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Depressed individuals are twice as likely to develop Alzheimer’s disease (AD) as compared to controls. Brain amyloid-β (Aβ)
deposition is believed to have a major role in AD pathogenesis but studies also suggest associations of Aβ dynamics and
depression. The aim of this study was to test if plasma Aβ levels are longitudinally associated to late-life depression. We measured
plasma levels of amyloid-β1-40 (Aβ40) and amyloid-β1-42 (Aβ42) peptides longitudinally for three consecutive years in 48 cognitively
intact elderly subjects with late-life major depressive disorder (LLMD) and 45 age-matched cognitively healthy controls. We found
that the Aβ42/Aβ40 plasma ratio was significantly and steadily lower in depressed subjects compared to controls (p < 0.001). At
screening, Aβ42/Aβ40 plasma did not correlate with depression severity (as measured with Hamilton Depression Scale) or cognitive
performance (as measured with Mini-Mental State Examination) but was associated to depression severity at 3 years after
adjustment for age, education, cognitive performance, and antidepressants use. This study showed that reduced plasma Aβ42/
Aβ40 ratio is consistently associated with LLMD diagnosis and that increased severity of depression at baseline predicted low Aβ42/
Aβ40 ratio at 3 years. Future studies are needed to confirm these findings and examine if the consistently lower plasma Aβ42/Aβ40
ratio in LLMD reflects increased brain amyloid deposition, as observed in AD subjects, and an increased risk for progressive
cognitive decline and AD.
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INTRODUCTION
Major depressive disorder (MDD) is a well-established risk factor
for Alzheimer’s disease (AD) [1, 2]. Depression is also a part of the
clinical syndrome in the early stages of AD and can be a
prodromal manifestation [3, 4]. A meta-analysis of studies of
depression and dementia [5] showed that depressed individuals
are nearly twice as likely to develop dementia as compared to
controls [6]. A 7-year longitudinal study [7] showed that for each
point increase in the 10-item Center for Epidemiologic Studies
Depression Scale (CES-D), risk of developing AD increased by an
average of 19%. Lifetime depression has been associated with
increases in AD-related brain pathology, including elevated
density of neuritic plaques and neurofibrillary tangles [8, 9].
However, not all studies have found a link between depression
and AD [10–12], and depression may be part of the dementia
prodrome thus highlighting the complexity of the relationship
between these two conditions.
In a bid to elucidate the relationship between depression and

AD, several reports, including from our group [13], have suggested
that disturbances in amyloid-β (Aβ) production or aggregation

status may play a role in the disease onset, alone or in
combination with other factors (e.g., inflammation). Aβ deposition
in the brain is a hallmark of AD, but abnormal Aβ levels have also
been observed in individuals with MDD, both in the cerebrospinal
fluid [13], and in the brain [14, 15]. In AD, numerous studies have
shown a reduction in both the plasma and CSF Aβ42/Aβ40 ratio
which has been associated with increases in amyloid PET uptake
[16, 17]. Studies of PET amyloid scans in MDD have provided
conflicting results with some reports of increased amyloid build
up [14, 18–21], or no change [22, 23], and most surprisingly even
reductions in amyloid compared to controls as well [24]. The basis
for these conflicting PET findings may be due to methodological
differences across studies. These include heterogeneity of
depression with respect to age of first depressive episode, degree
of response to treatment, magnitude of HPA axis and microglia
activation accompanying each depressive episode as well as in the
frequency of the e4 allele which have all been implicated in Aβ
dynamics.
A reduction in plasma Aβ42/Aβ40 ratio has also been observed

in the very early phases of AD and was found to be associated
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with future decline in cognition [25, 26]. Cross-sectional studies in
depressed elderly adults have also reported decreased plasma
Aβ42/Aβ40 ratios compared to age-matched controls [27].
However, to our knowledge, no longitudinal studies have
evaluated plasma Aβ levels in subjects with late-life major
depression (LLMD).
In this study, we tested the hypothesis that plasma Aβ levels

differ between elderly individuals with LLMD and age-matched
controls and that disease severity at baseline predicts long-term
plasma Aβ status. We explored this hypothesis in a group of 48
cognitively intact depressed participants and 45 controls who
were followed up longitudinally for 3 years. In addition, we
examined whether plasma Aβ levels were accompanied by
changes in cognitive performance and severity of depressive
symptoms over time. Since brain derived neurotrophic factor
(BDNF), a neurotrophin that plays an important role in cognition
and depression [28, 29] is also known to regulate Aβ production
and deposition [30, 31], we also examined the correlations
between plasma BDNF and Aβ at Baseline.

