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lzheimer’s disease is a progressive and fatal neurodegenera-

 

tive disorder manifested by cognitive and memory deterioration, progressive
impairment of activities of daily living, and a variety of neuropsychiatric symp-

toms and behavioral disturbances. Prevalence studies suggest that in 2000 the number
of persons with Alzheimer’s disease in the United States was 4.5 million.

 

1

 

 The percent-
age of persons with Alzheimer’s disease increases by a factor of two with approximate-
ly every five years of age, meaning that 1 percent of 60-year-olds and about 30 percent
of 85-year-olds have the disease.

 

2

 

 Without advances in therapy, the number of sympto-
matic cases in the United States is predicted to rise to 13.2 million by 2050.

 

1

 

 The cost of
caring for patients with Alzheimer’s disease is extraordinary; annual expenditures total
$83.9 billion (in 1996 U.S. dollars).

 

3

 

 These figures underscore the urgency of seeking
more effective therapeutic interventions for patients with Alzheimer’s disease.

Treatment of Alzheimer’s disease includes five major components: neuroprotective
strategies, cholinesterase inhibitors, nonpharmacologic interventions and psychophar-
macologic agents to reduce behavioral disturbances, health maintenance activities,
and an alliance between clinicians and family members and other caregivers responsi-
ble for the patient. Treatment requires accurate diagnosis and increasingly is based on
an understanding of the pathophysiology of the disease.

Alzheimer’s disease is the most common form of dementia in the elderly. Dementia is
commonly recognized with use of the criteria of the 

 

Diagnostic and Statistical Manual of
Mental Disorders,

 

 fourth edition (DSM-IV).

 

4,5

 

 The diagnosis of Alzheimer’s disease is
most often based on the criteria developed by the National Institute of Neurologic and
Communicative Disorders and Stroke–Alzheimer’s Disease and Related Disorders As-
sociation (NINCDS–ADRDA),

 

6

 

 according to which the diagnosis is classified as defi-
nite (clinical diagnosis with histologic confirmation), probable (typical clinical syn-
drome without histologic confirmation), or possible (atypical clinical features but no
alternative diagnosis apparent; no histologic confirmation). Typical sensitivity and
specificity values for the diagnosis of probable Alzheimer’s disease with the use of
these criteria are 0.65 and 0.75, respectively.

 

7

 

The classic clinical features of Alzheimer’s disease are an amnesic type of memory
impairment,

 

8,9

 

 deterioration of language,

 

10

 

 and visuospatial deficits.

 

11,12

 

 Motor and
sensory abnormalities, gait disturbances, and seizures are uncommon until the late
phases of the disease.

 

6

 

Functional and behavioral disturbances are characteristic of the disease. Patients
progress from the loss of higher-level activities of daily living, such as check writing and
the use of public transportation, through abnormalities of basic activities of daily living,

a

diagnosis
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such as eating, grooming, and using the toilet, as
the disease enters advanced phases.

 

13

 

 Behavioral
disturbances also progress over the course of the
illness.

 

5

 

 Mood change and apathy commonly de-
velop early and continue for the duration of the dis-
ease. Psychosis and agitation are characteristic of
the middle and later phases of the disease.

 

14

 

As part of the assessment of dementia, labora-
tory studies are necessary to identify causes of de-
mentia and coexisting conditions that are common
in the elderly. Thyroid-function tests and measure-
ment of the serum vitamin B

 

12

 

 level are required to
identify specific alternative causes of dementia. A
complete blood count; measurement of blood urea
nitrogen, serum electrolyte, and blood glucose lev-
els; and liver-function tests should be performed.

 

15

 

Specialized laboratory studies — such as a serolog-
ic test for syphilis, the erythrocyte sedimentation
rate, a test for human immunodeficiency virus anti-
body, or screening for heavy metals — are indicated
when historical features or clinical circumstances
suggest that infections, inflammatory diseases, or

exposure to toxins may be contributing to the de-
mentia.

Neuroimaging plays an important role in the di-
agnosis of Alzheimer’s disease and is particularly
helpful in excluding alternative causes of dementia.
It is currently recommended that patients undergo
structural imaging of the brain with computed to-
mography (CT) or magnetic resonance imaging
(Fig. 1A) at least once in the course of their demen-
tia.

 

15

 

 Functional imaging with positron-emission
tomography (Fig. 1B) or single-photon-emission
CT may be helpful in the differential diagnosis of
disorders associated with dementia.

 

16

 

The low rates of recognition of dementia by fam-
ily members and physicians

 

17,18

 

 constitute a major
barrier to appropriate care for many patients with
Alzheimer’s disease. (Rates of such “failure to rec-
ognize” are reportedly 97 percent for mild demen-
tia and 50 percent for moderate dementia.) Patients
with complex presentation or challenging man-
agement issues should be referred to a specialist
with expertise in dementia.

 

Figure 1. Scans of Patients with Probable Alzheimer’s Disease.

 

In Panel A, a magnetic resonance image shows cortical atrophy and ventricular enlargement. In Panel B, a positron-
emission tomographic scan shows reduced glucose metabolism in the parietal lobes bilaterally (blue-green) as com-
pared with more normal metabolism in other cortical areas (yellow).

A B
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There is increasing consensus that the production
and accumulation of beta-amyloid (A

 

b

 

) peptide is
central to the pathogenesis of Alzheimer’s dis-
ease.

 

19

 

 Evidence supporting a pivotal role for A

 

b

 

includes the following: mutations in the amyloid
precursor protein lead to early-onset Alzheimer’s
disease; all currently known mutations associated
with Alzheimer’s disease increase the production
of A

 

b

 

; in patients with trisomy 21 (Down’s syn-
drome) and three copies of the gene for amyloid
precursor protein, neuropathological characteris-
tics of Alzheimer’s disease develop by midlife; A

 

b

 

is neurotoxic in vitro and leads to cell death; over-
expression of human amyloid precursor protein in
transgenic mouse models of Alzheimer’s disease
results in neuritic plaques similar to those seen in
humans with Alzheimer’s disease; transgenic mice
overexpressing the human amyloid precursor pro-
tein have evidence of learning and memory deficits,
in concert with the accumulation of amyloid; the
apolipoprotein E 

 

e

 

4 genotype, a major risk factor
for Alzheimer’s disease, leads to accelerated depo-
sition of amyloid; and the generation of antiamy-
loid antibodies in humans with Alzheimer’s disease
seems to ameliorate the disease process.

