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I. OVERVIEW
As our society ages, age-related diseases assume increasing prominence as both personal and
public health concerns. Disorders of cognition are particularly important in both regards, and
Alzheimer’s disease (AD) is by far the most common cause of dementia of aging. In 2000, the
prevalence of AD in the United States was estimated to be 4.5 million individuals, and this
number has been projected to increase to 14 million by 2050 1. While AD is not an inevitable
consequence of aging, these numbers speak to the dramatic scope of its impact. This review
will focus on AD as well as the milder degrees of cognitive impairment that may precede the
clinical diagnosis of probable AD such as mild cognitive impairment 2.

One presumes a gradual pathological progression which begins with normal aging, evolves
through clinically probable AD and culminates in neuropathologically proven AD 3. It is likely
that individuals pass through a transitional stage between normal aging and clinically probable
AD, as illustrated in Figure 1. This phase of mild cognitive impairment may be characterized
by memory impairment associated with minimal or no functional decline. These individuals
do not meet criteria for clinically probable AD yet are worthy of identification and monitoring.

In 2001, the American Academy of Neurology published three practice parameters, evidence-
based medicine analyses of the extant literature on dementia 4–6. One dealt with mild cognitive
impairment 5, the second with diagnostic issues concerning AD and other dementias 4 and the
third paper reviewed treatment recommendations for AD and other dementias 6. These
documents provide current assessments of diagnostic and management issues regarding AD.

A. Normal Aging
Implicit to a discussion of AD and mild cognitive impairment is knowledge about cognitive
changes of normal aging. Characterization of these cognitive changes remains an active area
of research, with no agreement on the nature or degree of impairment or the pathological
substrate of that clinical picture. Consequently, the characterization of early changes of mild
cognitive impairment remains difficult 7. Normative data on a variety of neuropsychological
tests for individuals up to age 100 years exists, as do criticisms of these data 8, 9. Some argue
that existent normative data are contaminated by the inclusion of persons who would meet
current definitions of mild cognitive impairment, and consequently the norms reflect more
impairment than should be expected as a consequence of “normal aging” 9. Exclusion of these
individuals from the normative data presents a conundrum, and the recursive logic necessary
to do so makes this impractical if not impossible.
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A meta-analysis investigating cognitive impairment prior to the diagnosis of AD indicated that
preclinical deficits in global functioning, episodic memory, perceptual speed and executive
functioning were indicative of the subsequent development of AD 10. Among episodic memory
parameters, delayed recall procedures produced the largest effect sizes, and the authors
concluded that deficits in multiple cognitive domains preceded the clinical development of
AD.

Research to more precisely delineate cognitive changes associated with normal aging may
allow more accurate interpretation of very early cognitive changes and prediction of their
pathologic substrates. At present, clinical judgment remains the best means of assessing mild
cognitive impairment.

B. Dementia
Dementia implies a cognitive decline of sufficient severity to compromise a person’s daily
function. While diagnostic criteria vary depending upon dementia subtype, general features
such as those found in the Diagnostic and Statistical Manual – III R (DSM III-R) remain useful
11. In general, they require memory impairment beyond what would be normal for aging and
impairment of at least one other cognitive domain such as attention, language, visuospatial
skills or problem solving. These deficits are of sufficient severity to compromise daily
functional activities and do not occur in the setting of altered sensorium such as delirium or an
acute confusional state. Once this type of cognitive impairment has been determined, the
clinician must then determine the underlying nature of the dementia. In the DSM III-R
definition, memory impairment is an essential feature of dementia. While this is true of many
dementias, it is conceivable that patients with frontotemporal dementia or a Lewy body
dementia might present with significant impairment of non-memory cognitive domains early
in the disorder. Nevertheless, the DSM III-R criteria provide a practical reference point,
particularly for Alzheimer’s disease.

In an elderly person with gradually progressive amnestic disorder which has advanced to
involve non-memory cognitive domains to a degree that these changes affect daily functioning,
AD is the most likely diagnosis.

II. ALZHEIMER’S DISEASE
This dementia is slowly progressive with prominent memory disturbance appearing early in
the clinical presentation 12. As the disease progresses, other cognitive domains become
involved and behavioral alterations also arise 13–16. Alzheimer’s disease is a degenerative
disorder, and definitive diagnosis can only be made by post-mortem examination of the brain.
The classic neuropathological features are neuritic plaques and neurofibrillary tangles 17.

A. Epidemiology
Alzheimer’s disease is an age-related phenomenon, and is the most common cause of dementia
in the United States. The incidence of AD increases dramatically with age, doubling every five
years after age 65 18. The prevalence of AD rises dramatically with age, becoming quite
common in the 70s and more so into the 80s. While it is uncertain whether the incidence of
Alzheimer’s disease continues to rise into the 90s; the incidence of dementia increases rapidly
in that age range. The prevalence of AD doubles every five years, and there is a greater
prevalence of AD in women, likely reflecting their greater longevity 19–25.

B. Clinical Diagnosis
The most commonly employed clinical criteria for diagnosis of AD are those listed in the
Diagnostic and Statistical Manual, Fourth Revision (DSM-IV) 26 or those established by the
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National Institute of Neurologic, Communicative Disorders and Stroke/Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA) work group 27. The DSM-IV criteria
for dementia of the Alzheimer’s type (Table 1) involve the development of memory impairment
accompanied by impairment of one or more other cognitive domains including aphasia,
apraxia, agnosia or disturbance of executive functioning. The cognitive impairments are
gradually progressive, of sufficient severity to impair functional abilities, and cannot be
accounted for by other neurologic or psychiatric disturbances. The American Academy of
Neurology practice parameter found these criteria to be reliable 4.

An adequate history is essential to establishing the diagnosis of dementia. It is critical to take
the history from the patient as well as an informant who knows the patient well. Simple inquiry
regarding changes in the patient’s ability to carry out typical activities of daily living provide
a valuable gauge of the severity of cognitive impairment. In addition to the history, instruments
designed to screen for cognitive impairment such as the Mini-Mental State Examination
(MMSE) 28, the modified Mini-Mental State (3MS) 29, the Blessed Orientation Memory
Concentration Test 30, the Kokmen Short Test of Mental Status 31 or the Clinical Dementia
Rating scale (CDR) 32 can be quite useful. None has been demonstrated to be superior to the
others.

