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Etiology, Diagnosis and Treatment of Alzheimer’s Disease
Nasser Parsa, M.D., Ph.D., National Institutes of Health, Ministry of Health, MD, USA.
Email: NZPARSA@YAHOO.COM

INTRODUCTION

Human brain is a complex and intriguing organic entity which stores, recall and process all the necessary information. Its
destruction by Alzheimer,s disease (AD), is similar to hard drive of a computer with lost information, starting with the
most recent ones and going backward. AD is one of the most common cause of dementia (a condition in which the ability
of thinking, perceiving and remembering are declined) which has an impact on cognitive and behavioral impairment. This
type of dementia proceeds in different stages, gradually destroying memory, reason, judgment, language and ability to
perform independently. AD is a major public health problem which has an effect on our individual and social interactions.
This disease begins years prior to the onset of its diagnostic symptoms. With the help of neuro-imaging and biological
markers, final diagnosis is made and an appropriate therapeutic methodology are chosen to delay the progression of AD.
Over 100 new drugs are currently being investigated for targeting the Beta-amyloid pathway as well as blocking Tau
proteins formation. As with cancer and HIV, it might be necessary to use multiple drugs for treating AD-patients. Some of
the clinicians, recommend suitable diet combined with mental and physical exercise as preventive measures.
DISCUSSION

1.EPEDIMIOLOGY

The lifetime risk of AD is 15% for people older than 65 and 40% for people older than 80 years old, respectively. The
prevalence of AD in United States is similar to industrialized nations as the elderly population approaching over 80 years
of age. In the United States, the cost of caring for dementia patients has been estimated over $145 billion per year in 2009.
The average yearly cost for healthcare and long-term care services per patient was about $40,000 in 2009. AD affects
over 5.3 million people in the United States. It is also estimated that 14 million Americans aged 65 will have AD by year
2050.! In 2006, Alzheimer disease was the seventh leading cause of death in the United States.>? AD and other dementias
are more common in African-Americans compared to whites (21% of African-Americans versus 11% Whites). Hispanic
populations have 20% AD and other dementias. The prevalence of Alzheimer disease and other dementias is higher in
older versus younger age groups.® The incidence rate of AD is 3/1000 at age of 65 compare to 70/1000 individuals at age
of 90. It is higher in women than in men, primarily due to the higher life expectancy in women. * The mean life expectancy
is 7 years for these patients. AD comprises 10% familial and 90% sporadic cases. Age is an important factor in causation
of AD and dementia in human population.” Over 30 millions Alzheimer’s cases worldwide have been documented in
2009

2.PATHOPHYSIOLOGY

The mechanism of biological cause of AD is unknown. There are evidences that several risk factors, such as; advanced
age, lipoprotein-E4 genotype, obesity, insulin resistance, vascular factors, dyslipidemia, hypertension, and inflammatory
markers® & °contribute to the pathophysiology of the Alzheimer and dementia disorders. Genetic mutations in three genes
encoding three proteins [for amyloid precursor protein APP, on chromosome 21], [for presenilin I on chromosome 14]
and[for presenilin II on chromosome 1] with stickier 42-amino acid form of the beta-amyloid peptide over the less
sticky 40-amino acid form. The presenilin I gene plays important role in lysosomal functions. This beta-pleated peptide
have neurotoxic properties leading to neuronal death, synapse loss, and the formation of neurofibrillary tangles (NFTs)
and senile plaques (SPs) (Figures1,2). Half of the AD cases have shown genetic mutations. ApoE4-gene (which occurs
more often in AD patients and its protein products carry cholesterol molecule in blood) is the only one to be associated
with late-onset this disease. SPs show a starchlike substance (amyloid) which is surrounded by a layer of degenerating
neuritis, astrocytes and microglia. The genetic and amino acid sequences of amyloid protein have been well characterized.
These advances have provided a wealth of information about the mechanisms underlying amyloid deposition in the
brain including the familial forms of AD. Other interesting hypotheses have been proposed, including the mitochondrial
cascade hypothesis.!” '"NFTs, the main constituent of microtubule-associated protein Tau that is hyper-phosphorylated and
accumulates in pyramidal neurons. The Tau proteins maintain the microtubules structures which play an important role in
proper functioning of neurons. But if phosphate molecules attaches to Tau protein, it will separate the Tau proteins from
Microtubules leading to disintegration of tubules. The Tau molecules then will aggregate, forming tangles that interfere
with cellular functions. The NFTs and SPs are seen at the pathological microscopy level along with the cerebrocortical
atrophy which predominantly involves the medial region of temporal lobe. NFTs and SPs were described in brain biopsy
by German psychiatrist, Alois Alzheimer in 1906. These two areas are considered as the hallmark of the disease. NFTs are
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found in several other neurodegenerative disorders, including progressive supranuclear palsy and dementia pugilistica.
SPs may happen in normal aging. These lesions must be present in sufficient numbers to fulfill the current histopathologic
criteria for AD. In addition to NFTs and SPs, many other lesions of AD have been recognized since the discovery of
AD. These include (1) the granulovacuolar degeneration of Shimkowicz; (2) the neuropil threads of Braak et al; and (3)
neuronal loss and synaptic degeneration which contribute to the manifestation of cognitive and behavioral disorder.'?
BThere is evidence that the presence of NFTs in the cerebral neocortex with concomitant SPs is characteristic of AD.
Granulovacuolar degeneration occurs almost exclusively in the hippocampus. Neuropil threads are dystrophic neurites
which diffusely distributed in the cortical neuropil. NFTs are densely distributed in the medial aspect and in temporal lobe
of the brain. NFTs affect the entorhinal cortex and hippocampus very severely. As AD progresses, NFTs accumulate in
many other cortical regions and SPs accumulate primarily in association cortices and in the hippocampus.'4
3.CLINICAL and PHYSICAL HISTORY