 

20-24

 

 For-
mation of neurofibrillary tangles, oxidation and
lipid peroxidation, glutamatergic excitotoxicity, in-
flammation, and activation of the cascade of apop-
totic cell death are considered secondary conse-
quences of the generation and deposition of A

 

b

 

19

 

(Fig. 2). This hypothesized amyloid cascade under-
lies attempts to modify the onset and course of Alz-
heimer’s disease through identification of antiamy-
loid agents, antioxidants, antiinflammatory drugs,
compounds that limit the phosphorylation of tau
protein, antiapoptotic agents, and glutamatergic

 

N

 

-methyl-

 

d

 

-aspartate–receptor antagonists.
Cell dysfunction and cell death in nuclear groups

of neurons responsible for maintenance of specific
transmitter systems lead to deficits in acetylcho-
line, norepinephrine, and serotonin.

 

25,26

 

 Alternate
hypotheses regarding the pathophysiology of Alz-
heimer’s disease place greater emphasis on the po-
tential role of tau-protein abnormalities, heavy met-
als, vascular factors, or viral infections.

 

antiamyloid therapies

 

No antiamyloid therapies are currently available. A
program to vaccinate humans was implemented

after the observation that immunization with A

 

b

 

reduces pathological signs of Alzheimer’s disease
in transgenic mice that have the amyloid precursor
protein mutation.

 

27

 

 This clinical trial was inter-
rupted when encephalitis developed in 6 percent of
the patients.

 

28

 

 Post hoc analyses of a subgroup of
30 patients observed at a single site within the trial
suggested that those patients who generated A

 

b

 

antibodies had a reduction in disease progres-
sion.

 

24

 

 Passive immunization represents an alter-
native and perhaps a safer vaccination strategy.

 

29

 

The enzymes responsible for liberating A

 

b

 

,

 

 a
toxic fragment of 42 amino acids, from the amy-
loid precursor protein are 

 

b

 

 and 

 

g

 

 secretases. In-
hibitors of these enzymes are under active study.

 

30

 

The metabolism of cholesterol is intimately in-
volved in the generation of A

 

b

 

, and preliminary ev-
idence suggests that statins may be beneficial in re-
ducing the accumulation of A

 

b

 

.

 

31

 

 Metal-binding
compounds such as clioquinol may reduce oxida-
tive injury associated with A

 

b

 

 and may inhibit the
aggregation of the A

 

b

 

 peptide.

 

32

 

 High blood glu-
cose levels may increase the levels of insulin and in-
sulin-degrading enzymes,

 

33

 

 redirecting the latter
from an alternative role in the metabolism of A

 

b

 

.
Some investigators suggest that analogues of insu-
lin-degrading enzymes might represent therapeu-
tic options. Strategies aimed at reducing the aggre-
gation of A

 

b

 

 offer another therapeutic avenue to be
explored.

 

34

 

 The identification of valid targets and
potential treatments suggests that disease-modify-
ing therapies will emerge from this research arena.

 

neuroprotective approaches

 

A

 

b

 

 protein seems to exert its neurotoxic effects
through a variety of secondary mechanisms, in-
cluding oxidative injury and lipid peroxidation of
cell membranes, inflammation, hyperphosphory-
lation of tau protein, and increased glutamatergic
excitotoxicity. Neuroprotective strategies have tar-
geted these mechanisms in an effort to reduce the
cell injury associated with the generation and ag-
gregation of A

 

b

 

. Proof that these approaches are
neuroprotective in humans is lacking; available data
from animal models make this mechanism of ac-
tivity most plausible. 

 

antioxidants

 

The principal antioxidant strategy has involved
treatment with alpha-tocopherol (vitamin E). A ran-
domized, placebo-controlled trial compared the ef-
fect of vitamin E, selegiline, the two drugs together,
and placebo in patients with Alzheimer’s disease.

 

35

pathophysiology

treatment
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Figure 2. Putative Amyloid Cascade.

 

This hypothesis of the amyloid cascade, which progresses from the generation of the beta-amyloid peptide from the amyloid precursor protein, 
through multiple secondary steps, to cell death, forms the foundation for current and emerging options for the treatment of Alzheimer’s disease. 
APP denotes amyloid precursor protein, and A

 

b

 

 beta-amyloid.
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The results of unadjusted comparisons showed no
significant difference among the four groups in the
study. However, when the severity of cognitive de-
cline at baseline was included as a covariate, a sig-
nificant delay in the primary outcomes (time to
death, placement in a nursing home, development
of severe dementia, or a defined severity of impair-
ment of activities of daily living) was observed for
patients in the selegiline, alpha-tocopherol, and
combination-therapy groups, as compared with
the placebo group. The increase in median time to
one of the primary outcomes, as compared with
the time in patients receiving placebo, was 230
days for patients receiving alpha-tocopherol, 215
days for those treated with selegiline, and 145 days
for those receiving both agents. No differences in
cognitive function were evident among the four
groups. No statistically significant differences in
vital signs, weight change, laboratory values, or 49
categories of adverse events emerged among the
groups. On the basis of this study, many practition-
ers have added high-dose vitamin E supplements
(2000 IU daily) to their standard treatment regi-
men for Alzheimer’s disease. One retrospective
study compared patients treated with a cholines-
terase inhibitor plus vitamin E with historical con-
trols and interpreted the results as indicating that
the combination treatment is safe and beneficial.

 

36

 

Several but not all epidemiologic studies provide
evidence supporting the concept that vitamin E, as
well as vitamin C, has a role in delaying the onset of
Alzheimer’s disease.

 

37-39

 

memantine

 

Memantine, an 

 

N

 

-methyl-

 

d

 

-aspartate antagonist
recently approved by the Food and Drug Adminis-
tration (FDA) for the treatment of moderate-to-
severe Alzheimer’s disease, may interfere with
glutamatergic excitotoxicity or may provide symp-
tomatic improvement through effects on the func-
tion of hippocampal neurons.

 

40

 

 A double-blind, pla-
cebo-controlled trial of memantine in patients with
moderate-to-severe Alzheimer’s disease showed
the superiority of memantine over placebo as indi-
cated by both the Activities of Daily Living Invento-
ry and the Severe Impairment Battery (a neuropsy-
chological test for patients with severe dementia),
but not on the Global Deterioration Scale.

 

41

 

 Me-
mantine was initiated at a dose of 5 mg daily. The
dose was increased to 5 mg twice daily and then to
10 mg in the morning and 5 mg in the evening, un-
til a final dose of 10 mg twice daily was reached (Ta-
ble 1). There were no clinically relevant differences
between patients in the memantine and placebo
groups in terms of adverse events, laboratory val-
ues, electrocardiographic studies, or vital signs.
When memantine was administered to patients
with moderate-to-severe Alzheimer’s disease who
were receiving stable doses of a cholinesterase in-
hibitor, there was cognitive improvement, reduced
decline in activities of daily living, and a reduced
frequency of new behavioral symptoms as com-
pared with those receiving placebo.

