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In the United States and worldwide,
the group of people 65 years and older
is the most rapidly growing popula-
tion. By the year 2030, this older pop-
ulation is projected to be more than
twice as large as it was in 2000, grow-
ing to 72 million in the United States
(974 million worldwide) and compris-
ing almost 20% of the total U.S. popu-
lation.1 The group of individuals 85
years and older is expected to expand
especially rapidly until and after 2030
as the Baby Boomer generation ages.1

With the increase in this population,

the late-life health issues of depres-
sion and dementia will increase, call-
ing for improved diagnostic and treat-
ment approaches and a more complete
understanding of the relationship be-
tween these disorders. Steven P.
Roose, M.D., gathered experts in the
fields of dementia and depression to
discuss and address these issues. Their
presentations offer insight into the
complex relationship between cogni-
tive impairment and depression and
provide strategies that address these
conditions.

Richard Mayeux, M.D., M.Sc.,
stated that insights into genetic vari-
ants associated with Alzheimer’s dis-
ease (AD) have led to the development
of animal models of AD and have
identified pathways with multiple tar-
gets primed for the development of
treatments.

Gene Variants Involved in AD
Dr. Mayeux explained that the gene

variants amyloid precursor protein
(APP), presenilin, apolipoprotein E
(APOE), and SORL1 have been known
to cause AD or susceptibility to it. All
of these genes affect either the produc-
tion or the processing of Aβ, which is
the key to therapy. The protein tau
is also involved in the processing of
amyloid-β (Aβ), a relationship that has
also been associated with AD.

APP and presenilin. The APP gene
and presenilin 1 (PS1) and presenilin 2
(PS2) genes are mutations occurring in
an autosomal dominant fashion that
cause the disease to occur at very early
ages, between 30 and 70 years. People

with these mutations invariably de-
velop the disease.

APP is a ubiquitous transmembrane
protein, which generally undergoes
proteolytic cleavage by α-secretase
enzymes, forming a soluble APP α-
secretase protein (APPsα), which is re-
cycled and excreted.2 A small portion
of the APPsα (about 5%) undergoes
proteolytic cleavage by β-secretase,
forming the APP β-secretase protein
(APPsβ), which is insoluble. APPsβ
goes on to form Aβ, which is normally
transported out of the cell and extra-
cellular space. SORL1 sorts APP into
the recycling pathways, but if someone
has less SORL1, APP is directed into
the β-secretase cleavage pathway, in-
creasing APPsβ production, then ulti-
mately to the γ-secretase pathway to
generate Aβ. Any mutation in APP,
presenilin 1, or presenilin 2 affects
the γ-secretase pathway, increasing
the amount of Aβ. Amyloid-β is then
converted to an oligomer, which may
account for neuronal cell death and
many of the cognitive and behavioral
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abnormalities seen in AD.3 Dr. Mayeux
explained that senile plaques, or ac-
cumulations of Aβ deposits, do not
necessarily correlate directly with cog-
nitive and behavioral abnormalities
during life but rather indicate a sec-
ondary toxic process that changes the
protein formation or structure.3,4

APOE. The APOE gene provides
instruction for forming the protein
apolipoprotein E (ApoE), and 3 dif-
ferent alleles of APOE (APOE*E2,
APOE*E3, and APOE*E4) encode
the 3 slightly different forms of ApoE
(E2, E3, and E4). Of the 3 APOE al-
leles, APOE*E4 normally occurs in
about 25% of the population and in-
creases a person’s risk for AD.5 Inher-
iting 1 copy of APOE*E4 increases the
risk for AD about 2-fold, but inheriting
2 copies increases the risk 5- to 6-fold.

ApoE is required for neuronal main-
tenance and repair and is upregulated
in trauma, stroke, and oxidative stress.
ApoE3 and ApoE2 effectively main-
tain and repair neuronal cells, but
ApoE4 may be responsible for the
negative effects that ApoE has on the
central nervous system, including ex-
cess Aβ. Amyloid-β42 is a fibrillar
form of Aβ and constitutes the basis of
amyloid plaque. Dr. Mayeux noted that
ApoE may also cause proteolysis and
translocation of ApoE4 fragments in
the cytosol, which is also toxic to nerve
cells.

SORL1. The SORL1 gene, which
occurs in both the familial and spo-
radic forms (like APOE), may lead to
the late-onset form of AD.2 SORL1 also
affects the APP processing step. Nor-
mally, SORL1 acts as a switch that de-
termines whether APP goes into the
Golgi secretory pathway for the recy-
cling endosome process or into the
late-stage endosomal pathways to form
APPsβ, which goes on to create Aβ.
People with the haplotype that is asso-
ciated with AD make less SORL1,
which interferes with the recycling step
and causes a shift in which more of the
β-secretase is created and subsequently
the Aβ formation occurs. Dr. Mayeux
suggested that this may be how SORL1
affects AD risk.2

Tau. The protein tau forms the
basis for neurofibrillary tangles, which
occur secondary to generation of Aβ
and may be diagnostic of AD.6 Be-
cause tau protein holds together the
microtubule system within the syn-
apses, the phosphorylation of tau by
an increase in Aβ destabilizes the mi-
crotubules. This impairs axonal trans-
port and leads to a cycle of neuronal
cell death, causing paired helical fil-
aments called neurofibrillary tangles,
which also increases neuronal cell
death. Although neurofibrillary tan-
gles are common in AD, mutations
in the tau protein actually lead to fron-
totemporal dementia, not AD.3 Aβ-
and tau-mutant mice, which reflect
both the senile plaques and the neuro-
fibrillary tangles found in AD, show
not only the pathology similar to
human Alzheimer’s patients but also
learning problems and sub-behavioral
problems, which provides an opportu-
nity for researching how to treat this
condition.

Therapeutic Strategies for AD
Dr. Mayeux stressed that improved

treatment strategies for AD would
have an important public health im-
pact. In fact, one study7 found that if
an intervention could delay the onset
of AD by 2 years, almost 2 million
fewer cases would appear in the United
States over the next 50 years. Even
delaying the onset by 6 months could
produce a remarkable reduction in the
number of cases over the next 10 to 50
years.

APP processing. APP processing
may be involved in creating 2 poten-
tial therapeutic targets for AD,
amyloidogenic (producing Aβ, which
is neurotoxic but degrades into in-
active fragments) or nonamyloido-
genic (producing soluble APPsα,
which may be protective).8 Dr.
Mayeux explained that the APP pro-
cesses may offer opportunities for
therapeutic intervention.

