CIBIS+ score), dysphoria and SSRIs treatment (yes, no) as covariates or
between-subjects factors when appropriate. The effects of APOE4 on BDNF levels and
MMSE scores in female AD patients were also analyzed by ANCOVA/MANCOVA using
age, CIBIS+, apathy, dysphoria and SSRIs treatment as covariates or between-subjects
factors. The potential relationships between BDNF levels and the scores of cognitive
performance (MMSE and ADAS-cog+), apathy, dysphoria and total NPI were analyzed by
using a stepwise linear regression method including BDNF levels, CIBIC+ scores, age, sex
and APOE4 as independent variables, and the psychometric parameter of interest as the
dependent variable. Probability values lower than 0.05 were considered statistically
significant.

3. Results

Since average age was lower in the whole group of control subjects than in MCI and AD
groups, comparisons were also done with the subgroup of elderly controls (EC) aged 66 or
more years (table 1). Sex distribution was similar in control, MCI and AD populations,
representing females more than seventy percent of the cases (table 1). APOE epsilon-4 allele
(APOE4) was significantly overrepresented in AD (47.2%; allelic frequency: 27.6%) and
MCI patients (41.7%,; allelic frequency: 28.1%) as compared to controls (12.9%; allelic
frequency: 7.3%).
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Baseline serum BDNF levels were similar in AD, MCI and controls (table 1), and showed no
age-related variations in any of the diagnostic groups. Overall, in the whole study sample
BDNF levels were lower in males than in females (12.94+9.45 ng/ml versus 15.69+9.63
ng/ml) after corrections for age and APOE4 status [F(3,358)=2.28; p=0.016]. Gender-related
differences (males versus females) in circulating BDNF concentrations were significant in
the MCI group (8.94+5.00 ng/ml versus 16.33+£9.53 ng/ml; p=0.004), but not in control
subjects (11.90+8.46 ng/ml versus 16.48+11.47 ng/ml; p=0.186) nor in AD patients
(14.23+10.32 ng/ml versus 15.40+9.24 ng/ml; p=0.296). When corrected for age and sex,
APOEA4 carriers showed lower BDNF levels than non-APOE4 carriers in the subgroup of
AD patients (13.87+£9.31 ng/ml versus 16.27+9.51 ng/ml; p=0.037), but not in the other
diagnostic groups.

In the AD group, NPI scores of apathy and dysphoria were present in 66.8% and 54% of the
cases, respectively; and 35.2% of the patients received treatment with SSRIs (table 1).
Analysis of BDNF levels by MANCOVA using age as a covariate, and sex, APOEA4 status,
apathy and dysphoria as between-subjects factors, demonstrated significant effects for
apathy [F(16,233)=7.24; p=0.008], as well as for the interaction of sex and APOE4
[F(16,233)=4.46; p=0.036].

Gender distribution, frequency of APOE4 and age were similar in AD patients with and
without apathy (table 2); whereas SSRIs treatment was more frequent, and dysphoria was
more prevalent and severe in the apathy subgroup (table 2). Apathy was significantly
associated to reduced BDNF levels, and to increases in CIBIS+ scores (AD severity),
ADAS-cog+ scores (cognitive impairment) and NPI scores (behavioural disturbances) (table
2). AD patients having apathy showed a 20% reduction in serum BDNF values as compared
to patients without apathy (p=0.043) after corrections for the influence of CIBIS+, dysphoria
and SSRIs treatment (table 2). A significant effect of the interaction of apathy, dysphoria and
SSRIs treatment on BDNF levels was also revealed by the MANCOVA analysis
[F(31,218)=7.85; p=0.006]. Subsequent subgroup analyses showed that apathy and
dysphoria interacted to reduce circulating BDNF in patients without SSRIs treatment
[F(13,148)=3.38; p=0.037] (figure 1), and that treatment with SSRIs was associated to a
significant increase of BDNF levels in AD patients without apathy and dysphoria as
compared to those patients having apathy, dysphoria or both [F(12,75)=7.29; p=0.001]
(figure 1). The significant effects of apathy on measures of cognitive impairment and
behavioural disturbances (table 2) were independent of the significant influence of CIBIS+
on ADAS-cog+ [F(6,243)=211.56; p=0.000) and on NPI scores [F(12,237)=5.55; p=0.004],
and of the significant contribution of dysphoria to NPI scores [F(12,237)=14.88; p=0.000].

