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Abstract

Late-Life Major Depression (LLMD) is a complex heterogeneous disorder that has multiple

pathophysiological mechanisms such as medical comorbidity, vascular-related factors and

Alzheimer’s disease (AD). There is an association between LLMD and AD, with LLMD possibly

being a risk factor for, or early symptom of AD and vascular dementia. Whether depression is an

etiologic risk factor for dementia, or part of the dementia prodrome remains controversial. AD has

a long prodromal period with the neuropathologic features of the disease preceding the onset of

clinical symptoms by as much as 15–20 years. Clinicopathological studies have provided robust

support for the importance of Aβ42 in the pathogenesis of AD, but several other risk factors have

also been identified. Given the relationship between Aβ42 and AD, a potential relationship

between Aβ42 and LLMD would improve the understanding of the association between LLMD

and AD. We reviewed 15 studies that analyzed the relationship between soluble Aβ42 and LLMD.

For studies looking at plasma and/or cerebrospinal fluid (CSF) levels of Aβ42, the relationship

between LLMD and soluble Aβ42 was equivocal, with some studies finding elevated Aβ42 levels

associated with LLMD and others finding the opposite, decreased levels of Aβ42 associated with

LLMD. It may be that there is poor reliability in the diagnosis of depression in late life, or

variability in the criteria and the scales used, or subtypes of depression in late life such as early vs.

late onset depression, vascular-related depression, and preclinical/comorbid depression in AD. The

different correlations associated with each of these factors would be causing the inconsistent

results for soluble Aβ42 levels in LLMD, but it is also possible that these patterns derive from

disease stage-dependent differences in the trajectory of CSF Aβ42 during older age, or changes in

neuronal activity or the sleep/wake cycle produced by LLMD that influence Aβ42 dynamics.

© 2014 Bentham Science Publishers
*Address correspondence to this author at the Center for Brain Health Department of Psychiatry, NYU Center for Brain Health Center
of Excellence on Brain Aging and Dementia, 145 E. 32nd Street New York, NY 10016, Tel: 212-263-3258; Fax: 212-263-3270;
ricardo.osorio@nyumc.org.

CONFLICT OF INTEREST
Ricardo Osorio and Tyler Gumb do not have any conflicts of interest to disclose.
Dr. Pomara has a joint patent and patent application with the NYU School of Medicine related to the material described in this article.

NIH Public Access
Author Manuscript
Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

Published in final edited form as:
Curr Pharm Des. 2014 ; 20(15): 2547–2554.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Keywords

Late-life depression; Aβ42; amyloid; plasma; cerebrospinal fluid; Alzheimer’s disease;
biomarkers; elderly; dementia; ApoE4

INTRODUCTION

Late-life Depression

Late-life major depression (LLMD) is one of the most frequent and under diagnosed

psychiatric conditions in the elderly population [1]. There is some consensus about LLMD

being less frequent among older adults than at middle age [2–5], and more commonly mild

and in the context of medical comorbidity [6, 7]; but it has a significant impact on physical,

cognitive or social functioning, and risk for suicide, all of which are associated with

increased mortality [1, 8, 9]. An individual’s first depressive episode can occur at any stage

of life. Several studies have reported differences in etiology and symptoms between early-

onset depression (EOD) and late onset depression (LOD) (defined as an age of onset of the

first episode after an age that varies between 50 to 60 years)[10–12], with LOD being

associated with a lower family load for depressive disorder [10], fewer premorbid

personality disturbances [13], and more vascular risk factors [14]. (Although the cut-off

value between EOD and LOD is still considered somewhat arbitrary and the onset of

depression difficult to identify, especially when mild)[15].

LLMD is therefore heterogeneous, with multiple pathophysiological mechanisms

contributing to depression [12, 16]. Several studies suggest that LLMD is particularly

associated with ventricular enlargement, volume loss in the frontal lobes, hippocampi and

other subcortical areas [17, 18]; white-matter hyperintensities (WMH) on MRI scans [19,

20]; and neuropsychological impairments in the domains of processing speed, memory, and

executive functioning [21]. In some cases, LLMD results in a reversible ‘pseudodementia’

presentation in which patients exhibit symptoms consistent with dementia [22], but more

importantly, depression may be a risk factor for, or an early symptom of Alzheimer’s

disease (AD) and Vascular dementia [23–25]. Some authors have described that depression

coincides with the onset of dementia in some patients [26–29], but most studies and several

meta-analyses have concluded that depression precedes dementia and is associated with

approximately a 2-fold increase in the risk of developing cognitive impairment and dementia

[23, 24, 30–34]. It remains controversial however, whether depression reflects an etiologic

risk factor for dementia or if it is part of the dementia prodrome, as neuropathologic features

of AD can precede the onset of clinical symptoms by 15–20 years [35, 36].

Soluble Amyloid-β Levels

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by

global deficits in cognition, daily function and behavior [37, 38]. The provisional diagnosis

of Alzheimer’s disease (AD) is based on a combination of several evaluations, such as

clinical history, neuroimaging and cognitive testing; while the definitive diagnosis of AD

requires post mortem examination, established on the neuropathological hallmarks of the

disease: phosphorylated tau (P-tau) intracellular neurofibrillary tangles, amyloid beta (Aβ)
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deposition in the form of extracellular senile plaques and blood vessel deposits, neuronal

and synaptic loss, reactive gliosis and neuroinflammation [39–41]. The role of each of these

lesions is poorly understood, although clinicopathological studies provide robust support for

the importance of Aβ in the pathogenesis of AD. All 3 genes now known to cause AD have

been shown to increase Aβ production (amyloid precursor protein [APP], Presenilin-1,

Presenilin-2), while Down syndrome patients, who invariably develop classical AD

pathology by age 50, produce too much Aβ from birth and begin to get amyloid plaques long

before they get P-tau tangles and other AD lesions.

Aβ is a secreted peptide normally present in the plasma and cerebrospinal fluid (CSF),

derived from APP through the sequential processing with two proteases. Most of the

secreted Aβ contains 40 amino acids (Aβ40), but a small percentage contains 42 (Aβ42). An

initiating factor in AD pathogenesis occurs when soluble, monomeric Aβ undergoes a

conformational change and converts into forms such as oligomers, protofibrils, and fibrils.

Aβ42 aggregates much more easily than Aβ40 due to the presence of two additional

hydrophobic amino acids, being the initial species deposited in the brain. Aβ peptides are

continuously produced in the brain and cleared to the plasma via the CSF and the blood-

brain barrier (BBB). Platelets also produce APP and secrete Aβ in plasma [41, 42], and the

APP molecule is expressed in peripheral tissues such as heart, liver, pancreas, lymph nodes,

spleen, skeletal muscle, skin, intestines, leukocytes, and thyroid or adrenal glands [43].

Plasma Aβ levels do not generally correlate with CSF Aβ levels nor with other biochemical

or pathological measures of cerebral Aβ deposition in normal elderly [44–47], and there is

insufficient evidence to permit a conclusion regarding the use of plasma Aβ40, Aβ42, or the

ratio of Aβ42/Aβ40 in the diagnosis or assessment of risk of sporadic AD [48].

Nevertheless, there is suggestive evidence that changes in plasma Aβ40, Aβ42, or the ratio

of Aβ42/Aβ40 may be associated with individuals at risk for developing AD [49, 50]. On the

contrary, reduced levels of CSF Aβ42 do associate with Aβ deposition in brain senile

plaques [51, 52] and in conjunction with elevated P-tau levels, are able to differentiate

patients with AD from control subjects with high accuracy, as well as those who might be at

risk for the developing AD in the preclinical stages of the disease [53].