METHODS
Subjects and study design
The study was approved by the Nathan Kline Institute for Psychiatric
Research and the New York University School of Medicine Institutional
Review Boards. Participants were recruited via advertisements in local
newspapers and flyers, or via the Memory Education and Research
Initiative. Participants were prescreened over the phone during which a
description of the study and participation requirements were described in
detail before coming to the clinic for screening. Participants provided
written informed consent prior to the study at the screening visit and were
compensated up to $450 for their participation. One-hundred and thirty-
three total participants were enrolled in the study. Thirty subjects did not
complete the study: 3 died, 15 were lost to follow-up or did not return calls
to schedule, 4 moved to a different location, and 8 withdrew from
participation. Ten subjects completed all study visits but had unusable
plasma samples and were excluded from the primary analysis. Of the
133 subjects entering the study, 93 completed all four study visits (baseline
and three follow-up visits), had available plasma samples and were
included in the primary analysis. Of these 93 subjects, 48 had a diagnosis at
baseline of LLMD, and 45 were aged-matched controls.
In order to be enrolled in the study participants had to be 60 years, have

a normal MRI scan (Fazeka score < 3), absence of unstable medical illness,
and clinically normal lab values. To be enrolled into the LLMD group,
participants had to meet the criteria for Major Depressive Disorder (MDD)
based on the Structured Clinical Interview for the Diagnostic and Statistical
Manual of Mental Disorders (DSM)-IV (SCID) conducted by a board-certified
psychiatrist. Antidepressant use was allowed in the LLMD Group. To be
enrolled in the control group, participants could not have a history of MDD
or any other major psychiatric disorder. Additionally, all participants,
regardless of LLMD or control group, had to be cognitively normal at
screening. Normal cognition was defined as: Global Clinical Dementia
Rating Scale score of 0 and a Mini-Mental State Exam score > 25.

Study procedure
During the screening phase of the study, participants underwent testing at
the Nathan Kline Institute or at the New York University Medical Center, over
three successive visits, one week apart. During the first Screening Visit,
participants provided informed consent, blood for APOE genotype was
collected, and the Hamilton Depression Rating Scale (HAM-D) was
administered. During the second Screening Visit, a general medical history
was taken, the Mini-Mental State Examination (MMSE), the Geriatric
Depression Scale (GDS) and Hamilton Anxiety Scale were also administered.
During the third Screening Visit, participants received an MRI scan of the
head and blood sample for routine laboratory tests was collected. After
completing the screening phase and qualifying for the study, participants
completed the Baseline Visit. During the Baseline Visit, participants under-
went a full neuropsychological assessment, a psychiatric interview, a physical
and neurological exam, and repeated mood scales (HAM-D, GDS, etc.). In
general, the time between Screening and Baseline was approximately two
weeks, but in some cases, there was a longer interval (i.e., up to a month). The
three follow-up visits (Follow-up 1–3 Visits) took place in the same locations

and were spaced approximately one-year apart. During the follow-up visits,
participants completed the same comprehensive neuropsychological evalua-
tion that they completed at the Baseline Visit. A clinical evaluation to assess
for change in mood, a physical and neurological exam, the mood rating
scales and routine laboratory tests were completed. Blood draws for Aβ40
and Aβ42 measurements were taken at Baseline and at each of the three
follow-up visits.