Serum BDNF levels were lower by 25% in APOE4 than in non-APOE4 carriers in the
subgroup of female AD patients (table 3, figure 2), but not in males (figure 2). These APOE-
related differences in BDNF values were even more marked in female AD patients without
treatment with SSRIs (18.74+9.35 ng/ml versus 14.05+8.70 ng/ml; p=0.009) and were not
influenced by apathy and dysphoria factors. MMSE scores were also significantly lower in
APOEA4 carriers than in non-carriers (table 3), and independently of the significant effects of
CIBIS+ on cognitive performance. As depicted in table 3, all the other evaluated parameters
were similar in the two APOE-related subgroups of female AD patients.
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Linear regression analysis showed only mild but significant positive associations between
BDNF levels and MMSE scores in the subgroup of male AD patients (B=0.08, SE=0.03,
t=2.28, p=0.026), and in the subgroup of AD patients without apathy (B=0.06, SE=0.03, t
=2.12, p=0.037).

4. Discussion

Baseline serum BDNF levels showed no significant group differences among controls, MCI
and AD patients in the present study (Table 1). Our results are in agreement with recent
findings of unchanged serum BDNF levels in AD and MCI cases compared to controls [13—
15], but are in contrast with other studies reporting reduced [9-12] or increased [16]
circulating levels of BDNF in AD and MCI patients. Discrepancies among studies might be
owing to differences of the evaluated populations in factors influencing BDNF levels other
than the diagnosis. According to results of our study, females had higher BDNF values than
males, achieving statistically significant differences in MCI cases, and APOEA4 carriers
showed significantly lower BDNF levels than non-APOE4 carriers in the group of AD
patients. Therefore, variations among study populations in gender distribution and/or in the
proportion of APOEA4 carriers might account, at least in part, for the variability of group
differences reported by investigations on serum BDNF levels in AD, MCI and controls.
Increased plasma and CSF BDNF levels in females compared to males were also observed
by others in non-demented subjects [5, 33, 34]; but there are no previous studies assessing
the influence of the APOE4 status on serum BDNF concentrations in AD patients. On the
other hand, we found no significant influences of age or AD severity on BDNF levels.
Although age-related decreases of BDNF concentrations were reported for normal adults
and for institutionalized elderly subjects with depressive disorder [5, 35], most investigations
failed to show any correlations of BDNF levels with age or disease severity in AD [10, 13,
16].

Results of the present investigation also indicated that the presence of apathy symptoms was
associated to a significant reduction of serum BDNF levels in AD patients (table 2), with
independency of the potential effects of gender, APOE4, dysphoria, and SSRIs treatment on
BDNF concentrations. The lack of previous studies assessing the impact of apathy on
circulating BDNF don’t allows the contrast of our results. In an attempt to delineate the
specific influence of apathy on serum BDNF levels in AD, no patients with clinically
significant depression were included in our study because most publications reported
decreased peripheral levels of BDNF in patients with major depression or dysthymic
disorder [23, 35]. Even though, mild dysphoria symptoms suggestive of subclinical
depression were present in half of our AD patients and, as expected, these symptoms were
more marked and prevalent in the subgroup of patients showing NP1 scores for apathy. Also
considering that antidepressant treatment with SSRIs was found to induce an upregulation or
normalization of serum BDNF in depressed patients [23, 36], we analyzed BDNF levels
according to the presence of apathy, dysphoria or both in AD patients without SSRIs
treatment and in those receiving SSRIs. These analyses revealed a significant interaction of
dysphoria and apathy to reduce serum BDNF in AD patients without SSRIs treatment, and a
significant increase of BDNF levels in SSRIs-treated patients showing neither apathy nor
dysphoria symptoms as compared to treated patients having apathy, dysphoria or both
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(figure 1). Our findings are consistent with results of recent studies demonstrating reduced
plasma BDNF in community-dwelling and institutionalized elderly people with depressive
symptoms or subclinical depression [35, 37], and with publications confirming the value of
an increase in plasma BDNF as a predictive marker of the positive response to anti-
depressants [36].