However, the sensitivity/specificity of CSF levels of Aβ40 and Aβ42 as single markers in

AD against non-AD dementias is low [54–56], as decreases in CSF Aβ42 levels have also

been found in idiopathic normal pressure hydrocephalus [57], frontotemporal dementia

(FTD) [58], dementia with Lewy bodies (DLB) and Parkinson’s disease (PD) dementia [59],

showing a substantial overlap between some CSF biochemical markers in AD and non-AD

conditions, with some authors recommending the use of Aβ42/Aβ40 ratio or the combination

of Aβ42, P-tau and T-tau when differentiating AD from non-AD dementias [54, 59]. Plasma

Aβ peptides have also been investigated for their diagnostic value in differential diagnosis of

AD, with reported disease-specific changes in patients with vascular dementia (increase in

plasma Aβ40 paralleled by decreased Aβ38)[60], acute cerebral ischemia (decrease of

plasma Aβ40 and increase in Aβ38/Aβ40), diffuse subtype of small vessel disease (increase

in plasma Aβ40)[64], lacunar infarcts and white matter lesions (increases in plasma Aβ40

and Aβ42)[62, 63], cerebral amyloid angiopathy (increases in plasma Aβ40 and Aβ42)[64]

and atrophy of the medial temporal lobe structures (decrease in Aβ42)[65]. These
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observations may be explained by broad clinical and neuropathological similarities between

dementia diseases, co-morbid vascular pathology, or highly prevalent common

neuropathological features found in both demented and non-demented elderly controls,

especially in the oldest old [66, 67], but they may also reflect the effect of potential specific

activities of Aβ peptides that are associated with each disease or its interaction with blood

homeostasis, blood vessels [42, 68], or brain activity [69].

The presence of soluble levels of CSF and plasma Aβ peptides in LLMD has been a focus of

the growing literature on biomarkers in Geriatric Psychiatry since we first hypothesized that

sustained elevations of Aβ peptides might occur in individuals with depression [42], but

studies to date have varied substantially in their design, criteria for LLMD, scales used,

sample size and study populations, making it difficult to interpret the overall data.

Therefore, we performed a systematic review to evaluate the scientific literature, asking

whether plasma and CSF Aβ levels are associated with the development of depression, and

if they play a role in the pathophysiology of LLMD.

METHODS

A systematic literature search was performed in PubMed, Embase and Web of Knowledge

(WoK) using the following keywords: depression, amyloid beta, cerebrospinal fluid (CSF)

and plasma. The search was run on August 12th, 2012. No limitation in the search strategy

was inserted. Reference lists from all relevant literature were hand-searched for additional

relevant articles overlooked by the database search. Our initial search produced 32 results

from PubMed, 18 from Embase, and 52 from WoK. After reviewing these articles, 15

studies were selected for inclusion in the review. Studies were selected in a 2 stage process.

The same inclusion criteria were used for both stages. Inclusion criteria for the review

required the study to fulfill 2 primary criteria: included a sample of subjects with late-life

depression or depressive symptoms (including subsyndromical depressive symptoms and

dysthymia), and measured relevant plasma or CSF amyloid beta (Aβ40, Aβ42, and/or

Aβ42/Aβ40 ratio). In the first stage the title and abstract of each article were reviewed and in

the second stage the full text was reviewed. No languages were excluded from the search.

Data on the following variables was collected on each of the papers and recorded in a

systematic fashion: (i) the number of subjects (ii) the type of population (iii) the mean age of

subjects (iv) whether the subjects were actively depressed at the time of study or not (v) the

depression scale used (vi) the score on the scale that was used as the cut-off point for

depression in the study (vii) the differences in soluble Aβ40, Aβ42, and/or Aβ42/Aβ40 ratio

between groups (see Table 1).

RESULTS

Plasma and Serum Aβ40 and Aβ42 Cross-sectional Studies

The findings for the association between levels of plasma/serum Aβ42 and depression are

conflicting with reports of positive, inverse or no associations between Aβ42 and LLMD

(Table 1). The first study reporting positive associations was performed by us in a subset of

47 in/outpatients with Late Life Major Depressive Disorder (LLMD) based on the

Structured Clinical Interview for DSM-IV Axis I disorders (SCID-IV) (mean age: 80.0±7.4
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years) who participated in a double blind randomized comparison of antidepressants [70],

with plasma Aβ42 levels elevated by approximately 30% in the LLMD group compared to

the 30 younger controls (mean age: 69.1±4.4 years)[70]. The second study included 123

community dwelling Korean elderly (mean age of LLMD subjects: 75.60±6.97 years) in

which they analyzed plasma Aβ42, LLMD and cognitive function. The subjects were drawn

from a population-based sample intended to screen individuals older than 65 for early

detection of depression and dementia [71]. There was a negative correlation between Mini-

Mental State Examination (MMSE)[72] and Aβ42, and a positive correlation between the

Geriatric Depression Scale (GDS)[73] and Aβ42, with the depressed group only having 2%

higher plasma levels of Aβ42 than the controls (p<0.1)[71]. Of interest, none of the two

studies could differentiate subjects according to the presence of cardio/cerebrovascular

disease, and in Pomara’s study the Aβ42/Aβ40 ratio was associated with increased severity

of the white matter hyperintensity burden, while the LLMD group were significantly older

(plasma Aβ42 levels have been reported to increase with age)[74], although analyses

performed on age and sex-matched subgroups produced results similar to the overall group

analyses [70].

In contrast, several cross-sectional studies performed in the same cohort (Nutrition, Aging

and Memory in the Elderly [NAME]) found the opposite association, lower plasma levels of

Aβ42 in depressed subjects compared with controls [75–78]. These studies all had a

relatively large number of subjects, which were drawn from a cohort of homebound elderly

from the Boston area aged 60 and older, using a Center for Epidemiologic Studies

Depression Scale (CES-D)[79] score of ≥16 as the cut-off point to distinguish for clinical

depression. The first study analyzed the association of low plasma Aβ42 and depression

controlling for cardiovascular disease (CVD; congestive heart failure, coronary heart

disease, angina pectoris, or heart attack)[75]. This study used the first 527 homebound elders

participating in the NAME study, and found that CES-D scores were inversely related to

plasma Aβ42 levels when the subject had no CVD. In the presence of CVD, the association

disappeared. Subsequent analyses from the same cohort on samples of 324 [76], 995 [78],

and 1060 [77] elders (with and without CVD) confirmed the finding that subjects with

depression had 13.5% lower median plasma Aβ42 levels and a higher Aβ40/Aβ42 ratio than

did those without depression [78]. Another finding from this cohort was that only in the

absence of the ApoE4 allele, depressed subjects had significantly lower plasma Aβ42 and a

higher Aβ40/Aβ42 ratio than those without depression. When subjects with CVD were

excluded from this subset of non-ApoE4 carriers, the differences in plasma Aβ42

concentration in those with and without depression became more significant [77]. Mean age

of LLMD subjects in this cohort was 73.8±8.5 years and the sample was comprised of

homebound elderly with multiple concomitant chronic diseases. Additionally, the same

difference in Aβ40/Aβ42 ratio was found in a cross-sectional study on 60 Japanese inpatient

young and old depressed subjects [80], in which serum Aβ40 levels were significantly

higher in young depressed patients compared to young controls (<60 years) and the Aβ40/

Aβ42 ratio was significantly higher in both young and elderly depressed (≥60 years) patients

compared to non-depressed controls (mean age of LLMD: 68.2±5.6 years), although the

Hamilton Rating Scale for Depression (HAM-D)[81] score did not correlate by itself with

Aβ40, Aβ42 levels or Aβ40/42 ratio. These findings were replicated on a larger sample of
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193 inpatient young (<40 years), middle age (≥40 to <65) and old depressed subjects (≥65)

and 413 controls. Serum Aβ42 levels were significantly lower in elderly subjects compared

with controls and trended toward being lower in young and middle-aged patients.

Furthermore, the Aβ40/42 ratio was significantly higher in depressed patients than in

controls in all age groups. These findings were also observed in a separate analysis in

ApoE4 non-carriers [82].

