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individuals with major depression with respect to the risk 
of Alzheimer’s disease and that multiple pathological pro-
cesses may be at play.

A potential link between major depression and Alzhei-
mer’s disease involves the role of amyloid beta in the brain. 
Disturbances in amyloid beta may be the earliest sign of 
Alzheimer’s disease (10). There are numerous amyloid 
beta peptide species, with the major isoforms consisting 
of two amino acid peptide fragments: 1–40 and 1–42 ami-
no acid peptides. Amyloid beta peptides are a physiologi-
cal product of the amyloid beta protein precursor through 
beta and gamma secretase cleavage (11). Importantly, 
neuritic plaques, which are widespread in parenchymal 
brain tissue, are one of the neuropathological hallmarks 
of all forms of Alzheimer’s disease (12). Amyloid beta 42 
in particular is known to be deposited early in plaques 
(13) and is believed to be the initial trigger in Alzheimer’s 
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O b je c tiv e :	 Major	 depressive	 disorder	 is	
common	in	the	elderly,	and	symptoms	are	
often	 not	 responsive	 to	 conventional	 an-
tidepressant	 treatment,	 especially	 in	 the	
long	 term .	 Soluble	 oligomeric	 and	 aggre-
gated	forms	of	amyloid	beta	peptides,	es-
pecially	amyloid	beta	42,	impair	neuronal	
and	synaptic	 function.	Amyloid	beta	42	 is	
the	 main	 component	 of	 plaques	 and	 is	
implicated	in	Alzheimer’s	disease.	Amyloid	
beta	 peptides	 also	 induce	 a	 depressive	
state	 in	 rodents	 and	 disrupt	 major	 neu-
rotransm itter	 systems	 linked	 to	 depres-
sion.	The	authors	assessed	whether	major	
depression	was	associated	with	CSF	 levels	
of	 amyloid	 beta,	 tau	 protein,	 and	 F2-iso-
prostanes	 in	 elderly	 individuals	 w ith	 ma-
jor	 depressive	 disorder	 and	 age-matched	
nondepressed	comparison	subjects.

M e tho d : 	CSF	was	obtained	 from 	47	cog-
nitively	 intact	 volunteers	 (major	 depres-
sion	 group,	 N=28;	 comparison	 group,	
N=19)	 and	 analyzed	 for	 levels	 of	 soluble	

amyloid	 beta,	 total	 and	 phosphorylated	
tau	proteins,	and	isoprostanes.

R e su lts : 	Amyloid	beta	42	levels	were	sig-
nificantly	 lower	 in	 the	 major	 depression	
group	 relative	 to	 the	 comparison	 group,	
and	amyloid	beta	40	levels	were	lower	but	
only	 approaching	 statistical	 significance.	
In	contrast,	isoprostane	levels	were	higher	
in	 the	major	depression	group.	No	differ-
ences	 were	 observed	 in	 total	 and	 phos-
phorylated	tau	proteins	across	conditions.	
Antidepressant	 use	 was	 not	 associated	
w ith	differences	in	amyloid	beta	42	levels.

Co n c lu s io n s : 	 Reduction	 in	 CSF	 levels	 of	
amyloid	 beta	 42	 may	 be	 related	 to	 in-
creased	brain	amyloid	beta	plaques	or	de-
creased	 soluble	 amyloid	 beta	 production	
in	 elderly	 individuals	 w ith	 major	 depres-
sion	relative	to	nondepressed	comparison	
subjects.	These	 results	may	have	 implica-
tions	for	our	understanding	of	the	patho-
physiology	 of	 major	 depression	 and	 for	
the	development	of	treatment	strategies.

An association between Alzheimer’s disease and ma-
jor depressive disorder has been reported in some studies, 
suggesting that depression could be considered either a 
risk factor for or a prodromal condition of Alzheimer’s dis-
ease (1–7). In a meta-analysis of studies of depression and 
dementia, Jorm (1) concluded that depressed individuals 
are, on average, nearly twice as likely to develop dementia, 
often in the form of Alzheimer’s disease, compared with 
nondepressed comparison subjects. Similarly, depres-
sion was reported to be significantly associated with a 
higher rate of Alzheimer’s disease in a population-based 
case-control study (2). Multiple studies using a range of 
methods have generally strengthened the notion that ma-
jor depression is a risk factor for Alzheimer’s disease, even 
when it occurs earlier in life (3–7). However, there are ex-
ceptions (e.g., references 8, 9), and the presence of con-
flicting results suggests that there is heterogeneity among 
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technology have revealed increased amyloid beta deposi-
tion in the brain in individuals with depression relative to 
nondepressed comparison subjects (26). In particular, in-
creased brain amyloid beta and tau protein binding were 
observed in currently depressed individuals with major de-
pressive disorder and no mild cognitive impairment, rela-
tive to comparison subjects, in recent PET studies using 
Pittsburgh compound B (27) and [18F]FDDNP (28).