Measurements of depression status and cognitive
performance
Depression status and severity were measured with the 21-item Hamilton
Depression Rating Scale (HAM-D) which has a range of 0–55. Two
measures of depression severity are captured from this measure, the
HAMD-17, which sums the total of the first 17 items and the HAMD-21,
which sums all items and has additional questions about depressive
subtypes. The HAMD-17 is used to determine depression severity with a
cut-off of 17 for moderate depression [32]. Global cognitive performance
was assessed with the Mini-Mental State Examination (MMSE) which has a
range of 0–30 and a score of 25 as education-adjusted cut-off for
normality. Verbal learning and memory were measured, with the Buschke
Selective Reminding Test Total score and 20-min Delayed Recall Score,
which were selected from the larger neuropsychological test battery. Tests
were administered at Baseline and at the 3 yearly follow-ups.

Plasma Aβ measurement
Blood was collected in standard 10ml EDTA tubes (BD Vacutainer).
Immediately after blood draw, tubes were inverted gently 10–12 times for
mixing and centrifuged at 3,000 rpm for 15min at room temperature.
Plasma aliquots were transferred to polypropylene low binding tubes and
immediately stored at −80 °C. Plasma Aβ42 and Aβ40 concentrations were
determined using biochemical the INNO-BIA plasma Aβ forms assay,
format B (Fujirebio, Ghent, Belgium), a multiplex microsphere-based
Luminex xMAP technique for simultaneous detection of Aβ X-42 and
AβX–40 as previously described [33]. The plasma Aβ42/Aβ40 ratio was
calculated by dividing the plasma Aβ42 by Aβ40 concentrations at each
corresponding visit.

Plasma BDNF measurement
BDNF protein levels in plasma samples were measured using an enzyme-
linked immunosorbent assay (ELISA) method (BDNF Emax Immunoassay
System, Promega, USA), according to the manufacturer’s instructions as
described previously (see Pillai, Bruno [29]). Briefly, 96-well flat bottom
immunoplates were incubated with an anti-BDNF monoclonal antibody at
4 °C overnight followed by incubation with standards and samples for 2 h
at room temperature. Following washing with TBST wash buffer, plates
were incubated for 2 h with Anti-Human BDNF polyclonal antibody.
Subsequently, Anti-immunoglobulin Y-horse-radish peroxidase conjugate
was added followed by the addition of TMB One solution to develop the
color. The reaction was stopped by the addition of HCl 1 N and the
absorbance was read at 450 nm on a microplate reader. BDNF concentra-
tions were determined using the BDNF standard curve values (ranging
from 7.8 to 500 pg/ml purified BDNF). All the samples were analyzed in
duplicate in one session by an investigator blind to experimental set up.

Statistical Analysis
Comparisons of variables measured longitudinally [Hamilton Depression
Rating Scale Score (HAM-D), cognitive tests (MMSE, Buschke Selective
Reminding Test Total and Delay Recall), Aβ42 and Aβ40 plasma levels and
their ratio] between depressed and control subjects were performed with
repeated-measures analysis of variance (RMANOVA). The potential effects
of a number of variables at screening (MMSE score, age, education,
diagnosis, HAM-D, antidepressant use, APOE genotype) on Aβ plasma
levels at Year 3 were evaluated with stepwise linear regression and partial
correlations. The main analyses were performed with all subjects
completing the study (n= 93). Power calculations were determined before
and after the study with the G*Power 3.1 software. For this sample size, the
post-power analysis confirms that we had had a power (1-β) >0.85 in
detecting significant (α= 0.05) differences equal or superior to 20% in
plasma Aβ42, Aβ40 or Aβ42/Aβ40 between depressed and control groups.
Sensitivity analyses were carried out excluding those subjects with
abnormal MMSE score or MRI findings at Baseline (n= 6) and produced
results very similar to those of the main analyses, so the reported findings
include all subjects completing the study. Statistical analysis was run in
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SPSS v24.0. Alpha of p < 0.05 was used to indicate statistical significance.
Figures were generated using Seaborn 0.10.0.