Finally, in a longitudinal study of 988 community-dwelling elders from Pittsburgh,

Pennsylvania, Memphis and Tennessee, part of a “healthier” cohort (Health Aging and

Body Composition; Health ABC) (mean age: 74.0±3.0 years), that had no difficulties

performing activities of daily living or walking, no differences were found between LLMD

and controls in plasma Aβ42 and Aβ42/Aβ40 ratio levels at baseline irrespective of the

presence of the ApoE4 allele [83]. CES-D scores were used to screen for depressive

symptoms. Presence of diabetes mellitus, hypertension, stroke or transient ischemic attack,

and myocardial infarction were used as comorbidity variables in the analysis.

Plasma and Aβ40 and Aβ42 Longitudinal Studies

Two studies have analyzed the association between plasma levels of Aβ42 and prediction of

LLMD at follow-up. The first was an Austrian study that enrolled 331 subjects who fulfilled

the criteria of having no previous history of depression, nor having dementia or depression

at baseline, from the Vienna Transdanube Aging study (mean age at baseline 75.8±0.5

years)[84]. Subjects were assessed for cognitive functioning and depressive symptoms three

times, at baseline, and then at follow up at 2.5 and 5 years. The onset of a depressive episode

was diagnosed at each follow-up by interview and the GDS. Levels of plasma Aβ42 at

baseline in new converters to LLMD at the 5-year follow-up were significantly higher, when

compared with persons without any depression at any time (OR= 1.7, 95% CI: 1.1–2.7). The

presence of the ApoE4 allele was not found to be a significant predictor of LLMD.

Additionally, irrespective of the presence of mild cognitive impairment (MCI) at baseline,

higher plasma Aβ42 at baseline was also found to be a significant predictor of probable or

possible AD at 5-year follow up [78].

The second study is the mentioned Health ABC study that had a larger sample size of 988

community-dwelling elders [83]. The study measured Aβ42 and Aβ42/Aβ40 at baseline and

at 9-year follow up (mean age at baseline 74.0±3.0 years). Depression was measured using

the CES-D (10-item version)[85] with a score of ≥10 as the cut-off point to distinguish for

clinical depression. Aβ42 and Aβ42/Aβ40 levels were organized in low, medium, and high

tertiles. Initially at baseline, no correlations were found between Aβ42/Aβ40 or Aβ42 and

depression. There was also no significant association found between Aβ42/Aβ40 among

subjects when ApoE4 status was accounted for [83]. At 9-year follow-up however, low

Aβ42/Aβ40 at baseline was associated with an increased risk of developing depression over

time but only in ApoE4 carriers (HR=2.14, 95% CI: 1.06–4.34). No association was found

between Aβ42/Aβ40 and depression in ApoE4 non-carriers [77].
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Cerebrospinal Fluid (CSF) Aβ40 and Aβ42 Studies

CSF levels of Aβ have also been studied in conjunction with LLMD in elderly individuals

but the findings have also been inconsistent (Table 2). The first study that analyzed total

CSF Aβ (Aβ40 and Aβ42) in LLMD, was a German community-dwelling elderly study that

compared 28 AD patients (mean age: 66.8±10.7 years) with 17 non-demented LLMD

patients (mean age: 73.4±8.8 years) that were used as the control group [86]. In AD patients,

CSF levels of Aβ were inversely correlated with a functional measure of dementia severity

but were not different in AD than in LLMD subjects [86]. In a similar study, CSF levels of

Aβ42 were studied in a group of Swedish patients with FTD (n=17), AD (n=60), subcortical

white-matter dementia (SWD; n=24), Parkinson’s disease (PD; n=23), dysthymia (n=19),

and in non-depressed age-matched controls (n=32)[87]. CSF Aβ42 was significantly

decreased in AD and SWD as compared to non-depressed controls and in AD compared to

FTD, but did not differ in AD as compared to the dysthymic group. Similar findings were

reported by us in a recent study in which CSF was obtained from 28 non-demented

community-dwelling elderly with LLMD (mean age: 66.5±5.4 years) and 19 healthy

controls (mean age: 68.1±7.3 years)[89]. The presence of a major depressive episode was

based on clinical evaluation and the SCID-IV band the severity of depression was evaluated

by the HAM-D [81]. CSF Aβ42 levels were significantly reduced in the LLMD group,

similarly to individuals with Alzheimer’s disease [88]. The differences in Aβ42 levels were

still present when all individuals with the ApoE4 allele were excluded. Importantly, there

was an inverse correlation between Aβ42 levels and HAM-D scores, in both the whole

sample and in the LLMD group when compared alone, indicating that lower levels of Aβ42

were associated with greater depressive symptom severity. Furthermore, in a subsequent

study performed by us in a larger sample of 112 non-depressed (HAM-D≤10), cognitively

normal elderly (mean age: 62.0±11.9 years), we observed a two-way interaction between

subsyndromical depressive symptoms and low CSF Aβ42. HAM-D depressive symptoms

had also an inverse correlation with Aβ42, but only in the 71 ApoE4 non-carriers [89].

In contrast, a Swedish study analyzed 11 non-demented depressed elderly women and

compared them to 70 controls (mean age: 72.6±3.1 years) for CSF levels of Aβ42 and its

correlation with LLMD [90]. The presence of a depressive episode was diagnosed by

clinical interview and the Montgomery-Åsberg Depression Rating scale (MADRS) [91].

Women with LLMD had higher levels of CSF Aβ42 than comparison subjects. Another

Swedish study, performed in a total of 183 participants (66.7% female) included 91 patients

with AD (31 depressed and 60 non-depressed) and 92 subjects with subjective cognitive

impairment (SCI; 41 depressed and 51 non-depressed) (mean age: 67.6±7.4 years) [92].

Depression was assessed using the Cornell Scale for Depression in Dementia [93], using a

cut-off score of >6 to define depression. Depression scores were not associated with reduced

Aβ42 in the AD or the SCI non-demented subjects [92]. ApoE4 status was not accounted for

in any of the two studies.

The Effects of ApoE4 Status on Plasma and CSF Aβ42 and LLMD

The ApoE4 allele is a known genetic risk factor for AD. Although, the exact mechanisms

whereby ApoE4 influences the development of AD are not fully understood, there has been

some evidence to suggest an interaction with Aβ. CNS lipoprotein metabolism could have an
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important effect on the disposition to increased Aβ net production [94], Aβ fibrillogenesis

[95], and/or Aβ clearance [96, 97]. Several studies have found that the ApoE4 allele is

strongly associated with reduced CSF levels of Aβ42 in both AD and non-demented control

populations [98, 99]. In normal aging ApoE4 non-carriers, Aβ42 tends to rise followed by a

slight decrease that is more pronounced in senile subjects over 80 years old [100]. In

contrast, in ApoE4 carriers the concentration of Aβ42 tends to decline slightly in younger

subjects, and then the rate of decline increases rapidly between ages 50 and 60 years. Thus,

the slope of the decline is markedly greater in ApoE4 carriers compared to non-carriers

[101, 102]. Considering the “ApoE4 effect” on age of onset and CSF Aβ42 in aging

individuals, it is likely that the ApoE4 allele causes a low plateau in CSF Aβ42

concentrations at an early stage of clinical disease progression, and worsening of cognition

is not associated with a worsening of CSF Aβ42 in these subjects [95]. Alternatively, in

ApoE4 non-carriers the relationship between CSF Aβ42 and cognition remains linear until

lower levels of cognitive performance [95]. The same biomarker finding (inverse

relationship between LLMD and Aβ42 but only in young ApoE4 or ApoE4 non-carriers)

could be present with depressive symptoms as some CSF studies seem to suggest when the

ApoE4 allele is accounted for [89]. A similar relationship between ApoE4 and plasma Aβ42

levels as in CSF has been reported in the NAME cohort [77], with ApoE4 carriers being

more likely to show low Aβ42, and to confound the association between Aβ42 and LLMD

[77]. A recent unselected all-age autopsy series demonstrated that ApoE4 does shift the

onset of Aβ accumulation to an earlier age relative to ApoE4 non-carriers [103], indicating

that some of the interactions between ApoE4 and LLMD described in the literature might in

fact point out to cases in which LLMD precedes dementia as part of the prodromal phase of

AD.