C. General Neurologic Examination
In early AD, the general neurologic examination is typically normal with the exception of the
mental status evaluation. Abnormalities such as parkinsonism, focal neurologic deficits, or
deficits in other parts of the nervous system may suggest an alternative diagnosis. It is important
to assess sensory functions since sensory deprivation can affect the mental status and
neurologic examination. Finally, the neurologic examination should be complemented by a
general medical examination looking for medical conditions which may contribute to cognitive
impairment.

D. Laboratory Tests
The utility of a variety of laboratory tests in evaluating a patient with dementia was assessed
in the American Academy of Neurology practice parameter 4. The authors concluded that
vitamin B-12 levels and thyroid functions should be routinely assessed in cases of dementia.

In practice, a variety of tests may be considered in evaluation of dementia, as outlined in Table
2. Although few of these have been demonstrated to actually have an impact on improving the
dementia, they can be helpful in the appropriate clinical setting since medical conditions may
impact cognitive function.

E. Neuroimaging
The American Academy of Neurology practice parameter recommended that a CT or MRI be
done in most circumstances at the initial dementia assessment to exclude potentially treatable
structural lesions such as subdural hematoma, neoplasm, and stroke 4.

Atrophy of medial temporal lobe structures, e.g., the hippocampus, has been found in patients
with AD, but this atrophy may be nonspecific and while consistent with AD, it may be seen in
other conditions as well 33. Longitudinal volumetric measurements of the hippocampal
formation have indicated more rapid progression of atrophy among persons with AD than
normal controls 34. The utility of volumetric measurements of the entorhinal cortex remains
controversial 35–37. While atrophy of the hippocampus, amygdala, and entorhinal cortex is
established in AD, the role of these findings in the diagnostic evaluation of people having or
at risk for developing AD remains to be defined 38.
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Functional neuroimaging has been studied in AD, and while several studies have suggested
that SPECT imaging augments the clinician’s acumen 39–43, added discriminability has yet
to be definitively demonstrated. PET scanning has shown promise in differentiation amongst
dementias 44 and FDG-PET may be a useful adjunct in the diagnosis of AD 45. There is
literature validating the utility of FDG-PET in differentiating AD from frontotemporal
dementia and the Centers for Medicare and Medicaid have approved for reimbursement the
use of FDG-PET for this purpose. Some evidence suggests that FDG-PET may be useful in
assessing people at risk for developing AD, but longitudinal outcome data is not yet available
45.

Proton MR spectroscopy has also shown promise in evaluating incipient cases of AD 46, and
possibly in differentiating among the various types of dementias 47. This technique may be
useful in assisting in the diagnosis of dementia in the future.

Recently, exciting new imaging techniques have been developed which allow antemortem
detection of amyloid deposition in the brain through the use of the radioligand PET imaging
studies 48–50. Pittsburgh Compound B (PIB), while not ready for clinical use, provides the
potential for detection of the onset of amyloid deposition prior to the development of clinical
symptoms, as well as the opportunity of following amyloid-targeted therapies 51, 52. Another
compound, FDDNP, which binds to both amyloid and tau was recently reported to differentiate
between normal controls, MCI and AD 50. These developments may lead to important new
research opportunities in the early diagnosis and treatment of AD 52.

F. Neuropsychological Testing
Neuropsychological testing can help to determine if reported cognitive changes represent
normal aging, MCI, or signify AD. In early AD, subjects commonly have deficits in delayed
verbal recall and learning, and may also exhibit impaired naming. A depressed subject may
generate a flat learning curve over multiple trials to learn a list of words, but will be able to
retain the amount learned after a delay. Frontotemporal dementia patients may have profound
difficulties with executive function, sustained attention and speed of processing with relative
sparing of naming and memory. While not diagnostic, these neuropsychological profiles can
help to distinguish among various dementias. Neuropsychological testing can also provide a
baseline against which to compare future evaluations. Consequently, depending upon the
particular clinical situation, neuropsychological testing can be an important adjunct.

G. Lumbar Puncture
Several retrospective studies have found little evidence to recommend spinal fluid analysis in
the routine evaluation of dementia in elderly patients 53. Dementia characterized by a subacute
mental status change, fever, nuchal rigidity, or in the setting of possible contributing processes
such as systemic cancer or collagen vascular disease may warrant CSF analysis. Positive
syphilis serology may be further evaluated by CSF examination. In immunocompromised
patients, syphilis, fungal infections, lymphoma and other opportunistic infections must be
considered. Individuals having a rapidly progressive or atypical clinical course and those
presenting younger than age 60 may also prompt CSF analysis. Obviously, one must ascertain
that there are no contraindications to the procedure.

H. Genetic Testing
Individuals presenting in their 30s, 40s or 50s with a family history suggestive of an autosomal
dominant disease may merit testing for mutations on chromosomes 1, 14 or 21 54. Testing
should only be undertaken in the setting of appropriate genetic counseling, since the results
may have significant impact on the patient and family members. Genetic testing for specific
mutations is not typically useful in typical late onset AD.
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Among susceptibility polymorphisms for AD, the most recognized is the lipid carrying protein,
apolipoprotein E (Apo E) 55, 56. A large neuropathological study investigating the utility of
Apo E genotyping found that Apo E ε4 presence increased diagnostic accuracy for AD by about
4 percent and its absence increased the diagnostic accuracy of something other than AD by 8
percent 57. These percentages augmented the clinician’s diagnostic accuracy. Apo E testing
in is not currently recommended for asymptomatic individuals who feel they may be at risk by
virtue of a positive family history 56, 58. The American Academy of Neurology does not
recommend evaluation of any genetic markers for AD at this time 4.

I. Biomarkers
Several studies have found that CSF levels of beta amyloid (Aβ) 1-42 are reduced relative to
normal control subjects 59–62, but the utility of these measurements for early diagnosis remains
unclear. Low Aβ 1-42 levels were not found to correlate with degree of cognitive impairment
63. A recent study found CSF Aβ 1-42 useful in distinguishing AD with white matter lesions
from vascular dementia, with the acknowledgment that Aβ 1-42 serves simply as a surrogate
marker in this context 64.