RESULTS
Table 1 summarizes the demographic and clinical characteristics.
Antidepressant use is described in Supplemental Table S1. A total of
48 elderly LLMD (mean age at Baseline= 67.9 years) and 45 control
elderly subjects (mean age at Baseline= 68.4 years) were followed
over a 3-year period. Both the LLMD and the control groups differed
only on the HAM-D total score (p< 0.001), with the LLMD group
significantly more depressed than controls. Both groups were
cognitively intact as measured by the MMSE at Baseline (LLMD:
Mean score= 29.6; Controls: mean score= 29.6). We found no group
differences in the proportion of individuals with factors known to
influence Aβ dynamics, including in the number of ε4 or ε2 allele
carriers and those with a family history of AD. Supplemental Table S2
shows demographic and clinical characteristics of the 40 subjects who
were not included in the primary analysis. Their baseline character-
istics were very similar to those of the 93 subjects included in the
primary analysis. An analysis of cognition over time is found in the
Supplemental Results. In summary, there were no groups differences
in any of the cognitive indices at baseline and at the end of 3 years.

Severity of depression
Figure 1 shows mean total HAM-D scores of the LLMD and control
groups at Baseline and at the 3 follow-up visits. Two-way
RMANOVA indicates that mean HAM-D scores of the LLMD group
were significantly different than those of the control group at all
time points (p < 0.001). There was a significant interaction
between the fixed factor time and diagnosis (p < 0.001) indicating
that mean HAM-D scores in depressed patients significantly
decreased over time compared to Baseline. Although, the LLMD
groups’ depressive symptoms improved relative to Baseline,
across the 3-year period the LLMD group remained significantly
more depressed than the control group.

Aβ plasma levels
Table 2 reports the means and standard deviations of plasma
concentrations of Aβ42, Aβ40, and Aβ42/Aβ40 ratio across visits in
the LLMD and controls groups.
Although small changes were observed in Aβ42 and Aβ40 over

time (Table 3), the variations were similar in depressed and control
groups and no significant variations of the plasma concentrations
were observed for the two peptides over time. Figure 2 shows
boxplots of plasma Aβ42, Aβ40 and Aβ42/Aβ40 ratio of the LLMD
and controls groups at Baseline and at the follow-up visits. Results
of two-way mixed RMANOVA did not reveal significant differences
between LLMD and control groups in either Aβ42 or Aβ40 plasma
levels. However, the mean Aβ42/Aβ40 plasma ratios of the LLMD
group were significantly lower than those of the control group at
all time points (p= 0.005) (Fig. 2c). There was no significant
interaction between time and diagnosis indicating that the
temporal trends of the mean Aβ42/Aβ40 ratio of the two groups
were parallel. We did not find significant differences in mean

Table 1. Baseline demographic and clinical characteristics (standard
deviations in parentheses) of the subjects completing the study.

Baseline scores LLMD
(n= 48)

Controls
(n= 45)

P-value

Age (years) 67.9 (5.8) 68.4 (6.3) 0.740

Education (years) 16.5 (2.6) 16.5 (2.6) 0.856

MMSE Score 29.6 (0.9) 29.6 (0.9) 0.723

Hamilton depression rating
scale score (HAM-D)

18.6(9.3) 1.5 (2.8) <0.001

Baseline frequencies LLMD Controls P-value

N % N %

Sex (Female) 24 50 24 53 0.748

Family history of Alzheimer’s
disease

5 10 10 22 0.122

Apolipoprotein ε genotype
(presence of at least one
allele)

ε2 10 21 12 27 0.508

ε3 45 94 43 96 0.700

ε4 15 31 7 16 0.075

Number of subjects taking
antidepressants at Baseline

29 60 0 0 0.004

Number of subjects taking
SSRIs at Baseline

17 35 0 0 <0.001

Continuous variables were compared with Student t-test, while frequencies
were compared with Chi Square test.

Fig. 1 Boxplots of HAM-D Score. Boxplots with individual
datapoints superimposed of total HAM-D score of the LLMD (blue)
and control (green) groups and baseline and each yearly follow-up
visits. *p < 0.001 between LLMD and controls.

Table 2. Means and standard deviations (SD) of plasma levels of Aβ40,
Aβ42, and Aβ42/Aβ40 plasma ratio for cognitively intact participants
with major depressive disorder (LLMD) and controls at Baseline and
Follow-Up Visits 1, 2 and 3.