Collectively, these results suggest that amyloid beta-
related neurobiological mechanisms may play a role not 
only in Alzheimer’s disease but also in late-life major de-
pression. However, to our knowledge, the only studies to 
date to investigate CSF markers of Alzheimer’s disease, 
such as amyloid beta and tau proteins, in cognitively intact 
elderly individuals with major depressive disorder exam-
ined women exclusively (24, 25). The purpose of our study 
was to investigate CSF markers of Alzheimer’s disease in 
cognitively intact elderly men and women alike. We pre-
dicted that, in line with previous findings from PET studies, 
those with major depressive disorder, regardless of gender, 
would have lower CSF levels of amyloid beta 42 relative to 
comparison subjects, indicating higher brain amyloid beta 
deposition, as seen in individuals with Alzhei mer’s disease 
and mild cognitive impairment. In contrast, we expected 
no significant differences in CSF levels of amyloid beta 40, 
total tau, or phosphorylated tau across groups, which is 
consistent with results reported previously by Gudmunds-
son et al. (24) and Buerger et al. (29).

In some studies, CSF isoprostane levels, considered to 
be a biomarker of oxidative stress (30), which is character-
istic of inflammation (31), have been associated with CSF 
levels of amyloid beta 42 (32). Both oxidative stress and in-
flammatory mechanisms have also been implicated in de-
pression, and higher plasma isoprostane levels have been 
observed in elderly depressed patients relative to healthy 
comparison subjects (33). Consequently, we also incorpo-
rated a measure of oxidative stress (F2-isoprostanes) as 
part of the present study.

Finally, three neuropsychological tests were adminis-
tered to all participants: the Buschke Selective Remind-
ing Test (34), which measures memory performance; the 
Trail-Making Test, parts A and B (35), which measures at-
tentional and psychomotor performance skills; and the 
category fluency test (36), which measures spontaneous 
verbal generative ability. These tests assess primary cog-
nitive domains and were used to determine whether any 
cognitive differences were observable across groups.

M ethod

Pa rtic ipan ts

This study was approved by the institutional review boards of 
the Nathan Kline Institute for Psychiatric Research and the New 
York University School of Medicine. Participants were volunteers 
who responded to advertisements in local newspapers and flyers 
or were recruited from our currently active Memory Education 
and Research Initiative Program. All participants provided formal 

pathogenesis. CSF amyloid beta 42 is now considered a 
biomarker of Alzheimer’s disease, and its levels appear to 
inversely reflect brain amyloid beta deposition, as dem-
onstrated by in vivo studies using amyloid tracers, such as 
Pittsburgh compound B (14). Consistent with these find-
ings, lower CSF concentrations of amyloid beta 42 have 
been observed in individuals with Alzheimer’s disease and 
mild cognitive impairment relative to comparison sub-
jects (15). Other important CSF biomarkers of Alzheimer’s 
disease are levels of total tau protein, a marker of neuro-
nal degeneration, and levels of hyperphosphorylated tau 
protein, a marker of neurofibrillary tangles. Both total and 
phosphorylated tau protein CSF levels are reported to be 
greater in individuals with Alzheimer’s disease than in 
comparison subjects (16).

Several lines of evidence suggest that amyloid beta dis-
turbances may also be associated with major depressive 
disorder and depressive symptoms. Results from preclini-
cal research, including primate studies, have associated 
various risk factors for depression with increased soluble 
amyloid beta production in the brain and increased amy-
loid plaques; among them are acute and chronic stress, 
glucocorticoid administration, sleep deprivation, and in-
creased levels of corticotropin-releasing factor and corti-
sol secretion (17–19). Furthermore, it has been reported 
that when injected into the cerebral ventricles in rodents, 
amyloid beta 42 induces depression (20). Lastly, several 
researchers have reported plasma amyloid beta 42 dis-
turbances in humans, although the results have been in-
consistent, with some depressed individuals having lower 
(e.g., reference 21) or higher (e.g., reference 22) amyloid 
beta 42 levels than comparison subjects. A major draw-
back of these studies is that plasma concentrations of am-
yloid beta 42 typically are not correlated with CSF or brain 
concentrations and are not considered a reliable marker 
of Alzheimer’s disease pathology (23).