 

42

 

 The magni-
tude of the improvements in patients in these trials
is modest, with improvement or temporary stabili-
zation observed in daily function or behavior.

 

* CYP2D6 denotes cytochrome P-450 enzyme 2D6, CYP3A4 cytochrome P-450 enzyme 3A4, and NMDA 

 

N

 

-methyl-

 

d

 

-aspartate.
† Rivastigmine is a pseudo-irreversible acetylcholinesterase inhibitor that has an eight-hour half-life for the inhibition 

 

of acetylcholinesterase in the brain.

 

Table 1. Clinical Pharmacology of Agents Useful for Reducing the Signs of Dementia.*

Characteristic Donepezil Rivastigmine Galantamine Memantine

 

Time to maximal serum con-
centration (hr)

3–5 0.5–2 0.5–1 3–7

Absorption affected by food No Yes Yes No

Serum half-life (hr) 70–80 2† 5–7 60–80

Protein binding (%) 96 40 0–20 45

Metabolism CYP2D6, CYP3A4 Nonhepatic CYP2D6, CYP3A4 Nonhepatic

Dose (initial/maximal) 5 mg daily/
10 mg daily

1.5 mg twice daily/
6 mg twice daily

4 mg twice daily/
12 mg twice daily

5 mg daily/
10 mg twice daily

Mechanism of action Cholinesterase 
inhibitor

Cholinesterase 
inhibitor

Cholinesterase 
inhibitor

NMDA-receptor
antagonist
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antiinflammatory agents

 

The brains of patients with Alzheimer’s disease
have microscopic evidence of inflammation,

 

43

 

 an
observation that led to a series of clinical trials with
steroidal or nonsteroidal antiinflammatory drugs.
Negative outcomes (no benefit as compared with
placebo) have been reported for trials of predni-
sone,

 

44

 

 diclofenac,

 

45

 

 rofecoxib (a selective cyclooxy-
genase-2 inhibitor), and naproxen (a mixed cyclo-
oxygenase-1 and cyclooxygenase-2 inhibitor).

 

46

 

Thus, evidence is insufficient to support treatment
with antiinflammatory agents for patients with Alz-
heimer’s disease. Primary-prevention trials have not
yet explored the possible value of these agents in
preventing Alzheimer’s disease.

 

hormone-replacement therapy

 

Epidemiologic observations suggested that estro-
gen-replacement therapy might reduce the occur-
rence of Alzheimer’s disease in postmenopausal
women, but randomized, placebo-controlled trials
of estrogen-replacement therapy in such women
showed no benefit.

 

47,48

 

 The Women’s Health Ini-
tiative study of estrogen plus medroxyprogester-
one acetate showed an increased risk of dementia
among postmenopausal women who lacked cog-
nitive deficits at the time of randomization and
were assigned to the active-treatment group.

 

49

 

Thus, hormone-replacement therapy is not recom-
mended for treatment or prevention of Alzhei-
mer’s disease.

 

cholinesterase inhibitors

 

Cholinesterase inhibitors are approved for the treat-
ment of mild-to-moderate Alzheimer’s disease and
should be considered as a standard of care for pa-
tients with Alzheimer’s disease.

 

50,51

 

 Four cholin-
esterase inhibitors are available: tacrine, donepezil,
rivastigmine, and galantamine. Of these, tacrine is
now rarely used, since it has hepatotoxic effects

 

52

 

in approximately 40 percent of those exposed; sec-
ond-generation cholinesterase inhibitors seem less
toxic, and their duration of action permits more
convenient dosage regimens.

The pharmacologic characteristics of the three
commonly used cholinesterase inhibitors are
shown in Table 1. Donepezil is initiated at a dose of
5 mg per day, and the dose is increased to 10 mg
per day after one month. The dose of rivastigmine
increases from 1.5 mg twice daily to 3 mg twice
daily, then to 4.5 mg twice daily, and to a maximal

dose of 6 mg twice daily. The dose may be in-
creased at intervals of one to four weeks; fewer side
effects emerge with longer periods between in-
creases. Galantamine is initiated at a dose of 4 mg
twice daily. The dose is increased first to 8 mg twice
a day and finally to 12 mg twice daily. As with riva-
stigmine, longer periods between dosage increas-
es are associated with a lower frequency of side ef-
fects.

 

53

 

 Daily treatment with donepezil is effective
in the dose range of 5 to 10 mg; rivastigmine, in the
range of 6 to 12 mg; and galantamine, in the range
of 16 to 24 mg.

For a drug to be approved by the FDA as an anti-
dementia drug, two well-designed, clinically rele-
vant trials (called pivotal trials) must demonstrate a
significant difference between patients receiving the
drug and patients receiving a placebo in terms of
the scores for cognitive function and global assess-
ment scales.

 

54

 

 The cognitive portion of the Alzhei-
mer’s Disease Assessment Scale (ADAS-Cog)

 

55

 

 is
commonly used to establish efficacy with respect
to cognitive function, and the Clinician Interview-
Based Impression of Change scale with caregiver
input (CIBIC-Plus)

 

56

 

 is the global instrument most
often used in clinical trials. When evaluated accord-
ing to these measures, the three widely used cholin-
esterase inhibitors have similar efficacy. 

Pivotal clinical trials have shown changes on the
ADAS-Cog of 2.5 to 3.5 points (range of scores, 0 to
70, with higher scores indicating greater cognitive
decline) and differences on the CIBIC-Plus of 0.3 to
0.5 (range of scores, 1 to 7, with a score of 1 indi-
cating substantial improvement and 7 indicating
marked deterioration) in patients receiving the drug
as compared with patients receiving placebo.

 

57-59

 

The ADAS-Cog shows a typical rate of increase of
seven points annually in untreated populations.

 

60

 

 A
four-point decrease in the ADAS-Cog in the course
of a clinical trial is equivalent to reversing the symp-
toms of the disease by approximately six months,
and a seven-point decrement is equivalent to revers-
ing the symptoms by approximately one year. 

With some variability across studies, approxi-
mately twice as many patients who received an active
cholinesterase inhibitor had a four-point improve-
ment on the ADAS-Cog as patients receiving place-
bo (25 to 50 percent vs. 15 to 25 percent), and ap-
proximately three times as many patients receiving
an active cholinesterase inhibitor had a seven-point
improvement (12 to 20 percent, vs. 2 to 6 percent
among those taking placebo).

 

53

 

 Studies of the re-
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sponses suggest that more patients had less decline
than had a measurable improvement in symptoms.

Secondary measures included in clinical trials
suggest that cholinesterase inhibitors may help af-
fected patients maintain their ability to perform ac-
tivities of daily living, have fewer behavioral chang-
es, be less of a burden to the caregiver, and defer
their placement in nursing homes.