Plasma
Aβ

Time LLMD Controls t-test

(n= 48) (n= 45) (p-value)

Aβ42 (pg/
mL)

Baseline 17.9 (6.6) 17.9 (5.5) 0.942

FU1 19.0 (6.8) 21.5 (5.6) 0.052

FU2 19.4 (6.4) 21.2 (6.1) 0.170

FU3 19.8 (6.8) 20.7 (5.4) 0.497

Aβ40 (pg/
mL)

Baseline 143.3 (39.6) 122.6 (39.2) 0.013*

FU1 158.8 (41.4) 148.3 (40.9) 0.222

FU2 151.7 (31.7) 148.1 (42.4) 0.645

FU3 155.7 (40.1) 145.3 (39.8) 0.213

Aβ42/
Aβ40

Baseline 0.13 (0.1) 0.15 (0.5) 0.005*

FU1 0.12 (0.4) 0.15 (0.5) 0.001*

FU2 0.13 (0.4) 0.15 (0.5) 0.031*

FU3 0.13 (0.2) 0.15 (0.4) 0.082

Univariate comparisons using independent samples t-test with the
corresponding p-value for each timepoint are listed. *Significant difference
at p < 0.05 level between LLMD and controls.
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Aβ42/Aβ40 plasma ratio at Baseline (p= 0.93) between LLMD
patients taking antidepressants and those not treated (mean=
0.128 (SD= 0.046). and 0.129 (SD= 0.034), respectively).

Association of depressive symptoms and future plasma Aβ
levels at follow up
We used a stepwise linear regression to model the associations of
depressive symptoms at screening and the Aβ42/Aβ40 plasma
ratios at the different visits (Table 3). The predictors included
MMSE score, age, education, HAM-D, APOE status and antide-
pressant use at screening. Since there was a significant reduction
in the HAM-D total score from the screening to the baseline visit
we tested both the Screening and the Baseline HAM-D score in
predicting the Aβ42/Aβ40 plasma ratio. We found that HAM-D
scores collected at screening significantly predicted Aβ42/Aβ40
ratio at year 1 (β=−0.33, p= 0.001) and year 3 (β=−0.24,
p= 0.018). Similarly, the HAM-D score measured at baseline also
significantly predicted Aβ42/Aβ40 ratio at year 1 (p= .003) and
year 3 (p= 0.040). We also examined possible differences in
subjects with early- (<60 years, n= 29) vs late- (≥60 years, n= 19)
onset of LLMD. Neither age of first depressive episode
(mean ± SD= 53.5 ± 12.0 years) nor first onset at age 60 or older
was significantly correlated with the plasma Aβ42/Aβ40 ratio, in
LLMD, at any timepoint.

Relationship between plasma Aβ and BDNF
The relationship between plasma Aβ and BDNF was explored
using Pearson correlations. There were no significant correlations
between plasma Aβ42, Aβ40 or Aβ42/Aβ40 ratio and BDNF for the
whole group. There were also no significant correlations for LLMD
or controls, or for males and females, when run separately.

DISCUSSION
We found that the plasma Aβ42/Aβ40 ratio was consistently lower
in depressed subjects compared to controls over a period of
3 years. This finding is consistent with previous cross-sectional
studies indicating a reduced plasma Aβ42/Aβ40 ratio in older

adults with late-life depression [27]. Since no significant differ-
ences were observed in cognitive performance between
depressed and control groups, or as a function of plasma Aβ
levels, it is unlikely that greater cognitive decline contributed to
the lower plasma Aβ42/Aβ40 ratio in the LLMD group. Our study
also identified an association of depressive symptoms at baseline
and the plasma Aβ42/Aβ40 ratios in subsequent visits. This finding
supports the hypothesis that depressive symptoms may drive
plasma Aβ dynamics, which should be explored in further studies.
The lower plasma Aβ42/Aβ40 ratio we observed in elderly

depressed subjects was associated with higher plasma Aβ40 with
no significant group difference in plasma Aβ42 levels. Thus, future
studies should determine if this peptide alone contributes to the
significantly lower Aβ42/Aβ40 ratio found in LLMD. It also is
possible that the plasma Aβ42/Aβ40 ratio is a more sensitive
biomarker of Aβ dynamics since it represents the equilibrium of
the two, rather than a single peptide. This conclusion agrees with
the generally accepted notion that Aβ40 serves to control for
inter-individual differences in total Aβ production, as well as

Table 3. Repeated Measure ANOVA F-Test results for testing the
interaction between time and groups (depressed and controls) for
HAM-D, Cognitive Tests, Aβ40, Aβ42, and Aβ42/Aβ40 ratio.

