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Review

Why therapies for Alzheimer’s disease do not work: Do we have @mmmm
consensus over the path to follow?

Zareen Amtul

Dr. Pamyweans: Center for M olemeler Mediane ond Drug Research, Inferratonad Center for Chemical and Biolopiod Soences, Universiiy of Karachl Korocht
75270, Pakiston

ARTICLE INFD ABSTRACT

Article history: Ak heimer's disease [AD) represents a personal tragedy of enormous magnitede, which imposes a daunt-
Received 3 August 2015 ing worldwide challenge for health-care providers and society as well, Inlast five decades, global research
Accepted 8 September 2005 in climics and laboratories has illuminated many features of this sinister and eventually fatal disease,

Aerailable i 1L Sépteenber 115 MNotwithstanding this development, the Alzheimer's research apparently has come across 3 phase of dis-

appointment and a little reservation about the direction to follow. Persistently distressing confroversies
i;T’:‘ and a significant number of missing facts shed further uncertinty about the path forward. A detailed
[nﬂa:lmaunn description of some of the main controversies in AD research may assist the feld towards finding 2 res-

olution. Here | reviewed some alarming concemns or controversies related to these primary issues and

Dcidative stress
Animal models emphasized on a possible mechanism to settle them.







SCIENCE AND SOCIETY

The elephant in the room — healthy
brains in later life, epidemiology and
public health

Carol Brayne
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#  Development of tau pathology by decade (n=2366)
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Changes in capillary wall morphology i common AD risk factors

Risk factor

Changes in capillany
morphology

Reference

Aging (human}

Hy pertension

Ischemic stroke

APOE =4 genoty pe

Diabetes

Brain trauma

Smoking

Increased tortuosity,
twisting and looping of
capillaries. Thickening
brase ment e mbranes
with ndusions.
Percaptllary fibrosis,
Pericyte loss.

Pericyte degeneration,
swelling of endothelium
and surrounding
astrocyte end-feet

| spontaneously

hy pertensive rais}
Pericyte constrictions
{amimal models)
Microvascular
degeneration, reduction
in capillary length,
reduced pericyte
coverage [ mice)

Loss of pericytes and
thickenmg of capillary
basement membrane of
the cerebral capillaries
{animal models).
Thickening of basement
membrane {humans),
Dislocation of pericytes,
away from capillaries
{animal muodels),
Endothelial cell damage,
subendothelial edema
(penpheral arterial and
arteriolar endothelium L

Kalaria { 1996)

Tagami et al, {1990}

Dalkara et al (2011}
Yemisci et al. (2009}
Bell et al. (2013}

Jurnkoer et al. (1985);
MeCuskey and
McCuskey [ 1984)

Johnson et al. (1982)

Dore-Duffy et al. (2000}

Mayhan and Sharpe
{1998)

A

v

Low Tissue Oxygen Tensi

* NF-kBT — Inflammation

* HIF-17 — NADPH oxidase?

+ Amyloidosis T

2

l
on /r Capillary dysfunction \
* Endothelial cell damage/loss
* Thickened basement membrane
* Pericyte dysfunction/loss

* NADPH dependent ROST
* NO depletion
= Peroxynitrite production

— Attenuated CBF response

Neurovascular dysfunction

Attenuate CBF increases

* Manage sleep-apnea
Avoid high blood viscosity
* Manage infections (WBC)
* Optimize hydration

+ Astrocyte endfeet swelling
* Blood cell adhesion to endothelium 1
* Blood cell number/viscosity T
* Pericyte (capillary) constriction
—+ Increased CTTH

Inhibit pericyte constrictions
= Anti-hypertensives
* Restore capillary-level NO

;

s 38§38

Davelopment of AR patholog

oy decade (n=2366)
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#  Development of tau pathology by decade (n=2366)
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Changes in capillary wall morphology i common AD risk factors

Risk factor

Changes in capillany
morphology

Reference

Aging (human}

Hy pertension

Ischemic stroke

APOE =4 genoty pe

Diabetes

Brain trauma

Smoking

Increased tortuosity,
twisting and looping of
capillaries. Thickening
brase ment e mbranes
with ndusions.
Percaptllary fibrosis,
Pericyte loss.

