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ABSTRACT: Alzheimer’s Disease is a progressive rdisorder that causes a gradual and irreversibtdiree in memory,
language skills, perception of time and space, aveéntually, the ability to care for oneself. Fidgscribed by German
psychiatrist Alois Alzheimer in 1906, Alzheimer'ssdase was initially thought to be a rare conditdfecting only young
people, and was referred to as presenile demdrt@iay late-onset Alzheimer’s disease is recognaethe most common cause
of the loss of mental function in those aged 65 awmer. Alzheimer's in people in their 30s, 40s, &0, called early-onset
Alzheimer’s disease, occurs much less frequentgpanting for about 10 percent of the estimatedilbom Alzheimer’s cases
in the United States. This review highlights thgcdivery, aetiology and treatment of the disease.

Introduction

Alzheimer's disease (AD), also called Alzhei disease, senile dementia of the Alzheimer typemary
degenerative dementia of the Alzheimer's type, bimAfzheimer's (as a stand-alone attributive adyechoun), and
folk-etymological names such as old-timers' diseasethe most common form of dementia. This incleab
degenerative, and terminal disease was first destthy German psychiatrist and neuropathologisisAdzheimer
in 1906 and was named after HifnMost often, it is diagnosed in people over 65 yezfragd® although the less-
prevalent early-onset Alzheimer's can occur muatieealn 2006, there were 26.6 million suffererendwide.
Alzheimer's is predicted to affect 1 in 85 peogtsbglly by 20507

Although the course of Alzheimer's diseasanisjue for every individual, there are many comragmptoms?
The earliest observable symptoms are often mistpkéought to be 'age-related' concerns, or mataifess of
stres€? In the early stages, the most common symptonaisility to acquire new memories, observed as diffic
in recalling recently observed events. When ADuspgcted, the diagnosis is usually confirmed wihavioural
assessments and cognitive tests, often followeal limain scan if availabl.

As the disease advances, symptoms includéusion, irritability and aggression, mood swinganduage
breakdown, long-term memory loss, and the geneitatdvawal of the sufferer as the senses deéifleGradually,
bodily functions are lost, ultimately leading toatte®® Individual prognosis is difficult to assess, as thuration of
the disease varies. AD develops for an indeterraipatriod of time before becoming fully apparentd d@ncan
progress undiagnosed for years. The mean life ¢apeg following diagnosis is approximately severangé”
Fewer than three percent of individuals live mdvantfourteen years after diagnd&fs.

*The Alzheimer's Study Group acknowledges prelinynaources of information for this review which
include articles by Dr. Kenneth L. Davis and fronikifyedia Encyclopaedia.
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The cause and progression of Alzheimer'sadisare not well understood. Research indicatéshbalisease is
associated with plaques and tangles in the Brai@urrently used treatments offer a small symptoeniaginefit; no
treatments to delay or halt the progression ofdibease are, as of yet, available. As of 2008, rii@e 500 clinical
trials have been conducted for identification giassible treatment for AD, but it is unknown if aofythe tested
intervention strategies will show promising resfifs A number of non-invasive, life-style habits haveeb
suggested for the prevention of Alzheimer's disdlaisethere is a lack of adequate evidence fanlabetween these
recommendations and reduced degeneration. Meirtallation, exercise, and a balanced diet are stgdeas both
a possible prevention and a sensible way of magabim diseasg’

Because AD cannot be cured and is degeneratisnagement of the patient’s health is esseiiti@.role of the
main caregiver is often taken by the spouse opsectelativé**! Alzheimer's disease is known for placing a great
burden on caregivers; the pressures can be widgagninvolving social, psychological, physical,daaconomic
elements of the caregiver's I8 |n developed countries, AD is one of the most Igosiseases to

society!&It!
Characteristics

The disease course is divided into four stagéhk progressive patterns of cognitive and funredl impairments.
Pre-dementia

The first symptoms are often mistakenly htttéd to aging or stre§s Detailed neuropsychological testing can
reveal mild cognitive difficulties up to eight ysabefore a person fulfills the clinical criteria ftiagnosis of AG*"
These early symptoms can affect the most compléx kildng activities ! The most noticeable deficit is memory
loss, which shows up as difficulty in rememberingcantly learned facts and inability to acquire new
information/212!

Subtle problems with the executive functimisattentiveness, planning, flexibility, and abstréhinking, or
impairments in semantic memory (memory of meaniagsl, concept relationships) can also be symptoroétice
early stages of AF” Apathy can be observed at this stage, and renthmsmost persistent neuropsychiatric
symptom throughout the course of the disé@s&he preclinical stage of the disease has also teremed mild
cognitive impairment? but whether this term corresponds to a differéagmostic stage or identifies the first step
of AD is a matter of disputé”

Early

In people with AD the increasing impairmehtearning and memory eventually leads to a defieitliagnosis.
In a small portion of them, difficulties with langge, executive functions, perception (agnosia)acution of
movements (apraxia) are more prominent than merpooplems?! AD does not affect all memory capacities
equally. Older memories of the person's life (egiisanemory), facts learned (semantic memory), anglicit
memory (the memory of the body on how to do thirsggh as using a fork to eat) are affected to setedegree
than new facts or memori&§?’!

Language problems are mainly characterised blgrinking vocabulary and decreased word fluemtych lead
to a general impoverishment of oral and writterglaage®>?®! In this stage, the person with Alzheimer's is Ugua
capable of adequately communicating basic %égg]_[zg] While performing fine motor tasks such as writing,
drawing or dressing, certain movement coordinaéind planning difficulties (apraxia) may be predeui they are
commonly unnoticeff® As the disease progresses, people with AD cam aftatinue to perform many tasks
independently, but may need assistance or supenwsith the most cognitively demanding activities.