DISCUSSION

The relationships between plasma or CSF Aβ42 levels, late life depression (LLMD), and

Alzheimer’s disease (AD) remain unknown. Alzheimer’s disease is an age-dependent

neurodegenerative disease where definitive diagnosis is only possible after autopsy and

where there is a long prodromal or preclinical phase of more than 15 years [35, 36]. In

contrast, LLMD is a heterogeneous disorder with multiple pathophysiological (and not

exclusive) mechanisms contributing to depression such as early-onset depression, vascular-

related factors, subsyndromical depression in the context of medical comorbidity,

inflammation, and preclinical/comorbid depression in AD amongst others. To describe the

association between lower levels of Aβ42 and LLMD, Sun et al [78], in their studies of

homebound elders participating in the NAME study, proposed the terms “Amyloid-

associated Depression,” which would be an early symptom of AD [78], and “Nonamyloid

Depression,” which would be a more vascular-related type of depression [78]. However,

this is not an acceptable explanation to depict the seemingly conflicting results with other

studies in which depressed patients had higher or similar levels of plasma Aβ42 than the

control groups [70, 75, 83]. The results from the NAME studies must be interpreted with

caution as this cohort used a sample of homebound elders with high risk for cognitive

decline [70, 75, 104], that includes subjects with multiple concomitant chronic diseases such

as obesity, diabetes, hypertension and renal insufficiency; as well as Mild Cognitive
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Impairment (MCI). (On the preliminary data from the first 300 subjects from this cohort

about one third had a diagnosis of MCI)[104]. A similar study in the Health ABC cohort,

which included a large sample of community-dwelling elderly, who were not homebound,

did not find this association at cross-section. At 9-year follow up though, the ABC study

found that possessing one or more ApoE4 alleles and low Aβ42/Aβ40 would place the

subject at an increased risk for developing LLMD, but no further results have been

published to demonstrate that these subjects were free of dementia in subsequent visits, and

as the study noted, older individuals who possessed both low plasma Aβ42/Aβ40 and the

ApoE4 allele were also at an increased risk for AD. Regardless of ApoE4 status, no

significant association was found for Aβ42 levels and depression at 9-year follow up [77].

The relationship between soluble Aβ42 and LLMD is also equivocal in CSF studies, with

four studies reporting results that are compatible with low Aβ42 in subjects with depressive

symptoms, one showing that Aβ42 concentrations were higher among women with LLMD

compared to non-depressed women, and another study suggesting that CSF Aβ42 does not

contribute to depression in normal elderly subjects without AD but with subjective cognitive

impairment (SCI). None of the two Swedish studies controlled for ApoE4, and the study by

Kramberger et al included as a control group SCI subjects, which one study has reported

that they could present with a CSF “AD profile” [105]. Still, amyloid PET imaging also

provides another means of exploring the association between depression and brain Aβ

burden [52, 106, 107], but the findings have also been conflicting. In one such study, PIB

retention in 2 depressed subjects with normal cognitive ability was in the range of non-

depressed cognitively normal subjects, while PIB retention in 3 of the 6 depressed subjects

with MCI fell in the range of subjects with AD [108]. In another study, PIB retention was

measured in a sample of 28 elderly patients (mean age 61 years, range 51–75), with onset of

first depressive episode more than 6 years ago but now remitted from depression and 18

healthy subjects (mean age 61 years, range 50–76). Depressed subjects did not have

increased levels of PIB binding compared with healthy subjects [109]. Additionally, in a

recent population-based clinicopathologic study of non-demented elderly, no association

between AD-type changes and depression could be observed [110].

Collectively, the existing studies do not fully support the notion that subsyndromal

depressive symptoms or LLMD are a risk factor for developing AD through an increase or

decrease of soluble Aβ42 but they do not exclude the possibility of an “amyloid pathway”

(or an effect of LLMD on Aβ42 dynamics) completely, as these patterns could derive from

disease stage-dependent differences of soluble Aβ42 that span through older adult age, and

change depending on the presentation or criteria used for LLMD (early onset vs. late onset

or acute vs. chronic) and/or the presence of presymptomatic AD or the ApoE4 allele.

Conclusive evidence is limited by the lack of longitudinal data spanning the continuum from

healthy young adult age through the onset of AD and/or the presence of late onset LLMD. If

proven to be true, a decrease in plasma/CSF levels of Aβ42, as shown by some of the

studies, not accompanied by concomitant increases in total amyloid burden, as described by

the PIB PET/neuropathology studies or Baba et al findings [82], would be intriguing, and

might also indicate the presence of other mechanisms of decreased production of Aβ, that

are not dependent on increased amyloid deposition. Although the physiological function of
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Aβ is unknown, some reports indicate that the production of this peptide may be associated

with neuronal and synaptic activity [69] and regulated by the sleep/wake cycle [111, 112]

(which can be affected by depression)[113]. Therefore, we propose that lower plasma/CSF

levels of Aβ42 in LLMD in the absence of increased amyloid burden or the ApoE4 allele

could also reflect loss of Aβ42 circadian rhythmicity [114, 115]; or changes in neuronal

activity that would reduce the number of viable neurons that produce Aβ42, or increase

Aβ42 clearance/degradation. These would represent novel pathways by which depressive

symptoms and LLMD might influence Aβ42 dynamics. Lower or higher plasma/CSF levels

of Aβ especially Aβ42 might also influence the pathogenesis of depression and if confirmed,

could serve as potential molecular therapeutic targets.

In summary, no conclusive evidence supports soluble Aβ42 as the potential mechanism

underlying the association between LLMD and AD, but there is some evidence that LLMD

might influence Aβ42 dynamics in subjects without amyloid burden [82] or the ApoE4

allele. More multimodality and longitudinal biomarker studies including cognitive testing,

CSF, FDG and PIB PET imaging to analyze these types of depressed subjects, as well as

standard and more reliable definitions of major depression in general (and LLMD in

particular) are needed to understand these relationships and their potential implications for

the pathophysiology and treatment of depression.

Acknowledgments

Supported by grants from: 2012 NYU COE Seed Grant, NIRG 11-205479, NYU ADC Pilot Study Grants, NIH:
R01 AG13616, R01 AG022374, R01 AG12101, and R01 MH-080405.

ABBREVIATIONS

LLMD Late-life major depression

EOD Early-onset depression

LOD Late onset depression

WMH White-matter hyperintensities

AD Alzheimer’s disease

Aβ Amyloid beta

APP Amyloid precursor protein

CSF Cerebrospinal fluid

Aβ40 Aβ containing 40 amino acids

Aβ42 Aβ containing 42 amino acids

BBB Blood–brain barrier

FTD Frontotemporal dementia

DLB Dementia with Lewy bodies

WoK Web of Knowledge
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MMSE Mini-Mental State Examination

GDS Geriatric Depression Scale

NAME Nutrition, Aging and Memory in the Elderly

CES-D Center for Epidemiologic Studies Depression Scale

CVD Cardiovascular disease

HAM-D Hamilton Rating Scale for Depression

Health ABC Health Aging and Body Composition

MCI Mild cognitive impairment

SWD Subcortical white-matter dementia

PD Parkinson’s disease

MADRS Montgomery-Åsberg Depression Rating scale

SCI Subjective cognitive impairment

References

1. Blazer DG. Depression in late life: review and commentary. J Gerontol A Biol Sci Med Sci. 2003;
58:249–65. [PubMed: 12634292]

2. Burns RA, Butterworth P, Windsor TD, Luszcz M, Ross LA, Anstey KJ. Deriving prevalence
estimates of depressive symptoms throughout middle and old age in those living in the community.
Int Psychogeriatr. 2012; 24:503–11. [PubMed: 22088681]

3. Hasin DS, Goodwin RD, Stinson FS, Grant BF. Epidemiology of major depressive disorder: results
from the National Epidemiologic Survey on Alcoholism and Related Conditions. Arch Gen
Psychiatry. 2005; 62:1097–106. [PubMed: 16203955]