β-Secretase inhibition. The inac-
tivation of β-secretase (BACE1) may
successfully reduce amyloid produc-
tion, lowering the neurogenerative and

behavioral deficits in APP transgenic
mice.9 Lentiviral vectors expressing
silencing RNAs (siRNAs), which tar-
get BACE1, decrease Aβ and improve
behavior. However, Dominguez et al.10

found some problems with BACE1-
knockout mice, which may challenge
the safety of BACE1 inhibitors. For
example, BACE1-knockout mice
made almost no Aβ in neurons, but
Aβ generation was not blocked in
glia, and the number of glia in the
brain was greater than the number of
neurons. These mice also showed early
mortality and small body size com-
pared with their littermate controls.
The surviving BACE1-knockout mice
were treated with a siRNA, which did,
in fact, decrease the amount of Aβ
produced and improve behavior.
BACE inhibitors are currently under
development.11

γ-Secretase regulation. Another
potential site of therapeutic interven-
tion is γ-secretase, which is an impor-
tant site for APP processing where the
presenilins act in collaboration with
other integral membrane proteins,
nicastrin, Aph-1, and Pen-2.12 Allos-
teric regulation of γ-secretase could
selectively inhibit or modulate APP
processing without interfering with
Notch signaling, which could subse-
quently decrease the production of Aβ.
Dr. Mayeux stressed that presenilin
is required for the amyloid intracellu-
lar domain and for the processing of
Notch; interfering with it entirely is
harmful, and presenilin-knockout mice
often die. Those mice that survive
often have lymphocytic problems and
intestinal damage. However, the drug
flurbiprofen, a nonsteroidal anti-
inflammatory agent, has been shown
to alter the proteolytic cleavage of
γ-secretase and decrease the amount
of Aβ.13 Flurbiprofen and its racemic
form, r-flurbiprofen, have decreased
the amount of Aβ in the brain in both
human14 and animal trials.13

α-Secretase activation. One alter-
native to β-secretase and γ-secretase
inhibitors is α-secretase activation,
which would prevent the release of the
insoluble Aβ and would increase the
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secretion of soluble APP. Existing
drugs such as muscarinic agonists, the
hormones estrogen and testosterone,
statins, and protein kinase C activators
activate the α-secretase pathway and
may be a safer treatment for AD than
some of the currently approved AD
medications.15,16

The Aβ monomer may be a safe
component, but toxicity occurs as it
goes on to form oligomers, fibrils, dif-
fused plaques, and plaques. Enzymes
such as neprilysin,17 insulin-degrading
enzyme,18 endothelin-converting en-
zyme,17 and plasmin19 have also been
shown to interfere with some of these
steps in the processing of Aβ, which
is a positive step toward the treatment
of AD.

Immunization. The mechanism of
action behind the effects of Aβ immu-
nization seems to be that Aβ antibod-
ies activate microglial cells that clear
Aβ.20 Research20–22 has demonstrated
that Aβ can be rapidly processed from
the brain to plasma, inhibiting the
fibril formation and the cytotoxicity
of nerve cells. One immunologic
therapy for AD is an active synthetic
form of Aβ. A review23 of immuno-
logic clinical trials reported that 6%
of the patients who received this ac-
tive vaccination developed meningo-
encephalitis. In some, it was fatal and
led to halting the trial. A postmortem
investigation of these patients found
virtually no plaques; tangles were still
present, but there was a slower rate of
cognitive decline and some evidence
of Aβ elimination. A passive vaccine,
in which antibodies against Aβ42 are
infused into patients, has been devel-
oped in response to the problems asso-
ciated with the active vaccine.23

Lithium. Lithium has been discov-
ered to be a potent inhibitor of gly-
cogen synthase kinase (GSK), which
is a major tau kinase. Preliminary stud-
ies24,25 have shown that lithium and
other available GSK-inhibitors may
decrease the amount of tau in the
brainstem. Dr. Mayeux noted that
studies are underway to determine
whether these agents could advance
the area of treatment for AD.

Conclusion
Dr. Mayeux added that not all of

the genes potentially involved in AD
have been identified. A host of other
genes identified in families have
shown an involvement in the process-
ing of Aβ, and some candidate genes
that have been identified in case-
control studies may also provide in-
formation about potential targets or
pathways that are important in the
treatment of AD.26

Dr. Mayeux concluded that the
clinical applications of genetics to the
treatment of AD are critical. One ad-
vantage to the study of genetics is that
it homogenizes the disease, allowing
clinicians to treat people with a com-
mon set of genes such as APOE or
presenilin. Genetic knowledge would
also allow clinicians to engage in ei-
ther primary or secondary prevention
and make risk-benefit assessments. A
problem with genetic testing for late-
onset diseases is that it will invariably
involve genetic counseling and the
ethical responsibility of stored DNA
for the offspring of patients with AD.
Nevertheless, the promise of genetic
study is the prevention of these types
of diseases in the future.

broader clinical goal—to help patients
live longer and maintain brain health.

Depression increases the risk for
mild cognitive impairment (MCI)27

and dementia28 and can predict future
cognitive decline in patients already
experiencing a cognitive impairment.29

The progression of cognitive symp-
toms leading up to an AD diagnosis is
often accompanied by changes in be-
havior,30 including social withdrawal,
depression, paranoia, and anxiety. Af-
ter the diagnosis of AD, depression
continues to be a psychopathologic
feature, in addition to aggression, agi-
tation, wandering, and delusions.31

These observations suggest that some
late-life mood symptoms are an initial
presentation of a neurodegenerative
process.

Neurodegeneration
In addition to mood changes, there

are multiple other possible causes of
and contributing factors to the neuro-
degeneration inherent in dementia.
Dr. Small hypothesized that neuro-
transmitter deficits could be a possible
cause because a decline occurs in cho-
linergic and other neuronal systems in
AD and even with normal aging. In
general, nerve transmission is reduced
with aging, and a decline in brain cir-
culation takes place. Age-related med-
ical illnesses such as diabetes and
hypertension can affect cognition as
well, and neuroinflammation is also
thought to be involved in neurodegen-
eration. Finally, abnormal brain pro-
tein deposits—amyloid plaques and
tau neurofibrillary tangles—are a hall-
mark of AD, the main form of neuro-
degeneration in old age. These protein
deposits build up even in normal ag-
ing, but they are considered central to
the development of AD.