Low serum BDNF might constitute a biomarker for AD-related apathy, and probably
depression, but the specific mechanisms underlying such an association between BDNF and
apathy are unknown. Recent genetic studies found variants of the BONF gene Val66Met
polymorphism to be associated with an increased risk for AD-associated depression [20-22],
with a significant influence on executive dysfunction in patients with mild AD [38], and
with the response to the SSRI paroxetine in AD-related depression [22]. In our study;,
apathetic AD patients showed elevated scores of dysphoria/depression, cognitive
impairment, disease severity (table 2) and executive dysfunction (data not shown)
remembering alterations aforementioned in relationship with the BDNFVal66Met
polymorphism. If genetic variants of this or other BONF polymorphisms contribute to the
association of apathy with low BDNF levels in AD is a possibility to be further explored.

A significant reduction of BDNF levels was found for APOE4 carriers compared to non-
carriers in the subgroup of female AD patients, but not in males (figure 2). This APOE4-
related BDNF reduction was independent of the effects of apathy and dysphoria on serum
BDNF, and was associated to a significant decrease in MMSE scores (table 3). The influence
of the APOE4 status on circulating BNDF was not evaluated before in AD, but the
association of APOE4 with low MMSE scores in AD patients was already observed by other
authors [39]. Associations of low serum BDNF and reduced MMSE scores have also been
found in previous dementia studies showing that BDNF levels correlate significantly with
MMSE scores and with the rate of cognitive decline as assessed with the MMSE [11, 17]. A
reduced brain expression of BDNF and its receptors was also shown to be associated with
cognitive impairment measured by the MMSE in AD and MCI [3, 6]. Although mechanisms
underlying the associations of APOE4 with low BDNF and MMSE scores in AD females are
to be determined, our results show a significant interaction of gender and APOE4 in
influencing circulating BDNF and MMSE performance. The lack of APOE4-related
differences observed for these parameters in AD males must be interpreted with caution
owing to the small representation of male patients. In line with our findings, there are
previous studies showing that lower plasma BDNF was associated with steeper brain volume
loss and with cognitive decline in female but not male elderly subjects [33, 34], and that the
Val66Met BDNF gene polymorphism has a sexually dimorphic effect on the susceptibility to
late-onset AD, the Met66 allele conferring AD susceptibility to women but not to men [40].
On the other hand, interactions of BDNF Val66Met polymorphism with gender and with
APOEA4 have been reported to be significant determinants, respectively, of serum BDNF
levels in patients with depression [41] and of the progression of cognitive impairment and
brain atrophy in preclinical AD [9, 42]. An overrepresentation of the BON~270 C allele
among APOEA4 carriers has also been reported in AD patients [4]. Associations of APOE
and BDNF polymorphisms might, therefore, account to some extent for the APOE4-related
differences in BDNF and MMSE we found in female AD patients.
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The significant positive correlations between BDNF and MMSE scores observed in the
small subgroups of AD patients without apathy and of AD males, as well as the associations
of reduced serum BDNF levels with lower MMSE scores in female APOE4 carriers and
with a worse ADAScog+ performance in apathetic patients, are suggesting that reductions in
serum BDNF might contribute to cognitive decline in AD. These results, however, must be
interpreted with caution because the correlations were very week and the associations were
restricted to some subgroups of patients and cognitive measures (MMSE in female APOE4
carriers and ADAScog+ in apathetic patients). Although several studies found that serum
BDNF levels correlate positively with MMSE scores and with a lower rate of cognitive
decline in AD patients [11, 17], as well as with memory performance in MCI patients [12],
other authors showed no correlations of BDNF with global cognitive measures [10, 13] or
even negative associations between BDNF levels and memory scores in AD [14].

Main results of the present study indicate that serum BDNF levels are significantly reduced
in AD patients having apathy symptoms as compared to those patients without apathy, and
in female AD cases carrying the APOE4 allele compared to non-carriers. Further studies are
warranted to confirm these findings because there are no previous reports on the influence of
apathy and APOE4 on circulating BDNF in AD. Future investigations must overcome
limitations of our study related to small sample sizes, particularly the low number of AD
males, and should address the evaluation of the potential interaction of apathy and
dysphoria-depression to reduce BDNF levels in a clinical sample of AD patients not
excluding depression or prominent neuropsychiatric symptoms, as well as the determination
of the influence of BONF polymorphisms on the associations of apathy and APOE4 with
low BDNF levels in AD.
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Figure 1.
Serum BDNF levels in AD patients without (No) and with (Yes) SSRIs treatment as a

function of the presence or not of apathy and/or dysphoria. No ApDy: patients showing no
apathy or dysphoria. Ap/Dy: Patients having apathy or dysphoria. Ap&Dy: Patients showing
both apathy and dysphoria.