4. Jorm AF. Does old age reduce the risk of anxiety and depression? A review of epidemiological
studies across the adult life span. Psychol Med. 2000; 30:11–22. [PubMed: 10722172]

5. Giordana JY, Roelandt JL, Porteaux C. Mental Health of elderly people: The prevalence and
representations of psychiatric disorders. Encephale. 2010; 36:59–64. [PubMed: 20813225]

6. Wu Z, Schimmele CM, Chappell NL. Aging and late-life depression. J Aging Health. 2012; 24:3–
28. [PubMed: 21956098]

7. Alexopoulos GS, Buckwalter K, Olin J, Martinez R, Wainscott C, Krishnan KR. Comorbidity of late
life depression: an opportunity for research on mechanisms and treatment. Biol Psychiatry. 2002;
52:543–58. [PubMed: 12361668]

8. Crocco EA, Castro K, Loewenstein DA. How late-life depression affects cognition: neural
mechanisms. Curr Psychiatry Rep. 2010; 12:34–8. [PubMed: 20425308]

9. Reynolds CF III, Kupfer DJ. Depression and aging: a look to the future. Psychiatr Serv. 1999;
50:1167–72. [PubMed: 10478902]

10. Baldwin RC, Tomenson B. Depression in later life. A comparison of symptoms and risk factors in
early and late onset cases. Br J Psychiatry. 1995; 167:649–52. [PubMed: 8564322]

11. Brodaty H, Luscombe G, Parker G, et al. Early and late onset depression in old age: different
aetiologies, same phenomenology. J Affect Disord. 2001; 66:225–36. [PubMed: 11578676]

12. Krishnan KR, Hays JC, Tupler LA, George LK, Blazer DG. Clinical and phenomenological
comparisons of late-onset and early-onset depression. Am J Psychiatry. 1995; 152:785–8.
[PubMed: 7726320]

Osorio et al. Page 11

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



13. Van den Berg MD, Oldehinkel AJ, Bouhuys AL, Brilman EI, Beekman AT, Ormel J. Depression
in later life: three etiologically different subgroups. J Affect Disord. 2001; 65:19–26. [PubMed:
11426505]

14. Alexopoulos GS, Kiosses DN, Klimstra S, Kalayam B, Bruce ML. Clinical presentation of the
“depression-executive dysfunction syndrome” of late life. Am J Geriatr Psychiatry. 2002; 10:98–
106. [PubMed: 11790640]

15. Wiener P, Alexopoulos GS, Kakuma T, Meyers BS, Rosenthal E, Chester J. The limits of history-
taking in geriatric depression. Am J Geriatr Psychiatry. 1997; 5:116–25. [PubMed: 9106375]

16. Alexopoulos GS, Murphy CF, Gunning-Dixon FM, et al. Microstructural white matter
abnormalities and remission of geriatric depression. Am J Psychiatry. 2008; 165:238–44.
[PubMed: 18172016]

17. Schweitzer I, Tuckwell V, Ames D, O’Brien J. Structural neuroimaging studies in late-life
depression: a review. World J Biol Psychiatry. 2001; 2:83–8. [PubMed: 12587189]

18. Hickie I, Naismith S, Ward PB, et al. Reduced hippocampal volumes and memory loss in patients
with early- and late-onset depression. Br J Psychiatry. 2005; 186:197–202. [PubMed: 15738499]

19. Hickie I, Scott E, Mitchell P, Wilhelm K, Austin MB, Bennett B. Subcortical hyperintensities on
magnetic resonance imaging: clinical correlates and prognostic significance in patients with severe
depression. Biological Psychiatry. 1995; 37:151–60. [PubMed: 7727623]

20. Hickie I, Scott E, Wilhelm K, Brodaty H. Subcortical hyperintensities on magnetic resonance
imaging in patients with severe depression--a longitudinal evaluation. Biol Psychiatry. 1997;
42:367–74. [PubMed: 9276077]

21. Naismith SL, Hickie IB, Turner K, et al. Neuropsychological performance in patients with
depression is associated with clinical, etiological and genetic risk factors. J Clin Exp
Neuropsychol. 2003; 25:866–77. [PubMed: 13680463]

22. Kiloh LG. Pseudo-dementia. Acta Psychiatrica Scandinavica. 1961; 37:336–51. [PubMed:
14455934]

23. Barnes DE, Yaffe K, Byers AL, McCormick M, Schaefer C, Whitmer RA. Midlife vs late-life
depressive symptoms and risk of dementia: differential effects for Alzheimer disease and vascular
dementia. Arch Gen Psychiatry. 2012; 69:493–8. [PubMed: 22566581]

24. Ownby RL, Crocco E, Acevedo A, John V, Loewenstein D. Depression and risk for Alzheimer
disease: systematic review, meta-analysis, and metaregression analysis. Arch Gen Psychiatry.
2006; 63:530–8. [PubMed: 16651510]

25. Lee GJ, Lu PH, Hua X, et al. Depressive symptoms in mild cognitive impairment predict greater
atrophy in Alzheimer’s disease-related regions. Biol Psychiatry. 2012; 71:814–21. [PubMed:
22322105]

26. Wright SL, Persad C. Distinguishing between depression and dementia in older persons:
neuropsychological and neuropathological correlates. J Geriatr Psychiatry Neurol. 2007; 20:189–
98. [PubMed: 18004006]

27. Weisenbach SL, Boore LA, Kales HC. Depression and cognitive impairment in older adults. Curr
Psychiatry Rep. 2012; 14:280–8. [PubMed: 22622478]

28. Heun R, Kockler M, Ptok U. Depression in Alzheimer’s disease: is there a temporal relationship
between the onset of depression and the onset of dementia? Eur Psychiatry. 2002; 17:254–8.
[PubMed: 12381494]

29. Ganguli M, Du Y, Dodge HH, Ratcliff GG, Chang CC. Depressive symptoms and cognitive
decline in late life: a prospective epidemiological study. Arch Gen Psychiatry. 2006; 63:153–60.
[PubMed: 16461857]

30. Jorm AF. History of depression as a risk factor for dementia: an updated review. Aust N Z J
Psychiatry. 2001; 35:776–81. [PubMed: 11990888]

31. Yaffe K, Blackwell T, Gore R, Sands L, Reus V, Browner WS. Depressive symptoms and
cognitive decline in nondemented elderly women: a prospective study. Arch Gen Psychiatry. 1999;
56:425–30. [PubMed: 10232297]

32. Barnes DE, Alexopoulos GS, Lopez OL, Williamson JD, Yaffe K. Depressive symptoms, vascular
disease, and mild cognitive impairment: findings from the Cardiovascular Health Study. Arch Gen
Psychiatry. 2006; 63:273–9. [PubMed: 16520432]

Osorio et al. Page 12

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



33. Saczynski JS, Beiser A, Seshadri S, Auerbach S, Wolf PA, Au R. Depressive symptoms and risk of
dementia: the Framingham Heart Study. Neurol. 2010; 75:35–41.

34. Dotson VM, Beydoun MA, Zonderman AB. Recurrent depressive symptoms and the incidence of
dementia and mild cognitive impairment. Neurol. 2010; 75:27–34.

35. Rowe CC, Ellis KA, Rimajova M, et al. Amyloid imaging results from the Australian Imaging,
Biomarkers and Lifestyle (AIBL) study of aging. Neurobiol Aging. 2010; 31(8):1275–83.
[PubMed: 20472326]

36. Amieva H, Le GM, Millet X, et al. Prodromal Alzheimer’s disease: successive emergence of the
clinical symptoms. Ann Neurol. 2008; 64:492–8. [PubMed: 19067364]

37. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of
Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force on Alzheimer’s Disease. Neurol. 34:939–
44.

38. Cummings JL, Victoroff JI. Noncognitive neuropsychiatric syndromes in Alzheimer’s disease.
Neuropsychiatry, Neuropsychology and Behavioral Neurology. 1990; 3:140–58.