Neuroanatomy of Dementia
and Depression

Positron emission tomography
(PET) scans of glucose metabolism,
which reflects synaptic activity, reveal
consistent patterns of neuronal activity
deficits specific to various types of
illness.32 Human behavior, including

The Biology of Depression
and Dementia

Depression and dementia can be dif-
ficult to differentiate in older people.
Because the occurrences of both de-
mentia and the cognitive symptoms as-
sociated with depression increase with
age, patients often present with com-
bined symptoms. Cognitive symptoms
may be missed when mood symptoms
are prominent at the initial presenta-
tion, and mood symptoms may be over-
looked if cognitive symptoms are the
chief complaint. Gary W. Small, M.D.,
said that depression and dementia
share some underlying biological de-
terminants and clinical correlates and
that it is important to understand the
biology of these conditions and their
correlation to provide more effective
interventions and work toward the
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executive dysfunction, disinhibition,
and apathy, is regulated by the frontal-
subcortical circuits in the brain; differ-
ent disorders can cause dysfunction in
the cortical area, the subcortical area,
or both.33 While AD and frontotempo-
ral dementia are seen as causing corti-
cal dysfunction, vascular dementia and
depression are seen as causing both
subcortical and cortical dysfunction.

Depression has been observed in
patients with lesions in the frontal cor-
tex and caudate nucleus, and reduced
frontal and dorsolateral prefrontal me-
tabolism has been found in depressed
patients with a variety of neurodegen-
erative diseases, including Alzhei-
mer’s, Parkinson’s, and Huntington’s
diseases.33 Depression may also follow
dorsolateral prefrontal as well as basal
ganglia strokes.

Hippocampal Atrophy
Dr. Small reported that medial

temporal atrophy, particularly involv-
ing the hippocampus, is associated
with impaired memory function.34 The
rate of volume loss in the medial tem-
poral regions often predicts future cog-
nitive decline. Annual volume loss in
the entorhinal cortex, the main neocor-
tical input to the hippocampus that is
responsible for the familiarity of input
signals, is significantly greater in early
AD compared with normal aging.34

Hippocampal volume is similarly
reduced in patients with depression.35,36

A study37 of 38 women with recurrent
depression in remission found a sig-
nificant (p = .0006) inverse correlation
between total hippocampal volume
and days of untreated depression. The
degree of atrophy is positively corre-
lated with recurrence and longer du-
ration of depression,35,36 and volume
changes may persist after remission
of depression.36

Amyloid Plaques and
Neurofibrillary Tangles

Although the accumulation of amy-
loid plaques and neurofibrillary tangles
is characteristic of normal aging, their
increased deposition is the neuropatho-
logic evidence of AD. In patients with
AD, there is a high density of plaques
and a few tangles in the lateral tempo-
ral region; in the medial temporal re-
gion, there are a few plaques and a
high density of tangles.38

A recent study39 examined the
role of major depressive disorder in
AD pathology. Patients with AD and a
lifetime history of major depressive
disorder (MDD) had higher levels of
hippocampal neuritic plaques and neu-
rofibrillary tangles than patients with
AD without a history of MDD (Figure
1). These results suggest that plaque
and tangle deposition may not only
relate to cognitive symptoms but also
to depressive symptoms.

Physical Exercise and Stress
in Dementia and Depression

Physical exercise can affect mood
and the risk for dementia.40 Exercise
increases endorphins, the body’s natu-
ral antidepressants, thereby improving
mood, at least in the short term. Car-
diovascular fitness is associated with
greater parietal, temporal, and frontal
cortical tissue,41 and physically active
adults have a lower risk for AD than
inactive ones.40

Life stressors may lead to depres-
sion or anxiety and are associated with
impaired memory and concentration,
explained Dr. Small. Laboratory ani-
mal studies42 show that chronic stress

actually leads to adverse effects in the
hippocampus—including disruption of
synaptic plasticity, atrophy of dendritic
processes, and compromise of neuro-
nal survival of coincident insults—and
consequently, impaired memory. In
humans, the injection of the stress hor-
mone cortisol impairs memory in oth-
erwise healthy individuals.43

Genetic factors, specifically the
serotonin transporter gene (5-HTT),
affect the influence of stress on de-
pression.44 The 5-HTT gene has 2 alle-
les or forms—a short allele and a long
allele. People with 1 or 2 copies of the
short allele have a higher risk for de-
pression and suicidality in the face of
stressful life events than people with 2
copies of the long allele.44

Conclusion
Dr. Small ended by emphasizing

that depression and dementia overlap
clinically and in their underlying neu-
ropathology and consequent neuro-
degeneration. Treatments developed
for each condition have both cognitive
and mood effects, and treatment of de-
pression may prevent neurodegenera-
tion and even enhance neurogenesis.45

Further research elucidating the under-
lying biology is necessary to develop
more effective treatments for both
conditions.

aReprinted with permission from Rapp et
al.39 Abbreviation: CERAD = Consortium
to Establish a Registry for Alzheimer’s
Disease.

Figure 1. History of Major Depressive
Disorder and Alzheimer’s Disease
Pathologya
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The Role of Vascular Disease
in Late-Life Depression and
Dementia

K. Ranga R. Krishnan, M.D., dis-
cussed the role of vascular disease in
leading to depression and cognitive
impairment and dementia in later life.
The geriatric population are at in-
creased risk for hyperintensity, or le-
sions, in the brain’s white and gray
matter, or what Dr. Krishnan called
silent strokes. When these strokes
occur in certain critical regions of the
brain, depression can result, as well as
an increased possibility for the devel-
opment of memory problems and de-
mentia over time.



ACADEMIC HIGHLIGHTS

1605J Clin Psychiatry 68:10, October 2007

Vascular Disease and Depression
Vascular depression is associated

with ischemic changes in the subcorti-
cal region of the brain, such that vascu-
lar depression may be more accurately
named subcortical ischemic vascular
depression (SIVD).46 One study47 de-
veloped a statistical parametric map of
brain lesions in subjects with depres-
sion and nondepressed controls. After
subtracting the lesions common to sub-
jects without depression, researchers
found that lesions in the medial orbital
prefrontal cortex were associated with
the occurrence of depression. Re-
searchers also performed tests to de-
termine if lesion location was associ-
ated with depression severity as rated
by the 17-item Hamilton Rating Scale
for Depression (HAM-D). A correla-
tion was found between severity of de-
pression and lesions in the medial or-
bital region of the brain. Lesions in the
basal ganglia are also associated with
SIVD.48 The Cardiovascular Health
Study,49 which examined approxi-
mately 3660 people from 4 communi-
ties, found that people aged 65 years or
older who had more large cortical
white-matter lesions, small lesions in
the basal ganglia, or more severe sub-
cortical white-matter lesions were at
higher risk of developing depressive
symptoms.48

SIVD differs from other forms of
depression46; patients with SIVD are
typically older and experience a later
onset of depressive symptoms, have
less family history of mental illness,
and have an increased incidence of risk
factors for stroke, such as high blood
pressure and diabetes, than other de-
pressed patients. Patients with SIVD
also experience more fatigue, retarda-
tion, memory problems, and functional
impairment and tend toward less agita-
tion and less loss of libido.