 

53

 

 However,
most of the trials were not randomized to ensure
baseline equivalence among these features. Thus, a
beneficial effect remains to be firmly established.
Some studies also suggest that cholinesterase in-
hibitors may improve the cognition of patients in
more advanced phases of Alzheimer’s disease, but
further studies are needed.

 

61

 

 Thus, cholinesterase
inhibitors may slow cognitive decline or functional
deterioration temporarily, or they may reduce the
emergence of new behavioral disturbances.

Side effects reported in clinical trials of cholin-
esterase inhibitors included nausea, vomiting, and
diarrhea, as well as weight loss, insomnia, abnor-
mal dreams, muscle cramps, bradycardia, syncope,
and fatigue. In pivotal trials, nausea occurred in 17
percent of patients receiving donepezil, 48 percent
of patients receiving rivastigmine, and 37 percent
of patients receiving galantamine; vomiting in 10
percent, 27 percent, and 21 percent, respectively;
and diarrhea in 17 percent, 19 percent, and 12 per-
cent, respectively.

 

57-59

 

 These percentages reflect
the occurrence of adverse effects during the initia-
tion of treatment; the frequency of adverse events is
reduced with slower rates of drug titration and is
generally lower during maintenance therapy.

 

53

 

Only a small number of subjects withdrew from a
trial because of side effects. Clinical experience
suggests that introducing cholinesterase inhibitors
at low doses, increasing the dose gradually, and ad-
ministering the medication with meals may limit
gastrointestinal side effects. Few drug interactions
have been reported with cholinesterase inhibitors.

The optimal duration of treatment with cholin-
esterase inhibitors is uncertain. The duration of
most blinded trials has been six months. Trials last-
ing one year have also shown a difference between
patients receiving the active drug and patients re-
ceiving a placebo.

 

62

 

 Studies in which the rate of de-
terioration in the placebo group was extrapolated
and compared with the level of function of patients
continuing treatment with a cholinesterase inhibi-
tor suggest that patients continue to derive benefit
from therapy for two to three years.

 

63

 

Whether some patients respond to one agent

better than another has not been established. Indi-
cations for switching from one cholinesterase in-
hibitor to another include allergic responses, un-
manageable side effects, the preferences of the
family, and unmitigated cognitive decline after a
treatment trial lasting at least six months.

 

53

 

 Specif-
ic strategies for switching agents have not been
tested in adequate numbers of patients, though it is
thought that interruption of therapy for a month or
more might be detrimental. Patients who took
donepezil after a three-week washout period, dur-
ing which they received placebo, attained higher
levels of function than patients who underwent a
six-week washout period with placebo.

 

64

 

 Concur-
rent administration of more than one cholinester-
ase inhibitor has not been studied and is not ad-
vised. Cholinesterase inhibitors are commonly
administered with vitamin E and memantine.

 

42

 

other treatments for cognitive 
deterioration

 

A variety of agents have been tested for their poten-
tial value in the treatment of cognitive deterioration
in Alzheimer’s disease. In 2001, the Quality Stan-
dards Subcommittee of the American Academy of
Neurology reviewed 48 medications that had been
tested for their effect on cognitive function and de-
cided that there were insufficient data to permit as-
sessment and recommendations with respect to
agents other than cholinesterase inhibitors and vi-
tamin E.

 

50

 

Herbal supplements and so-called nutraceuti-
cals are commonly used by patients for the treat-
ment of Alzheimer’s disease and by family mem-
bers as a putative preventive strategy. In some trials,
but not all, ginkgo biloba had small but statistically
significant effects as compared with placebo in pa-
tients with Alzheimer’s disease.

 

65

 

 A primary-pre-
vention trial to determine whether ginkgo biloba
reduces the rate of development of Alzheimer’s
disease is currently in progress. Huperzine A is a
cholinesterase inhibitor, and preliminary clinical
trials have shown it to be of benefit in Alzheimer’s
disease.

 

66

 

management of neuropsychiatric 
symptoms and behavioral disturbances

 

Neuropsychiatric symptoms, known to be very com-
mon among patients with Alzheimer’s disease, have
been reported in more than 80 percent of subjects in
most studies.

 

14

 

 When behavioral abnormalities de-
velop in a patient, they should be managed nonphar-
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macologically first, before pharmacologic agents,
with their attendant risk of adverse events and ad-
ditional expense, are administered.

 

67

 

 A wide variety
of nonpharmacologic interventions have been stud-
ied, most often in nursing homes and long-term
care facilities, for the treatment of behavioral distur-
bances in Alzheimer’s disease.

 

50,67,68

 

 Such inter-
ventions have included music, videotapes of family
members, audiotapes of the voices of caregivers,
walking and light exercise, and sensory stimulation
and relaxation. Little consideration has been given
to nonpharmacologic interventions for patients liv-
ing in the community, but attention has been given
to interventions that may benefit the caregivers of
these patients. Given the relatively benign nature of
nonpharmacologic interventions, it would be prac-
tical to explore these techniques when treating be-
havior disturbances that are associated with Alz-
heimer’s disease.

 

50

Few randomized, controlled trials have ad-
dressed the optimal psychopharmacologic agents
for the treatment of behavioral changes in patients
with Alzheimer’s disease. Recommendations are
made on the basis of small trials, open-label stud-
ies, and extrapolation from studies of patients
without dementia (Table 2).

Atypical antipsychotic agents are the preferred
medications for the management of psychosis or
agitation (with or without psychosis). They produce
fewer side effects such as parkinsonism and tardive
dyskinesia than do conventional neuroleptic drugs.
Double-blind, controlled trials support the efficacy
of risperidone and olanzapine in reducing the rate
of psychosis and agitation in patients with Alzhei-
mer’s disease.69-72 Active comparison trials and
double-blind, placebo-controlled trials have shown
that haloperidol, a neuroleptic antipsychotic agent,
also reduces agitation.73,74 A meta-analysis of con-
trolled trials of neuroleptic agents showed that ap-
proximately 20 percent more patients respond to ac-
tive therapy than to placebo for the treatment of
dementia. Greater treatment responses were ob-
served with typical and atypical antipsychotic agents
than with placebo. Current evidence favors atypical
antipsychotic agents for the treatment of patients
with psychosis or agitation. Patients with inade-
quate responses may benefit from therapy with
mood stabilizers or antidepressants alone or in
combination with antipsychotic agents.