MANCOVA analyses using age and CIBIS+ as covariates, and apathy-dysphoria, sex and
APOEA4 as between-subjects factors. In patients without SSRI treatment, the presence of
both apathy and dysphoria was associated to a significant reduction of serum BDNF
[F(13,148)=3.38; *p<0.05]. In the group of patients treated with SSRIs, serum BDNF levels
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were higher in patients without apathy or dysphoria than in to those patients having apathy,
dysphoria or both [F(12,75)=7.29; **p<0.01].
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Figure 2.
APOE4-related levels of serum BDNF in female and male AD patients. After corrections for

age, CIBIS+, apathy, dysphoria and SSRIs treatment, APOE4 was associated to a significant
(**p<0.01) reduction in serum BDNF levels in females, but not in males.

J Alzheimers Dis. Author manuscript; available in PMC 2016 July 04.



Page 15

Alvarez et al.

® G0'0>d
¥
{OV SNSIBA Ho.ovaqN
"aseasIp s, JaWIsyz|y :gy uswiredw] aAubo) pIIA 1DIN

"(s1eak 98—99 :5]01U02 AIapId) DT ‘(SJeak 98-9gG :S|0JIU0I ||) DV :$198lgns |0U0D

- - - €2°2F29'T (8400s) eI0YdsAQ
- - - 18'2706'Z (3100s) Ayredy
- - - 0E'0TFLY'ET (81029) 1N
Gee
Z
100°0> | 65¢ | 98'TL — .
1000> | ‘¢ | 6801 | #91STFO6'6E | L8VFOCYC | GpywegGT | OvyFr8 YT | (2109s) +B0o-Svav
gee
Z
100°0> | 65¢ | 62'98T L .
1000> | ‘'z | e6'v9z | #CVVFOVLT | VETFEBVC | 691891z | 95 TFVE LT (21025) ISININ
Gee
Z
su 6se | £9°0
su ‘C ¥1°0 8%’ 6F9T'GT ZU6FEE YT | €8 TTFEL'OT | 62°0TF80GT (Jw/Bu) 4Nag
gee
Z
su 6s€ | T2C R o
1000> | 'z | 2261 JSELFEETL JLSLFOVEL | egsTprzL | 0z LFHYG9 (sreaA) aby
d ip =] ds ¥ ues|y ds ¥ ues| ds ¥ ues|y ds ¥ ues|y
- - - (z's¢) 88 usWIeaN S|YSS
- - - (0'7S) GeT elioydsAg
- - |- (899) 29T Ayredy
1000> | ¢ 69'ST
T000> | ¢ eeve | (¢Lv) 61T (L'1v) 02 (zen)s (621)8 33I[e ¥3 30dV
su z 190
su 4 GT2 (8°22) 96T (6'22) G (6'82) 02 ('69) e Japuab sjewad
d p X (%) N (%) N (%) N (%) N
ssAruy (ege=u) (8v=N) (ge=u) 03 (e9=u) ov
av foY
S|0J41u0D

‘syuaned gy pue siuaned [DIA ‘S|01U0D Ul SONSLISIORIRYD [BIIUID PUR S[A3] 4Ndg WnJas auljaseg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2016 July 04.



Page 16

Alvarez et al.

‘Alannoadsal ‘saul) Jamoj pue Jaddn ur pajuasaid ate D3 pue D Yl auop sasAjeue WYAONY pue asenbs-1yd

Author Manuscript

“(1s81 AN1) IO 78 OF 'OV snsisA T0°0>d L

‘D3 snslen 10 0>d
¥

x

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2016 July 04.



Page 17

Alvarez et al.

‘[T00°0>d ‘88 +T=(2£2'2T)4] elioydsAp pue [T00>d ‘55G=(2€2'2T)4] +SI19I1D 40 S99 Juapuadapu] "s101oe} $19algns-usamiag se +S1g1D pue eLioydsAp ‘Ayrede pue ‘arelienod e se abe Buisn <>Ooz<_>_u

‘[100°0>d ‘95 TTZ=(E¥Z'9)4] +S191D 40 198Yy5 Juspuadapu] "s1019e} s1aa8lgns-usamiaqg se +S191D pue Ayrede pue ‘arerienod e se abe Buisn <>Ooz<_>_Q