CSF tau levels in AD have been shown to be elevated relative to controls 65–68. Few studies
have compared the CSF Aβ or tau levels to a clinical diagnosis. One study found that in 26
neuropathologically confirmed AD cases, CSF p-tau and brain homogenate p-tau correlated,
as did the score of neuritic plaques 69. The combination of CSF Aβ 1-42 and tau, and in
particular the species of tau phosphorylated at threonine 181 or 231 (p-tau), may be useful, and
studies have indicated sensitivities and specificities of 85 and 87 percent, respectively 60, 62,
70–72. However, it is not known if these biomarkers augment the diagnostic accuracy of the
clinician.

Another CSF marker, AD7c-NTP (neuronal thread protein), has shown high sensitivities and
specificities, but due to technical limitations and the absence of studies of well delineated
patient populations, the utility of quantitative measurement of this marker in CSF or urine is
unclear 73–76.

The American Academy of Neurology practice parameter states that no biomarkers have
emerged as being appropriate for routine use in the clinical evaluation of patients with suspected
AD 4.

AD Pathophysiology—Most investigators believe that AD is all or in part due to abnormal
processing or deposition of amyloid. The pathogenic form of amyloid is generated by abnormal
cleavage of amyloid precursor protein (APP), and is referred to as Aβ 1-42. Normally, APP is
cleaved by α-secretase. Aβ 1-42 is formed when APP is cleaved by β- and γ-secretases and
then deposited in the brain as an insoluble aggregate. This deposition presumably initiates a
cascade of events which result in inflammatory responses and cell destruction. While this may
not be the only pathologic process, it is believed to be an important component of the
degenerative cascade, and is the target for many new treatment interventions.

The other primary pathologic feature of AD involves the abnormal processing of tau and
neurofibrillary tangle formation. The recent development of animal models exhibiting both
Aβ deposition and neurofibrillary tangles holds promise of providing a better model of the
fundamental pathological elements involved in human AD.
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III. MILD COGNITIVE IMPAIRMENT
A. Conceptual Framework

Clinicians are faced with the dilemma of trying to determine the importance of a patient’s
forgetfulness. Elderly individuals who feel that their memory has changed from a previous
level of functioning are frequently concerned about developing AD. Mild cognitive impairment
(MCI) refers to the clinical state in which a subject is cognitively impaired usually in the
memory domain, but not demented.

The American Academy of Neurology practice parameter addressing MCI, concluded that
persons with memory impairment who meet criteria for MCI have an increased risk of
progressing to clinically probable AD and should be counseled and followed accordingly 5.
Ideally, identification of these individuals would allow an effective treatment intervention to
reduce this risk of progression to dementia, but at present no treatment exists that does so.
Candidate treatments include cholinesterase inhibitors, antioxidants, anti-inflammatories and
nootropics 77.

B. Clinical Criteria
While there are no accepted criteria for the diagnosis of MCI, most investigators have used the
variation of those presented in Table 3. Longitudinal clinical studies indicate that subjects with
amnestic MCI have an increased rate of progression to clinically probable AD 78. It should be
emphasized that these criteria for MCI are clinical. While neuropsychological testing may help
to differentiate these individuals from those who experience normal aging, MCI is not a
neuropsychological diagnosis. A recent study from France demonstrated the unreliability of
retrospective application of a neuropsychological test-based definition of MCI 79. This study
found that application of arbitrary neuropsychological cutoffs in the absence of clinical
judgment eliminated the predictive value of the MCI diagnosis. However, diagnosis based upon
neuropsychological data used in conjunction with the clinical criteria shown in Table 3 can be
reliable and predictive of eventual progression 80.

The first diagnostic criterion is a cognitive complaint. Typically subjects are mildly affected
and are aware of their deficit, and corroboration by an informant is particularly useful 81. The
second criterion requires objective demonstration of cognitive impairment by the clinician and
neuropsychologist, relative to their age- and education-mates 82, 83. As discussed, no
particular reference point for normal aging is entirely accurate, but normative data on subjects
of similar demographic characteristics may be useful. MCI subjects tend to fall 1.5 standard
deviations below their age- and education-matched mates on measures of learning and recall,
but it must be emphasized that these are only guidelines and not cutoff scores for assisting in
the diagnosis of MCI. Some subjects who fall within the normal range of memory function
may in fact have experienced a decline from their prior level of function, and it may be
appropriate to diagnosis MCI.

The third criterion refers to relatively normal general cognition. Put simply, cognitive domains
outside the one primarily impaired are relatively preserved. Close inspection of these subjects
may demonstrate subtle deficits in other cognitive domains, but they are not of sufficient
severity to suggest that the person is demented 80. Again, this is a clinical judgment. Similarly,
activities of daily living are largely preserved. Subjects may experience minor difficulties due
to memory deficits, so technically their activities of daily living are slightly impaired. However,
the degree of impairment is insufficient to constitute dementia.

The last criterion is perhaps the most important. The clinician does not feel that the patient
meets criteria for dementia or clinically probable AD. These individuals function
independently in the community and carry out their routine daily activities. Most clinicians
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feel that it would be a disservice to label these patients with the diagnosis of AD at this very
mild stage of impairment, and the concept of MCI has been developed to identify them.

More recently, the construct of MCI has been extended beyond just memory deficit 84. As
shown in Figure 2, the person can now have any type of cognitive complaint, although memory
is most common. In the estimation of the clinician, this person is not normal for age but not
demented, based upon the clinical history from the patient and an informant and office exam,
possibly supplemented with additional cognitive testing. Despite the cognitive decline,
activities of daily living remain essentially normal. Patients meeting these criteria merit
consideration for the diagnosis of MCI. As Figure 2 illustrates, the major subtypes of MCI are
amnestic MCI or non-amnestic MCI. Memory function is assessed by the mental status exam,
which may be supplemented with neuropsychological testing. If memory impairment is
present, cognitive testing can help to determine whether only memory is affected (amnestic
MCI single domain) or whether other cognitive domains are also impaired (amnestic cognitive
impairment-multiple domain). The other cognitive domains typically evaluated include
language, attention/executive function and visuospatial skills. If the person meets MCI criteria
and memory is not impaired, other cognitive domains need to be assessed to determine if it is
an isolated problem (non-amnestic MCI single domain) or if multiple non-memory domains
involved (non-amnestic MCI multiple domain).