Impact of the progression of vas-
cular disease on depression outcomes.
Dr. Krishnan explained that vascular
disease is generally progressive. One
study50 using magnetic resonance im-
aging (MRI) found a mean increase of
26.7% in white matter hyperintensity
(WMH) volume at 2-year follow-up

compared with baseline. The progres-
sion of vascular disease has a negative
impact on the outcome of late-life de-
pression. A 2-year study51 of 133 pa-
tients with MDD and a mean age of
68.6 years measured response to anti-
depressant treatment as either “good”
or “poor.” The group with a good out-
come had an 11.5% increase in WMH
volume, while the group with a poor
outcome experienced a WMH volume
increase of 31.6% (p = .01). Change
in WMH volume was found to be the
factor most significantly associated
with a poor outcome for depression
during the course of the study (p = .04).
In other words, according to Dr.
Krishnan, the more the vascular dis-
ease progresses, the less likely it is that
a patient will achieve or maintain re-
mission from depression.

Treatments for vascular depres-
sion. Antidepressants can be used to
treat SIVD. However, since progres-
sion of vascular disease is associated
with a worse outcome for depression, a
treatment that could modify the vascu-
lar disease might increase the likeli-
hood of remission from depression.

One type of treatment that has been
used for cerebrovascular disease is cal-
cium channel blockers. Dr. Krishnan
described a controlled, double-blind
trial of nimodipine,52 an L-type cal-
cium antagonist, in which all patients
(N = 84) were also treated with stan-
dard doses of an antidepressant. More
patients receiving nimodipine plus
an antidepressant achieved remission
than those who received the inactive
comparator (vitamin C) plus an anti-
depressant (45% vs. 25%, respec-
tively), according to HAM-D scores.
Among patients whose HAM-D scores
dropped by 50% within the first 60
days, 7.4% of those taking antidepres-
sants augmented with nimodipine had
a recurrence versus 32% taking an an-
tidepressant plus vitamin C. Similar
results were found in another study by
the same researchers,53 in which all pa-
tients (N = 101) took fluoxetine plus
either nimodipine or placebo.

Mlekusch and colleagues,54 noting
that people with vascular depression

often have carotid atherosclerosis, at-
tempted to determine if treating the
atherosclerosis with placement of a ca-
rotid artery stent (CAS) would improve
depressive symptoms. Prior to under-
going CAS, 33.6% of the test group
had depressive symptoms. At 4-week
follow-up after CAS, 9.8% of the test
group had depressive symptoms
(p = .003). The prevalence of depres-
sive symptoms in the control group
was not significantly affected (16.7%
at baseline vs. 13.0% at follow-up).

Vascular Disease and Dementia
Vascular disease is also connected

to cognitive deficits, memory prob-
lems, and the development of de-
mentia. According to Steffens et al.,55

silent strokes in the subcortical gray
matter of the brain were associated
with subsequent dementia. Vascular
change can produce cognitive impair-
ment and dementia through a variety
of pathologies,56 including a narrow-
ing of the blood vessels, strokes, spe-
cific genetic malformations, or altered
white-matter connectivity. Vascular
dementia is the second most common
form of dementia in the elderly, rep-
resenting 15% to 20% of all cases
worldwide.

Treatments for vascular disease
and dementia. Because hypertension
is a risk factor for vascular dementia in
the elderly, researchers have wondered
whether treating patients for hyper-
tension would reduce the incidence of
dementia. However, a meta-analysis57

combining the results of 3 trials with
over 12,000 patients found no evidence
that treatment for hypertension lowers
the incidence of cognitive impairment
or dementia. More trials are needed
because, in the available studies, drop-
out rates were high and control partic-
ipants were also taking antihyperten-
sive medication.

Aspirin is commonly prescribed as
a treatment for vascular dementia.58 Dr.
Krishnan stated that, despite its wide-
spread use, there is no conclusive
evidence supporting aspirin as an ef-
fective treatment for cognitive impair-
ment or dementia caused by vascular
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disease.58,59 Another commonly used
treatment is folic acid, a B-complex
vitamin, but, as with aspirin, trials have
not demonstrated a significant benefi-
cial effect on cognition in patients with
vascular dementia.60

Nimodipine has also been consid-
ered as a possible treatment for vascu-
lar dementia. A review61 found short-
term cognitive benefits of nimodipine,
but no benefits in activities of daily
living, in patients with different forms
of dementia (AD, vascular, or both);
long-term study is needed.

The cholinesterase inhibitor done-
pezil62 was researched in patients with
dementia due to AD for up to 1 year
and was associated with improvements
in cognition and activities of daily liv-
ing. A similar drug, galantamine,63 was
studied in patients with vascular cog-
nitive impairment, but the 2 available
trials had inconsistent results. One trial
showed a significant advantage over

Course and Treatment of Patients With MCI

placebo on cognitive measures, and
one trial did not.

Memantine, a low-affinity antago-
nist of glutamate N-methyl-D-aspartate
receptors, has also been studied in de-
mentia. A review summarized results
from trials in AD, vascular, or mixed
dementia.64 The small beneficial effect
on cognition at 6 months was more
apparent in patients with moderate-to-
severe dementia than mild-to-moderate
dementia.

Summary
Dr. Krishnan concluded that vascu-

lar disease is common as people age,
and it is linked to depression, cognitive
dysfunction, and their prognosis. El-
derly patients with depression or de-
mentia need vascular assessments and
treatment. Specific treatments for de-
mentia should be used, even when it
seems that the dementia may be pri-
marily vascular.

Memory loss is the most common
neurologic symptom of aging. This
MCI is believed to often represent a
transitional stage between normal cog-
nition and AD.65 Davangere Devanand,
M.D., explained that an older person
will generally go through the stage of
MCI before a diagnosis of AD is made,
but all patients with MCI do not
progress to AD or other forms of
dementia.

Although MCI is a controversial
topic with numerous definitions, the
basic diagnostic criteria of MCI in-
clude memory complaints with objec-
tive cognitive deficits but without
significant functional deficits that are
consistent with AD or other demen-
tia.65 Objective cognitive deficits are
rated by neuropsychological test scores
1.5 SD below age-adjusted norms.