Pericyte degeneration,
swelling of endothelium
and surrounding
astrocyte end-feet

| spontaneously

hy pertensive rais}
Pericyte constrictions
{amimal models)
Microvascular
degeneration, reduction
in capillary length,
reduced pericyte
coverage [ mice)

Loss of pericytes and
thickenmg of capillary
basement membrane of
the cerebral capillaries
{animal models).
Thickening of basement
membrane {humans),
Dislocation of pericytes,
away from capillaries
{animal muodels),
Endothelial cell damage,
subendothelial edema
(penpheral arterial and
arteriolar endothelium L

Kalaria { 1996)

Tagami et al, {1990}

Dalkara et al (2011}
Yemisci et al. (2009}
Bell et al. (2013}

Jurnkoer et al. (1985);
MeCuskey and
McCuskey [ 1984)

Johnson et al. (1982)

Dore-Duffy et al. (2000}

Mayhan and Sharpe
{1998)

2 v

+ Amyloidosis T

2

Neurovascular dysfunction
* NADPH dependent ROST

* NO depletion

= Peroxynitrite production

— Attenuated CBF response

Attenuate CBF increases
* Manage sleep-apnea
Avoid high blood viscosity

* Manage infections (WBC)
* Optimize hydration

|
Low Tissue Oxygen Tension /r
« NF-kBf — Inflammation * Endothelial cell damage/loss
* HIF-17 — NADPH oxidase? * Thickened basement membrane

Capillary dysfunction \

* Pericyte dysfunction/loss
+ Astrocyte endfeet swelling
* Blood cell adhesion to endothelium 1
* Blood cell number/viscosity T
* Pericyte (capillary) constriction

—+ Increased CTTH

Inhibit pericyte constrictions
= Anti-hypertensives
* Restore capillary-level NO
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Phenomenological Disease Network
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Geriatric syndrome-Nn"TUN"MAN NIINONN

ENTITY AETIOLOGCY PATHOGENESIS PRESENTING SYMPTOMS

Disease | | .,__l ] | |
Known Known Known, but variable
in presentation

Syndrome 1 | | - | | .‘<
Unkmown Unknown Cefined

set of signs

Syndrome 2 | i .,L_! | b(
Unknown Known Defin

set of signs

Syndrome 3 [ [—" | ’J::
Known Unknown Defin

Y

set of signs
Geriatric | | -,__| |
syndrome
| -
ndwnAnfanIn | Ll | v l l
| - |
Multiple Interacting Single symptom

Intensive Neuropsythogeri gttt EvaluatiBifrsali Piredtment (INET) protocol
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psychological successful aging -7 Ryff 7TIn

1. Autonomy

(]

. Selt-acceptance

. Positive relations

. Environmental mastery
. Purpose in Life

. Personal growth

-] O hn B W

. Second order factor
<—

\Weﬂ?being 1)
contentment, satisfaction with the past,
optimism for the future
and happiness in the present (McNulty,2012)

(Ryff,1995; van Dierendonck2008)


https://en.wikipedia.org/wiki/Contentment
https://en.wikipedia.org/wiki/Optimism
https://en.wikipedia.org/wiki/Happiness
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Epidemiological Approaches to Heart
Disease: The Framingham Study’

THOMAS R. DAWBER, M.D., GILCIN F. MEADORS, M.D.,
M.P.H., ano FELIX E. MOORE, JR.

National Heart Institute, National Institutes of Health, Public Health Service,
Federal Security Agency, Waskington, D. C.

1948-51
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The NEW ENGLAND JOUENAL of MEDICINE

ORIGINAL ARTICLE

Incidence of Dementia over Three Decades
in the Framingham Heart Study

Claudia L. Satizabal, Ph.D,, Alexa S. Beiser, Ph.D., Vincent Chouraki, M.D., Ph.D.,
Geneviéve Chéne, M.D., Ph.D., Carole Dufouil, Ph.D., and Sudha Seshadri, M.D.
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Tebla 3. Temporal Trends in the incidence of Dementia, Stratified by Age, Sex, Educationa] Level and Apolipoprotein E e4 Status.®
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=80