AD patients usually present with chronic and progressive memory loss, followed by language disorders, and impairment
in their visuospatial skills and executive functions. Early stage of AD is difficult to diagnose, by the time the correct
diagnosis is made, the entire cognitive functions is impaired. Toxic metabolic conditions and neoplasms must also be
excluded as potential causes of the patient’s dementia. The other possible causes for dementia (eg, cerebrovascular
disease, cobalamin deficiency, syphilis, thyroid disease) are ruled out with a combination of clinical examination and
ancillary radiologic and laboratory tests. As the disease advances, nerve cells will die and brain continue to shrink in
hippocampus and cortex of the brain. This degeneration occurs in temporal, parietal, frontal lobes and cingulated gyrus of
the brain. These changes can be measured by magnetic resonance imaging (MRI). These are important not only for routine
management but also for selecting and registering patients in therapeutic trials. Depression, AD and other dementias
have an association that is likely to be complex and depression may be misdiagnosed in the realm of dementia. Recent
Framingham data have helped bolster the epidemiological association. The study showed a 50% increase in AD and
dementia in those who were depressed at baseline.' Initial mental status testing should include evaluation of attention
and concentration, recent and remote memory, language, praxis, executive function, and visuospatial function. A complete
neurologic exam is performed for signs of other diseases that could cause dementia such as Parkinson disease or multiple
strokes. This disease has the following three symptomatic phases:

I. Mild Symptoms: Confusion and memory loss, Disorientation, Problems with routine tasks, changes in personality
and judgment.

I1. Moderate Symptoms: Sleep disturbances, Wandering and pacing , difficulty recognizing family and friends, Anxiety
and agitation. Difficulty with daily activities.

III. Severe Symptoms: Loss of speech, Loss of bladder and bowel control, Loss of appetite, Weight loss, Total dependence
on caregiver.

4.DIFFERENTIAL DIAGNOSIS

Aphasia

Cortical Basal Ganglionic Degeneration
Dementia in Motor Neuron Disease

Dementia With Lewy Bodies
Frontal and Temporal Lobe Dementia

Lyme Disease
Neurosyphilis

Parkinson Disease
Parkinson-Plus Syndromes
Prion-Related Diseases

Thyroid Disease
Wilson Disease

5.LABORATORY and IMAGING Tests

The following laboratory workups can be performed to rule out other conditions that may cause cognitive impairment.
A. Complete blood cell count and vitamin B-12 levels to rule out hematologic disease.

B. Screening of liver enzyme levels to rule out hepatic disease.

C. Analysis of Thyroid Stimulating Hormone (TSH) levels to rule out thyroid disease.

D. Rapid Plasma Reagent (RPR) test to rule out syphilis.
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E. Screening of vitamin D deficiency and its linkage to cognitive impairment.

F. MRI of brain can show diffuse cortical and cerebral atrophy. Atrophy of the hippocampus (structure for memory
processes) is considered a valid neuro-marker of AD. Structural neuroimaging is important to detect lesions that may
result in cognitive impairment (stroke, small vessel disease, tumor, etc). PET scan is only used in atypical cases or when
some form of fronto-temporal dementia is diagnosed. EEG is valuable when Creutzfeldt-Jakob disease is diagnosed and
useful if pseudo-dementia is considered.'®

G. Measurement of CSF -Tau and amyloid proteins: Tau and phosphorylated Tau are increased in AD and amyloid is
usually low. Perform lumbar puncture in select cases to rule out conditions such as normal-pressure hydrocephalus,
neurosyphilis, neuroborreliosis, and coccicciosis. Genetic testing for APP and presenilin mutations are appropriate in
early onset of AD cases.

6.TREATMENT

AD cases will be treated by both symptomatic and disease-modifying therapies. All approved drugs for the treatment of
AD modulate neurotransmitters either acetylcholine or glutamate. Disease-modifying therapies would delay the onset and
slow the disease progression. The standard medical treatment for AD includes AChE- inhibitors and NMDA antagonists.
Psychotropic medications are often used to treat secondary symptoms of AD, such as sleep disorders, agitation and
depression.