Similar to the evaluation of the etiology of dementia, the historical and neuroimaging data may
suggest the cause of MCI is of a degenerative, vascular, psychiatric, or traumatic etiology or
secondary to medical illnesses, as illustrated in Figure 3. In reality, part of the scheme shown
in Figure 3 is theoretical and not yet validated, while other aspects are well documented in the
literature 85–87. Amnestic MCI of a degenerative etiology is highly likely to progress to AD
and the American Academy of Neurology endorsed this construct in its practice parameter 5.
The corresponding outcome of non-amnestic MCI subjects is currently under investigation.

C. Evaluation
The clinical evaluation of suspected MCI is virtually identical to that described above for
clinically probable AD. As mentioned, the history is of particular importance and should be
verified by an informant, if this is at all possible. The clinician should perform a mental status
examination in addition to a general neurologic exam. Most of the commonly used instruments
available, MMSE, 3MS, Kokmen Short Test of Mental Status 28, 29, 31, are relatively
insensitive in this range of cognitive function, and in all likelihood performance on these
measures will appear more normal than not. Subjects with MCI often score in the 26 to 28
range on the MMSE, which is typically reported as normal. If the mental status exam instrument
does not have a significant memory component, subjects with relatively isolated memory
impairment will not be differentiated from those who are aging normally. Consequently, the
clinician may consider augmenting the clinical examination with an additional memory test
88, 89.

The medical laboratory tests are similar to those described above for clinically probable AD
as well (Table 2). One should pay particular attention to subtle medical issues that could affect
cognitive function. . While depression can often be differentiated from clinically probable AD,
it could present with subtle memory impairment in its early stages. Consequently, the clinician
should remain attuned to possible psychiatric components of subtle memory impairments as
well.

D. Neuroimaging
Several recent MRI studies involving volumetric assessments of medial temporal lobe have
been informative 33–36, 90. There is ongoing discussion of the relative utility of volumetric
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measurements of the hippocampal formation versus entorhinal cortex volumes 35–37.
Measurements of whole brain atrophy are under investigation, although it remains to be
determined if whole brain volume changes will be useful in assessing the early stages of AD.
A 2001 study suggested that this may be the case 91 and was supported by a subsequent
prospective study 92, although precise delineation of the rate of atrophy in early AD will require
further study.

The utility of other imaging modalities, such as magnetic resonance spectroscopy, SPECT and
PET, has not been definitively demonstrated in this population yet 93. Nevertheless, in selected
instances, particularly in the setting of a normal structural imaging scan, functional imaging
modalities may provide additional useful information 94. Patients with amnestic MCI are at
an increased risk of progression to AD, and imaging agents such as PIB or FDDNP may
augment this prognostic information, although this is not yet verified.

E. Neuropsychological Testing
Neuropsychological testing can aid in differentiating subjects with MCI from normal aging,
but the testing battery must involve sufficiently difficult learning and recall tasks to tease apart
these subtle deficits. Neuropsychological testing will not make the diagnosis of MCI, but can
be suggestive in the appropriate clinical context 95. Figure 4 presents typical neurocognitive
profiles of subjects with MCI, normal aging and very mild clinically probable Alzheimer’s
disease (CDR 0.5). On measures of general cognitive function such as the MMSE and full scale
IQ, the individual with MCI performs more like the normal elderly subject, while memory
function on delayed verbal recall (Logical Memory II) and non-verbal delayed recall (Visual
Reproductions II) more closely resembles mild AD 80.

F. Biomarkers
As in Alzheimer’s disease, biomarkers are in the early stages of development. There are some
indications that the CSF measures of Aβ and tau may be useful at differentiating subjects with
MCI from normal aging 60, 66, 96. These markers may have utility in predicting progression
from MCI to AD63, 97. A multinational study found that baseline CSF levels of tau
phosphorylated at theorinine 231, but not total tau protein levels, correlated with cognitive
decline and conversion from MCI to AD 72. Another recent study that investigated the utility
of CSF concentrations of Aβ 1-42, total tau (T-tau) and tau phosphorylated at threonine 181
(p-tau) in predicting progression from MCI to AD reported a sensitivity of 95% and specificity
of 83% using the combination of elevated T-tau and lowered Aβ 1-42 98. This is an exciting
area of research, but the present data is insufficient to recommend use of CSF biomarkers in
evaluation of MCI.

G. Genetics
The genetic features of MCI are similar to those of clinically probable AD. There appears to
be a higher representation of Apo E ε4 carriers in MCI, and some studies suggest that presence
of the ε4 allele may be predict a higher rate of progression 99, 100. However, these data are
only weakly positive, and Apo E genotyping is not currently recommended as a diagnostic or
prognostic indicator in MCI.

H. Neuropathology
Several studies have reported on the neuropathology of subjects who died with the clinical
classification of MCI 101, 102. Neuropathology in subjects with MCI in the Religious Orders
Study was intermediate between the neuropathological changes of normal aging and fully
developed AD 101. This study also indicated that vascular features were present and suggested
that both neurodegenerative and vascular changes may account for the clinical features of MCI.

Kelley and Petersen Page 8

Neurol Clin. Author manuscript; available in PMC 2009 May 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Another report from the Nun Study indicated that individuals who were retrospectively
classified as having MCI primarily had neuropathologic changes of AD at autopsy 103. This
study found that patients with MCI had significantly more neuritic plaques relative to controls,
and that these findings were more similar to those of early AD than normal aging. However,
a study from the Mayo Clinic on MCI demonstrated that subjects had intermediate
neuropathologic changes significantly different from both controls and AD 102. MCI subjects
in this series more closely resembled normal control subjects than AD subjects, implying that
these MCI subjects were diagnosed at an earlier stage in the disease process. Two small
neuropathological studies demonstrated neurofibrillary tangle pathology in the nucleus basalis
104 and locus ceruleus 105 in MCI and early AD.

A Washington University study found that when dementia subjects classified as having AD
and a Clinical Dementia Rating of 0.5 progressed, 84% of them had the neuropathologic
features of AD 106. A Mayo Clinic study of 34 subjects previously diagnosed with MCI who
had progressed to dementia demonstrated that while approximately 75% of these subjects went
on to have AD, the other 25% developed other forms of dementia 107. Therefore, while
amnestic MCI criteria are predictive of developing AD, they are not absolute and when patients
are diagnosed at an early stage of impairment, neuropathological features do not correspond
to AD at that point in time.