SE

Fernale
Male

Educational laval
Mo high school diploma

High schoal diploma

APOE rd statusf

Ay genotypic informa-
tion

Magative for APOE e4

Positive for at least one
APOE rd allele

Mo, of
Cases of
Dementia

133

13&

137

130

38

246

169

b

Total Mo. of
Dbservation P Value for
Pariods  Interaction
mB2
2418
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1368
oy
5173
5342
0.031
1831
6948
015
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5000
1304
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PreDIVA -n pnn

( PREvention of Dementia by Intensive VAscular care )
( Moll van Charante et al., 2016 )
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% of cases

o0 n=144

-DATNA 722 N'hiynwun n'nin AAIINO*
1N narmv ayan-

n=441 n=820 n=295

60-69

@ AD
mAD+CVD
OAD+LBD

OovVvD
- OMIX
@ Others

70-79 80-89
Age group

Jellinger)



% of population within
each agegroup

272 '9%7 -Multimorbidity*

18-24 25-34 35-44 45-54 55-64 65-74 75-84 =85
Age group, years

(Salisbury et al., 2011)



Dementia Risk Score

meets cognitive criteria

A

—
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population present but cognition
above mean level

= Invited for screening visit
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a

e ]

A

£ cognition at mean level very low risk
E- but few risk factors

A

C*! mean level or slightly below above mean level

Cognition
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( Ngandu et al., 2014))
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facilitating lifestyle changes. Participants were advised to
consumee 2 diet with 10-20% of daily energy from
proteing, 25-35% daily energy from far (<10%
from samrrated plus trans fatty acds, 10-209% from
monounsaturated  fatty  acds, amd  5-10% from
pobunsaturated fatty adds finduding 2-5-3 gfday of
omega-3 fatty acids]), 45-55% deily energy from
carhohydrates {<10% from refined sugar}, 25-35 giday of
dietary fibre. less than 5 g/day of salt. and fess than 5%
daily energy from alcohol Energy intzke facilitating
5108 reduction in bodyweight was recommended only
if mecessary afier taking into account BMI, health status,
age, and diet of the participant. These goals were achieved
by recommendation of high consumption of froit and
vegetables, consumption of wholegrain cereal products
and low-fat milk and meat products, imiting of sucrosa
intake to less than 50 g/day, use of vegetzble margarine
and rapeseed oil instead of butter, and fish consumption
at least bwo portions per week.

27wni It

The physical evercise trining progmmme followed
international guidelines™ and represented 2 moditied
version of the Dose Responses to Fxercise Training (DRs
EXTRA) study protocol.® Training was guided by study
physintherapists at the gym and consisted of individually
tailored programmes for progressive muscle strength
training (I-3 times per week) and aerobic exemize
(-5 times per week), induding exercises o improve
postural balance. The strength training programme was
standardised to indude esercises for the eight main
muscle groups (knee extension and fleion, abdemen and
back muscles, rotation, upper back and amm musdes. and
press bemch for lower extremity muscles). Individual
aerobic training included activities proferred by each
participant Aetobic group activides were also provided.
Individualisation of strength and aerobic training was
based on repetition maximum measurements (done at
bazeline and at 1, 3, 6, 9, 12, 18, and 24 months after the
start of the exerdse intervention).” Cognitive training
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(shape match task]. Socal activities were stimulated
through the numerous group meetings of all intervention
components. Management of metabolic and vascular

components. Management of metabolic and vascufar
risk factors was based on pational evidence-based
puidelines. =¥ It induded additional meetings with the
study nuree jat 3, 9, and 18 months), and the sdy
physician {at 3, &, and 12 months) for measurements
of blood pressure, weight and BMI, and hip and
waist circumference. physical examinations, and
recommendations  for lifestyle management. Study
physicians did not prescribe medication, but strongly
recommended participante 1o comtact their own
physician or clinic if needed.

nnatonaiy
start of the exerdse intervention).” Cognitive tRining
incheded group and individual sessions. The ten group
sessions were led by psychologists: six sessions with
educational content on age-related cognitive changes,
memory, and reasoning strategies applied to everyday
activities, and four sessions for checking progress in
individual computer-based training plus a vizit to the local
Alzheimer Association. Individual sessions consisted of
computerbased training at home or at sudy site,
conducted in two periods of sk months each. Each
perind included 72 training sessions (three times per
week, 10-15 min per session). The training programms:
was a web-based in-house developed computer program
inchuding several tasks adapted from protocols previously
shown 1o be effective in shomerterm mndomised
controlled triaks® evecutive processes jupdating spatial,
updaling letter. updating number, and mental set shiffing
tasks), working memory (maintenance task), episodic
memory (relational and spatial tasks}, and mental spoed
(shape match task). Social activities were stimuolated