Moderate

Progressive deterioration eventually hindedependence; with subjects being unable to perforsat common
activities of daily living®® Speech difficulties become evident due to an litghib recall vocabulary, which leads
to frequent incorrect word substitutions (paraphsisiReading and writing skills are also progresgivost?°12%
Complex motor sequences become less coordinatadnaspasses and AD progresses, so the risk ohdalli
increase&® During this phase, memory problems worsen, an?meon may fail to recognise close relatitgs.
Long-term memory, which was previously intact, brees impaired®
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Behavioural and neuropsychiatric changes becomere prevalent. Common manifestations are wangleri
irritability and labile affect, leading to cryingutbursts of unpremeditated aggression, or resistemcaregiving>’
Sundowning can also appeé&t.Approximately 30% of people with AD develop illosiary misidentifications and
other delusional symptons! Subjects also lose insight of their disease pwees! limitations (anosognosia).
Urinary incontinence can devel&p. These symptoms create stress for relatives anetad@rs, which can be
reduced by moving the person from home care tor ding-term care facilitie§>*!

Advanced

During this last stage of AD, the person dsnpletely dependent upon caregivétsLanguage is reduced to
simple phrases or even single words, eventuallifiegato complete loss of spedéH?® Despite the loss of verbal
language abilities, people can often understandreintin emotional signal®! Although aggressiveness can still be
present, extreme apathy and exhaustion are much coonmon resulté® People with AD will ultimately not be
able to perform even the simplest tasks withoutstesce?® Muscle mass and mobility deteriorate to the point
where they are bedridden, and they lose the abdifged themselvé®! AD is a terminal iliness, with the cause of
death typically being an external factor, suchnédtion of pressure ulcers or pneumonia, not thease itself®

Causes

Several competing hypotheses exist trying xplan the cause of the disease. The oldest, orchwhiost
currently available drug therapies are based,dhiolinergic hypothesj€? which proposes that AD is caused by
reduced synthesis of the neurotransmitter acetjjffeioThe cholinergic hypothesis has not maintainédespread
support, largely because medications intendedetat tcetylcholine deficiency have not been vergatige. Other
cholinergic effects have also been proposed, fammte, initiation of large-scale aggregation of &ty leading
to generalised neuroinflammati6f.

In 1991, theamyloid hypothesipostulated that amyloid beta fAdeposits are the fundamental cause of the
diseasé®¥ Support for this postulate comes from the locatibthe gene for the amyloid beta precursor protein
(APP) on chromosome 21, together with the fact pleatple with trisomy 21 (Down Syndrome) who havesatra
gene copy almost universally exhibit AD by 40 yeafsage®" 8! Also APOE4, the major genetic risk factor for
AD, leads to excess amyloid buildup in the braifobe AD symptoms arise. Thus BAleposition precedes clinical
AD.P Further evidence comes from the finding that tgensc mice that express a mutant form of the huiRR
gene develop fibrillar amyloid plaques and Alzheiisiike brain pathology with spatial learning aét %

An experimental vaccine was found to clearadhgyloid plaques in early human trials, but it diot have any
significant effect on dementi®! Researchers have been led to suspect non-plafuaigomers (aggregates of
many monomers) as the primary pathogenic form [bf Bhese toxic oligomers, also referred to as amyttsrived
diffusible ligands (ADDLs), bind to a surface retmpon neurons and change the structure of thepsgahereby
disrupting neuronal communicati6f. One receptor for B oligomers may be the prion protein, the same prote
that has been linked to mad cow disease and thedehuman condition, Creutzfeldt-Jakob diseasss, plotentially
linking the underlying mechanism of these neurodeggtive disorders with that of Alzheimer's disé48e

In 2009, this theory was updated, suggestiag a close relative of the beta-amyloid proteird aot necessarily
the beta-amyloid itself, may be a major culprittie disease. The theory holds that an amyloidedlatechanism
that prunes neuronal connections in the brainénfaist-growth phase of early life may be triggebgdging-related
processes in later life to cause the neuronal witgeof Alzheimer's diseas¥! N-APP, a fragment of APP from the
peptide's N-terminus, is adjacent to beta-amylaoid & cleaved from APP by one of the same enzyiNesPP
triggers the self-destruct pathway by binding toearonal receptor called death receptor 6 (DR& kfown as
TNFRSF21f** DR6 is highly expressed in the human brain regionst affected by Alzheimer's, so it is possible
that the N-APP/DR6 pathway might be hijacked in #ging brain to cause damage. In this model, betgead
plays a complementary role, by depressing synémtiction.

A 2004 study found that deposition of amylgithques does not correlate well with neuron [54sThis
observation supports thiau hypothesisthe idea that tau protein abnormalities initidtte disease cascad®.n this
model, hyperphosphorylated tau begins to pair wither threads of tau. Eventually, they form nedmdifary
tangles inside nerve cell bodi&8.When this occurs, the microtubules disintegratéiapsing the neuron's transport
system*” This may result first in malfunctions in biochemlicommunication between neurons and later in the
death of the cell$®! Herpes simplex virus type 1 has also been proptzspthy a causative role in people carrying
the susceptible versions of the apoE déhe.
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Another hypothesis asserts that the diseasg bmacaused by age-related myelin breakdown in bitzen.
Demyelination leads to axonal transport disruptideading to loss of neurons that become stalen tedeased
during myelin breakdown is hypothesized to causthéu damage. Homeostatic myelin repair processesibute
to the development of proteinaceous deposits ssiemgloid-beta and tdtf!*X152
Oxidative stress and dys-homeostasis of biometalady) metabolism may be significant in the forinatof the
pathology>*I®

AD individuals show 70% loss of locus coerslecells that provide norepinephrine (in addition ite
neurotransmitter role) that locally diffuses fromaricosities as an endogenous antiinflammatory agerthe
microenvironment around the neurons, glial celtsj Alood vessels in the neocortex and hippocarfipus.has
been shown that norepinephrine stimulates mouseogiia to suppress finduced production of cytokines and
their phagocytosis of B\™ This suggests that degeneration of the locus @esuhight be responsible for increased
AP deposition in AD brain§?