Mood-stabilizing agents may reduce behavioral
disturbances in patients with Alzheimer’s disease.
Agitation appeared to improve significantly in trials

with carbamazepine.75 Divalproex sodium has
been studied for its effects on agitation, with
mixed results.76,77

Several clinical trials have addressed the treat-
ment of depression in patients with Alzheimer’s
disease. The number of placebo-controlled studies
that showed no effect from the use of antidepres-
sants was almost equal to the number that showed
a benefit. Selective serotonin-reuptake inhibitors
and tricyclic antidepressants have been included in
both negative and positive trials. Studies involving
severely depressed patients and a rigorous study
design tended to show positive effects. Combined
serotonin- and noradrenergic-reuptake inhibitors
are commonly used in elderly patients; tricyclic anti-
depressants have anticholinergic side effects and
are used less often. Most clinicians choose selective
serotonin-reuptake inhibitors when treating de-
pression in patients with Alzheimer’s disease.78-80

Few psychopharmacologic agents have been ap-
proved specifically for use in patients with demen-
tia or Alzheimer’s disease. Nearly all prescriptions
for these drugs are for off-label uses and represent
extrapolation from observations of the effects of
these agents in patients without dementia. Howev-
er, because efficacy and side effects in patients with
Alzheimer’s disease may be different from those in
patients without dementia, additional studies are
needed.

health maintenance and general 
medical treatment
As Alzheimer’s disease progresses, various con-
ditions develop that may lead to death, such as
septicemia, pneumonia and upper respiratory in-
fections, nutritional disorders, pressure sores, frac-
tures, and wounds.81 Management of these con-
ditions is critical. In the early stages of Alzheimer’s
disease, the clinician should encourage health main-
tenance activities, including exercise, the control
of hypertension and other medical conditions, an-
nual immunization against influenza, dental hy-
giene, and the use of eyeglasses and hearing aids
as needed for visual and auditory impairments.82

In later phases of the disease, it is important to
address basic requirements such as nutrition, hy-
dration, and skin care. Decisions about the use of
methods of extending life, such as gastrostomy,
intravenous hydration, and the administration of
antibiotics, should respect advance directives by pa-
tients and incorporate guidance from surrogate de-
cision makers.
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alliance with caregivers
An alliance between the clinician and the caregiver
is essential in treating patients with Alzheimer’s
disease. Caregivers are responsible for supervising
patients who live in the community and frequently
continue to visit and provide assistance after a pa-
tient has been institutionalized. Caregivers are also
responsible for administering medication, imple-
menting nonpharmacologic treatment, and pro-
moting the patient’s general health and well-being
and a meaningful quality of life. Caregivers must
make decisions regarding driving, advance direc-
tives, financial management, removal of firearms,
home safety, and programs such as Safe Return, a
nationwide network created by the Alzheimer’s As-
sociation.83

Studies show that caregivers of patients with Alz-
heimer’s disease rate their own health as relatively
poor. Furthermore, they endure a greater number of
illnesses, have more somatic symptoms, have more
depression and anxiety, use more health care, and
engage in fewer preventive-health activities than

people who are not caregivers.84 Self-help groups,
support groups, education, skills training, counsel-
ing, and psychotherapy may help caregivers. Most
of these interventions have been associated with re-
duced psychological distress and improved knowl-
edge on the part of caregivers, yet they have failed to
reduce the caregiver’s burden.85,86 Referring care-
givers to a family-assistance organization is an im-
portant element of their care.83,87,88

Current therapies for patients with Alzheimer’s dis-
ease may ease symptoms by providing temporary
improvement and reducing the rate of cognitive de-
cline. Given the wide array of available molecular
targets and the rapid progress toward identifying
potential therapeutic compounds, the development
of interventions that substantially delay the onset
or modify the progression of Alzheimer’s disease
can be anticipated.

conclusions

Table 2. Psychotropic Agents Useful for the Treatment of Neuropsychiatric Symptoms and Behavioral Disturbances 
in Patients with Alzheimer’s Disease.

Type and Drug Initial Daily Dose Final Daily Dose (Range) Targeted Symptoms

Atypical antipsychotic
Risperidone
Olanzapine
Quetiapine
Ziprasidone
Aripiprazole

0.5 mg daily
2.5 mg daily
25 mg daily
20 mg daily
10 mg daily

1.0 mg (0.75–1.5 mg daily)
5.0 mg (5–10 mg daily)

200 mg (50–150 mg twice day)
40 mg (20–80 mg twice a day)

10 mg (10–30 mg daily)

Psychosis and agitation

Neuroleptic
Haloperidol 0.25 mg daily 2 mg (1–3 mg daily)

Psychosis and agitation

Mood stabilizer
Divalproex sodium
Carbamazepine

125 mg twice a day
200 mg twice a day

500 mg (250–500 mg twice a day)
400 mg (200–500 mg twice a day)

Agitation

Selective serotonin-reuptake 
inhibitor

Citalopram
Escitalopram
Paroxetine
Sertraline
Fluoxetine

10 mg daily
5 mg daily
10 mg daily
25 mg daily
5 mg daily

20 mg (20–40 mg daily)
10 mg (10–20 mg daily)
20 mg (10–40 mg daily)

75 mg (75–100 mg daily)
10 mg (10–40 mg daily)

Depression, anxiety, 
psychosis, and agitation

Tricyclic antidepressant
Nortriptyline
Desipramine

10 mg daily
10 mg daily

50 mg (25–100 mg daily)
100 mg (50–200 mg daily)

Depression

Serotonin- and noradrenergic-
reuptake inhibitor

Venlafaxine 25 mg twice a day 200 mg (100–150 mg twice a day)

Depression and anxiety

Noradrenergic and specific sero-
tonergic antidepressant

Mirtazapine 7.5 mg daily 15 mg (15–30 mg daily)

Depression

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by CLAUS HINRICHS on January 4, 2005 . 



n engl j med 351;1 www.nejm.org july 1, 2004

drug therapy

65

Supported by grants from the Alzheimer’s Disease Research Cen-
ter (P50 AG16570) and the Alzheimer’s Disease Cooperative Study
(AG10483), the National Institute on Aging; the Alzheimer’s Dis-
ease Research Center of California; the National Institutes of Health
(RR00856); and by the Sidell–Kagan Foundation.