CSF levels of amyloid beta and tau protein have also 
been studied in conjunction with major depression in el-
derly individuals. Gudmundsson et al. (24, 25) compared 
elderly women (exclusively) with major depressive disor-
der with age- and sex-matched comparison subjects with-
out depressive symptoms. Neither group had dementia, 
and the depressed group had higher CSF levels of amyloid 
beta 42 than comparison subjects. The exact significance 
of this finding is unclear but may correspond to increased 
amyloid beta production in the brain, increased amyloid 
beta clearance, or decreased amyloid beta brain deposition 
in individuals with major depression relative to compari-
son subjects with no depressive symptoms. In order to iso-
late the reasons behind increased amyloid beta 42 levels, 
researchers have employed in vivo positron emission to-
mography (PET) technology with ligands, such as Pitts-
burgh compound B to detect amyloid beta and [18F]FDDNP 
(2-(1-{6-[(2-[fluorine-18]fluoroethyl)(methyl)amino]-2-
naphthyl}ethylidene)malononitrile) to detect both amy-
loid beta and tau neurofibrillary tangles. Studies using this 
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Apo lipop ro te in  E  G eno typ ing

We collected 5 ml of whole blood for apolipoprotein E (APOE) 
genotyping. The blood samples were transferred to a cryogenic 
tube and stored at –80°C until genotyping. Genomic DNA sam-
ples were prepared from whole blood. We determined APOE 
genotype using standard methods of polymerase chain reaction 
(PCR)-restriction fragment length polymorphism, with Hhal di-
gestion of an APOE genomic PCR product spanning the polymor-
phic (cysteine-arginine) sites at codons 112 and 158, analyzed us-
ing 12% polyacrylamide gel electrophoresis.

Design  and  A na ly sis

Our objective was to test whether major depressive disorder 
was associated with CSF levels of amyloid beta, tau protein, and 
isoprostanes. First, t and chi-square tests were used to compare 
the major depression and comparison groups with respect to di-
mensions not associated with depression (i.e., MMSE score, years 
of education, body mass index, age, incidence of diabetes, gender, 
APOE status, and reported family history of Alzheimer’s disease). 
Second, since the only previous studies of CSF levels of amyloid 
beta in relationship with major depression (24, 25) examined only 
women, CSF levels of amyloid beta 42 were analyzed with a two-
factor analysis of variance (ANOVA) that crossed major depres-
sion status with gender. Finally, t tests were used to compare the 
two diagnostic groups with respect to all remaining CSF variables. 
All tests were two-tailed, and statistical significance was estab-
lished at an alpha of 0.05. All analyses were conducted using SPSS 
15.0 (SPSS, Inc., Chicago).

P ro cedure

The study was conducted over four visits, generally 1 week 
apart. The first three visits were conducted at the Nathan Kline In-
stitute for Psychiatric Research and the Clinical and Translational 
Science Institute, New York University Langone Medical Center. 
During the first visit, for the purpose of obtaining informed con-
sent, study procedures were explained and participants were 
informed of their rights. Participants’ medical and psychiatric 

consent prior to being examined and were compensated up to 
$450.00. A total of 133 participants completed the baseline evalu-
ation, and 51 of these took part in the optional lumbar puncture 
procedure. Of the 51 participants who had lumbar puncture, 
three were excluded because of evidence in their MRI scans of 
confluent deep or periventricular white matter hyperintensities, 
defined as one or more hyperintense lesions measuring at least 
10 mm in any direction. One individual was excluded because of 
a Mini-Mental State Examination (MMSE) score below 28. Of the 
47 remaining participants, 28 were diagnosed with major depres-
sive disorder by a board-certified psychiatrist based on clinical 
evaluation and the Structured Clinical Interview for DSM-IV Axis 
I Disorders (SCID), leaving 19 comparison subjects. Of the 28 in-
dividuals with major depressive disorder, 21 (75%) had recurrent 
episodes. A Clinical Dementia Rating scale score was compiled 
for 33 participants, and none of these had a score above 0. Table 
1 summarizes the demographic and clinical characteristics of the 
study participants.