Outcome
variable

F test (within–subject) P-value Effect
size
(η2)df ** F statistic

HAM-D 2.64, 240.38 15.18 p < 0.001* 0.14

MMSE 2.43, 221.26 0.53 0.627 0.006

Total
recall

2.87, 261.11 3.63 0.015* 0.04

Delay
recall

2.93, 266.71 2.47 0.064 0.03

Aβ40 2.85, 259.26 1.51 0.214 0.02

Aβ42 2.79, 254.01 1.69 0.174 0.02

Aβ42/
Aβ40

2.63, 239.09 1.66 0.184 0.02

Outcome
variable

F test (between–subject) P-value Effect
size
(η2)

df F statistic

Aβ42/
Aβ40

1.91 8.205 0.005* 0.08

*Significant interaction of time and diagnosis. **degrees of freedom
adjusted for violations of Mauchly’s test using the Huynh-Fedlt correction.

Fig. 2 Boxplots of Plasma Aβ Variables. Boxplots with individual
datapoints superimposed of plasma Aβ42 (panel a), Aβ40 (panel b)
and Aβ42/Aβ40 ratio (panel c) of the LLMD and controls groups at
Baseline and at the follow-up visits (FU). *p < 0.01 between LLMD
and controls.

N. Pomara et al.

4

Translational Psychiatry          (2022) 12:301 



possible pre-analytical confounders [34]. Although the precise
origin of circulating blood Aβ is not known [35], numerous studies
in AD support that a reduction in the plasma Aβ42/Aβ40 ratio is
associated with brain amyloidosis [36, 37]. Therefore, future
studies, using amyloid PET, should validate whether the decreased
plasma Aβ42/Aβ40 ratio which we observed in elderly depressives
reflects increased brain amyloid burden or changes in soluble Aβ
levels, especially circulating Aβ40, which may be independent of
brain amyloid load.
Previous studies have examined brain and CSF amyloid indices in

elderly depressives; however, the number of studies is limited and
the results conflicting. In a subgroup of the cohort described in the
current report, mean CSF Aβ42 levels at baseline were significantly
lower in depressed subjects compared to controls but then
increased over time and were no longer significantly different
from controls after 3 years [38]. The increase in CSF Aβ42 levels in
depressed subjects coincided with improvement in depressive
symptoms. These findings were consistent with state-dependent
effects of depressive symptoms on CSF Aβ42 rather than with the
prevailing opinion that this disorder might reflect prodromal AD.
This interpretation is also supported by our current findings that no
notable differences in cognitive ability were observed across
groups, or as a function of Aβ levels, although we cannot rule
out that these differences might yet emerge later. Furthermore, the
plasma Aβ42/Aβ40 ratio at 3 years was predicted by baseline
severity of depressive symptoms, and not by cognitive indices.
Statistical analyses indicated that group differences in plasma

Aβ42/Aβ40 ratio that we observed cannot be ascribed to
differences in the frequency of the ε4 allele or to a family history
of AD. In addition, individuals with a first episode of depression
earlier in life (EOMD) showed a reduction in the plasma Aβ42/
Aβ40 ratio that was comparable to that observed in individuals
with late onset major depression (LOMD). This suggests that the
reduction found in plasma Aβ42/Aβ40 levels in EOMD is unlikely
to reflect preclinical AD and is consistent with epidemiological
data that depression early in life may be a risk factor for AD [39].
Furthermore, these findings raise the possibility that in cognitively
intact depressed elderly, factors intrinsic to depression such as
increased severity of symptoms might influence Aβ metabolism
independently of preclinical or prodromal AD, or alternatively that
brain Aβ deposition that does not lead to overt cognitive
symptoms (i.e., in the absence of neurofibrillary tangles or
neuronal death) promotes depressive symptoms in the elderly.
Several lines of evidence from the preclinical and clinical literature
have presented compelling evidence that the applications of
various types of stress, sleep deprivation, administration or
elevations in corticosterone or corticotropin-releasing hormone,
which have all been implicated in depression, can result in
significant elevation in soluble and aggregated forms of Aβ
[40, 41] as well as elevation in total and phosphorylated tau [42].
These effects may be in part mediated by brain-region-specific
increases in neuronal activity which has been reported in
depression [43]. Additionally, a subtle loss of hippocampal
integrity associated with depression, might result in a reduction
of inhibitory input to the hypothalamic-pituitary-adrenal axis and
cortisol elevations which have been implicated in altered Aβ
metabolism [44].
The reduced plasma Aβ42/Aβ40 ratio which we observed in