Pathophysiology and Neuropathology

Alzheimer's disease is characterised by lofssieurons and synapses in the cerebral cortex canthin
subcortical regions. This loss results in grosgpty of the affected regions, including degeneraiinthe temporal
lobe and parietal lobe, and parts of the frontatecoand cingulate gyrd¥? Studies using MRI and PET have
documented reductions in the size of specific braigions in people with AD as they progressed fnmitd
cognitive impairment to Alzheimer's disease, anddmparison with similar images from healthy olddults?®

Both amyloid plaques and neurofibrillary taegyare clearly visible by microscopy in brainstaige afflicted by
AD.™ plaques are dense, mostly insoluble deposits oficitbeta peptide and cellular material outsidel an
around neurons. Tangles (neurofibrillary tangles)aggregates of the microtubule-associated pre¢aeirnvhich has
become hyperphosphorylated and accumulate insaleets themselves. Although many older individudgselop
some plaques and tangles as a consequence of #girgains of people with AD have a greater nunaféhem in
specific brain regions such as the temporal fdbheewy bodies are not rare in the brains of peopita wD."®

Biochemistry

Enzymes act on the APP (amyloid precursotemd and cut it into fragments. The beta-amylaiaghent is
crucial in the formation of senile plaques in ADIzBeimer's disease has been identified as a pratefolding
disease (proteopathy), caused by accumulationrafratally folded A-beta and tau proteins in the bf&ll Plaques
are made up of small peptides, 39-43 amino aciderigth, called beta-amyloid (also written as Azbet AB).
Beta-amyloid is a fragment from a larger proteitlechamyloid precursor protein (APP), a transmembrgrotein
that penetrates through the neuron's membrane. i&Pétitical to neuron growth, survival and postdiry
repair®® |n Alzheimer's disease, an unknown process caA§¥s to be divided into smaller fragments by
enzymes through proteolydié. One of these fragments gives rise to fibrils dabemyloid, which form clumps that
deposit outside neurons in dense formations knawseaile plaques!©s!

AD is also considered a tauopathy due to ahab aggregation of the tau protein. Every neur@s la
cytoskeleton, an internal support structure partde up of structures called microtubules. Thesgatnibules act
like tracks, guiding nutrients and molecules frdre body of the cell to the ends of the axon andk.bAcprotein
calledtau stabilizes the microtubules when phosphorylated,ia therefore called a microtubule-associatedepro
In AD, tau undergoes chemical changes, becomingtpysphorylated; it then begins to pair with ottieeads,
creating neurofibrillary tangles and disintegratthg neuron's transport systé&fh.

Disease mechanism

Exactly how disturbances of production andragation of the beta amyloid peptide gives risth®pathology
of AD is not knowrf®® The amyloid hypothesis traditionally points to teeumulation of beta amyloid peptides as
the central event triggering neuron degeneratiatufmulation of aggregated amyloid fibrils, whicle &elieved to
be the toxic form of the protein responsible fasrdpting the cell's calcium ion homeostasis, indym®grammed
cell death (apoptosi§f! It is also known that B selectively builds up in the mitochondria in thells of
Alzheir’r;gr]'s-affected brains, and it also inhibitsrtain enzyme functions and the utilisation of gke by
neurons:

Various inflammatory processes and cytokimes/ also have a role in the pathology of Alzheimeéisease.
Inflammation is a general marker of tissue damagany disease, and may be either secondary tetdmmage in
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AD or a marker of an immunological respoffée. Alterations in the distribution of different metrophic factors

and in the expression of their receptors suchasbithin derived neurotrophic factor (BDNF) haverbdescribed in
AD.[69170]

Genetics

The vast majority of cases of Alzheimer'sedise are sporadic, meaning that they are not galtgtinherited
although some genes may act as risk factors. Omtther hand, around 0.1% of the cases are fanfdiahs of
autosomal dominant (not sex-linked) inheritanceicivusually have an onset before agd’85This form of the
disease is known as Early onset familial Alzheimdisease.

Most of autosomal dominant familial AD candt&ributed to mutations in one of three genes:laityrecursor
protein (APP) and presenilins 1 ani2Most mutations in the APP and presenilin genesease the production of
a small protein called 42, which is the main component of senile plad(tSome of the mutations merely alter
the ratio between 42 and the other major forms—e.gp40—without increasing p42 levels”" This suggests
that presenilin mutations can cause disease ewvreyflower the total amount offfAproduced and may point to
other roles of presenilin or a role for alteratiomshe function of APP and/or its fragments ottieem AB.

Most cases of Alzheimer's disease do not éxhiiosomal-dominant inheritance and are termedasiic AD.
Nevertheless genetic differences may act as ridloffe. The best known genetic risk factor is thHeentance of the
¢4 allele of the apolipoprotein E (APOEJ® Between 40 and 80% of people with AD possessast lene apoE4
allele"™™ The APOE4 allele increases the risk of the disdpsehree times in heterozygotes and by 15 times in
homozygote§™! Geneticists agree that numerous other genes elsasaisk factors or have protective effects that
influence the development of late onset Alzheimdigsasé’”! Over 400 genes have been tested for associatton wi
late-onset sporadic AB? most with null result&™

Diagnosis

Alzheimer's disease is usually diagnoseddaaity from the patient history, collateral histdrpm relatives, and
clinical observations, based on the presence afactexistic neurological and neuropsychologicatdess and the
absence of alternative conditiodh4’® Advanced medical imaging with computed tomograp®¥) or magnetic
resonance imaging (MRI), and with single photonsasioin computed tomography (SPECT) or positron eamss
tomography (PET) can be used to help exclude atbebral pathology or subtypes of demelitiaMioreover, it
may predict conversion from prodromal stages (rmdgdnitive impairment) to Alzheimer's dise&Sé.