Dr. Cummings reports having received consulting fees from
AstraZeneca, Aventis, Forest Laboratories, Eli Lilly, Memory Phar-
maceuticals, Novartis, Ono, Pfizer, Praecis, SynX Pharma, Eisai, and
Servier and lecture fees from Bristol-Myers Squibb, Forest Laborato-
ries, Janssen, Novartis, and Pfizer.

references

1. Hebert LE, Scherr PA, Bienias JL, Ben-
nett DA, Evans DA. Alzheimer disease in the
US population: prevalence estimates using
the 2000 Census. Arch Neurol 2003;60:
1119-22.
2. Jorm AF. Cross-national comparisons
of the occurrence of Alzheimer’s and vascu-
lar dementias. Eur Arch Psychiatry Clin
Neurosci 1991;240:218-22.
3. Wimo A, Winblad B. Health economical
aspects of Alzheimer disease and its treat-
ment. Psychogeriatrics 2001;1:189-93.
4. Diagnostic and statistical manual of
mental disorders, 4th ed. DSM-IV. Washing-
ton, D.C.: American Psychiatric Association,
1994.
5. Kawas CH. Early Alzheimer’s disease.
N Engl J Med 2003;349:1056-63.
6. McKhann G, Drachman D, Folstein M,
Katzman R, Price D, Stadlan EM. Clinical di-
agnosis of Alzheimer’s disease: report of the
NINCDS-ADRDA Work Group under the
auspices of Department of Health and Hu-
man Services Task Force on Alzheimer’s
Disease. Neurology 1984;34:939-44.
7. Chui H, Lee A-E. Clinical criteria for de-
mentia subtypes. In: Qizilbash N, Schneider
L, Brodaty H, et al., eds. Evidence-based de-
mentia practice. Oxford, England: Black-
well Science, 2002:106-19.
8. Greene JD, Baddeley AD, Hodges JR.
Analysis of the episodic memory deficit in
early Alzheimer’s disease: evidence from the
doors and people test. Neuropsychologia
1996;34:537-51.
9. Pillon B, Deweer B, Agid Y, Dubois B.
Explicit memory in Alzheimer’s, Hunting-
ton’s, and Parkinson’s diseases. Arch Neu-
rol 1993;50:374-9.
10. Price BH, Gurvit H, Weintraub S, Geula
C, Leimkuhler E, Mesulam M. Neuropsy-
chological patterns and language deficits in
20 consecutive cases of autopsy-confirmed
Alzheimer’s disease. Arch Neurol 1993;50:
931-7.
11. Esteban-Santillan C, Praditsuwan R,
Ueda H, Geldmacher DS. Clock drawing
test in very mild Alzheimer’s disease. J Am
Geriatr Soc 1998;46:1266-9.
12. Kirk A, Kertesz A. On drawing impair-
ment in Alzheimer’s disease. Arch Neurol
1991;48:73-7.
13. Galasko D, Bennett DA, Sano K, et al.
An inventory to assess activities of daily liv-
ing for clinical trials in Alzheimer’s disease:
the Alzheimer’s Disease Cooperative Study.
Alzheimer Dis Assoc Disord 1997;11:S33-
S39.
14. Mega MS, Cummings JL, Fiorello T,

Gornbein J. The spectrum of behavioral
changes in Alzheimer’s disease. Neurology
1996;46:130-5.
15. Knopman DS, DeKosky ST, Cummings
JL, et al. Practice parameter: diagnosis of de-
mentia (an evidence-based review): report of
the Quality Standards Subcommittee of the
American Academy of Neurology. Neurolo-
gy 2001;56:1143-53.
16. Silverman DH, Small GW, Chang CY, et
al. Positron emission tomography in evalua-
tion of dementia: regional brain metabo-
lism and long-term outcome. JAMA 2001;
286:2120-7.
17. Callahan CM, Hendrie HC, Tierney
WM. Documentation and evaluation of cog-
nitive impairment in elderly primary care
patients. Ann Intern Med 1995;122:422-9.
18. Ross GW, Abbott RD, Petrovitch H, et al.
Frequency and characteristics of silent de-
mentia among elderly Japanese-American
men: the Honolulu-Asia Aging Study. JAMA
1997;277:800-5.
19. Hardy J, Selkoe DJ. The amyloid hypoth-
esis of Alzheimer’s disease: progress and
problems on the road to therapeutics. Sci-
ence 2002;297:353-6. [Erratum, Science
2002;297:2209.]
20. Butterfield DA, Castegna A, Lauderback
CM, Drake J. Evidence that amyloid beta-
peptide-induced lipid peroxidation and its
sequelae in Alzheimer’s disease brain con-
tribute to neuronal death. Neurobiol Aging
2002;23:655-64.
21. Carter DB, Dunn E, McKinley DD, et al.
Human apolipoprotein E4 accelerates beta-
amyloid deposition in APPsw transgenic
mouse brain. Ann Neurol 2001;50:468-75.
22. Hsiao K, Chapman P, Nilsen S, et al.
Correlative memory deficits, Abeta eleva-
tion, and amyloid plaques in transgenic
mice. Science 1996;274:99-102.
23. Mesulam M-M. Neuroplasticity failure
in Alzheimer’s disease: bridging the gap be-
tween plaques and tangles. Neuron 1999;
24:521-9.
24. Hock C, Konietzko U, Streffer JR, et al.
Antibodies against beta-amyloid slow cog-
nitive decline in Alzheimer’s disease. Neu-
ron 2003;38:547-54.
25. Pappas BA, Bayley PJ, Bui BK, Hansen
LA, Thal LJ. Choline acetyltransferase activi-
ty and cognitive domain scores of Alzhei-
mer’s patients. Neurobiol Aging 2000;21:
11-7.
26. Palmer AM, Stratmann GC, Procter AW,
Bowen DM. Possible neurotransmitter basis
of behavioral changes in Alzheimer’s dis-
ease. Ann Neurol 1988;23:616-20.

27. Schenk D, Barbour R, Dunn W, et al. Im-
munization with amyloid-b attenuates Alz-
heimer-disease-like pathology in the PDAPP
mouse. Nature 1999;400:173-9.
28. Orgogozo JM, Gilman S, Dartigues JF, et
al. Subacute meningoencephalitis in a sub-
set of patients with AD after Abeta42 immu-
nization. Neurology 2003;61:46-54.
29. Wolfe MS. Therapeutic strategies for
Alzheimer’s disease. Nat Rev Drug Discov
2002;1:859-66.
30. Seimers ER, Quinn JL, Kaye J, et al. Ef-
fect of LY450139, a functional g-secretase
inhibitor on plasma and cerebrospinal fluid
concentrations of Ab and cognitive func-
tioning in patients with mild to moderate
Alzheimer’s disease. Am Acad Neurol 2004;
101:Suppl:S17. abstract.
31. Petanceska SS, DeRosa S, Olm V, et al.
Statin therapy for Alzheimer’s disease: will
it work? J Mol Neurosci 2002;19:155-61.
32. Ritchie CW, Bush AI, Mackinnon A, et
al. Metal-protein attenuation with iodo-
chlorhydroxyquin (clioquinol) targeting
Abeta amyloid deposition and toxicity in
Alzheimer disease: a pilot phase 2 clinical
trial. Arch Neurol 2003;60:1685-91.
33. Craft S, Peskind E, Schwartz MW, Schel-
lenberg GD, Raskind M, Porte D Jr. Cerebro-
spinal fluid and plasma insulin levels in Alz-
heimer’s disease: relationship to severity of
dementia and apolipoprotein E genotype.
Neurology 1998;50:164-8.
34. Windisch M, Hutter-Paier B, Rocken-
stein E, Hashimoto M, Mallory M, Masliah
E. Development of a new treatment for Alz-
heimer’s disease and Parkinson’s disease us-
ing anti-aggregatory beta-synuclein-derived
peptides. J Mol Neurosci 2002;19:63-9.
35. Sano M, Ernesto C, Thomas RG, et al.
A controlled trial of selegiline, alpha-tocoph-
erol, or both as treatment for Alzheimer’s
disease. N Engl J Med 1997;336:1216-22.
36. Klatte ET, Scharre DW, Nagaraja HN,
Davis RA, Beverdorf DQ. Combination ther-
apy of donepezil and vitamin E in Alzheimer
disease. Alzheimer Dis Assoc Disord 2003;
17:113-6.
37. Engelhart MJ, Geerlings MI, Ruitenberg
A, et al. Dietary intake of antioxidants and
risk of Alzheimer disease. JAMA 2002;287:
3223-9.
38. Esposito E, Rotilio D, Di Matteo V, Di
Giulio C, Cacchio M, Algeri S. A review of
specific dietary antioxidants and the effects
on biochemical mechanisms related to neu-
rodegenerative processes. Neurobiol Aging
2002;23:719-35.
39. Zandi PP, Anthony JC, Khachaturian AS,