Risk Factors and
Early Markers of AD

Dr. Devanand related that many cli-
nicians have difficulty estimating the
prognosis for patients with MCI, espe-

cially in those who have relatively
high scores on the Mini-Mental State
Examination (MMSE). Accurate early
diagnosis and knowledge of the prog-
nosis may help with life planning and
early treatment. Currently, researchers
are trying to predict conversion from
MCI to AD by examining risk factors
and early markers. Risk factors include
age and genetic factors. Early markers
reflect part of the disease process and
may help predict conversion to AD.
These early markers include declining
memory and executive function as
measured by neuropsychological tests,
functional impairment as reported by
a caregiver, olfactory identification
deficits, hippocampal and entorhinal
atrophy as shown on MRI, parieto-
temporal blood flow and metabolism
deficits as shown on single photon
emission computed tomography
(SPECT) or PET, presence of amyloid
in amyloid-imaging PET scans, and
abnormal concentrations of Aβ, tau,
and phosphorylated tau in cerebrospi-
nal fluid.

Predicting Conversion
From MCI to AD

Although no individual risk factor
or early marker has been shown to be
strong enough to be the sole predictor
of conversion from MCI to AD, Dr.
Devanand asserted that combining
markers may improve predictive if fea-
sible accuracy.

Neuropsychological measures.
Tabert and colleagues66 attempted to
identify the neuropsychological mea-
sures most predictive of conversion to
AD. Over an average follow-up of 47
months, 40 of the patients with MCI
had converted to dementia, with 39 of
these patients having a clinical diag-
nosis of AD. Of the neuropsychologi-
cal predictors examined, deficits in
verbal recall examined by the Selec-
tive Reminding Test (SRT) and execu-
tive function deficits examined by the
Wechsler Adult Intelligence Scale-
Revised (WAIS-R) Digit Symbol Test
best identified those patients likely to
convert to AD. However, overlap be-
tween nonconverters and converters on
these tests indicated that neuropsycho-
logical tests alone were not sufficient
predictors of conversion.

Functional impairment. Although
diagnostic criteria for MCI require that
there be no significant functional im-
pairment, many people with MCI have
subtle cognitive deficits—not in basic
activities of daily living but in com-
plex tasks such as social cognitive
tasks. In a study by Tabert and col-
leagues67 using the Pfeffer Functional
Activities Questionnaire (FAQ), self-
reported functional deficits by patients
with MCI were not predictive of con-
version to AD, but functional impair-
ment reported by an informant was
significantly predictive of conversion
to AD during follow-up. Items on the
FAQ include tasks that require intact
cognition, such as difficulty in writing
checks or paying bills, shopping alone,
heating water for coffee or tea and turn-
ing off the stove, and preparing a bal-
anced meal. From a clinical perspec-
tive, questioning caregivers about the
patient’s daily functioning can be an
important diagnostic tool.
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Apolipoprotein E genotype. The
APOE*E4/*E4 homozygote genotype
(inheriting an APOE*E4 allele from
both parents) is known to confer an
increased risk for AD, particularly in
patients above the age of 70 years.68

The heterozygous APOE*E4/*E3
form, in which an individual has one
APOE*E4 allele, confers a somewhat
increased risk of AD and is fairly com-
mon, but the high-risk homozygous
APOE*E4/*E4 genotype is relatively
rare in the general population. Addi-
tionally, many patients with the
APOE*E4/*E4 genotype do not con-
vert to AD, and many who do convert
to AD do not have it. Consequently,
Dr. Devanand concluded that APOE
genotyping cannot be recommended
for widespread clinical use as a pre-
dictor of AD.68,69

Brain tissue atrophy. Evidence of
medial temporal lobe atrophy on spe-
cially processed MRI scans can pre-
dict conversion to AD in nondemented
elderly people and those with MCI.70

Over time, patients with the smallest
hippocampal and entorhinal volume
are most likely to progress to AD.70

However, general MRI centers do not
yet have the technology for these types
of scans; they are mainly available in
academic clinical centers.

Olfactory identification deficits.
The olfactory tract and bulb have
early infiltration with neurofibrillary
tangles in AD, so olfactory identifi-
cation deficits are another important
early marker. An olfactory identifi-
cation deficit is difficulty in identify-
ing a particular smell, not necessarily
in smelling itself. In a study71 of 90
patients with MCI who took the Uni-
versity of Pennsylvania Smell Identi-
fication Test (UPSIT) at baseline—a
simple 40-item, multiple-choice,
scratch-and-sniff test—patients who
did not convert to AD after 2 years
had a mean score of 32; those who did
convert to AD had a mean score of 26
(p < .05). Some natural variability in
people’s ability to identify smells con-
sequently decreases the value of the
test as a lone predictor of conversion
to AD.

Other markers using brain imag-
ing. Regional cerebral blood flow def-
icits72 (as assessed by SPECT) and
metabolism deficits73 (as assessed by
PET) in the parietotemporal and pos-
terior cingulate brain regions distin-
guish people with AD from controls.
However, the predictive value for
conversion to AD in patients with
MCI has not been well established for
these imaging tests; Dr. Devanand said
that larger studies are needed. PET im-
aging of amyloid and tau is still in
research development but is a promis-
ing predictor of conversion from MCI
to AD.38,75

Several spinal fluid markers can
be predictive of conversion to AD.
A study by Hansson and colleagues74

showed that the combination of path-
ologic concentrations of beta amyloid
(Aβ42), total tau, and phosphorylated
tau is a strong predictor of conversion
from MCI to AD. If findings are rep-
licated, some of these techniques may
become widely used in clinical
practice.

Combining Measures to Predict
Conversion From MCI to AD

If no single diagnostic method can
reliably predict conversion from MCI
to AD, clinicians need to know which
tests to use in combination for the best
predictive value. Dr. Devanand re-
ported results of a study76 that used
logistic regression to examine the pre-
dictive accuracy of 8 measures—age,
2 neuropsychological cognitive mea-
sures (WAIS-R Digit Symbol and
SRT), a functional impairment mea-
sure (FAQ), olfaction test (UPSIT),
APOE genotyping, hippocampal vol-
ume, and entorhinal volume. After lo-
gistic regression, 3 of the 8 measures
were found to be insignificant: age,
WAIS-R Digit Symbol, and APOE
genotyping. In the 3-year follow-up
period, 33 of 126 patients with MCI
converted to AD. Sensitivity for 80%
specificity was substantially greater for
the combined 5 measures than for com-
bined age and MMSE score, a com-
monly used predictive combination.
Prior attempts69,77 at combining pre-

dictors focused on age, memory,
APOE*E4/*E4 genotype, and hip-
pocampal volume and had only moder-
ate predictive accuracy. Examining the
olfactory identification deficit, infor-
mant-reported patient functioning, and
entorhinal cortex volume seems to
strongly improve prediction of AD.

