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Memory loss

Five new things
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ecent large neuropathologic studies have shown that Alzheimer disease (AD) is still
the most common of the chronic neurodegenerative memory disorders, but it is of-
ten associated with several comorbid histologic findings, such as cortical Lewy bod-
ies, hippocampal sclerosis, and microinfarcts.'

Amyloid hypothesis and the genetics of AD

While it is well-accepted that memory loss and other cognitive impairments in AD are the
result of dysfunction in neuronal networks and synapses, the exact molecular and pathologic
steps generating the clinical symptoms of AD remain an issue of some debate. Some have ar-
gued that B-amyloid (AB) is a necessary but insufficient factor to explain the etiology of
AD, arguing that AB aggregations in the brain and decreased AR levels in spinal fluid are
detectable 15-20 years before the clinical symptoms of AD.? Contradicting this view are
recent findings from the Alzheimer’s Disease Neuroimaging Initiative (ADNI), which
demonstrated that decreases in CSF AR levels are often not apparent until after there is
a noticeable decline in cognitive function, a decline in metabolic activity on FDG-PET, and
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Amyloid PET had a higher sensitivity for
identifying AD (89.5% average between raters)
compared to FDG-PET (77.5%).

a decline in MRI volume in patients who are at risk for AD.?> Nevertheless, a European
memory clinic study of 73 patients with mild cognitive impairment (MCI) found support
for the amyloid hypothesis, since they found more rapid conversion from MCI to AD
among patients with MCI whose diagnostic tests showed 3 characteristic findings: amyloid
PET scans with frontal lobe amyloid deposits, FDG-PET scans with cingulate hypometab-
olism, and MRI scans with hippocampal atrophy.*

The APOE &4 allele is a common risk factor for late-onset AD. In another European
study of 147 amnestic patients with MCI, those most likely to transition to AD over
a 2-year period were those who had lower spinal fluid levels of AB (AB42), lower parietal
cortex thickness on MRI, poorer visual and spatial recognition on neuropsychological tests,
and the presence of at least one APOE ¢4 allele.” Having at least one €4 allele lowers the age
for developing AD in the late-onset cohort of patients with AD. A case-control series of
patients with AD and controls from the United States, Norway, the Netherlands, and
Germany was studied to find other genetic markers for AD.® A rare missense mutation
called TREM2 was found to confer significant risk of AD among patients in Iceland (odds
ratio 2.92). The encoded protein functions in the immune response system and may be
involved in chronic inflammation. The mutation had a frequency of 0.46% among older
controls, and the carriers of the mutation had poorer cognitive function than noncarriers,
even though they did not have dementia.

Most early-onset AD cases (onset before age 65 years) with autosomal dominant inheritance
have characteristic mutations either in the amyloid precursor protein (APP) gene or in the genes
for its processing secretases, presenilin-1 or presenilin-2. A remarkable case of early-onset AD with
a recessive APP AG73V point mutation has been described.” The patient had memory loss starting
at age 36 years, followed by progressive memory decline, reaching an IQ of 47 and Mini-Mental
State Examination of 17/30 by age 44. A protective variant of the same amino residue of APP
(A673T) was subsequently reported by an Icelandic group in participants without AD.® In these
participants, there is markedly less AR production due to slower proteolysis by the B-site APP
cleaving enzyme 1, or BACEL. Indeed, inhibition of BACE1 is one of the leading targets to
develop more effective AD treatments.” The recent novel genetic and therapeutic advances in the
fields of memory loss and cognitive impairment are summarized in table 1.