I. Summary
The construct of mild cognitive impairment identifies individuals at increased risk of
developing AD. The early identification of these more subtle impairments may allow clinicians
to counsel and follow their patients more effectively. Many subjects with amnestic MCI will
ultimately progress to probable AD. Identification at this earlier point in the progression may
ultimately allow intervention to slow or halt progression. Mild cognitive impairment is an
important area for clinical research, and work characterizing the clinical features of these
subjects and documenting their outcome is progressing at a rapid rate.

IV. TREATMENTS
A. Alzheimer’s Disease

1. Symptomatic—Five drugs are approved by the Food and Drug Administration (FDA) for
the treatment of clinically probable AD (Table 4), although only four are commonly used.
Three of these four are acetylcholinesterase inhibitors, used in response to research indicating
a cholinergic deficit in AD 108. Acetylcholine is involved in many aspects of cognition
including memory and attention. Cholinergic neurons in the basal forebrain project to many
regions of the neocortex and to the medial temporal lobe including the hippocampus.
Anticholinergic drugs, such as scopolamine, can impair learning and recall, reminiscent of the
cognitive changes seen in AD 109. Choline acetyltransferase, the synthetic enzyme for
acetylcholine, is reduced in the brains of subjects with AD 110, 111. In the past decade,
acetylcholinesterase inhibitors have been shown to be effective at modulating the symptoms
of AD and currently form the mainstay of treatment in clinically probable AD.

The first compound approved was tacrine (Cognex), which led the way for treatment of AD.
However, tacrine required four times a day dosing and liver toxicity necessitated regular
monitoring of liver enzymes. Newer drugs without these limiting features were introduced,
and tacrine is now only rarely used for the treatment of AD.

Donepezil (Aricept) became available in the mid-1990s as the next acetylcholinesterase
inhibitor approved by the FDA. It is administered once daily and does not require any laboratory
monitoring. It is heavily bound to plasma proteins, and has a half-life of approximately 70
hours. Typically, it is started at 5 mg daily and the dose is increased to 10 mg daily after 4 to
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6 weeks if the drug is well tolerated. The most common side effects include nausea, increased
bowel frequency and vomiting. Occasionally patients experience vivid dreaming, which may
be reduced by morning administration of the drug. Cholinesterase inhibitors could theoretically
influence cardiac rhythm, but this is not commonly encountered in the absence of an underlying
disturbance of cardiac conduction. They may also have an effect on respiratory conditions such
as chronic obstructive pulmonary disease or asthma and could theoretically interfere with the
administration of anesthesia during surgery. The absorption of donepezil is not influenced by
food intake.

Several studies of the efficacy of donepezil show a modest improvement in cognitive function
as measured by scales such as the Alzheimer’s Disease Assessment Scale – Cognitive Subscale
(ADAS-Cog) and the Clinician’s Interview-Based Impression of Change (CIBIC Plus) 6. The
drug is approved for mild to moderate AD, and the length of the response has been documented
up to 52 weeks. It is uncertain if the benefit persists longer than this. Studies indicate that
performance of the subject returns to the same as in the untreated state when donepezil is
discontinued, suggesting that donepezil has a symptomatic effect on the disease but does not
affect the underlying pathophysiologic process.

A large study of donepezil in amnestic MCI found a reduced rate of progression to AD during
the first 12 months of the study, but no overall impact on rate of progression at the 3 year
endpoint 112. This suggests a transient symptomatic benefit without modification of disease
course in amnestic MCI, similar to its effect in AD.

Rivastigmine (Exelon) is another acetylcholinesterase inhibitor approved by the FDA 113.
Rivastigmine is a pseudo-irreversible inhibitor of acetylcholinesterase and dissociates from the
enzyme slowly. Dosing begins with 1.5 mg twice a day and increases in increments of 1.5 mg
per dose to a maximum of 6 mg twice daily. While this offers greater dosing flexibility, the
twice daily dosing may make it more difficult for memory impaired patients to adhere to
therapy. It may provide greater cholinesterase inhibition at the highest dose, but is also prone
to an increased frequency of side effects possibly related to its inhibition of
butyrylcholinesterase. Side effects are similar to those of donepezil, although with a somewhat
higher incidence of GI side effects 113. To encourage adherence to dose increases, titration is
recommended to be advanced on a 2 to 4 week basis. The effect size of rivastigmine on the
ADAS-Cog and the CIBIC Plus is approximately the same as donepezil 6.

The fourth cholinesterase inhibitor approved by the FDA, galantamine (Reminyl), is a
reversible inhibitor of cholinesterase which also has some nicotinic receptor activity. This
mechanism has been proposed to provide an additional benefit over the other cholinesterase
inhibitors. The initial starting dose of galantamine is 4 mg twice daily, which is increased to 8
mg twice daily and ultimately 12 mg twice daily if tolerated. This dose escalation is done at
four week intervals to minimize side effects. Galantamine has similar potential for GI, cardiac
and pulmonary concerns as the other cholinesterase inhibitors. The effect size of galantamine
on the ADAS-Cog and the CIBIC Plus is similar to donepezil and rivastigmine. One study
found that galantamine had an effect on activities of daily living and behavior 114. Concern
about an increase in mortality, presumably from cardiac deaths, has arisen in clinical trials of
galantamine in MCI. The FDA has expressed caution about the use of galantamine for that
indication.

Memantine (Namenda) is a NMDA antagonist which has been approved by the FDA for the
treatment of moderate to severe AD. This drug can be used either alone or in combination with
a cholinesterase inhibitor to help improve the symptoms of AD, but has not been shown to
have an effect on the underlying disease process.
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In summary, donepezil, rivastigmine, galantamine and memantine are the most commonly used
drugs in the treatment of AD. They appear to be equally efficacious, have a similar side effect
profiles, their cost is approximately equivalent and there is little evidence to recommend one
over the other. They appear to provide a modest enhancement of cognitive function in subjects
with AD but do not seem to have a significant impact on the underlying pathophysiology of
AD. The American Academy of Neurology’s practice parameter on treatment of dementia
recommended that cholinesterase inhibitors be considered in mild to moderate AD patients,
although the effect size is modest 6. The gastrointestinal side effects can be minimized with
slow titration of the drug. Their role in MCI is incompletely defined, with a large trial
suggesting transient symptomatic benefit in amnestic MCI, but no lasting impact on
progression to AD 112.