RR

L5t

L0

0.5+

0.0

N'NINT NYINY? avownl N9 NI7'wo

(a)

nan

( Guure etal., 2017)

0.0

(b)

n+anna

ni7'vo nm



RE

2.0

1.5 -

0.0 -

(a)

NN

L5}

0.0

(b)

n+n'a

Alzheimer’s

Nni'7'yo nn

n"21;701 AxanT

N vpox I'x

HHKE

Lor

L5}

Lot

051

0ot




facilitating lifestyle changes. Participants were advised to
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daily energy from alcohol Energy intzke facilitating
5108 reduction in bodyweight was recommended only
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age, and diet of the participant. These goals were achieved
by recommendation of high consumption of froit and
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intake to less than 50 g/day, use of vegetzble margarine
and rapeseed oil instead of butter, and fish consumption
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Variables Group Baseline* Differences Pwvalue
{vs control)’
Primary outcomes
Story memaory Control 5.1 {2.0) 0.01{19) -
Dance 5.1 {2.1) 0.73{15) 011
Music 53 (2.1) 035(1.7) A23
‘Word memory Control 3402.1) 027{(1.7) -
Dance 3.0 [21) 0.06(1.6) 213
Music 35022 0.21{1.6) 273
Secondary Oufcomes
MMSE Control 258 (24) -036(23) -
Dance 26.0 (2.6) 0.29{26) 026
Music 259 (26) 0.46(2.1) 008
TMT-A Control 222 (59) 1.57{60) -
Dance 218 (60 —0.01 (52} 052
Music 219 (54) 0.19{42) 054
TKIT-B Control 420(13.7) 15{118) -
Dance 41.1 (14.2) —-0.02{112) 335
Music 4240137) 05(116) 390
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facilitating lifestyle changes. Participants were advised to
consumee 2 diet with 10-20% of daily energy from
proteing, 25-35% daily energy from far (<10%
from samrrated plus trans fatty acds, 10-209% from
monounsaturated  fatty  acds, amd  5-10% from
pobunsaturated fatty adds finduding 2-5-3 gfday of
omega-3 fatty acids]), 45-55% deily energy from
carhohydrates {<10% from refined sugar}, 25-35 giday of
dietary fibre. less than 5 g/day of salt. and fess than 5%
daily energy from alcohol Energy intzke facilitating
5108 reduction in bodyweight was recommended only
if mecessary afier taking into account BMI, health status,
age, and diet of the participant. These goals were achieved
by recommendation of high consumption of froit and
vegetables, consumption of wholegrain cereal products
and low-fat milk and meat products, imiting of sucrosa
intake to less than 50 g/day, use of vegetzble margarine
and rapeseed oil instead of butter, and fish consumption
at least bwo portions per week.
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The physical evercise trining progmmme followed
international guidelines™ and represented 2 moditied
version of the Dose Responses to Fxercise Training (DRs
EXTRA) study protocol.® Training was guided by study
physintherapists at the gym and consisted of individually
tailored programmes for progressive muscle strength
training (I-3 times per week) and aerobic exemize
(-5 times per week), induding exercises o improve
postural balance. The strength training programme was
standardised to indude esercises for the eight main
muscle groups (knee extension and fleion, abdemen and
back muscles, rotation, upper back and amm musdes. and
press bemch for lower extremity muscles). Individual
aerobic training included activities proferred by each
participant Aetobic group activides were also provided.
Individualisation of strength and aerobic training was
based on repetition maximum measurements (done at
bazeline and at 1, 3, 6, 9, 12, 18, and 24 months after the
start of the exerdse intervention).” Cognitive training
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(shape match task]. Socal activities were stimulated
through the numerous group meetings of all intervention
components. Management of metabolic and vascular