Treatment of MCI
If patients with MCI who will con-

vert to AD can be recognized, treat-
ment might be used for prevention.
However, of the few studies of MCI
treatment, most have been negative.
The largest study78 to date was a multi-
center, double-blind study of 769 pa-
tients with amnestic MCI who received
vitamin E, donepezil, or placebo for 3
years. The annual conversion rate from
MCI to AD was 16%. Donepezil had
a short-term benefit during the first
year, which was lost with longer-term
follow-up, and vitamin E was indis-
tinguishable from placebo throughout
the study. New amyloid agents are
currently being used to treat AD but
have not yet been tested in patients
with MCI.

Conclusion
A large proportion of patients with

MCI convert to AD. Diagnostic meth-
ods for predicting conversion to AD
are improving markedly, but these
methods seem to have the most value
when combined. The usual combina-
tion is age plus MMSE scores, but neu-
ropsychological testing, caregiver re-
port of the patient’s functioning, and
olfaction testing can add to predictive
accuracy. Dr. Devanand called for
more research to find effective treat-
ments for MCI.

Interactions Between
Depression and MCI
and Clinical Approaches

Roy Hamilton, M.D., M.S., began
by reporting that depression occurs in
20% of patients with MCI.79 Among
the population aged 85 years and older,
25% suffer from comorbid depression
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presence of this existing susceptibility,
the additional burden of depression
leads these patients to manifest the
symptoms of cognitive impairment.
Evidence for this theory was found
when Geda et al.81 examined the inter-
action between the presence of the
APOE*E4/*E4 or APOE*E4/*E3
genotype, depression, and MCI. A
5-fold increase in the risk for the de-
velopment of MCI was found when ei-
ther APOE*E4 genotype and depres-
sion co-occurred in elderly patients
(p < .001), as opposed to those with
neither the genotype nor depression.

Dr. Hamilton stressed that these are
not the only theories possibly explain-
ing the relationship between depres-
sion and MCI and that it is not known if
any of them are correct. Whatever the
relationship between depression and
MCI may be, the existing evidence
demonstrates that the two conditions
are inextricably linked. Therefore, cli-
nicians must adopt a therapeutic ap-
proach that takes both mood and cogni-
tion into account.

The Impact of Depression
on the Course of MCI

Evidence indicates that depression
and MCI each impact the incidence and
course of the other. A study81 that fol-
lowed 840 normal elderly adults in the
primary care setting for a median dura-
tion of 3.5 years found that subjects
who developed depression were more
than twice as likely to develop MCI as
patients who did not develop depres-
sion. Another study82 followed a cohort
of patients with amnestic MCI for a
mean duration of 3 years. A little over a
third of these patients were also de-
pressed at baseline (36%). At endpoint,
52% of the total cohort had developed
AD, which is consistent with the ex-
pected rate of progression from MCI to
AD. While 32% of the nondepressed
patients had developed dementia, 85%
of patients with depression had devel-
oped dementia. Thus, depression more
than doubled the risk of developing de-
mentia in patients who already had
MCI.82 Dr. Hamilton emphasized that
clinicians need to consider depression

when treating patients with MCI be-
cause cognitive outcome is worsened
by the presence of depression.

The Impact of MCI
on the Course of Depression

Dr. Hamilton then described how the
presence of cognitive impairment leads
to a poorer initial and maintenance re-
sponse to treatment for depression.
Kalayam and Alexopoulos83 found that
elderly patients with prefrontal dys-
function experienced a delayed or poor
antidepressant response. Cognitive test
scores in patients whose depression had
remitted with antidepressant treatment
were similar to those of normal control
subjects. In a controlled study84 of de-
pressed elderly patients being treated
with citalopram, the presence of execu-
tive dysfunction was an independent
predictor of low remission rates.

Cognitive impairment is also as-
sociated with poor ongoing response
to antidepressant therapy. A study85

of elderly depressed patients being
treated with nortriptyline demonstrated
that depressive relapse, recurrence, and
residual symptoms were associated
with executive dysfunction (but not
with memory impairment). Thus, con-
verging evidence indicates that the
presence of depression worsens the
course of MCI and that the presence of
cognitive impairment worsens the
course of depression. What remains to
be answered is how patients with com-
bined depression and MCI can be
treated and how treatment of one con-
dition affects the other.

Do Agents That Treat AD
Also Treat MCI?

Dr. Hamilton stated that, because
MCI is often associated with the subse-
quent development of AD, one might
reason that the medications used to treat
AD could be effective in the manage-
ment of MCI. Acetylcholinesterase
inhibitors are the mainstay of AD treat-
ment, and investigators have attempted
to determine whether this class of medi-
cation has utility in treating MCI. A
large multicenter study86 compared
donepezil, vitamin E, and placebo,

and cognitive impairment; the preva-
lence of comorbid depression and MCI
doubles every 5 years after age 70
years.80

A complicating factor in the diag-
nosis and management of patients with
both depression and MCI is the over-
lap of each disorder’s clinical presen-
tation. Both syndromes can exhibit im-
pairments in information-processing
speed, attention and vigilance, work-
ing memory, visuospatial memory, ex-
ecutive function, and the ability to in-
hibit inappropriate behavior. In other
words, often no clear phenotypic
boundary exists between one syndrome
and the other.

Possible Explanations for the Link
Between Depression and MCI

Multiple lines of evidence suggest
that depression and MCI are linked,
but the nature of the interaction re-
mains unknown. Dr. Hamilton re-
viewed some of the theories81 that have
been advanced to explain the interac-
tion between depression and MCI. One
possibility is that depression is a causal
factor that induces long-term changes
in the brain’s neurochemistry, leading
to injury and subsequent cognitive im-
pairment. Another hypothesis is that
depression and MCI share common
risk factors such as specific genetic
variants, demographic factors like age,
or environmental factors. If common
risk factors are predictors of both syn-
dromes, the two would often co-occur
in patient populations. A third hypoth-
esis supposes that depression is a mani-
festation of early MCI. According to
this model, cognitive deficits may be
present but of insufficient severity to
garner the attention of the patient or of
family members. Instead, depression
may emerge as the result of preclinical
cognitive impairment, while clinically
significant cognitive impairment may
not become apparent for months or
even years. The last possibility that
Dr. Hamilton discussed was a stress-
diathesis model. According to this
theory, some patients may have a pre-
disposition—genetic or otherwise—to
develop cognitive impairment. In the
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using progression to a clinical diagno-
sis of AD over 3 years as the primary
outcome measure. Researchers found
an overall rate of conversion to AD of
around 16% per year. Approximately
three quarters of patients who devel-
oped AD were carriers of at least one
APOE*E4 allele. At endpoint, no sig-
nificant difference was found in the
rate of conversion to AD between
patients treated with donepezil, vita-
min E, or placebo.