39. Mirra SS, Heyman A, McKeel D, et al. The consortium to establish a registry for Alzheimer’s
disease (CERAD). Part II. Standardization of the neuropathologic assessment of Alzheimer’s
disease. Neurol. 1991; 41:479–86.

40. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta
Neuropathologica. 1991; 82:239–59. [PubMed: 1759558]

41. Thal DR, Rub U, Orantes M, Braak H. Phases of A beta-deposition in the human brain and its
relevance for the development of AD. Neurol. 2002; 58:1791–800.

42. Pomara N, Murali DP. Does increased platelet release of Abeta peptide contribute to brain
abnormalities in individuals with depression? Med Hypotheses. 2003; 60:640–3. [PubMed:
12710895]

43. Kuo YM, Kokjohn TA, Kalback W, et al. Amyloid-beta peptides interact with plasma proteins and
erythrocytes: implications for their quantitation in plasma. Biochem Biophys Res Commun. 2000;
268:750–6. [PubMed: 10679277]

44. Chen M, Inestrosa NC, Ross GS, Fernandez HL. Platelets Are the Primary Source of Amyloid
[beta]-Peptide in Human Blood. Biochemical and Biophysical Research Communications. 1995;
213:96–103. [PubMed: 7639768]

45. Mehta PD, Pirttila T, Mehta SP, Sersen EA, Aisen PS, Wisniewski HM. Plasma and cerebrospinal
fluid levels of amyloid beta proteins 1–40 and 1–42 in Alzheimer disease. Arch Neurol. 2000;
57:100–5. [PubMed: 10634455]

46. Freeman SH, Raju S, Hyman BT, Frosch MP, Irizarry MC. Plasma Abeta levels do not reflect
brain Abeta levels. J Neuropath Exp Neurol. 2007; 66:264–71. [PubMed: 17413317]

47. Devanand DP, Schupf N, Stern Y, et al. Plasma Abeta and PET PiB binding are inversely related
in mild cognitive impairment. Neurol. 2011; 77:125–31.

48. Mayeux R, Schupf N. Blood-based biomarkers for Alzheimer’s disease: plasma Abeta40 and
Abeta42, and genetic variants. Neurobiol Aging. 2011; 32:S10–S19. [PubMed: 22078169]

49. Pomara N, Willoughby LM, Sidtis JJ, Mehta PD. Selective reductions in plasma A-[beta]42 in
healthy elderly subjects during longitudinal follow-up: a preliminary report. Am Geriatric Ps.
2005; 13:914–7.

50. Schupf N, Tang MX, Fukuyama H, et al. Peripheral A[beta] subspecies as risk biomarkers of
Alzheimer’s disease. PNAS. 2008; 105:14052–7. [PubMed: 18779561]

51. Strozyk D, Blennow K, White LR, Launer LJ. CSF A{beta} 42 levels correlate with amyloid-
neuropathology in a population-based autopsy study. Neurol. 2003; 60:652–6.

52. Fagan AM, Mintun MA, Mach RH, et al. Inverse relation between in vivo amyloid imaging load
and cerebrospinal fluid. Ann Neurol. 2006; 59:512–9. [PubMed: 16372280]

53. Buchhave P, Minthon L, Zetterberg H, Wallin AK, Blennow K, Hansson O. Cerebrospinal fluid
levels of beta-amyloid 1–42, but not of tau, are fully changed already 5 to 10 years before the
onset of Alzheimer dementia. Arch Gen Psychiatry. 2012; 69:98–106. [PubMed: 22213792]

54. Engelborghs S, Le BN. The impact of cerebrospinal fluid biomarkers on the diagnosis of
Alzheimer’s disease. Mol Diagn Ther. 2012; 16:135–41. [PubMed: 22646065]

Osorio et al. Page 13

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



55. Ibach B, Binder H, Dragon M, et al. Cerebrospinal fluid tau and beta-amyloid in Alzheimer
patients, disease controls and an age-matched random sample. Neurobiol Aging. 2006; 27:1202–
11. [PubMed: 16085339]

56. Thaweepoksomboon J, Senanarong V, Poungvarin N, et al. Assessment of cerebrospinal fluid
(CSF) beta-amyloid (1–42), phosphorylated tau (ptau-181) and total Tau protein in patients with
Alzheimer’s disease (AD) and other dementia at Siriraj Hospital, Thailand. J Med Assoc Thai.
2011; 94:S77–S83. [PubMed: 21721431]

57. Agren-Wilsson A, Lekman A, Sjoberg W, et al. CSF biomarkers in the evaluation of idiopathic
normal pressure hydrocephalus. Acta Neurol Scand. 2007; 116:333–9. [PubMed: 17922727]

58. Koedam EL, van der Vlies AE, van der Flier WM, et al. Cognitive correlates of cerebrospinal fluid
biomarkers in frontotemporal dementia. Alzheimers Dement. 2012 Jul 28. Epub ahead of print.

59. Spies PE, Slats D, Sjogren JM, et al. The cerebrospinal fluid amyloid beta42/40 ratio in the
differentiation of Alzheimer’s disease from non-Alzheimer’s dementia. Curr Alzheimer Res. 2010;
7:470–6. [PubMed: 20043812]

60. Bibl M, Esselmann H, Mollenhauer B, et al. Blood-based neurochemical diagnosis of vascular
dementia: a pilot study. J Neurochem. 2007; 103:467–74. [PubMed: 17662050]

61. Gomis M, Sobrino T, Ois A, et al. Plasma beta-amyloid 1–40 is associated with the diffuse small
vessel disease subtype. Stroke. 2009; 40:3197–201. [PubMed: 19696416]

62. Gurol ME, Irizarry MC, Smith EE, et al. Plasma {beta}-amyloid and white matter lesions in AD,
MCI, and cerebral amyloid angiopathy. Neurol. 2006; 66:23–9.

63. van Dijk EJ, Prins ND, Vermeer SE, et al. Plasma amyloid b, apolipoprotein E, lacunar infarcts,
and white matter lesions. Ann Neurol. 2004; 55:570–5. [PubMed: 15048897]

64. Hernandez-Guillamon M, Delgado P, Penalba A, et al. Plasma beta-amyloid levels in cerebral
amyloid angiopathy-associated hemorrhagic stroke. Neurodegener Dis. 2012; 10:320–3. [PubMed:
22261638]

65. Sun X, Bhadelia R, Liebson E, et al. The relationship between plasma amyloid-beta peptides and
the medial temporal lobe in the homebound elderly. Int J Geriatr Psychiatry. 2011; 26:593–601.
[PubMed: 21480376]

66. Savva GM, Wharton SB, Ince PG, et al. Age, neuropathology, and dementia. N Engl J Med. 2009;
360:2302–9. [PubMed: 19474427]

67. Neuropathology Group of the Medical Research Council Cognitive Function and Ageing
Study(MRCC). Pathological correlates of late-onset dementia in a multicentre, community-based
population in England and Wales. The Lancet. 2001; 357:169–75.

68. Bibl M, Welge V, Schmidt H, et al. Plasma Amyloid-BetaPeptides in Acute Cerebral Ischemia: A
Pilot Study. J Clin Lab Anal. 2012; 26:238–45. [PubMed: 22811355]

69. Cirrito RJ, Yamada AK, Finn MB, et al. Synaptic Activity Regulates Interstitial Fluid Amyloid-B
Levels in vivo. Neuron. 2005; 48:913–22. [PubMed: 16364896]

70. Pomara N, Doraiswamy PM, Willoughby LM, et al. Elevation in plasma Abeta42 in geriatric
depression: a pilot study. Neurochem Res. 2006; 31:341–9. [PubMed: 16583267]

71. Moon YS, Kang SH, No HJ, et al. The correlation of plasma Abeta42 levels, depressive symptoms,
and cognitive function in the Korean elderly. Prog Neuropsychopharmacol Biol Psychiatry. 2011;
35:1603–6. [PubMed: 21640783]

72. Lee JH, Lee KU, Lee DY, et al. Development of the Korean version of the Consortium to Establish
a Registry for Alzheimer’s Disease Assessment Packet (CERAD-K): clinical and
neuropsychological assessment batteries. J Gerontol B Psychol Sci Soc Sci. 2002; 57:47–53.