components. Management of metabolic and vascufar
risk factors was based on pational evidence-based
puidelines. =¥ It induded additional meetings with the
study nuree jat 3, 9, and 18 months), and the sdy
physician {at 3, &, and 12 months) for measurements
of blood pressure, weight and BMI, and hip and
waist circumference. physical examinations, and
recommendations  for lifestyle management. Study
physicians did not prescribe medication, but strongly
recommended participante 1o comtact their own
physician or clinic if needed.
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start of the exerdse intervention).” Cognitive tRining
incheded group and individual sessions. The ten group
sessions were led by psychologists: six sessions with
educational content on age-related cognitive changes,
memory, and reasoning strategies applied to everyday
activities, and four sessions for checking progress in
individual computer-based training plus a vizit to the local
Alzheimer Association. Individual sessions consisted of
computerbased training at home or at sudy site,
conducted in two periods of sk months each. Each
perind included 72 training sessions (three times per
week, 10-15 min per session). The training programms:
was a web-based in-house developed computer program
inchuding several tasks adapted from protocols previously
shown 1o be effective in shomerterm mndomised
controlled triaks® evecutive processes jupdating spatial,
updaling letter. updating number, and mental set shiffing
tasks), working memory (maintenance task), episodic
memory (relational and spatial tasks}, and mental spoed
(shape match task). Social activities were stimuolated
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inchuding several tasks adapted from protocols previously
shown 1o be effective in shomerterm mndomised
controlled triaks® evecutive processes jupdating spatial,
updaling letter. updating number, and mental set shiffing
tasks), working memory (maintenance task), episodic
memory (relational and spatial tasks}, and mental spoed
(shape match task). Social activities were stimuolated
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components. Management of metabolic and vascular
risk factors was based om national evidence-based
guidelines.** It incduded additional meetings with the
study nurse fat 3, 9, and 1% months), and the study
physician {at 3, &, and 12 menths) for measurements

Pl N of .bl.cn:-d. pressure, weight %nd BM1, .and_ hip and
”/f waist circumference. physical examinations, and
® i recommendations - for lifestyle management. Study
E s | physicians did not prescribe medication, but strongly
o 30 A — recommended participants lo comtact their own
"; g '.—’/ physician or clinic if needed.
i
E 101" | -

T o .m. “(Suter et al.,2002)
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Participantswith  Intervention Control group
information group (n=501) {n=524)
available
Demographic characteristics
Age at the baseline visit, years 1180 095 (4-0) 69247}
Mumber of women 11590 267/591 (45%) 284/599 (47%)
Education, years 1179 10034 100 (34}
Married or cohabiting 1189 436/550 74%) 4540550 (7o)
Vascular factors
Systolic blood pressure, mm Hg 1179 1401 (167} 1398 (157)
Diastolic blood pressure, mm Hg 1179 80-5(9-6) B0-1{9-3)
Sansm total cholesteral, mmal/L 1186 5.2 {1.0) 52(10)
Fasting plasma glucose, mmol/L 1188 &1 {0-8) 610100
2 h oral glucose tokerance test, mimol/L 10591 70027 7022
Body- mass index. ka/m® 1173 28-3(45) 28-144-9)
Lifestyle factors
Physical activity bwo or more times perweek 1180 A10/585 (FO®} 437505 (T2%)
Current smokers 1186 SE/SEE (10%) 48/558 (2%)
Alzohol drinking at least once per wesk 1183 265588 (45%)  265/504 (45%)
Fish inkake at least bwice perweek 1183 I16/587 (54%)  304/596 (51%)
Daily intake of vegetables 1187 I60/589(61%)  IF4/508(63%)
Self-reported medical disorders
Hypertansion 1177 I02/585 (67%)  3E7/502 (65%)
Hypercholesterolzemia 1180 IBO/RET (66%) 414503 (70%)
Diabetes 1180 TEISEE (13%) T4/594 (12%)
History of myocrdial infarction 1184 29/589 (5%) 31595 (5%)
Histony of stroke 1181 IX5E7 (5%) 34/594 (6%}
Cognition®
NTE total score 1180 003 (0-55) 0-03 (053}
Executive functioning 1189 -0-03 (0-66) 0.03 (0-69)
Processing speed 1180 -0.02 (DT8) 0-05 (0-B4)
Memoary 1180 002 {0-68) 003 (0-66)
Mini mental state examination 1187 267 {20 BB (20
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