Am ylo id  B e ta  and  Tau  P ro te in  D e te rm ina tion

We analyzed CSF levels of amyloid beta 1–40 and 1–42 with 
electrochemiluminescence technology using the MS6000 Human 
Ab Ultra-Sensitive Kit (Meso Scale Discovery, Gaithersburg, Md.). 
We determined the total tau concentration in CSF using a sand-
wich enzyme-linked immunosorbent assay (ELISA) (Innotest 
hTAU-Ag, Innogenetics, Ghent, Belgium) specifically constructed 
to measure all tau isoforms, irrespective of phosphorylation sta-
tus. Tau protein phosphorylated at threonine 181 was measured 
using a sandwich ELISA method (Innotest Phospho-Tau [181P], 
Innogenetics).

Iso p ro stane  D e te rm ina tion

First, CSF samples underwent extraction by use of a C18 car-
tridge and then were purified by thin-layer chromatography. 
Next, F2-isoprostane levels were assayed by a specific and sensi-
tive sandwich ELISA method, previously described by Zhao et al. 
(30).

TA Ble  1 . D em og raph ic  and  C lin ica l Charac te ristic s  o f  Co gn itive ly  in tac t ind iv idua ls  W ith  M a jo r D ep re ssive  D iso rde r and  
A ge -M a tched  Com parison  Sub je c ts

Characteristic
Comparison	Group	

(N=19)
Major	Depression	

Group	(N=28) Analysis

Mean SD Mean SD t df p
Age	(years) 68.1 7.3 66.5 5.4 0.835 45 0.41
Education	(years)a 16.7 2.7 16.5 2.7 0.274 44 0.79
Body	mass	index 28.1 4.7 28.8 6.7 0.378 45 0.71
Hamilton	Depression	Rating	Scale	score 1.2 1.9 14.9 8.8 8.02 45 <0.001
Mini-Mental	State	Examination	score 29.5 0.5 29.8 0.6 1.56 45 0.13
Total	recall	rating 64.4 12.3 64.9 13.9 0.110 45 0.91
Delayed	recall	rating 8.5 2.8 9.5 2.5 1.258 45 0.22
Trail-Making	Test	score
	 Part	A 37.2 12.4 36.0 14.1 0.303 45 0.76
	 Part	B 80.3 31.5 86.1 23.2 0.737 45 0.47
Category	fluency	test 41.7 8.1 40.6 8.2 0.450 45 0.66

N % N % c2 df p
Diabetes 4 21 5 18 0.08 1 0.79
Female 12 63 10 36 2.410 1 0.12
Apolipoprotein	e	level
	 e4 5 26 11 39 0.369 1 0.54
	 e2 6 32 7 25 0.03 1 0.87
Family	history	of	Alzheimer’s	disease 6 32 3 11 3.30 1 0.07
a	Data	for	one	volunteer	were	not	available.
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score, which was significantly higher in the major depres-
sion group (Table 1). Of note, the proportion of partici-
pants with a reported family history of Alzheimer’s disease 
was slightly higher in the comparison group than in the 
major depression group. Although this difference fell short 
of statistical significance, it is still contrary to our hypoth-
esis and thus cannot account for our findings. The results 
from a two-factor ANOVA of amyloid beta 42 levels indi-
cated that there was no interaction between major depres-
sion status and gender. There was a main effect of major 
depression status (F=5.321, df=1, 43, p=0.03), indicating 
that individuals with major depression had lower amyloid 
beta 42 levels than comparison subjects, but there was no 
main effect of gender. Using t tests and excluding gender, 
we confirmed that amyloid beta 42 levels differed signifi-
cantly across conditions (t=2.471, df=45, p=0.02) (Figure 
1), whereas levels of amyloid beta 40 fell short of statis-
tical significance across conditions (Table 2). In contrast, 
total and phosphorylated tau protein levels did not reach 
statistical significance across conditions (Table 2). The dif-
ference in amyloid beta 42 levels was still present (t=2.067, 
df=29, p<0.05) when we excluded all individuals (from 
both groups) with the APOE e4 allele (N=16/47), who typi-
cally have lower CSF levels of amyloid beta 42. Another po-
tential cause of lower levels of amyloid beta 42 is mild cog-
nitive impairment as a result of early Alzheimer’s disease. 
Although we did not specifically diagnose participants for 
mild cognitive impairment, we attempted to address this 
issue by operationally defining mild cognitive impairment 
as a delayed recall score that was 1.5 or more standard de-
viations below the mean score of the entire sample. Three 
participants met this threshold (two in the comparison 
group and one in the major depression group). With these 
three participants excluded, the two-factor ANOVA of 
amyloid beta 42 levels still yielded a main effect of major 
depression status (F=4.170, df=1, 40, p<0.05). Additionally, 
no interaction between major depressive disorder status 
and gender and no main effect of gender were observed 
after excluding these individuals, thus confirming that 
mild cognitive impairment was an unlikely cause for a 
major depression-related effect on amyloid beta 42 levels.