A. Cholinesterase inhibitors:

Itis known that cholinergic systems that modulate information processing in the hippocampus and neocortex, are impaired
in AD which is due to the loss of cholinergic innervation into cerebral cortex. Patients on ChEIs decline slower on
cognitive and functional measures. Centrally acting anticholinergic medications should be avoided. Patients occasionally
receive both ChEIs and anticholinergic agents, which counteract each other. Medications with anticholinergic effects such
as ; Benadryl, amitriptyline and nortriptyline can cause cognitive dysfunction.

B. Psychotropic medications and behavioral interventions

Clinical manifestations of AD, such as anxiety, agitation, depression, and psychotic behavior can be improved by
psychotropic medication. Behavioral interventions along with psychotropic medications can be employed to manage
cognitive and behavioral manifestations of AD. Presently, the US Food and Drug Administration has not approved any
psychotropic agent for the treatment of AD. Also,the usage of the following medication is inhibited; such as: haloperidol,
prochlorperazine, thioridazine, and chlorpromazine. Results of several studies indicate that anticonvulsants (eg, gabapentin,
valproic acid) may have a role in the treatment of behavioral problems in patients with Alzheimer disease. Studies have
shown that intense inflammation occurs in the brains of patients with Alzheimer disease. Epidemiologic studies suggest
that some patients on chronic anti-inflammatory therapy have a decreased risk of developing Alzheimer disease. Also,
increased level of free radicals in the brain could be neurotoxic. Numerous scientific investigations have been reported.
None of these approaches has shown an acceptable combination of efficacy and acceptable side effects. There is scientific
evidence that show the prevention Tau phosphorylation and therefore reduce the formation of neurofibrillary tangles. AD-
brain alterations probably start years before clinical dementia is apparent. Many scientists believe that disease-modifying
therapies are more effective if they are applied in a pre-symptomatic stage. Mental and physical activities, such as:
crossword puzzle, brainteasers and exercise may reduce the risk in AD cases. The mental activities should be involved
with patient interaction and allow patient to recognize and correct mistakes. Avoid excessive frustration and motivates
to patient to engage different activities.!” Increased cardio-respiratory fitness may modify AD-related brain atrophy. The
therapy of AD cases, is the use of centrally acting cholinesterase inhibitors to compensate for the depletion of ACh in the
cerebral cortex and hippocampus. Four ChEIs have been approved by the FDA in the United States for the treatment of
AD—tacrine (Cognex), donepezil (Aricept), rivastigmine (Exelon), and galantamine (Razadyne, formerly Reminyl). All
4 drugs inhibit acetylcholinesterase at the synapse. The drugs tacrine and rivastigmine also inhibit butyrylcholinesterase.
Galantamine has a different second mechanism of action; it is also a presynpatic nicotinic modulator. !7 ' All ChEIs have
modest benefit of cognitive function and activities. The side effects of ChEIs are: nausea, vomiting, diarrhea, and
dizziness.

C. NMDA antagonists:

Memantine was approved on July 2008 which can be used alone or with AChE inhibitors. Donepezil and Memantine have
an effect only on cognition in moderate to severe AD. Coadministration with amantadine, ketamine, dextromethorphan
may increase toxicity. Adverse effects are dizziness and headache.

D. Rivastigmine:

Competitive and reversible AChE-inhibitor. May reversibly inhibit cholinesterase which can increase acetylcholine
concentration at synaptic transmission.

E. Galantamine:
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A central cholinergic AChE- inhibitors with side effects of vomiting, diarrhea, anorexia, and weight loss.
CONCLUSION

The incidence of AD continues to increase as the population ages. The symptoms growing worse with time at different
rates and patterns. Currently, we do not still have an effective therapy for it. Some drugs (i.e. donepezil, Galantamine,
Memantine), only reduce the cognitive symptoms for several months to years but not curing the underlying disease. It is
well known that the Beta —amyloid and Tau proteins cause brain cell destruction in AD-cases. Several therapeutic drugs
have been developed that can inhibit the Beta-amyloid synthesis as well as prevent the aggregation of Tau molecules.
Recently, scientific research has made tremendous progress toward understanding the molecular events that appear to
initiate this disease. Therefore, several new strategies have been explored to slow down the progression of AD.! %
Researchers are attempting to find a disease tracking biological marker associated with AD to help with early staging
the diagnosis. Early stage recognition of this disorder is the key of disease treatment into remission. Other alternative
treatment, such as; proper dieting in parallel with mental and physical exercise have been suggested by most medical
scientists. People with genetic predisposition to AD and those who are positive for Beta-amyloid and Tau proteins, should
seek earlier medical intervention. If early biomarkers exist, then, an appropriate and prompt medical attention should be
directed to these patients. The current ongoing scientific research shall provide a better medical treatment to AD patients
in the near future.
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