Assessment of intellectual functioning inéhgl memory testing can further characterise theéestd the
diseasé’! Medical organisations have created diagnostierisitto ease and standardise the diagnostic préoess
practicing physicians. The diagnosis can be comfttiwith very high accuracy post-mortem when braatanal is
available and can be examined histologic&Hy.

Criteria

The National Institute of Neurological andn@uunicative Disorders and Stroke (NINCDS) and tfehg&imer's
Disease and Related Disorders Association (ADRD#W known as the Alzheimer's Association) establistie
most commonly used NINCDS-ADRDA Alzheimer's Crigetior diagnosis in 1984 extensively updated in
2007®% These criteria require that the presence of civgnimpairment, and a suspected dementia syndrbme,
confirmed by neuropsychological testing for a daii diagnosis of possible or probable AD. A histbpéogic
confirmation including a microscopic examination lfain tissue is required for a definitive diagisosizood
statistical reliability and validity have been showetween the diagnostic criteria and definitivetdpathological
confirmation®®! Eight cognitive domains are most commonly impaitedAD—memory, language, perceptual
skills, attention, constructive abilities, oriembat, problem solving and functional abilities. Teedomains are
equivalent to the NINCDS-ADRDA Alzheimer's Criter&és listed in theDiagnostic and Statistical Manual of
Mental Disorder§DSM-IV-TR) published by the American Psychiatfissociatiorf>*%

Techniques
Neuropsychological tests such as the minitalestate examination (MMSE), are widely used taleate the

cognitive impairments needed for diagnosis. Mormpehensive test arrays are necessary for higabikty of
results, particularly in the earliest stages of dimeasé®®”! Neurological examination in early AD will usually
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provide normal results, except for obvious cogsitimpairment, which may not differ from that resudt from
other diseases processes, including other causksradntia.

Further neurological examinations are cruiciahe differential diagnosis of AD and other dises” Interviews
with family members are also utilised in the assest of the disease. Caregivers can supply impbinésrmation
on the daily living abilities, as well as on thecoease, over time, of the person's mental funé@fbi caregiver's
viewpoint is particularly important, since a perssith AD is commonly unaware of his own deficf8. Many
times, families also have difficulties in the deige of initial dementia symptoms and may not cominate
accurate information to a physici&.

Another recent objective marker of the dise&ssthe analysis of cerebrospinal fluid for amgldieta or tau
proteinsi®® both total tau protein and phosphorylateddaprotein concentrationt¥ Searching for these proteins
using a spinal tap can predict the onset of Alzleelsnwith a sensitivity of between 94% and 1088anhen used in
conjunction with existing neuroimaging techniquégctors can identify people with significant memdogs who
are already developing the dise&5eSpinal fluid tests are commercially available,ikmithe latest neuroimaging
technology®? Alzheimer's was diagnosed in one-third of the peagho did not have any symptoms in a 2010
study, meaning that disease progression occursbefdle symptoms occlif!

Supplemental testing provides extra informati;m some features of the disease or is used ¢éoaul other
diagnoses. Blood tests can identify other causesiémentia than AB—causes which may, in rare cases, be
reversiblé®¥ It is common to perform thyroid function testssess B12, rule out syphillis, rule out metabolic
problems (including tests for kidney function, étebyte levels and for diabetes), assess leveleafry metals (e.g.
lead, mercury) and anemia. (See differential diagnfor Dementia). (It is also necessary to ruledsalirium).
Psychological tests for depression are employedesiiepression can either be concurrent with AB Bepression
of Alzheimer disease), an early sign of cognitiveairment®™ or even the caud&!®”!

Imaging

When available as a diagnostic tool, singt®tpn emission computed tomography (SPECT) andtrpasi
emission tomography (PET) neuroimaging are usedottfirm a diagnosis of Alzheimer's in conjunctiorithw
evaluations involving mental status examinafithin a person already having dementia, SPECT appieab®
superior in differentiating Alzheimer's diseasenirmther possible causes, compared with the ustampts
emplo3/[i5r]1[892]mental testing and medical history aria§8 Advances have led to the proposal of new diagnosti
criteria.

A new technique known as PiB PET has beenldped for directly and clearly imaging beta-amyldielposits
in vivo using a tracer that binds selectively te th-beta depositd® The PiB-PET compound uses carbon-11 PET
scanning. Recent studies suggest that PiB-PET 96 &6écurate in predicting which people with mild oitiye
impairment will develop Alzheimer's disease witlwo years, and 92% accurate in ruling out the ilile@dd of
developing Alzheimeré®

A similar PET scanning radiopharmaceutical mpound called  (E)-4-(2-(6-(2-(2-(2*F]-
fluoroethoxy)ethoxy)ethoxy)pyridin-3-yl)vinyl)-N-nikyl benzenamine, dfF AV-45, or florbetapir-fluorine-18, or
simply florbetapir, contains the longer-lasting icamiclide fluorine-18, has recently been createt] tested as a
possible diagnostic tool in Alzheimer's diseB&&! 045 Florhetapir, like PiB, binds to beta-amyloid, blue to
its use of fluorine-18 has a half-life of 110 miesitin contrast to PiB's radioactive half life &f inutes. Wongt
al. found that the longer life allowed the tracer tmwamulate significantly more in the brains of peoplith AD,
particularly in the regions known to be associatétti beta-amyloid deposif®
One review predicted that amyloid imaging is likedybe used in conjunction with other markers mathan as an
alternative®

Volumetric MRI can detect changes in the sizbrain regions. Measuring those regions thatpdty during the
progress of Alzheimer's disease is showing prowrsse diagnostic indicator. It may prove less experthan other
imaging methods currently under stutf!