*10108} $103[QNs-usamiaq se Ayjede pue ‘sajeLIBAOD Se JUSLWIEal] S|HSS pue eLoydsAp ‘+51g10 Buisn VAOONY,,

1000> | 282'2T | vL8T TE0TF66'ST GZ'8T6E'8 2(@1095) IdN
QAES&
100> | evz'9 | S 68 71F06°ZY 16'ETFE6'EE +Boo-svav
s00> |swev | eoor 2T 6TST YT sgere0 LT | 2(W/OW) INAS
100> | 8¥2'T | 0€6 Tr'¢Fe6'T L9T¥20'T | (a109s) eLIoydsAQ
T000> | 8v2‘T | €2'85¢ W TFEY 00°0¥00°0 (91005) Ayredy
1000> | 8v2'T | LEST 16°€¥8L9T 2T 7¥68°'8T (01025) ISINN
SN 8vz‘'T | ¥20 £5°/FE8 VL (WES KT (s1eak) aby

d 1P 4 as ¥ uesiy as ¥ uesiy
(alanes
AJeresapow) g
(L'g2) ev (svT) et (ayesopow)
(5'vs) 16 (8'6€) €€ (pnw) €
T000> | ¢ 98'8T | (86T)€E (8'sv) 8¢ +s1g10
G00> | T ve'S (T'ov) 29 (e'52) 1¢ juaLyeal S|YSS
00> |7 14a% (2'85) 86 (9vv) L€ enoydsAq
su T G0 (6'2) 08 (8'sv) 8¢ al3|[e ¥3 30dV
su T 920 (992) 82T (5°62) 99 Japuaiajewad

d P X (%) N (%) N
ssAreuy (291=U) Ayredy | (€8=u) Ayredv oN
siuelred v

‘Ayrede yum pue 1noyum syuaned Qw Ul S31ISLIS19RIRYD [RIIUIID pUR S|aAS] ANAF WNJas

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2016 July 04.



Page 18

Alvarez et al.

"‘¥30dV Ym uonoelaul wediubis

oL (100'0>0 T0'62T=(8T'6)<] +SIEID 40 102442 Wea1ubis 0|y 1012} SI0a[aNS-UBaMIR S +SIEID PUL Y30 PU. ‘Salelfen0d se Juauiean SIS pue elioydsAp ‘Augede ‘afe Buisn 'VAOONVIN,

*10108} S1093[QNs-usamiaq se y30dY pue SaleleA0d Se Juawileall S|HSS pue eLioydsAp ‘Ayrede ‘+s51910D ‘abe Buisn ,<>Ooz<w

"aseasip s Jawsyz|y :ayv

1000> | ¥81'6 | 1881 8G'€F0E'9T oz peITeT | (81098 IS

100> | 819 | 856 LS 8FIYET zg678z .1 | plw/bu) INas

su 26T'T | 297 26'6%720°€T 09'TT¥20'ST (84028) I1dN

(8102s)

su 26T'T | ¥0°0 ST'YTFS8' 0V £'9TFOV OV +B0o-svay

su 26T°T | 200 WTFELT 92'¢¥.L'T | (s400s) eLoydsAg

su Z6T'T | 000 9,°2¥78'C €0'€¥S8'C (8100s) Ayredy

su 26T 'T | 200 82'9F¢v'SGL 98'/FYT'GL (s1eak) aby
d p = | ds ¥ ues|\ as ¥ ues|\

(a1anes

Ajalelapow) g

(912) T2 (8's2) G2 (a1e19p0W) ¥

(2'99) 58 (rsv) v (pnw) €

su Z 1S5 | 012 12 (6'82) 82 +S14910

su 1 18T | (9°0¢) 02 (8'6€) 6 Juswyeal S|INS

su T 200 | (299)ss (2'59) ¥ euoydsAg

su 1 10 | (0'89) 99 (6'€9) 29 Ayredy

d ip X (%) N (%) N
ssAreuy (86=U) ¥3 30dV | (86=U) ¥3-ON 3OdV
siuelted gv afewsS

‘313118 ¥3 J0dV 8Y1 YIM pue Inoynm siuaited Qv 8fews) Ul SONSLISIORIRYD [BDIUIO PUE S|ans] AN Wnies

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2016 July 04.



	Abstract
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Measurement of serum BDNF levels and APOE genotyping
	2.3. Clinical and neuropsychological evaluations
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