However, the donepezil group
experienced a significant reduction in
conversion to AD within the first 12
months.86 Among APOE*E4 carriers,
a reduced risk of conversion to AD
was found in the first 24 months after
initiation of donepezil treatment. Pa-
tients who were taking donepezil and
who eventually converted to AD did
so approximately 6 months later than
those taking placebo. Vitamin E, by
contrast, was not associated with a sig-
nificant benefit at any time interval.
Modest evidence points to beneficial
effects of an acetylcholinesterase in-
hibitor at 1 to 2 years, but no evidence
suggests a long-term benefit.

Treatment trials evaluating other
acetylcholinesterase inhibitors have
been even less encouraging. Rivastig-
mine and galantamine have both been
found to be insufficiently effective in
the treatment of MCI.87

Researchers have also investigated
treatment for MCI with agents other
than acetylcholinesterase inhibitors.
Vitamin E and the nonsteroidal
cyclooxygenase 2 inhibitor refocoxib
were both insufficiently efficacious as
treatment for MCI.87

Does Treating Depression
Improve MCI?

Dr. Hamilton posed the question
whether treatment for depression can
improve cognition. Butters et al.88 com-
pared depressed elderly patients with
cognitive impairment to those without
cognitive impairment, as well as a con-
trol group. After antidepressant treat-
ment, the cognitively impaired subjects
demonstrated an improvement in cog-
nition. However, even after improve-

ment, these patients were still mildly
cognitively impaired relative to both
controls and the cognitively normal
subjects,88 suggesting that MCI persists
even after remission of depression. One
potential limitation of this study was
that it did not differentiate treatment
responders from nonresponders, so that
response to antidepressant treatment
could have been correlated with more
significant improvements in cognition.

Another study89 specifically looked
at differences in performance between
responders and nonresponders in pa-
tients with depression and MCI who
were being treated for depression with
sertraline. Across a battery of neuro-
psychological tests, only one domain
of cognition, executive function, was
significantly improved in patients
who responded to treatment. Other
cognitive domains, including memory,
visuospatial organization, and lan-
guage, showed little improvement with
antidepressant treatment.

These studies suggest that antide-
pressant treatment has a marginal im-
pact on cognition in patients with de-
pression and MCI, and this impact
seems principally restricted to certain
measures of executive function. How-
ever, Dr. Hamilton noted, additional
data suggest that even this conclusion
might be overstating the case for cog-
nitive improvements resulting from
treatment of depression. For instance,
a study90 of change on cognitive mea-
sures in depressed patients who re-
ceived treatment with either paroxetine
or nortriptyline found improvement in
the domains of executive function and
verbal memory. However, this im-
provement paralleled that of control
subjects who were not being treated,
likely reflecting the effects of test-
taking practice in both controls and pa-
tients. Thus, depressed patients’ cogni-
tive performance may not normalize in
response to antidepressant treatment.

Treatment Strategies for Patients
With Depression and MCI

Eliminating iatrogenic cognitive
deficits. If pharmacotherapy for both
AD and depression is ineffective at im-

proving cognition in depressed patients
with MCI, what can clinicians do to
address the cognitive deficits for
patients who present with this dual
diagnosis? Dr. Hamilton suggested that
clinicians first address any medication-
induced impairments in cognition in
the elderly. Investigators91 have found
one or more anticholinergic medica-
tions associated with deficits in several
cognitive domains. Deficits in cogni-
tion in the elderly are often multifacto-
rial, and alleviation of iatrogenic ef-
fects can have a significant overall
effect on cognition. Patients with con-
current depression and cognitive im-
pairment may be taking psychoactive
medications that have prominent anti-
cholinergic effects. Dr. Hamilton re-
ported that besides anticholinergic
agents, many other medications can
negatively affect a patient’s cognition,
including narcotics, corticosteroids,
anticonvulsants, dopaminergic medi-
cations, and sedative-hypnotics such
as benzodiazepines. Clinicians need to
consider the effects of polypharmacy
and the inadvertent intellectual effects
of certain medications when treating
patients with depression and MCI.

Nonpharmacologic treatments. A
comprehensive approach to treating
cognitive deficits and depression
should include consideration of non-
pharmacologic therapies. One inter-
vention receiving increasing attention
is physical exercise. Evidence has
demonstrated that regular, moderate
exercise is associated with a lower risk
for future development of dementia in
healthy elderly subjects (Figure 2).92

Physical exercise may also play a ben-
eficial role in the management of
depression.93

Rigorous mental activity has also
been associated with improved cogni-
tion in the elderly. For example, epi-
demiologic research has established
that a higher number of years of educa-
tion confers a reduced risk of develop-
ing dementia.94 A wide range of intel-
lectually stimulating leisure activities,
including but not limited to puzzles,
reading, and musicianship, also confer
a reduced risk of dementia.95 Likewise,
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mental stimulation in the form of so-
cial interaction is an important element
in staving off depression in elderly
populations.96 Thus, remaining intel-
lectually and socially active may pre-
vent or lessen the impact of depressive
symptoms and cognitive decline and
should be encouraged as part of a com-
prehensive approach to treating older
patients.

Summary
Depression and MCI commonly

co-occur and exacerbate each other’s
course. Dr. Hamilton recommended
that the assessment of patients with
MCI and depression should be com-
prehensive and should include, but not
be limited to, a thorough, formal as-
sessment of affect and cognition.
Neuroimaging should be performed to
look for contributory focal lesions or
changes consistent with a specific
pattern of progressive cognitive de-
cline. Cerebrovascular risk factors and
other medical etiologies that contrib-
ute to decline in cognition should also
be assessed, and clinicians should
screen for anticholinergic and other
medications that can contribute to
altered cognition.