Non-Imaging biomarkers

Recent studies have shown that people wittha® decreased glutamdt@&lu) as well as decreased Glu/creatine
(Cn), Glu/myo-inositol (ml), Glu/N-acetylaspartafdAA), and NAA/Cr ratios compared to normal peopBath
decreased NAA/Cr and decreased hippocargh#hmate may be an early indicator of A®! Early research in
mouse models may have identified markers for ADe pplicability of these markers is unkno#f. A small
human study in 2011 found that monitoring blood yakbepiandrosteron€DHEA) variations in response to an
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oxidative stress could be a useful proxy test: shbjects with MCI did not have a DHEA variation, ilehthe
healthy controls dié?

Prevention

Intellectual activities such as playing chessegular social interaction have been linked teduced risk of AD
in epidemiological studies, although no causalti@iahip has been found. At present, there is efinidive
evidence to support that any particular measurffective in preventing AD Global studies of measures to
prevent or delay the onset of AD have often produoeonsistent results. However, epidemiologicatisgs have
proposed relationships between certain modifialdetofs, such as diet, cardiovascular risk, pharotae
products, or intellectual activities among otheaad a population's likelihood of developing AD. @rilurther
research, including clinical trials, will reveal ether these factors can help to prevent&B.

Although cardiovascular risk factors, suchhgpercholesterolemia, hypertension, diabetes, amokimg, are
associated with a higher risk of onset and coufse™**"¥ statins, which are cholesterol lowering drugs,ehav
not been effective in preventing or improving tiweise of the diseadg®™®! The components of a Mediterranean
diet, which include fruit and vegetables, breadeathand other cereals, olive oil, fish, and redeyimay all
individually or together reduce the risk and cowsalzheimer's diseast"” Its beneficial cardiovascular effect has
been proposed as the mechanism of aétiéhThere is limited evidence that light to moderase wf alcohol,
particularly red wine, is associated with lowekrig AD.*#

Reviews on the use of vitamins have not foendugh evidence of efficacy to recommend vitamii'€,

E 11911200 or folic acid with or without vitamin B,*?Y as preventive or treatment agents in AD. Additilyngtamin
E is associated with important health ri8¥.Trials examining folic acid (B9) and other B vitas failed to show
any significant association with cognitive declftfé. Docosahexaenoic acid, an Omega 3 fatty acid, baseen
found to slow declin€?!

Long-term usage of non-steroidal anti-inflanong drug (NSAIDs) is associated with a reduceelihood of
developing AD*?¥ Human postmortem studies, in animal models, afitiw investigations also support the notion
that NSAIDs can reduce inflammation related to amitylplaques*!! However trials investigating their use as
palliative treatment have failed to show positiesuits while no prevention trial has been compl&t8dCurcumin
from the curry spice turmeric has shown some dffeness in preventing brain damage in mouse matigdgo its
anti-inflammatory propertie$?®*2¢! Hormone replacement therapy, although previousbduis no longer thought
to prevent dementia and in some cases may eveelded to it 2% There is inconsistent and unconvincing
evidence that ginkgo has any positive effect omitag impairment and dementid” and a recent study concludes
that it has no effect in reducing the rate of Abidrence?*” A 21-year study found that coffee drinkers of &tps
per day at midlife had a 65% reduction in risk efrentia in late-lifé>"!

People who engage in intellectual activitiestsas reading, playing board games, completingserord puzzles,
playing musical instruments, or regular social iattion show a reduced risk for Alzheimer's disé58eThis is
compatible with the cognitive reserve theory, whithtes that some life experiences result in mifigient neural
functioning providing the individual a cognitive serve that delays the onset of dementia manifessitf?
Education delays the onset of AD syndrome, bubtsrelated to earlier death after diagndsfd Learning a second
language even later in life seems to delay gethilmpeimer diseas€®!! Physical activity is also associated with a
reduced risk of AD*!

Medical marijuana appears to be effective eétaging Alzheimer's Disease. The active ingredianharijuana,
THC, prevents the formation of deposits in the besociated with Alzheimer's disease. THC wasddarinhibit
acetylcholinesterase more effectively than comnadlycimarketed drugs. THC was also found to delay
amylogenesi& /%!

Some studies have shown an increased riskewéldping AD with environmental factors such theake of
metals, particularly aluminiuf® ™% or exposure to solvent$¥ The quality of some of these studies has been
criticised™™ and other studies have concluded that there relationship between these environmental factods an
the development of AB#HL42IL431144]

While some studies suggest that extremely f@guency electromagnetic fields may increase rible for
Alzheimer's disease, reviewers found that furthi@demiological and laboratory investigations ofstiypothesis
are neede®™ Smoking is a significant AD risk fact8f® Systemic markers of the innate immune systemiske r
factors for late-onset AB*"]

Management
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There is no cure for Alzheimer's diseasejlabke treatments offer relatively small symptormaienefit but
remain palliative in nature. Current treatments lsarivided into pharmaceutical, psychosocial eareégiving.