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by CLAUS HINRICHS on January 4, 2005 . 



n engl j med 351;1 www.nejm.org july 1, 2004

The new england journal of medicine

66

et al. Reduced risk of Alzheimer disease in
users of antioxidant vitamin supplements:
the Cache County Study. Arch Neurol 2004;
61:82-8.
40. Parsons CG, Danysz W, Quack G. Me-
mantine is a clinically well tolerated
N-methyl-D-aspartate (NMDA) receptor an-
tagonist — a review of preclinical data. Neu-
ropharmacology 1999;38:735-67.
41. Reisberg B, Doody R, Stöffler A, Schmitt
F, Ferris S, Möbius HJ. Memantine in mod-
erate-to-severe Alzheimer’s disease. N Engl
J Med 2003;348:1333-41.
42. Tariot PN, Farlow MR, Grossberg GT,
Graham SM, McDonald S, Gergel I. Me-
mantine treatment in patients with moder-
ate to severe Alzheimer disease already re-
ceiving donepezil: a randomized controlled
trial. JAMA 2004;291:317-24.
43. Finch CE, Longo V, Miyao A, et al. In-
flammation in Alzheimer’s disease. In:
Chesselet M-F, ed. Molecular mechanisms
of neurodegenerative diseases. Totowa,
N.J.: Humana Press, 2001:87-110.
44. Aisen PS, Davis KL, Berg JD, et al. A ran-
domized controlled trial of prednisone in
Alzheimer’s disease. Neurology 2000;54:
588-93.
45. Scharf S, Mander A, Ugoni A, Vajda F,
Christophidis N. A double-blind, placebo-
controlled trial of diclofenac/misoprostol in
Alzheimer’s disease. Neurology 1999;53:
197-201.
46. Aisen PS, Schafer KA, Grundman M, et
al. Effects of rofecoxib or naproxen vs place-
bo on Alzheimer’s disease progression: a ran-
domized controlled trial. JAMA 2003;289:
2819-26.
47. Henderson VW, Paganini-Hill A, Miller
BL, et al. Estrogen for Alzheimer’s disease in
women: randomized, double-blind, place-
bo-controlled trial. Neurology 2000;54:295-
301.
48. Mulnard RA, Cotman CW, Kawas C, et
al. Estrogen replacement therapy for treat-
ment of mild to moderate Alzheimer dis-
ease: a randomized controlled trial. JAMA
2000;283:1007-15. [Erratum, JAMA 2000;
284:2597.]
49. Shumaker SA, Legault C, Rapp SR, et al.
Estrogen plus progestin and the incidence
of dementia and mild cognitive impairment
in postmenopausal women: the Women’s
Health Initiative Memory Study: a random-
ized controlled trial. JAMA 2003;289:2651-
62.
50. Doody RS, Stevens JC, Beck C, et al.
Practice parameter: management of demen-
tia (an evidence-based review): report of the
Quality Standards Subcommittee of the
American Academy of Neurology. Neurolo-
gy 2001;56:1154-66.
51. Small GW, Rabins PV, Barry PP, et al. Di-
agnosis and treatment of Alzheimer’s dis-
ease and related disorders: consensus state-
ment of the American Association of
Geriatric Psychiatry, the Alzheimer’s Associ-
ation, and the American Geriatrics Society.
JAMA 1997;278:1363-71.

52. Watkins PB, Zimmerman HJ, Knapp MJ,
Gracon SI, Lewis KW. Hepatotoxic effects of
tacrine administration in patients with Alz-
heimer’s disease. JAMA 1994;271:992-8.
53. Cummings JL. Use of cholinesterase in-
hibitors in clinical practice: evidence-based
recommendations. Am J Geriatr Psychiatry
2003;11:131-45.
54. Leber P. Guidelines for the clinical eval-
uation of antidementia drugs. Rockville,
Md.: Food and Drug Administration, 1990.
55. Rosen WG, Mohs RC, Davis KL. A new
rating scale for Alzheimer’s disease. Am J
Psychiatry 1984;141:1356-64.
56. Schneider LS, Olin JT, Doody RS, et al.
Validity and reliability of the Alzheimer’s
Disease Cooperative Study-Clinical Global
Impression of Change. Alzheimer Dis Assoc
Disord 1997;11:Suppl:S22-S32.
57. Rogers SL, Farlow MR, Doody RS, Mohs
R, Friedhoff LT. A 24-week, double-blind,
placebo-controlled trial of donepezil in pa-
tients with Alzheimer’s disease. Neurology
1998;50:136-45.
58. Corey-Bloom J, Anand R, Veach J. A ran-
domized trial evaluating the efficacy and
safety of ENA 713 (rivastigmine tartrate),
a new acetylcholinesterase inhibitor, in pa-
tients with mild to moderately severe Alzhei-
mer’s disease. Int J Geriatr Psychopharmacol
1998;1:55-65.
59. Raskind MA, Peskind ER, Wessel T,
Yuan W. Galantamine in AD: a 6-month ran-
domized, placebo-controlled trial with a
6-month extension. Neurology 2000;54:
2261-8.
60. Doraiswamy PM, Kaiser L, Bieber F,
Garman RL. The Alzheimer’s Disease As-
sessment Scale: evaluation of psychometric
properties and patterns of cognitive decline
in multicenter clinical trials of mild to mod-
erate Alzheimer’s disease. Alzheimer Dis
Assoc Disord 2001;15:174-83.
61. Tariot PN, Cummings J, Katz IR, et al.
A randomized, double-blind, placebo-con-
trolled study of the efficacy and safety of
donepezil in patients with Alzheimer’s dis-
ease in the nursing home setting. J Am Geri-
atr Soc 2001;49:1590-9.
62. Winblad B, Engedal K, Soininen H, et al.
A 1-year, randomized, placebo-controlled
study of donepezil in patients with mild to
moderate AD. Neurology 2001;57:489-95.
63. Rogers SL, Doody RS, Pratt RD, Ieni JR.
Long-term efficacy and safety of donepezil
in the treatment of Alzheimer’s disease: fi-
nal analysis of a US multicentre open-label
study. Eur Neuropsychopharmacol 2000;
10:195-203.
64. Doody RS, Geldmacher DS, Gordon B,
Perdomo CA, Pratt RD. Open-label, multi-
center, phase 3 extension study of the safety
and efficacy of donepezil in patients with
Alzheimer disease. Arch Neurol 2001;58:
427-33.
65. Oken BS, Storzbach DM, Kaye JA. The
efficacy of Ginkgo biloba on cognitive func-
tion in Alzheimer disease. Arch Neurol
1998;55:1409-15.