Cost effectiveness of the cholinesterase inhibitors has been debated with one study suggesting
a modest cost savings in favor of donepezil over placebo with a reduction in the use of
residential care 115 and another study coming to the opposite conclusion 116. Comparable
studies have not been done with the other cholinesterase inhibitors or with memantine. Thus,
the long-term benefit remains questionable from an economic perspective.

2. Disease Modifying
a. Vitamin E: Considerable research supports a role of oxidative damage in the
pathophysiology of AD, and the use of antioxidants as a treatment of AD remains an area of
active research. Epidemiologic data suggest that anti-oxidants may be associated with a lower
incidence of AD 117–121. A large clinical trial of moderate AD patients found that vitamin E
and selegiline were effective at slowing the progression of moderate AD 122. The primary
endpoint of this study were death, institutionalization, loss of basic activities of daily living or
a progression on the CDR from 2 to 3, and both vitamin E and selegiline reduced the rate of
progression. The dosage of vitamin E was 1,000 IU twice daily and that of selegiline was 10
mg daily. Due to its drug interactions and other potential toxicities as well as a suggestion of
a very mild superiority of vitamin E to selegeline, the AAN practice parameter recommended
that vitamin E at 1000 IU twice daily can be considered as a treatment to slow the progression
of AD 6. This finding has not been replicated, nor has the optimal dose of vitamin E been
determined by additional studies. A single large study which investigated vitamin E in amnestic
MCI found no benefit over placebo 112. Theoretical concerns of GI toxicity and bleeding exist
with vitamin E, but generally it is well tolerated.

This single positive study for vitamin E needs to be interpreted in the context of a recent meta-
analysis that suggests an increased risk of death among those taking vitamin E at 400 IU or
more per day 123. These deaths were mostly cardiovascular, and overall medical condition of
the participants in the studies pooled for meta-analysis may not accurately represent typical
AD patients.

3. Under Investigation
a. Anti-inflammatory Medications: Research implicates an inflammatory component to the
neurodegenerative process in AD 124, 125 and epidemiologic studies have suggested that
nonsteroidal anti-inflammatory drug (NSAID) use may protect against developing AD 126–
130. Given this background, it is not surprising that several studies have been undertaken to
determine the possible efficacy of anti-inflammatories in treating AD 131–133.

Studies using glucocorticoids such as prednisone or NSAIDs have been negative to date 131,
134. The cyclooxygenase (COX) –2 inhibitors have not been demonstrated to be beneficial
and cardiovascular concerns exist regarding the prolonged use of these medications 135–
139. Thus, while the epidemiologic data and theoretical considerations remain intriguing, the
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benefit of anti-inflammatory agents for the treatment or prevention of AD has yet to be
demonstrated 140.

There is speculation that some NSAIDs may have specific Aβ lowering properties and hence
might be useful in the treatment of AD through an alternative mechanism, and this remains an
area of ongoing research 141–143.

b. Estrogen Replacement Therapy: Some epidemiologic evidence suggests that post-
menopausal women who take estrogen replacement may be protected from developing AD
144–147. More recently, the Women’s Health Initiative Memory Study has demonstrated that
post-menopausal estrogen use might actually be a risk factor for developing AD and MCI rather
than a protective factor 148–151. There are longitudinal studies underway concerning possible
prophylactic effect of estrogen in reducing the risk of developing dementia, but the data from
these studies are pending 152, 153. A large trial of estrogen replacement in mild to moderate
AD failed to demonstrate benefit over the course of 12 months 154. A smaller 16-week trial
was also negative 155. A case-control study found no overall correlation between estrogen
replacement and incident cases of AD, although it did suggest that this factor interacted with
smoking history 156. At present there are no data which suggest that estrogen is useful as a
treatment or prophylactic for AD and it is currently not recommended for that purpose.

c. Amyloid Treatments: Deposition of beta amyloid (Aβ) is considered to be intrinsic to the
pathophysiology of AD and several research strategies are underway that address this
mechanism 157. Beta amyloid is a major component of the neuritic plaques in AD, and fibrillar
Aβ has been shown to be neurotoxic. Beta amyloid is processed by several proteases to various
amylogenic and non-amylogenic pathways 158. The protease α-secretase produces the non-
amylogenic fragments and is the preferred pathway, while β-secretase and γ-secretase cleavage
results in the generation of Aβ. Consequently, strategies which attempt to inhibit the activities
of β-secretase and γ-secretase have been developed 159–162. The β-secretase enzyme BACE
is one target 163 and γ-secretase is another 164–167. A 12 month clinical trial of an NSAID-
derived γ-secretase inhibitor suggested benefit in daily activities and psychiatric events 168,
and a larger phase III trial of this agent is ongoing. Thus, while candidate compounds have
been identified, only limited clinical trial data are currently available.

Immunization was proposed as a treatment in 1999, based upon mouse data suggesting that
immunization of Aβ in early life reduced Aβ plaque formation later in life 169. Mid-life
immunization of these mice showed a reduced progression of the disease as well as a suggesting
some regression of the underlying pathology 169.

A multicenter Phase II clinical trial of active immunotherapy with a vaccine against Aβ-42
(AN1792) plus adjuvant QS-21 in humans began in 2001. This study was halted in early 2002
after a subacute meningoencephalitis developed in approximately 5% of the immunized
subjects 170. Active immunization was discontinued; however there was a suggestion that the
subset of subjects who developed sufficient antibody levels may have had a reduced
progression of the disease 171. The few autopsies performed on trial participants have
suggested some clearance of neuritic plaques 172. Subjects who produced antibody showed
more brain volume reduction on MRI, hinting that some degree of amyloid clearing process
may have affected brain volumes 173.