Four medications are currently approved Igwlaory agencies such as the U.S. Food and Drungiristration
(FDA) and the European Medicines Agency (EMA) teatr the cognitive manifestations of AD: three are
acetylcholinesterase inhibitors and the other imargine, an NMDA receptor antagonist. No drug haméication
for delaying or halting the progression of the dise

Reduction in the activity of the cholinergieurons is a well-known feature of Alzheimer's es*®!
Acetylcholinesterase inhibitors are employed toumedthe rate at which acetylcholine (ACh) is brokimwn,
thereby increasing the concentration of ACh in lih@in and combating the loss of ACh caused by twetidof
cholinergic neuron$*? As of 2008, the cholinesterase inhibitors approfadthe management of AD symptoms
are donepezil (brand nanfgicepd,** galantamine Razadyng™¥ and rivastigmine (branded &xelot™>? and
Exelon Patch®™)). There is evidence for the efficacy of these matittns in mild to moderate Alzheimer's
diseasé"* %! and some evidence for their use in the advanaegksOnly donepezil is approved for treatment of
advanced AD dementf&#® The use of these drugs in mild cognitive impairtrieas not shown any effect in a delay
of the onset of AD*®! The most common side effects are nausea and vmnitioth of which are linked to
cholinergic excess. These side effects arise imoxppately 10-20% of users and are mild to moderateverity.
Less common secondary effects include muscle cradguseased heart rate (bradycardia), decreasedit@pand
weight, and increased gastric acid productich.

Glutamate is a useful excitatory neurotrattemof the nervous system, although excessive atsadn the brain
can lead to cell death through a process calledataricity which consists of the overstimulatioffi glutamate
receptors. Excitotoxicity occurs not only in Alziver's disease, but also in other neurological deseauch as
Parkinson's disease and multiple sclerf3sMemantine (brand nameskatinol, Axura, EbixaAbixa, Memoxand
Namend™” is a noncompetitive NMDA receptor antagonist fiised as an anti-influenza agent. It acts on the
glutamatergic system by blocking NMDA receptors aimthibiting their overstimulation by glutamdte®
Memantine has been shown to be moderately effioadiothe treatment of moderate to severe Alzhéquisease.
Its effects in the initial stages of AD are unkndWi Reported adverse events with memantine are inéreqand
mild, including hallucinations, confusion, dizzisesieadache and fatigh®”! The combination of memantine and
donepezil has been shown to be of statisticallyiiant but clinically marginal effectivene&8’!

Antipsychotic drugs are modestly useful imluging aggression and psychosis in Alzheimer'sadisewith
behavioural problems, but are associated with seramverse effects, such as cerebrovascular event&ment
difficulties or cognitive decline, that do not pétrtheir routine us&®! When used in the long-term, they have
been shown to associate with increased mortaffty.

People with Alzheimer’'s disease who have riakeiperzine A may have improved general cognitivecfion,
global clinical status, functional performance amdluced behavioural disturbance compared to peigiiag
placebos, according to a Cochrane Review, howelrerpoor methodological quality of the small trjatscluding
problems with blinding and randomization, led rewees to conclude There is currently insufficientdence of the
effects of Huperzine A for Alzheimer's disease (Aff)

Psychosocial intervention

Psychosocial interventions are used as amnetjto pharmaceutical treatment and can be dedsifithin
behaviour-, emotion-, cognition- or stimulationesried approaches. Research on efficacy is unalaieia rarely
specific to AD, focusing instead on dementia inayei'®”!

Behavioural interventions attempt to identdyd reduce the antecedents and consequences ldEmro
behaviours. This approach has not shown successpimving overall functioning®® but can help to reduce some
specific problem behaviours, such as incontinéfi@eThere is a lack of high quality data on the effextess of
these techniques in other behaviour problems ssietaadering’**

Emotion-oriented interventions include remag@nce therapy, validation therapy, supportive pstyerapy,
sensory integration, also called snoezelen, andlated presence therapy. Supportive psychotherapyrdceived
little or no formal scientific study, but some dtirans find it useful in helping mildly impaired ggle adjust to their
illness™®” Reminiscence therapy (RT) involves the discussibpast experiences individually or in group, many
times with the aid of photographs, household itemgsic and sound recordings, or other familiar génom the
past. Although there are few quality studies on effectiveness of RT, it may be beneficial for citigm and
mood™"? Simulated presence therapy (SPT) is based orhattt theories and involves playing a recordindiwit
voices of the closest relatives of the person wittheimer's disease. There is partial evidencecatdig that SPT
may reduce challenging behavioltfé! Finally, validation therapy is based on acceptafde reality and personal
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truth of another's experience, while sensory irstegn is based on exercises aimed to stimulateeserfhere is
little evidence to support the usefulness of thbseapied:’ 4!

The aim of cognition-oriented treatments, ahhinclude reality orientation and cognitive retiag, is the
reduction of cognitive deficits. Reality orientatieonsists in the presentation of information altoue, place or
person in order to ease the understanding of thepeabout its surroundings and his or her pladgkém. On the
other hand cognitive retraining tries to improvepaited capacities by exercitation of mental aleditiBoth have
shown some efficacy improving cognitive capacitté¥!’” although in some studies these effects were gansi
and negative effects, such as frustration, havelsen reportetf®”

Stimulation-oriented treatments include amtisic and pet therapies, exercise, and any otherd recreational
activities. Stimulation has modest support for ioying behaviour, mood, and, to a lesser extentctfan.
Nevertheless, as important as these effects aren#tin support for the use of stimulation theragebie change in
the person's routir&”?