73. Bae JN, Cho MJ. Development of the Korean version of the Geriatric Depression Scale and its
short form among elderly psychiatric patients. J Psychosom Res. 2004; 57:297–305. [PubMed:
15507257]

74. Mayeux R, Honig LS, Tang MX, et al. Plasma A and A 42 and Alzheimer’s disease, relation to
age, mortality, and risk. Neurol. 2003; 61:1185–90.

75. Qiu WQ, Sun X, Selkoe DJ, et al. Depression is associated with low plasma Abeta42
independently of cardiovascular disease in the homebound elderly. Int J Geriatr Psychiatry. 2007;
22:536–42. [PubMed: 17096467]

Osorio et al. Page 14

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



76. Sun X, Mwamburi DM, Bungay K, et al. Depression, antidepressants, and plasma amyloid beta
(Beta) peptides in those elderly who do not have cardiovascular disease. Biol Psychiatry. 2007;
62:1413–7. [PubMed: 17544381]

77. Sun X, Chiu CC, Liebson E, et al. Depression and plasma amyloid beta peptides in the elderly with
and without the apolipoprotein E4 allele. Alzheimer Dis Assoc Disord. 2009; 23:238–44.
[PubMed: 19812466]

78. Sun X, Steffens DC, Au R, et al. Amyloid-Associated Depression: A Prodromal Depression of
Alzheimer Disease? Arch Gen Psych. 2008; 65:542–50.

79. Radloff LW. The CES-D scale: A self report depression scale for research in the general
population. Applied Psychological Measurement. 1977; 1:385.

80. Kita Y, Baba H, Maeshima H, Nakano Y, Suzuki T, Arai H. Serum amyloid beta protein in young
and elderly depression: a pilot study. Psychogeriatrics. 2009; 9:180–5. [PubMed: 20377819]

81. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry. 1960; 23:56–62.
[PubMed: 14399272]

82. Baba H, Nakano Y, Maeshima H, et al. Metabolism of amyloid-beta protein may be affected in
depression. J Clin Psychiatry. 2012; 73:115–20. [PubMed: 22152118]

83. Metti AL, Cauley JA, Newman AB, et al. Plasma Beta Amyloid Level and Depression in Older
Adults. J Gerontol A Biol Sci Med Sci. 2012; 68:74–9. [PubMed: 22499763]

84. Blasko I, Kemmler G, Jungwirth S, et al. Plasma amyloid beta-42 independently predicts both late-
onset depression and Alzheimer disease. Am J Geriatr Psychiatry. 2010; 18:973–82. [PubMed:
20808106]

85. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression in well older
adults: evaluation of a short form of the CES-D (Center for Epidemiologic Studies Depression
Scale). Am J Prev Med. 1994; 10:77–84. [PubMed: 8037935]

86. Hock C, Golombowski S, Muller-Spahn F, et al. Cerebrospinal fluid levels of amyloid precursor
protein and amyloid beta-peptide in Alzheimer’s disease and major depression - inverse
correlation with dementia severity. Eur Neurol. 1998; 39:111–8. [PubMed: 9520072]

87. Sjogren M, Minthon L, Davidsson P, et al. CSF levels of tau, beta-amyloid(1–42) and GAP-43 in
frontotemporal dementia, other types of dementia and normal aging. J Neural Transm. 2000;
107:563–79. [PubMed: 11072752]

88. Pomara N, Bruno D, Sarreal ASHRT, et al. Cerebrospinal fluid amyloid beta levels are lower and
F2-isoprostanes higher in individuals with major depressive disorder. Am J Psychiat. 2012;
169:523–30. [PubMed: 22764362]

89. Osorio RS, Basireddy S, Sadda R, et al. Metabolism of CSF beta-amyloid 42 is affected by
vascular risk factors, memory and depressive symptoms differently in cognitively normal APOE4
carriers. Alzheimers Dement. 2012; 8(4):268–9.

90. Gudmundsson P, Skoog I, Waern M, et al. The relationship between cerebrospinal fluid
biomarkers and depression in elderly women. Am J Geriatr Psychiatry. 2007; 15:832–8. [PubMed:
17911361]

91. Montgomery SA, Smeyatsky N, de RM, Montgomery DB. Profiles of antidepressant activity with
the Montgomery-Asberg Depression Rating Scale. Acta Psychiatr Scand Suppl. 1985; 320:38–42.
[PubMed: 2931947]

92. Kramberger MG, Jelic V, Kareholt I, et al. Cerebrospinal Fluid Alzheimer Markers in Depressed
Elderly Subjects with and without Alzheimer’s Disease. Dement Geriatr Cogn Dis Extra. 2012;
2:48–56. [PubMed: 22649429]

93. Alexopoulos GS, Abrams RC, Young RC, Shamoian CA. Cornell Scale for depression in
dementia. Biological Psychiatry. 1988; 23:271–84. [PubMed: 3337862]

94. Ye S, Huang Y, Mullendorff K, et al. Apolipoprotein (apo) E4 enhances amyloid beta peptide
production in cultured neuronal cells: apoE structure as a potential therapeutic target. Proc Natl
Acad Sci USA. 2005; 102:18700–5. [PubMed: 16344478]

95. Leoni V. The effect of apolipoprotein E (ApoE) genotype on bio-markers of amyloidogenesis, tau
pathology and neurodegeneration in Alzheimer’s disease. Clin Chem Lab Med. 2011; 49:375–83.
[PubMed: 21388338]

Osorio et al. Page 15

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



96. Holtzman DM, Bales KR, Wu S, et al. Expression of human apolipoprotein E reduces amyloid-
beta deposition in a mouse model of Alzheimer’s disease. J Clin Invest. 1999; 103:R15–R21.
[PubMed: 10079115]

97. Fagan AM, Younkin LH, Morris JC, et al. Differences in the Abeta40/Abeta42 ratio associated
with cerebrospinal fluid lipoproteins as a function of apolipoprotein E genotype. Ann Neurol.
2000; 48:201–10. [PubMed: 10939571]

98. Prince JA, Zetterberg H, Andreasen N, Marcusson J, Blennow K. APOE epsilon4 allele is
associated with reduced cerebrospinal fluid levels of Abeta42. Neurol. 2004; 62:2116–8.

99. Sunderland T, Mirza N, Putnam KT, et al. Cerebrospinal fluid beta-amyloid 1–42 and tau in
control subjects at risk for Alzheimer’s disease: the effect of APOE epsilon4 allele. Biol
Psychiatry. 2004; 56:670–6. [PubMed: 15522251]

100. Shoji M, Kanai M. Cerebrospinal fluid Abeta40 and Abeta42: Natural course and clinical
usefulness. J Alzheimers Dis. 2001; 3:313–21.

101. Kester MI, Blankenstein MA, Bouwman FH, Van Elk EJ, Scheltens P, van der Flier WM. CSF
Biomarkers in Alzheimer’s Disease and Controls: Associations with APOE Genotype are
Modified by Age. J Alzheimers Dis. 2009; 16:601–7. [PubMed: 19276554]

102. Glodzik-Sobanska L, Pirraglia E, Brys M, et al. The effects of normal aging and ApoE genotype
on the levels of CSF biomarkers for Alzheimer’s disease. Neurobiology Aging. 30:672–81.