Polyclonal antibodies against Aβ can be found in human immunoglobulins, and IVIg has been
advanced as a method of passive immunization for the treatment of AD 174, 175. One study
of five patients suggested that monthly IVIg reduced CSF Aβ concentrations while increasing
serum levels of Aβ 175. A phase I trial of IVIg in eight patients suggested sustained cognitive
benefit among some patients 176 and a small phase II trial is currently underway. Passive

Kelley and Petersen Page 12

Neurol Clin. Author manuscript; available in PMC 2009 May 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



immunization using monoclonal antibodies produced in cell culture has also been proposed,
and a phase IIa trial of bapineuzumab (a humanized antibody against Aβ) is expected to be
completed in 2008.

4. Non-cognitive symptoms—Non-cognitive symptoms of AD such as anxiety,
depression, psychosis and sleep disturbances may prove more bothersome to the patient and
family than cognitive impairment and can cause considerable stress on both the patient and the
caregiver. These non-cognitive symptoms often require ongoing active management by the
physician and are the motivating factor for many telephone calls. Many of these symptoms can
be ameliorated, and consequently they deserve significant attention on the part of the treating
physician. Increased recognition of these non-cognitive symptoms has fostered increasing
research attention in this area 177.

An increased risk of cardiovascular symptoms, glucose intolerance, stroke, and death has been
associated with the use atypical antipsychotics in some psychiatric disorders, and this has
resulted in an FDA “black box warning” on the use of atypical antipsychotics in older subjects
with dementia 178. Caution should be exercised in using these drugs, but their judicious use
can have a dramatically positive impact on problematic behavioral symptoms 6.

a. Frequency of Symptoms: Estimates of the frequency of non-cognitive symptoms in AD
vary from virtually absent to over 80 percent (Table 5) 179–183. One study using the
Neuropsychiatric Inventory (a questionnaire established to assess an array of neuropsychiatric
symptoms and their impact as estimated by caregivers), found apathy to be the most common
symptom, followed by agitation, anxiety, irritability, dysphoria, disinhibition, delusions,
hallucinations and euphoria, respectively 182. Co-occurrence of non-cognitive symptoms is
also common, and the symptom complexes tend to fluctuate. Consequently, treatment
strategies require ongoing adjustment.

b. Assessment: It should not be presumed that all non-cognitive symptoms in an AD patients
are a result of progression of the underlying neurodegenerative process. Medical problems may
manifest as a behavioral change and screening for urinary tract infection, pneumonia,
congestive heart failure and electrolyte abnormality should be considered. Treatment of the
underlying medical issues may improve or eliminate the problematic behaviors.

c. Behavioral Management: Non-pharmacologic methods should be considered, and can
avoid potential side effects of additional medications 16. Environmental changes such as family
crises, new caregivers or altered surroundings may exacerbate or cause behavioral problems.
Often, simple strategies such as distraction, redirection or exercise can ameliorate the
behaviors.

d. Pharmacologic Treatments: Behaviors of sufficient severity to disrupt a patient’s (or
caregiver’s) quality of life may require pharmacologic intervention. Accurate assessment of
the underlying condition is a crucial first step 182 and several scales exist to assist the clinician
in addressing these behaviors, including the BEHAVE-AD, 183 the Cohen-Mansfield
Agitation Inventory (CMAI) 184 and the Neuropsychiatric Inventory (NPI) 185. The NPI is
one of the most commonly used instruments, and assesses ten commonly encountered
behaviors including delusions, hallucinations, agitation, dysphoria, anxiety, apathy, irritability,
euphoria, disinhibition and aberrant motor behavior. The frequency and severity of the
symptoms are reported by a caregiver, allowing computation of a final index for each behavior.
The impact on the caregiver is also assessed. The NPI-Q is an abbreviated version designed
for assessment in the office setting 186. Table 5 shows the frequency of non-cognitive
behaviors in AD.
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d. Depression: Depression or dysphoria is common in AD, and can herald the onset of the
disorder 187 or develop as the dementia progresses 182. It commonly worsens cognitive
symptoms and places greater stress on the caregiver. Selective serotonin reuptake inhibitors
(SSRIs) are the preferred treatments for depression in AD. Tricyclic antidepressants may also
be effective, but anti-cholinergic side effects may worsen cognition and act at cross-purpose
to cholinesterase inhibitors (Table 6).

f. Psychosis: Delusions are common in AD, often with coexistent paranoia 188, 189.
Hallucinations can be seen in AD, particularly if Lewy bodies are present, and misidentification
syndromes can occur when the right hemisphere is predominantly involved. Psychosis can also
indicate a more rapid decline in function 15, 190.

Non-pharmacologic interventions are the preferable first-line treatment for psychosis,
agitation, aggression and other problematic behaviors which may compromise the health and
safety of patients and those around them. Atypical anti-psychotic medications remain the
preferred treatment of psychosis in AD. Risperidone was demonstrated to improve psychosis
and aggression, but did produce somnolence and extrapyramidal symptoms 191. Quetiapine
has been shown to reduce psychotic symptoms with relatively few side effects 192, as has
olanzapine 193. The results of the CATIE-AD trial generated significant publicity in suggesting
that potential adverse effects of atypical antipsychotics may offset potential benefits from these
agents 194. A subsequent meta-analysis of placebo-controlled trials of atypical neuroleptic
medications found only modest group efficacy and echoed concerns about potential adverse
effects 195. In this analysis, the authors recommend that deliberate consideration and
discussion with patients and their families should precede initiation of antipsychotic
medications. These medications should be discontinued if improvement has not been seen
within 10–12 weeks and should be adjusted to the minimum effective dosage. Periodic
medication withdrawal trials may be used to evaluate for continued necessity. These authors
also caution against the imprudence of prescribing alternative medications as first-line agents
due to a perception that they are safer or as effective as antipsychotics. Atypical antipsychotics
can be expensive, but are generally felt to be preferable to typical anti-psychotic agents such
as haloperidol (Table 6).

g. Apathy: Apathy may be the most common non-cognitive symptoms in AD 177, 182 and
causes diminished quality of life for both patient and caregiver. Acetylcholinesterase inhibitors
may be useful, but pharmacological management of these symptoms is not well developed.
Other medications such as methylphenidate, bromocriptine, pramipexole, ropinerole or
activating anti-depressants such as fluoxetine may theoretically be useful, although benefit has
not been established in the literature 196.