Caregiving

Since Alzheimer's has no cure and it gragusdhders people incapable of tending for their omeeds,
caregiving essentially is the treatment and mustdrefully managed over the course of the diseddaring the
early and moderate stages, modifications to thiedivenvironment and lifestyle can increase patsafety and
reduce caretaker burd€f*’® Examples of such modifications are the adheremsintplified routines, the placing
of safety locks, the labelling of household itersctie the person with the disease or the use offieddlaily life
objects!¢7 88 The patient may also become incapable of feediemselves, so they require food in smaller
pieces or puree®? When swallowing difficulties arise, the use ofdie tubes may be required. In such cases, the
medical efficacy and ethics of continuing feedisgan important consideration of the caregivers famdily
members®® The use of physical restraints is rarely indicaitegny stage of the disease, although there are
situations when they are necessary to prevent tathe person with AD or their caregivét¥]

As the disease progresses, different medisaks can appear, such as oral and dental digwassure ulcers,
malnutrition, hygiene problems, or respiratory nskir eye infections. Careful management can pitethem, while
professional treatment is needed when they do .Af¥E¥® During the final stages of the disease, treatnient
centred on relieving discomfort until de&t#’

A small recent study in the US concluded that peophose caregivers had a realistic understandinthef

prognosis and clinical complications of late derieentere less likely to receive aggressive treatmeat the end of
life. (18]

Feeding tubes

There is strong evidence that feeding tulmesat help people with advanced Alzheimer's deraeggin weight,
regain strength or function, prevent aspirationysnenias, or improve quality of [if&**190191]192]

Prognosis

The early stages of Alzheimer's disease #fieult to diagnose. A definitive diagnosis is wdly made once
cognitive impairment compromises daily living adies, although the person may still be living ipdadently. The
symptoms will progress from mild cognitive problemach as memory loss through increasing stagesgfitive
and non-cognitive disturbances, eliminating anysfimity of independent living®

Life expectancy of the population with thesetise is reducéd***% The mean life expectancy following
diagnosis is approximately seven yedrdsewer than 3% of people live more than fourteearsf” Disease
features significantly associated with reduced isahare an increased severity of cognitive impant) decreased
functional level, history of falls, and disturbasda the neurological examination. Other coinciddiseases such as
heart problems, diabetes or history of alcohol abarg also related with shortened survitalI ¢! while the
earlier the age at onset the higher the total salyiears, life expectancy is particularly redugdten compared to
the healthy population among those who are youhiféMen have a less favourable survival prognosis than
women!*OIts7]

The disease is the underlying cause of dieaft0% of all case$! Pneumonia and dehydration are the most
frequent immediate causes of death, while cancen itess frequent cause of death than in the general
population®I*”!
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Epidemiology

Table 1: Incidence rates after agé'®h

Age New affected per thousand person-years
Two main measures
65—69 3 are used in
epidemiological studies:
70-74 6 incidence and prevalence.
Incidence is the number of
75-79 9 new cases per unit of
person—-time  at  risk
80-84 23 (usually number of new
85-8¢ 40 cases per thousand
person-years); while
90— 69 prevalence is the total

number of cases of the

disease in the population at any given time.

Regarding incidence, cohort longitudinal studiead®s where a disease-free population is folloosxgt the years)
provide rates between 10 and 15 per thousand peysars for all dementias and 5-8 for AB*°% which means
that half of new dementia cases each year are Ad¥aAcing age is a primary risk factor for the diseand
incidence rates are not equal for all ages: eviegy years after the age of 65, the risk of acqgirihe disease
approximately doubles, increasing from 3 to as mast69 per thousand person ye&fé!* There are also sex
differences in the incidence rates, women havihggher risk of developing AD patrticularly in thegadation older
than 8519%1200]

Prevalence of AD in populations is dependgran different factors including incidence and $wal Since the
incidence of AD increases with age, it is particylamportant to include the mean age of the popaeof interest.
In the United States, Alzheimer prevalence wasregtd to be 1.6% in 2000 both overall and in the785age
group, with the rate increasing to 19% in the 75gB#up and to 42% in the greater than 84 gfétipPrevalence
rates in less developed regions are 10%%8rThe World Health Organization estimated that i©%00.379% of
people worldwide had dementia, and that the precalevould increase to 0.441% in 2015 and to 0.5%%%
2030%% Other studies have reached similar conclusi§fisAnother study estimated that in 2006, 0.40% of the
world population (range 0.17-0.89%; absolute nun26e@ million, range 11.4-59.4 million) were aftéd by AD,
and that the prevalence rate would triple and bs®late number would quadruple by 2030.

History

The ancient Greek and Roman philosophersphagsicians associated old age with increasing déen®nt was
not until 1901 that German psychiatrist Alois Aliher identified the first case of what became knoam
Alzheimer's disease in a fifty-year-old woman hiecbAuguste D. Alzheimer followed her until sheediin 1906,
when he first reported the case publié® During the next five years, eleven similar caseseareported in the
medical literature, some of them already usingtémen Alzheimer's disea$®.The disease was first described as a
distinctive disease by Emil Kraepelin after suppieg some of the clinical (delusions and halludoret) and
pathological features (arteriosclerotic changegtaioed in the original report of Auguste®! He included
Alzheimer's diseasealso namedgreseniledementia by Kraepelin, as a subtypesehile dementian the eighth
edition of hisTextbook of Psychiatrypublished on July 15, 191%8°

For most of the 20th century, the diagno$ialzheimer's disease was reserved for individbasveen the ages
of 45 and 65 who developed symptoms of dementia.t&tminology changed after 1977 when a conferenc&D
concluded that the clinical and pathological mastdgons of presenile and senile dementia were stlidentical,
although the authors also added that this did unlet out the possibility that they had different ses®®”! This
eventually led to the diagnosis afzheimer's diseasmdependently of agé’® The termsenile dementia of the
Alzheimer typdSDAT) was used for a time to describe the coadiin those over 65, with classical Alzheimer's
disease being used for those younger. Eventudléytérm Alzheimer's disease was formally adoptethédical
nomenclature to describe individuals of all agethwai characteristic common symptom pattern, diseasese, and
neuropathology®
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Society and culture
Social costs

Dementia, and specifically Alzheimer's disggasay be among the most costly diseases for gocidturope
and the United Staté$!®! while their cost in other countries such as Arigeft'” or South Kore&! is also high
and rising. These costs will probably increase wlith ageing of society, becoming an important $qmiablem.
AD-associated costs include direct medical costh sas nursing home care, direct nonmedical costs as in-
home day care, and indirect costs such as losuptivity of both patient and caregivé?. Numbers vary between
studies but dementia costs worldwide have beenileaézi around $160 billioht? while costs of Alzheimer in the
United States may be $100 billion each y&4r.