66. Ott BR, Owens NJ. Complementary and
alternative medicines for Alzheimer’s dis-
ease. J Geriatr Psychiatry Neurol 1998;11:
163-73.
67. Cohen-Mansfield J. Nonpharmacologic
interventions for inappropriate behaviors in
dementia: a review, summary, and critique.
Am J Geriatr Psychiatry 2001;9:361-81.
68. Cohen-Mansfield J, Werner P. Manage-
ment of verbally disruptive behaviors in
nursing home residents. J Gerontol A Biol
Sci Med Sci 1997;52:M369-M377.
69. Katz IR, Jeste DV, Mintzer JE, Clyde C,
Napolitano J, Brecher M. Comparison of ris-
peridone and placebo for psychosis and be-
havioral disturbances associated with de-
mentia: a randomized, double-blind trial.
J Clin Psychiatry 1999;60:107-15.
70. De Deyn PP, Rabheru K, Rasmussen A,
et al. A randomized trial of risperidone, pla-
cebo, and haloperidol for behavioral symp-
toms of dementia. Neurology 1999;53:946-
55.
71. Street JS, Clark WS, Gannon KS, et al.
Olanzapine treatment of psychotic and be-
havioral symptoms in patients with Alzhei-
mer’s disease in nursing care facilities: a dou-
ble-blind, randomized, placebo-controlled
trial. Arch Gen Psychiatry 2000;57:968-76.
72. Brodaty H, Ames D, Snowdon J, et al.
A randomized placebo-controlled trial of
risperidone for the treatment of aggression,
agitation, and psychosis of dementia. J Clin
Psychiatry 2003;64:134-43.
73. Devanand D, Marder K, Michaels K, et
al. A randomized, placebo-controlled dose-
comparison trial of haloperidol for psycho-
sis and disruptive behaviors in Alzheimer’s
disease. Am J Psychiatry 1998;155:1512-20.
74. Sultzer D, Gray K, Gunay I, Berisford
MA, Mahler ME. A double-blind compari-
son of trazodone and haloperidol for treat-
ment of agitation in patients with dementia.
Am J Geriatr Psychiatry 1997;5:60-9.
75. Tariot PN, Erb R, Podgorski C, et al. Effi-
cacy and tolerability of carbamazepine for
agitation and aggression in dementia. Am J
Psychiatry 1998;155:54-61.
76. Porsteinsson AP, Tariot PN, Erb R, et al.
Placebo-controlled study of divalproex sodi-
um for agitation in dementia. Am J Geriatr
Psychiatry 2001;9:58-66.
77. Porsteinsson AP, Tariot PN, Erb R, Gaile
S. An open trial of valproate for agitation in
geriatric neuropsychiatric disorders. Am J
Geriatr Psychiatry 1997;5:344-51.
78. Lyketsos C, Sheppard J-M, Steele CD, et
al. Randomized, placebo-controlled, dou-
ble-blind clinical trial of sertraline in the
treatment of depression complicating Alz-
heimer’s disease: initial results from the De-
pression in Alzheimer’s Disease study. Am J
Psychiatry 2000;157:1686-9.
79. Katona CL, Hunter BN, Bray J. A double-
blind comparison of the efficacy and safety
of paroxetine and imipramine in the treat-
ment of depression with dementia. Int J
Geriatr Psychiatry 1998;13:100-8.
80. Taragano F, Lyketsos C, Mangone CA,

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by CLAUS HINRICHS on January 4, 2005 . 



n engl j med 351;1 www.nejm.org july 1, 2004

drug therapy

67

Allegri RF, Comesana-Diaz E. A double-
blind, randomized, fixed-dose trial of fluox-
etine vs. amitriptyline in the treatment of
major depression complicating Alzheimer’s
disease. Psychosomatics 1997;38:246-52.
81. Chandra V, Bharucha NE, Schoenberg
BS. Conditions associated with Alzheimer’s
disease at death: case-control study. Neurol-
ogy 1986;36:209-11.
82. Magenheim MJ. Preventive health main-
tenance. In: Duthie EH Jr, Katz PR, eds.
Practice of geriatrics. 3rd ed. Philadelphia:
W.B. Saunders, 1998:115-29.

83. Alzheimer’s Association home page.
(Accessed June 4, 2004, at: http://www. alz.
org.)
84. Schulz R, O’Brien AT, Bookwala J,
Fleissner K. Psychiatric and physical mor-
bidity effects of dementia caregiving: preva-
lence, correlates, and causes. Gerontologist
1995;35:771-91.
85. Mittelman MS, Ferris SH, Shulman E,
Steinberg G, Levin B. A family intervention
to delay nursing home placement of patients
with Alzheimer disease: a randomized con-
trolled trial. JAMA 1996;276:1725-31.

86. Brodaty H, Green A, Koschera A. Meta-
analysis of psychosocial interventions for
caregivers of people with dementia. J Am
Geriatr Soc 2003;51:657-64.
87. The Leeza Gibbons Memory Foundation
home page. (Accessed June 4, 2004, at http://
memoryfoundation.org.)
88. Alzheimer’s Foundation of America
home page. (Accessed June 4, 2004, at http://
www.alzfdn.org.)
Copyright © 2004 Massachusetts Medical Society.

view current job postings at the nejm careercenter 

Visit our online CareerCenter for physicians at www.nejmjobs.org to see the ex-
panded features and services available. Physicians can conduct a quick search of the 
public data base by specialty and view hundreds of current openings that are updated 
daily online at the CareerCenter.

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by CLAUS HINRICHS on January 4, 2005 . 