Pharmacologic management of
MCI in patients with depression has
thus far been disappointing. Cognitive
impairment complicates treatment of
depression, and antidepressant treat-
ment often fails to resolve cognitive

deficits. Regular aerobic exercise and
intellectual and social engagement can
potentially play a role in preserving
cognition and preventing depressive
symptoms. These nonpharmacologic
measures should be recommended for
patients who are able to engage in
them. Dr. Hamilton concluded that sys-
tematic studies are needed to better de-
fine the characteristics of combined
MCI and depression. Elucidating the
interactions of these 2 conditions
should aid the development of effica-
cious treatment regimens for patients
with comorbid depression and MCI.

Drug names: citalopram (Celexa and others),
donepezil (Aricept), fluoxetine (Prozac and
others), flurbiprofen (Ansaid and others),
galantamine (Razadyne), lithium (Eskalith,
Lithobid, and others), memantine (Namenda),
nimodipine (Nimotop and others), nortriptyline
(Pamelor, Aventyl, and others), paroxetine
(Paxil, Pexeva, and others), rivastigmine
(Exelon), sertraline (Zoloft and others).

Disclosure of off-label usage: The chair has
determined that, to the best of his knowledge,
no investigational information about
pharmaceutical agents that is outside U.S.
Food and Drug Administration–approved
labeling has been presented in this article.

REFERENCES

1. He W, Sengupta M, Velkoff VA, et al. 65+
in the United States: 2005, US Census Bu-
reau, Current Population Report, P23-209.
Washington, DC: US Government Printing
Office; 2005

2. Rogaeva E, Meng Y, Lee JH, et al. The
neuronal sortilin-related receptor SORL1
is genetically associated with Alzheimer
disease. Nat Genet 2007;39:168–177

3. McGowan E, Eriksen J, Hutton M. A dec-
ade of modeling Alzheimer’s disease in
transgenic mice. Trends Genet 2006;22:
281–289

4. Gandy S. The role of cerebral amyloid β
accumulation in common forms of Alz-
heimer disease. J Clin Invest 2005;115:
1121–1129

5. Mahley RW, Weisgraber KH, Huang Y.
Apolipoprotein E4: a causative factor and
therapeutic target in neuropathology, in-
cluding Alzheimer’s disease. Proc Natl
Acad Sci U S A 2006;103:5644–5651

6. Formichi P, Battisti C, Radi E, et al. Cere-
brospinal fluid tau, Aβ, and phosphorylated
tau protein for the diagnosis of Alzhei-
mer’s disease. J Cell Physiol 2006;208:
39–46

7. Brookmeyer R, Gray S, Kawas C. Projec-
tions of Alzheimer’s disease in the United
States and the public health impact of de-
laying disease onset. Am J Public Health
1998;88:1337–1342

8. Vardy ER, Catto AJ, Hooper NM. Proteo-
lytic mechanisms in Aβ metabolism: thera-

peutic implications for Alzheimer’s dis-
ease. Trends Mol Med 2005;11:464–472

9. Singer O, Marr RA, Rockenstein E, et al.
Targeting BACE1 with siRNAs amelio-
rates Alzheimer disease neuropathology
in a transgenic model. Nat Neurosci 2005;
8:1343–1349

10. Dominguez D, Tournoy J, Hartmann D, et
al. Phenotypic and biochemical analysis of
BACE1- and BACE2-deficient mice. J Biol
Chem 2005;280:30797–30806

11. Hussain I, Hawkins J, Harrison D, et al.
Oral administration of a potent and selec-
tive non-peptidic BACE-1 inhibitor de-
creases beta-cleavage of amyloid precursor
protein and amyloid-beta production in
vivo. J Neurochem 2007;100:802–809

12. Wolfe MS. The γ-secretase complex: mem-
brane-embedded proteolytic ensemble.
Biochemistry (Mosc) 2006;45:7931–7939

13. Eriksen JL, Sagi SA, Smith TE, et al.
NSAIDs and enantiomers of flurbiprofen
target γ-secretase and lower Aβ42 in vivo.
J Clin Invest 2003;112:440–449

14. Geerts H. Drug evaluation:
(R)-flurbiprofen—an enantiomer of
flurbiprofen for the treatment of Alzhei-
mer’s disease. IDrugs 2007;10:121–133

15. Fisher A, Pittel Z, Haring R, et al. M1 mus-
carinic agonists can modulate some of the
hallmarks in Alzheimer’s disease: implica-
tions in future therapy. J Mol Neurosci
2003;20:349–356

16. Hooper NM, Turner AJ. The search for
alpha secretase and its potential as a thera-
peutic approach to Alzheimer’s disease.
Curr Med Chem 2002;9:1107–1119

17. Eckman EA, Adams SK, Troendle FJ, et al.
Regulation of steady-state beta-amyloid
levels in the brain by neprilysin and
endothelin-converting enzyme but not
angiotensin-converting enzyme. J Biol
Chem 2006;281:30471–38478

18. Björk BF, Katzov H, Kehoe P, et al. Posi-
tive association between risk for late-onset
Alzheimer disease and genetic variation in
IDE. Neurobiol Aging 2007;28:1374–1380

19. Cacquevel M, Launay S, Castel H, et al.
Ageing and amyloid-beta peptide deposi-
tion contribute to an impaired brain tissue
plasminogen activator activity by different
mechanisms. Neurobiol Dis 2007;27:
164–173

20. Schenk D, Barbour R, Dunn W, et al.
Immunization with amyloid-β attenuates
Alzheimer-disease-like pathology in the
PDAPP mouse [letter]. Nature 1999;400:
173–177

21. Brendza RP, Holtzman DM. Aβ immuno-
therapies in mice and men. Alzheimer Dis
Assoc Disord 2006;20:118–123

22. Holtzman DM, Bales KR, Paul SM, et al.
Aβ immunization and anti-Aβ antibodies:
potential therapies for the prevention and
treatment of Alzheimer’s disease. Adv
Drug Deliv Rev 2002;54:1603–1613

23. Weiner HL, Frenkel D. Immunology and
immunotherapy of Alzheimer’s disease.
Nat Rev Immunol 2006;6:404–416

24. Noble W, Planel E, Zehr C, et al. Inhibition
of glycogen synthase kinase-3 by lithium
correlates with reduced tauopathy and
degeneration in vivo. Proc Natl Acad Sci
U S A 2005;102:6990–6995

25. Phiel CJ, Wilson CA, Lee VM, et al.
GSK-3α regulates production of Alzhei-
mer’s disease amyloid-β peptides [letter].

Figure 2. Exercise Lowers the Risk of
Dementia in the Elderlya

aReprinted with permission from Larson et
al.92
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