h. Agitation: Agitation can be quite bothersome to caregivers since the patient appears to be
in distress 197. Trazodone can useful, and has a better side effect profile than haloperidol
198. Atypical anti-psychotic agents such as risperidone, olanzapine and quetiapine can be
considered, as can anti-convulsants such as carbamazepine or valproic acid 199, 200.

i. Summary: Non-cognitive symptoms of AD can be responsible for significant distress for
both patients and caregivers, and their impact can be ameliorated using both pharmacologic
and behavioral interventions. Interventions are being studied more extensively, with the
recognition that successful intervention can result in significant improvement of the qualities
of lives for all involved.
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Figure 1.
Theoretical progression of cognitive function from normal through mild cognitive impairment
to probable and definite Alzheimer’s Disease (AD) in persons destined to develop AD.
Reprinted with permission from Saunders 2.
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Figure 2.
Flow diagram for diagnosing MCI. The cardinal feature is cognitive impairment intermediate
between the cognitive changes of normal aging and those of early dementia. Subtyping of MCI
is first made along the dimension of memory into amnestic and non-amnestic. These subtypes
are further classified into single cognitive domain or multiple cognitive domains. See text for
explanation.
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Figure 3.
The four clinical subtypes of MCI are then combined with the presumed etiology of the clinical
syndrome. For example, amnestic MCI of single or multiple domain subtypes can be combined
with the presumed degenerative etiology to result in the likely outcome of Alzheimer’s disease
when the condition progresses to dementia. The other suggested clinical outcomes are
theoretical and other outcomes may be possible.
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Figure 4.
Cognitive profile of persons with a mild cognitive impairment. The top two panels, Mini-
Mental State Exam (MMSE) and Full Scale IQ represent measures of general intellectual
function. The bottom two panels represent memory function for verbal memory (Logical
Memory II) and non-verbal memory (Visual Reproductions II). Reprinted with permission
from the American Medical Association 80.
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TABLE 1
DIAGNOSTIC CRITERIA FOR DEMENTIA OF THE ALZHEIMER’S TYPE

A. Memory Impairment

Learning or Recall

B. One or More

i. Aphasia

ii. Apraxia

iii. Agnosia

iv. Dysexecutive Function (Planning, Organizing, Sequencing, Abstracting)

C. Cognitive Deficits of Sufficient Severity to Affect Social or Occupational Functioning and this Represents a Change from Previous Level

D. Clinical Course has Gradual Onset and Progressive Course

E. Not Due to Delirium

F. No Alternative Central Nervous System Explanation, e.g., Stroke, Parkinson’s Disease
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TABLE 2
EVALUATION OF PATIENTS WITH DEMENTIA

ROUTINE OPTIONAL

Electrolytes Sedimentation rate

Complete blood count Drug levels

Vitamin B12 level* HIV testing

Thyroid function studies* Lyme serology

Syphilis serology Urinalysis

24-urine for heavy metal

CT/MRI* Cerebrospinal fluid

Chest x-ray

Electrocardiogram

Electroencephalogram

PET/SPECT
*
Suggested by the American Academy of Neurology 4.
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TABLE 3
CLINICAL CRITERIA FOR MILD COGNITIVE IMPAIRMENT

1 Cognitive Complaint (usually memory) – Preferably Corroborated by an Informant

2 Cognitive Impairment (usually memory) for Age and Education

3 Essentially Normal General Cognitive Function

4 Largely Preserved Activities of Daily Living

5 Not Demented
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TABLE 5
FREQUENCY OF BEHAVIORAL DISORDERS IN ALZHEIMER’S DISEASE

Agitation 50–70%

Anxiety 30–50%

Depression 25–50%

Disinhibition 20–35%

Aggression 25%

Delusions 15–50%

Hallucinations 10–25%

Sexual Disinhibition 5–10%

(Please see Reference 183)
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TABLE 6
MEDICATIONS FOR NON-COGNITIVE SYMPTOMS IN DEMENTIA

Class Agents Usual Daily Dose

Delusions Risperidone (Risperdal)
Olanzapine (Zyprexa)
Quetiapine (Seroquel)
Aripiprazole (Abilify)
Haloperidol (Haldol)

1 mg (.05–2 mg)
5 mg (5–10 mg)
400 mg (50–400 mg)
5 mg (5–20 mg)
1 mg (.5–3 mg)

Agitation/aggression Risperidone (Risperdal)
Olanzapine (Zyprexa)
Quetiapine (Seroquel)
Aripiprazole (Abilify)
Haloperidol (Haldol)
Trazodone (Desyrel)
Buspirone (Buspar)
Propranolol (Inderal)
Carbamazepine (Tegretol)
Divalproex (Depakote)
Lorazepam (Ativan)

1 mg (.05–2 mg)
5 mg (5–10 mg)
400 (50–400 mg)
5 mg (5–20 mg)
1 mg (.5–3 mg)
100 mg (100–400 mg)
15 mg (15–30 mg)
120 mg (80–240 mg)
400 mg (200–1200 mg)
500 mg (250–2000 mg)
1 mg (0.5–6 mg)

Depression Fluoxetine (Prozac)
Sertraline (Zoloft)
Paroxetine (Paxil)
Citalopram (Celexa)
Venlafaxin (Effexor)
Nefazodone (Serzone)
Mirtazepine (Remeron)
Duloxetine (Cymbalta)
Nortriptyline (Pamelor)
Trazodone (Desyrel)

20 mg (20–40 mg)
50 mg (50–200 mg)
20 mg (10–50 mg)
20 mg (10–30 mg)
100 mg (50–225 mg)
400 mg (200–600 mg)
15 mg (7.5–30 mg)
20 mg (20–60 mg)
50 mg (50–100 mg)
50 mg (100–400 mg)

Anxiety Oxazepam (Serax)
Lorazepam (Ativan)
Buspirone (Buspar)
Propranolol (Inderal)

30 mg (20–60 mg)
1 mg (0.5–6 mg)
30 mg (15–45 mg)
120 mg (80–240)

Insomnia Trazodone (Desyrel)
Zolpidem (Ambien)
Temazepam (Restoril)
Zoloplon (Sonata)

50 mg (50–200 mg)
10 mg (5–10 mg)
15 mg (15–30 mg)
10 mg

Apathy Donepezil (Aricept)
Rivastigmine (Exelon)

10 mg (5–10 mg)
9 mg (6–12 mg)
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