Similarly, other cognitive measures (Trails A and B, cat-
egory fluency test) revealed no differences across groups, 
thus making it less likely that the major depression group 

histories, including family history of Alzheimer’s disease, were 
obtained, and their vital signs were measured. Participants also 
underwent a psychiatric evaluation, and their global cognitive 
status was assessed using the MMSE. When a collateral informant 
was available (N=33), the Clinical Dementia Rating scale was 
also completed. Additionally, the Hamilton Depression Rating 
Scale (HAM-D) was administered to rate the severity of current 
depressive symptoms. Blood was drawn for routine medical test-
ing and APOE genotyping. During the second visit, participants 
underwent an MRI scan of the head to quantify the magnitude of 
vascular brain pathology. During the third visit, they underwent a 
comprehensive neuropsychological assessment, which included 
the Buschke Selective Reminding Test (34), the Trail-Making Test, 
parts A and B (35), and the category fluency test (36). The Buschke 
Selective Reminding Test consists of a list of 16 unrelated nouns, 
presented orally at a rate of 2 seconds each. The subject is asked 
to recall as many words as possible and to indicate when no more 
words can be recalled. Seven presentation and recall trials of the 
same list of nouns are given in immediate succession. The subject 
is asked to recall the entire list on each trial, but after the initial 
presentation, he or she is presented with only those words that 
were not recalled on the trial immediately preceding the current 
trial. Finally, after an interval of 20 minutes, a delayed recall test 
is also given, in which the participant is asked to free recall as 
many words from the list as possible. In Trails A, participants are 
required to draw a series of lines connecting 25 numbered circles 
(after practice with five numbered circles). The time it takes to 
complete the test is taken as the measure of performance. Trails 
B is identical to Trails A except that the circles contain both num-
bers and letters, and an alternating sequence must be followed 
(i.e., 1-A-2-B-3-C). For the category fluency test, participants are 
given a semantic category (e.g., animals) and are asked to pro-
duce as many category words as possible in 60 seconds.

During the fourth visit, a lumbar puncture was performed by 
a neuroradiologist under guided fluoroscopy. Participants were 
asked to fast overnight (12 hours) prior to the procedure, which 
was performed between 9:00 a.m. and 10:00 a.m. A total of 15 ml 
of clear CSF was collected in three polypropylene tubes labeled 
“A” (first 5 ml), “B” (second 5 ml), and “C” (third 5 ml). The tubes 
were immediately placed on ice for a maximum of 1 hour until 
the samples were centrifuged at 4°C (at 1500 rpm) for 10 minutes. 
Then, aliquots of 0.25 ml were placed into 1.00-ml polypropylene 
cryogenic vials and put into Nunc eight-cell storage boxes (Nalge 
Nunc International, Rochester, N.Y.) at –80°C. All amyloid beta 
and tau determinations were performed from tube “C,” whereas 
isoprostanes were determined from tubes “A” and “B.”

re su lts

Aside from major depression status, the two study 
groups did not differ in any relevant clinical or demo-
graphic variable with the exception of the mean HAM-D 

TA Ble  2 . C SF  le ve ls  o f  A m y lo id  Be ta  4 0  and  4 2  and  To ta l and  Pho spho ry la ted  Tau  P ro te in , b y  M a jo r D ep re ssive  D iso rde r 
S ta tu s (p g /m l)