Amyloid PET imaging in MCI and MRI for subtyping AD

When memory loss is a prominent feature of MCI, we suspect that the patient has amnes-
tic MCI (aMCI), or prodromal AD. Nevertheless, there are some situations where it is dif-
ficult to know whether we are dealing with early stages of AD, dementia with Lewy bodies
(DLB), frontotemporal dementia (FTD), or normal aging. Amyloid PET and FDG-PET
are both useful tools in this situation, since they show similar accuracy in discriminating
AD and FTD."” Amyloid PET had a higher sensitivity for identifying AD (89.5% average
between raters) compared to FDG-PET (77.5%). The amyloid model of AD predicts
that a positive amyloid PET scan should be seen in an aMCI phase of the disease and
should precede synaptic dysfunction on FDG-PET and hippocampal atrophy on MRI.*
When this model was tested examining by 73 patients with aMCI, 29 eventually pro-
gressed to dementia, 74% following the predicted sequence described above. Jack et al."!
recently used serial amyloid PET and MRI in 1,246 cognitively normal individuals and
found that worsening of memory and reduction of hippocampal volume over time pre-
ceded amyloid accumulation on amyloid PET in several older individuals, arguing that
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Tablel Major hallmarks of chronic neurodegenerative disorders with memory loss, including recent genetic associations as
possible therapeutic targets

Age at Current Prevalence

onset, Recent genetic therapeutic (cases per
Disorder y Pathology Classical genes association targets 100,000)
Early-onset AD 35-65 Plaques, tangles APP, PSEN1, PSEN2 Cholinesterase, 40

inhibitors, NMDA
antagonists

Late-onset AD 65+ Plaques, tangles APOE ¢4, MAPT Tau CLU, PICALM, SORL1, Cholinesterase 1,200
BIN1, LRP1, LRP6, CR1, inhibitors, NMDA

CD33, MS4ABA, antagonists
BRCA1, TREM2
DLB 60+ Lewy bodies SNCA a-synuclein PARK, LRRK2 Cholinesterase 52

inhibitors, NMDA
antagonists

FTD 50+ Pick bodies +, MAPT Tau, TDP-43, TARDBP, C9orf72, FUS, 14
balloon neurons FUS PGRN

VaD 55+ Large stroke, APOE ¢4, MMP2 NOTCH3 CADASIL, Antihypertensive 850
multiple infarcts, CST3, ITM2, HTRA1 and antiplatelet
or extensive white drugs

matter changes

Abbreviations: AD = Alzheimer disease; APP = amyloid precursor protein; BIN1 = bridging integrator 1; BRCA1 = breast cancer
gene 1; C9orf72 = chromosome 9 open reading frame 72; CADASIL = cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy; CLU = clusterin; CR1 = complement receptor type 1; CST3 = cystatin 3; DLB = dementia with
Lewy bodies; FTD = frontotemporal dementia; FUS = FUS RNA binding protein; ITM2B = integral membrane protein 2B; LRP1 =
low-density lipoprotein receptor-related protein 1; LRRK2 = leucine-rich repeat kinase 2; MAPT = microtubule-associated protein
tau; MMP = matrix metalloproteinase; MS4A6A = membrane-spanning 4-domains, subfamily A, member 6A; PARK = Parkinson
disease associated genes; PICALM = phosphatidylinositol binding clathrin assembly protein; PSEN1 = presenilin 1; PSEN2 =
presenilin 2; SNCA = synuclein-a; SORL1 = sortilin-related receptor A; TDP-43 = TAR-DNA-binding protein; TREM2 = triggering
receptor expressed on myeloid cells 2; VaD = vascular dementia.

memory decline in several older individuals was due to the aging process itself, and not to
the accumulation of AP deposits in the brain. This fits with recent findings of the ADNI
investigators, who found many patients who experienced cognitive decline before
changes occurred in CSF AR’

These studies emphasize that AD exhibits considerable clinical, anatomic, and pathologic
heterogeneity. These differences are fairly noticeable in the early stages, but they become less
apparent as the disease progresses. In a recent assessment of 152 patients with mild AD using
high-resolution T1-weighted volumetric MRI scans, 3 subsets of patients with AD were de-
scribed based on anatomic and neuropsychological differences.'” These anatomic subtypes
were established by clustering the patients based on whether the cortical atrophy was
diffuse, parietal-dominant, or medial temporal-dominant. The characteristics of the patients
are described in table 2. The patients with parietal-dominant AD were younger at onset
than the other 2 subtypes, and they had more problems with attention, visuospatial func-
tion, and executive abilities on neuropsychological tests.'* The European ADNI study also
documented more thinning of the parietal cortex among patients with prodromal AD who
had poor visual and spatial recognition abilities.” These new anatomic findings on MRI are
helpful to clinicians who are counseling patients about their memory deficits and about
other cognitive problems that are associated with MCI and AD.