103. Shaw LM, Vanderstichele H, Knapik-Czajka M, et al. Cerebrospinal fluid biomarker signature in
Alzheimer’s disease neuroimaging initiative subjects. Ann Neurol. 2009; 65:403–13. [PubMed:
19296504]

104. Scott TM, Peter I, Tucker KL, et al. The Nutrition, Aging, and Memory in Elders (NAME) study:
design and methods for a study of micronutrients and cognitive function in a homebound elderly
population. Int J Geriatr Psychiatry. 2006; 21:519–28. [PubMed: 16645938]

105. Visser PJ, Verhey F, Knol DL, et al. Prevalence and prognostic value of CSF markers of
Alzheimer’s disease pathology in patients with subjective cognitive impairment or mild cognitive
impairment in the DESCRIPA study: a prospective cohort study. Lancet Neurol. 2009; 8:619–27.
[PubMed: 19523877]

106. Grimmer T, Riemenschneider M, Forstl H, et al. Beta amyloid in Alzheimer’s disease: increased
deposition in brain is reflected in reduced concentration in cerebrospinal fluid. Biol Psychiatry.
2009; 65:927–34. [PubMed: 19268916]

107. Forsberg A, Engler H, Almkvist O, et al. PET imaging of amyloid deposition in patients with
mild cognitive impairment. Neurobiol Aging. 2008; 29:1456–65. [PubMed: 17499392]

108. Butters MA, Klunk WE, Mathis CA, et al. Imaging Alzheimer pathology in late-life depression
with PET and Pittsburgh Compound-B. Alzheimer Dis Assoc Disord. 2008; 22:261–8. [PubMed:
18580591]

109. Madsen K, Hasselbalch BJ, Frederiksen KS, et al. Lack of association between prior depressive
episodes and cerebral [(11)C]PiB binding. Neurobiol Aging. 2012; 33:2334–42. [PubMed:
22192243]

110. Tsopelas C, Stewart R, Savva GM, et al. Neuropathological correlates of late-life depression in
older people. Br J Psychiatry. 2011; 198:109–14. [PubMed: 21282780]

111. Huang Y, Potter R, Sigurdson W, et al. Effects of age and amyloid deposition on abeta dynamics
in the human central nervous system. Arch Neurol. 2012; 69:51–8. [PubMed: 21911660]

112. Kang JE, Lim MM, Bateman RJ, et al. Amyloid-beta dynamics are regulated by orexin and the
sleep-wake cycle. Science. 2009; 13;326:1005–7.

113. Sloan EP, Flint AJ, Reinish L, Shapiro CM. Circadian rhythms and psychiatric disorders in the
elderly. J Geriatr Psychiatry Neurol. 1996; 9:164–70. [PubMed: 8970008]

114. Souetre E, Salvati E, Belugou JL, et al. Circadian rhythms in depression and recovery: evidence
for blunted amplitude as the main chronobiological abnormality. Psychiatry Res. 1989; 28:263–
78. [PubMed: 2762432]

115. Germain A, Kupfer DJ. Circadian rhythm disturbances in depression. Hum Psychopharmacol.
2008; 23:571–85. [PubMed: 18680211]

Osorio et al. Page 16

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Osorio et al. Page 17

T
ab

le
 1

C
ro

ss
se

ct
io

na
l c

ha
ra

ct
er

is
tic

s 
of

 A
β2

 p
la

sm
a/

se
ru

m
 s

tu
di

es
.

A
ut

ho
r

n=
%

 f
em

al
e

m
ea

n 
ag

e
D

ep
re

ss
io

n 
Sc

al
e

M
ea

n 
Sc

or
e 

of
 A

β4
2

%
 o

f 
A

β4
2 

di
ff

er
en

ce
 b

et
w

ee
n

de
pr

es
se

d 
an

d 
co

nt
ro

ls
A

po
E

4 
st

at
us

B
ab

a,
 2

01
2

60
6

58
.0

%
56

.3
8(

14
.7

)
H

A
M

-D
2.

5 
pg

/m
l

−
15

.4
%

D
if

fe
re

nc
es

 w
er

e 
ob

se
rv

ed
 in

 th
e 

w
ho

le
 s

am
pl

e 
an

d 
in

no
n-

ca
rr

ie
rs

M
et

ti,
 2

01
2

98
8

55
.2

0%
74

C
E

S-
D

33
.9

pg
/m

l
no

 d
if

fe
re

nc
e

N
o 

di
ff

er
en

ce
s 

in
 c

ar
ri

er
s 

or
 n

on
-c

ar
ri

er
s

M
oo

n,
 2

01
1

12
3

26
%

76
G

D
S

18
.9

pg
/m

l
+

1.
71

%
n/

a

B
la

sk
o,

 2
01

0
33

1
56

.5
0%

75
.8

G
D

S
n/

a
n/

a
n/

a

K
ita

, 2
00

9
12

0
57

.5
0%

55
.8

H
A

M
-D

3.
3 

pm
ol

/l*
*

−
2.

1%
n/

a

Su
n,

 2
00

9
10

60
76

%
75

.3
C

E
S-

D
18

.8
 p

g/
m

l*
−

12
.3

%
D

if
fe

re
nc

es
 w

er
e 

ob
se

rv
ed

 o
nl

y 
in

 n
on

-c
ar

ri
er

s

Su
n,

 2
00

8
99

5
61

%
75

.3
C

E
S-

D
18

.7
 p

g/
m

l*
−

13
.5

%
n/

a

Su
n,

 2
00

7
32

4
75

%
75

C
E

S-
D

16
.9

 p
g/

m
l*

−
37

.2
%

n/
a

Q
ia

o 
Q

iu
, 2

00
6

51
5

77
%

75
.7

C
E

S-
D

33
.1

 p
g/

m
l

−
23

.5
%

n/
a

Po
m

ar
a,

 2
00

6
82

69
.5

0%
75

.3
H

A
M

-D
14

.5
1 

pg
/m

l+
+

30
%

n/
a

* m
ed

ia
n 

us
ed

 in
 m

ea
su

re
m

en
ts

;

**
m

ea
su

re
m

en
ts

 f
ro

m
 th

e 
el

de
rl

y 
su

bg
ro

up
,

+
L

L
M

D
 s

ub
je

ct
s 

on
ly

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Osorio et al. Page 18

T
ab

le
 2

C
ro

ss
se

ct
io

na
l c

ha
ra

ct
er

is
tic

s 
of

 A
β2

 C
SF

 s
tu

di
es

.

A
ut

ho
r

n=
%

 f
em

al
e

m
ea

n 
ag

e
D

ep
re

ss
io

n 
Sc

al
e

M
ea

n 
Sc

or
e 

of
 A

be
ta

 4
2

%
 o

f 
A

β4
2 

di
ff

er
en

ce
be

tw
ee

n 
de

pr
es

se
d 

an
d

co
nt

ro
ls

A
po

E
4 

st
at

us

Po
m

ar
a,

 2
01

2
47

46
.5

0%
67

.1
H

A
M

-D
26

9.
5 

pg
/m

L
−

49
.2

%
D

if
fe

re
nc

es
 w

er
e 

st
ill

 s
ig

ni
fi

ca
nt

 w
he

n 
th

e 
A

po
E

4
ca

rr
ie

rs
 w

er
e 

ex
cl

ud
ed

O
so

ri
o,

 2
01

2
11

2
64

%
62

H
A

M
-D

54
4.

1 
ng

/L
n/

a
D

ep
re

ss
iv

e 
sy

m
pt

om
s 

ha
d 

an
 in

ve
rs

e 
co

rr
el

at
io

n 
w

ith
A

β4
2 

bu
t o

nl
y 

in
 A

po
E

4 
no

n-
ca

rr
ie

rs

K
ra

m
be

rg
er

, 2
01

2
18

3
67

%
67

.6
C

SD
D

68
6.

1 
ng

/L
*

+
2.

9%
n/

a

G
ud

m
un

ds
so

n,
 2

00
7

84
10

0%
72

.6
M

A
D

R
S

81
8.

3 
ng

/L
+

18
%

n/
a

H
oc

k,
 1

99
8

45
55

.5
%

69
.3

n/
a

n/
a

n/
a

n/
a

* m
ed

ia
n 

us
ed

 in
 m

ea
su

re
m

en
ts

Curr Pharm Des. Author manuscript; available in PMC 2014 July 22.