Measure
Comparison	Group	

(N=19)
Major	Depression	Group	

(N=28) Analysis

Mean SD Mean SD t df p
Amyloid	beta	42 335.4 182.7 224.7 125.1 2.471 45 0.02
Amyloid	beta	40 6518.0 2687.0 5146.0 2369.0 1.845 45 0.07
Total	tau	proteina 328.7 151.7 273.0 114.3 1.422 44 0.16
Phosphorylated	tau	protein 51.6 20.9 48.9 25.9 0.371 45 0.71
a	Only	27	individuals	with	major	depressive	disorder	were	included	in	this	comparison,	since	we	were	unable	to	determine	the	value	for	one	

volunteer.
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inversely correlated with F2-isoprostane levels (r=–0.331, 
p=0.04) when both individuals with major depression and 
comparison subjects were considered. This correlation 
was not significant when considering depressed individu-
als only, although this may be a consequence of lower sta-
tistical power.

D iscu ssion

Our results confirm that elderly, cognitively intact indi-
viduals with major depressive disorder have reductions in 
CSF levels of amyloid beta 42 similar to individuals with Al-
zheimer’s disease or mild cognitive impairment. This pat-
tern is typically thought to reflect increased deposition of 
amyloid beta in the brain, consistent with PET results from 
studies using Pittsburgh compound B and [18F]FDDNP 
(26–28). These reductions in amyloid beta 42 levels do not 
appear to be associated with gender (24, 25). Moreover, 
unlike in individuals with Alzheimer’s disease and mild 
cognitive impairment, differences in CSF tau protein levels 
were not observed in individuals with major depression in 
our study. However, the development of tau pathology in 

had more cases of mild cognitive impairment than the 
comparison group.

Importantly, we also observed an inverse correlation 
between amyloid beta 42 levels and HAM-D scores, in 
both the whole sample (r=–0.415, p=0.004) and in the ma-
jor depression group only (r=–0.390, p=0.04), indicating 
that lower levels of amyloid beta 42 were associated with 
greater symptom severity. Fifteen individuals with major 
depression were receiving antidepressant treatment at the 
time of testing, but no differences in amyloid beta 42 lev-
els were observed within the major depression group as a 
function of antidepressant treatment (no antidepressants: 
mean=211.5 [SD=94.3]; antidepressants: mean=236.1 
[SD=149.1]).

After removing three significant outliers, we observed 
that F2 isoprostane levels differed significantly across 
conditions (t=3.818, df=38, p=0.001), with much higher 
levels seen in the major depression group (N=27) than in 
the comparison group (N=13) (Figure 1). These differences 
suggest that increased oxidative stress is associated with 
depression. Additionally, similar to previous reports in 
the literature, we observed that levels of amyloid beta 42 

FiGUre  1 . le ve ls  o f  A m y lo id  Be ta  4 2  and  F2 -isop ro stane s in  C SF  in  Co gn itive ly  in tac t e ld e rly  ind iv idua ls  W ith  M a jo r D ep re s-
s ive  D iso rde r and  A ge -M a tched  Nondep re ssed  Com parison  Sub je c tsa
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a	Between-group	differences	reached	statistical	significance	for	amyloid	beta	levels	(p=0.02;	Cohens’	d=0.73)	and	isoprostane	levels	(p=0.001;	
Cohens	d=0.89).	Error	bars	represent	standard	errors	of	the	mean.
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reactive oxygen species-induced lipid peroxidation and 
serve as biomarkers of oxidative stress (30), which has 
been associated with depression (33). Importantly, the 
amyloid beta 42 level was found to be inversely correlated 
with F2-isoprostane levels, suggesting that more oxidative 
stress was present when levels of amyloid beta 42 were 
lower. Moreover, we also observed that lower amyloid beta 
42 levels were associated with more depressive symptoms. 
Collectively, these findings are consistent with a large 
body of preclinical and clinical data suggesting that high-
er brain amyloid beta deposits have deleterious effects 
on brain structure and function. In particular, since the 
severity of depressive symptoms is linked with lower CSF 
levels of amyloid beta 42, neuronal and synaptic disrup-
tion may be particularly relevant in areas associated with 
mood regulation, such as the medial prefrontal cortex and 
medial temporal lobe structures, including the amygdala. 
These regions are part of the default mode network, which 
has been shown to be a premier site of the distribution of 
amyloid beta plaques (39).