Mild traumatic brain injury as a risk factor for AD and chronic
traumatic encephalopathy

Several studies have shown that mild traumatic brain injury (TBI) is a major risk factor for the
development of AD in later life, particularly in conjunction with at least 1 APOE €4 allele,
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Several studies have shown that mild TBI is
a major risk factor for the development of AD in
later life.

although the time interval from trauma to dementia was unclear in these early studies.'®'*
More recently published data have highlighted the temporal relationship between TBI and
subsequent dementia, with a 60% increased risk of dementia over 9 years in older veterans
with TBI after competing risks were accounted for."> TBI cases of all degrees of severity were
included in this study, so there is still a question about whether mild TBI is linked to an
increased risk of AD.

There is an increased recognition of the role played by minor repetitive brain injuries in the
development of behavioral changes and cognitive impairment in patients who have chronic
traumatic encephalopathy (CTE), a neurodegenerative disease that shares several clinical and
neuropathologic features with AD."*"'® Patients with AD can have memory loss, mood swings,
and agitation, just as patients with CTE can have those same symptoms. CTE is defined
pathologically by the abnormal accumulation of the tau protein in a pattern that is different
from other tauopathies, such as AD and FTD. When brains of patients with CTE show AB
plaques in addition to deposits of tau protein, the patients are more likely to be older at
symptom onset and have at least 1 APOE €4 allele."® One recent MRI study revealed smaller
hippocampal volumes in collegiate players with and without concussion, compared to age-
matched individuals who did not play football,”” providing support for an influence of mild
repetitive brain injury on brain structures that are involved in memory processing.

Healthy eating and regular exercise to prevent dementia

Lifestyle factors appear to be effective in reducing the risk of dementia. In a large longitudinal
study of 716 older adults without dementia who were followed over about 4 years, 71 eventu-
ally developed signs of AD.* In a Cox proportional hazard model that adjusted for age, sex,
and educational level, a higher level of total daily physical activity was associated with a re-
duced incident rate of AD (hazard ratio 0.477). The association persisted after adjustment for
depressive symptoms, chronic health conditions, and APOE €4 status. At the end of the
3-year Leukoaraiosis and Disability study, 90 of the 639 participants had developed demen-
tia.”" Physical activity (at least 30 minutes of activity on at least 3 days per week) significantly
reduced the risk of cognitive impairment, especially vascular dementia. In a large, racially
diverse cohort of 876 older adults (the Northern Manhattan Study), there was more likely to
be decline at 5 years in semantic memory and executive function if there were low levels of
leisure time physical activity.*

[ Table 2 Anatomical subtypes of Alzheimer disease (described by Noh et al.1?) ]
Mean
cortical Association
Subtypes Brain atrophy Age at onset, y Sexual distribution thickness with APOE =4
1 Diffuse Generalized Oldest, X = 72.2 Predominantly female (66.7%) Lowest Intermediate
Medial Medial temporal/ Intermediate, X = 69.8  Predominantly female (73.1%) Highest Highest
temporal  cingulate-dominant
3 Parietal Parietal dominant Youngest, X = 57.1 Equal male to female ratio Intermediate  Lowest