LLMD subjects may involve both central and peripheral mechan-
isms. A decrease in plasma Aβ42/Aβ40 ratio is observed also in
both AD subjects and in those with early or prodromal AD stages
[45, 46] and has been associated to accumulation of Aβ42 in brain
deposits with consequent sequestration of the Aβ42 peptide from
CSF and plasma. A similar mechanism must be excluded in LLMD
because it has been demonstrated that the longitudinal pattern of
CSF Aβ42 concentrations does not depend on cognitive status but
reflects depression severity with lower levels of CSF Aβ42
associated with more severe depressive symptoms [38]. Increased

platelet activation associated with depression [47] may have also
influenced plasma Aβ42/Aβ40 ratio levels since platelets are
known to produce Aβ, particularly Aβ40, regardless of the increase
in brain Aβ deposition [48]. The increase in circulating levels of
Aβ40 has also been implicated in the increase in Aβ plaques
formation through a number of mechanisms, including NF-kB-
dependent endothelial cell activation, neuroinflammation,
increase in APP metabolism and Aβ production [49, 50]. Therefore,
future studies should determine whether the increased platelet
activation associated with depression causes an increase in
circulating Aβ40 levels which in turn increases brain Aβ deposition
and consequently the risk of AD onset.
Although previous studies have shown an association between

plasma BDNF levels and amyloid burden, our findings did not
show significant association between BDNF and Aβ indices. The
lack of correlation between plasma BDNF and Aβ42, or Aβ40 in the
plasma samples in our study could be due the differences in the
methodology used, tissue samples examined (plasma vs. brain)
and/or the subject population (AD vs late-life depression). In
addition, the ELISA kit used in our study does not differentiate
proBDNF and mature BDNF levels. ProBDNF is known to enhance
Aβ levels and accelerate its deposition in the brain [51]. Future
studies using isoform specific BDNF antibodies are warranted to
examine the relative roles of mature and proBDNF on Aβ burden.
The main limitation of this study is the small sample size.

Additionally, the results of this study were focused on plasma
indices. Although we collected CSF Aβ measures, it was only in a
small subset. Therefore, we were not able to formally compare the
plasma results with the corresponding CSF measures as there was
an insufficient number of subjects with both plasma and CSF Aβ
determinations. In addition, our study did not examine the
relationship between lower plasma Aβ42/Aβ40 ratio and indices
of the HPA axis and microglial activation as well as whole brain
and region-specific PET amyloid binding [52].
Future studies of LLMD should consider collecting CSF, plasma,

and brain indices to further elucidate the relationship between
these measures. Additionally, future studies should explore plasma
Aβ indices using mass spectrometry or ultrasensitive immunoas-
says (Simoa) with higher sensitivity and specificity for reliably
measuring Aβ and tau levels in blood [53] in this population to
determine their relationship to depression diagnosis and to its
aforementioned clinical features. If confirmed, more effective
treatment of depressive symptoms, insomnia, and platelet
activation in patients with depression may lead to a lowering of
AD biomarkers and the associated risk of AD. Additionally, an
important clinical question is whether we can delay the onset of
AD in some individuals by treating their depressive symptoms.
In conclusion, our study demonstrates that the association of

depression and plasma Aβ status is robust. Future studies should
determine if successful treatment of depressive symptoms in
cognitively normal depressed subjects will impact the longitudinal
plasma Aβ42/Αβ40 ratio and the potential long-term AD risk.
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