Fifteen participants in our major depression group 
were receiving treatment with antidepressant medication 
at the time of testing, but we observed no within-group 
difference as a function of antidepressant treatment. Col-
lectively, our findings suggest that conventional antide-
pressant therapy may not be effective in correcting brain 
amyloid beta disturbances. This inefficacy is not surpris-
ing because all currently available antidepressants appear 
to target solely the monoaminergic system and related 
receptors (40). However, a large number of individuals 
do not respond to monoamine-based antidepressants or 
their combinations, and those who do often relapse, even 
while complying with the therapeutic regimen. Conse-
quently, there is a clear need for the identification of novel 
molecular candidate mechanisms that may underlie the 
pathogenesis of depression, with the aim of improving 
current therapeutic approaches to the treatment of major 
depression. The relationship between major depression 
and Alzheimer’s disease biomarkers, as described in this 
study, suggests a common pathological process that, while 
not necessarily causative, may play a significant role in the 
development of both disorders.

Future research should consider whether our results 
might extend to a younger population (under age 60) or 
to individuals suffering from acute depression, rather than 
chronic depression as in our study. Moreover, a longitu-
dinal study is warranted to explore how (or whether) CSF 
levels of amyloid beta 42 might change over time in indi-
viduals with major depressive disorder and whether the 
changes are associated with the emergence of progressive 
cognitive decline or brain structural and functional ab-
normalities.

Presen ted  as a  po ste r a t the  51 st annual m eeting  o f the  New  Re -
search  A pproaches fo r M enta l Health  In te rven tions, Boca  Raton , F la ., 
June  2011 , and  the  A lzhe im er’s A ssocia tion  In te rnational Con fe rence  

Alzheimer’s disease is known to be a downstream phenom-
enon relative to amyloid beta deposition. Thus, longitudi-
nal studies are needed to determine whether cognitively 
intact individuals with major depression might eventually 
develop increased tau levels, which would be expected in 
those with prodromal Alzheimer’s disease.

Our results are in contrast with the only previous study 
that examined CSF levels of amyloid beta 42 in individuals 
with major depression and comparison subjects (24). The 
authors of the previous study reported that CSF levels of 
amyloid beta 42 were higher in 11 elderly women with ma-
jor depressive disorder and no dementia compared with 65 
age-matched, cognitively intact healthy comparison sub-
jects. Although we cannot explain this discrepancy with 
certainty, one possibility is that there was a difference in 
the type of depressed individuals included. The depressed 
volunteers included in our study were mostly individuals 
with recurrent/chronic symptoms (75%), whereas no ex-
act information on this characteristic was provided in the 
previous study (24). Thus, it is possible that a majority of 
the 11 depressed patients in the previous study represent-
ed acute cases, which is not uncommon in a population-
based study. These cases could have involved elevations in 
CSF levels of soluble amyloid beta 42 prior to the forma-
tion of senile plaques, after which decreased efflux from 
brain interstitial fluid and a reduction in amyloid beta 42 
levels would be observed.

In addition to a decrease in amyloid beta 42 levels 
across groups, we also observed a similar effect in levels of 
amyloid beta 40 that approached statistical significance. 
Although the interpretation of this finding requires cau-
tion, unlike amyloid beta 42, amyloid beta 40 is known to 
be preferentially deposited in vessel walls. Thus, it is pos-
sible that a reduction in CSF levels of amyloid beta 40 may 
reflect increased deposition of this peptide in the cerebral 
blood vessels of individuals with major depression rela-
tive to nondepressed comparison subjects. If confirmed, 
this finding could have implications for our understand-
ing of neurobiological factors that may contribute to the 
well-documented association between depression and 
cerebrovascular disease (37).

A decrease in CSF levels of amyloid beta 42 (and amy-
loid beta 40) not accompanied by concomitant increases 
in total and phosphorylated tau protein levels, as occurs 
in Alzheimer’s disease, might also indicate decreased pro-
duction of amyloid beta, not just increased deposition. 
Although the physiological function of amyloid beta is 
unknown, reports indicate that lower production of this 
peptide may be associated with lower neuronal and syn-
aptic activity (38). Therefore, the observation of lower CSF 
levels of amyloid beta 42 in major depression might reflect 
decreased brain activity in depressed individuals relative 
to nondepressed comparison subjects.

We observed that individuals with depression also had 
indications of increased oxidative stress, as measured by 
levels of F2-isoprostanes. Isoprostanes are a product of 
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