The greatest origin of costs for society he fong-term care by health care professionals @articularly
institutionalisation, which corresponds to 2/3 lué total costs for socieff?! The cost of living at home is also very
high*®! especially when informal costs for the family, lsugs caregiving time and caregiver's lost earniags,
taken into accourit*?!

Costs increase with dementia severity andptiesence of behavioural disturban&$ and are related to the
increased caregiving time required for the provisiaof physical car€*! Therefore any treatment that slows
cognitive decline, delays institutionalisation @duces caregivers' hours will have economic bendfitonomic
evaluations of current treatments have shown pesigsults*®

Caregiving burden

The role of the main caregiver is often takgrthe spouse or a close relatt’t Alzheimer's disease is known
for placing a great burden on caregivers whichtides social, psychological, physical or economjats/617]
Home care is usually preferred by people with Al #meir families?*®! This option also delays or eliminates the
need for more professional and costly levels oé E&#*'®! Nevertheless two-thirds of nursing home resideatse
dementia$'®”!

Dementia caregivers are subject to high rafephysical and mental disordéf¥! Factors associated with
greater psychosocial problems of the primary casgiinclude having an affected person at homecainer being
a spouse, demanding behaviours of the cared persdnas depression, behavioural disturbances,civahions,
sleep problems or walking disruptions and socialaison?*®1?!%! Regarding economic problems, family caregivers
often give up time from work to spend 47 hours week on average with the person with AD, while thsts of
caring for them are high. Direct and indirect casftsaring for an Alzheimer's patient average betw$18,000 and
$77,500 per year in the United States, dependirtp@study*1?*!

Cognitive behavioural therapy and the teachifigcoping strategies either individually or in gm have
demonstrated their efficacy in improving caregivpsychological healtﬁ?]m‘)]

Notable cases

As Alzheimer's disease is highly prevalenansnnotable people have developed it. Well-knowangxes are
former United States President Ronald Reagan asil Writer Iris Murdoch, both of whom were the sdig of
scientific articles examining how their cognitivapacities deteriorated with the diseB5#2%2?2%1 Other cases
include the retired footballer Ferenc Pusk&$the former Prime Ministers Harold Wilson (Unitednijdom) and
Adolfo Suarez (Spairj?*??! the actress Rita Hayworlff”! the actor Charlton Hestd?i® the novelist Terry
Prat([:zrslﬁtf?zg] Indian politician George Fernand&¥! and the 2009 Nobel Prize in Physics recipient @kaK.
Kao.

AD has also been portrayed in films suchlds: (2001)?** based on John Bayley's memoir of his wife Iris
Murdoch?*¥! The Notebook2004)?** based on Nicholas Sparks' 1996 novel of the saaneef*® A Moment to
Remembe(2004)Thanmathra(2005)#?*®! Memories of Tomorrow (Ashita no Kiok(8006)?*"! based on Hiroshi
Ogiwara's novel of the same naffi& Away from Her(2006), based on Alice Munro's short story TherBaame
over the Mountaif¥*® Documentaries on Alzheimer's disease inciMtd#colm and Barbara: A Love Sto(g999)
andMalcolm and Barbara: Love's FarewdR007), both featuring Malcolm Point&A”

Research directions
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As of 2010, the safety and efficacy of monant 400 pharmaceutical treatments had been or heirey
investigated in 858 clinical trials worldwide, aagproximately a quarter of these compounds ardas®1l11 trials;
the last step prior to review by regulatory agesi¢fé!

One area of clinical research is focusedreating the underlying disease pathology. Reduaifcaimyloid beta
levels is a common target of compoufitfs (such as apomorphine) under investigation. Immheraipy or
vaccination for the amyloid protein is one treatim@odality under study*®! Unlike preventative vaccination, the
putative therapy would be used to treat peopleadirediagnosed. It is based upon the concept ofitgithe
immune system to recognise, attack, and reversesitem of amyloid, thereby altering the course thé
diseasé&*¥ An example of such a vaccine under investigaticas VACC-0012%12] although the trials were
suspended in 2008 Another similar agent is bapineuzumab, an antibdesigned as identical to the naturally
induced anti-amyloid antibod§*® Other approaches are neuroprotective agents, asidhL-1082*! and metal-
protein interaction attenuation agents, such asPB¥ A TNFa receptor fusion protein, etanercept has showed
encouraging result&"

In 2008, two separate clinical trials showmmbitive results in modifying the course of diseasamild to
moderate AD with methylthioninium chloride (tradammerembe), a drug that inhibits tau aggregati6i?’>>*! and
dimebon, an antihistami&* The consecutive Phase-Ill trial of Dimebon faikedshow positive effects in the
primary and secondary endpoiffts!

The possibility that AD could be treated wéthitiviral medication is suggested by a study shgvagolocation of
herpes simplex virus with amyloid plaqu®§ Preliminary research on the effects of meditationretrieving
memory and cognitive functions have been encougadiimitations of this research can be addressefiliture
studies with more detailed analy$g5.

An FDA panel voted unanimously to recommemgpraval of florbetapir (tradename: Amyvid), which i
currently used in an investigational study. Theragan detect Alzheimer's brain plaques, but weitjuire additional
clinical research before it can be made availabternercially?®®
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