Patients with Alzheimer disease (n = 152) were subgrouped into anatomical subtypes, according to whether there was diffuse
cortical atrophy on T1-weighted MRI or medial temporal atrophy or parietal-dominant atrophy. Cluster analysis was performed to
show associations between anatomical subtypes and age at onset, sex distribution, mean cortical thickness, and APOE &4 genotype.
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Diet can also influence the rate of cognitive decline. In Fin-
land, there was recently a randomized controlled trial of 1,260
participants, designed to test the hypothesis that healthy eating,
exercise, and cognitive training could prevent cognitive decline
among those who were at risk for dementia.>® Participants were
6077 years of age and had a dementia risk score of 6 points or
more; cognition was slightly lower than expected for age. After 2
years, there was a significant change in the Z score of a compre-
hensive neuropsychology battery of tests, with the intervention
group doing better than the control group. Adverse effects were
more common among the intervention group (7%), compared
to controls (1%), with the most common complaint being mus-
culoskeletal pain (5%). Another large clinical study has offered
support for the idea that healthy eating can reduce the risk of
cognitive decline.** In 2 large (n = 27,860) international clin-
ical trials of antihypertensive agents, diet quality was assessed
using the modified Alternative Healthy Eating Index. After 56
months of follow-up, 4,699 cases of cognitive decline occurred.
The risk of decline was less in those with the healthiest diets
(more vegetables, fruits, nuts, soy proteins, whole grains, and
fish, and less consumption of red meat).

Cholinesterase inhibitors for AD and
memantine for DLB and FTD

-

Memory loss: Five new things

~

B There are new genes that both cause and

protect against AD. The protective gene
variant may lead to new treatments for AD.

Amyloid PET and MRI are both helpful tools
for identifying which patients with MCI will
most likely go on to develop AD.

Mild TBIs appear to be risk factors for both
AD and CTE. These 2 conditions can
overlap in individuals who are older and
have at least 1 APOE ¢4 allele.

Lifestyle factors appear to delay the
expression of the late-life AD genotype in
older adults. Daily physical activity can
reduce the incidence rate of AD and
vascular dementia, even after adjusting for
the APOE &4 genotype.

Donepezil is useful in treating mild to
moderate AD and DLB; it can prevent
nursing home placement in patients with
moderate to severe AD. Memantine is
useful in managing cognitive and behavioral

symptoms of AD and DLB.
amine) have been shown to be effective in treating the cognitive and \_ )
behavioral changes that are associated with mild to moderate AD.*

Several cholinesterase inhibitors (donepezil, rivastigmine, and galant-

Memantine is an antagonist of glutaminergic neurotransmission at
NMDA receptors, and previous studies had shown that patients with DLB had overactivity of
CNS glutamate.” This was the rationale for the design of a randomized, double-blind clinical trial
in 75 patients with mild to moderate DLB who showed significant improvement in global clinical
status and behavioral symptoms with memantine. These benefits were seen in a population of
patients with DLB who had not yet been treated with cholinesterase inhibitors (since there is
a cholinergic deficiency in this disease, most patients with DLB respond favorably to drugs like
donepezil or rivastigmine). Memantine was also assessed in a randomized trial of 81 patients with
FTD who either had the behavioral or the semantic variant of FTD.*” The authors found no
cognitive or behavioral benefit of memantine for patients with FTD, using the same rating scales
that had been used previously in the DLB trial (Clinical Global Impression of Change and
Neuropsychiatric Inventory). In fact, some of the patients with FTD developed worsening of
their behavioral symptoms with memantine. Cholinesterase inhibitors, such as donepezil,
also appear to cause behavioral deterioration in patients with FTD, according to some authors.”®
A recent British study was designed to compare withdrawal of donepezil vs memantine in
patients with moderate to severe AD to see whether either of these drugs was more or less ef-
fective in preventing nursing home placement.”” In a clinical trial involving 295 participants,
the authors learned that withdrawal of donepezil significantly increased the risk of nursing
home placement during the first 12 months of the study, but not in the following 3 years. In
a prospective cohort study, patients with AD who were treated with donepezil appeared to
have less progression of hippocampal atrophy over a year’s time than those not treated with
that drug.’® A recent clinical trial showed a 45% reduction in the rate of hippocampal atrophy
with donepezil among 216 patients with prodromal AD who were randomly assigned to
either donepezil or placebo for 1 year.’® These results suggest a neuroprotective effect of
donepezil.
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