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Alzheimer’s disease most common type of dementia, 50% of the cases.

Alzheimer Association, 2012




Gradually worsening ability to remember new information.
Several cognitive deficits.

Progressive deterioration in functional ability.

Increased disability and mortality.




* Frequently AD patients exhibit a remarkable weight loss.
« Considered one of the diagnoses of dementia.
« Direct cause of mobility limitation, bed-bound, and increased mortality.




Deterioramento cognitivo .... demenza

Demenza ¢ il termine usato
per descrivere i sintomi di
un numeroso gruppo di
malattie che provocano il
deterioramento progressivo
delle funzioni mentali di una
persona.




Tante demenze .... quali demenze

La Malattia di Alzheimer la piu comune (50-70%)
Nelle fasi iniziali i sintomi sono quasi impercettibili
La Demenza Vascolare (multi-infartuale)
problemi della circolazione sanguigna cerebrale
Il Morbo di Parkinson
Nelle ultime fasi della malattia si puo sviluppare demenza
Demenza con corpi di Lewy
Piccolissime strutture sferiche che contribuiscano alla morte
delle cellule cerebrali
Il Morbo di Pick
Deterioramento progressivo capacita mentali
La Corea di Huntington
Malattia degenerativa ereditaria del cervello



Segni e sintomi
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Mitochondrion



Transracial Doppler




Arterial spin labeling (MRI)

Patient Control




Microcirculation

MCI 12 mesi prima della

Diagnosi di AD
diagnosi di AD &

Whitwell J. Brain 2007



Test clinici predittivi

3 anni prima della 1 anno prima della | Diagnosi di AD
dlagn05| di AD dlagn05| di AD

MMSE
CDR 1.0 2.0 3.5
DRS 132 125 120

Whitwell J. Brain 2007



Demenza: quali fattori di rischio ?

Non sviluppo della demenza Sviluppo della demenza

eta 78 80 *
Sesso 63 67
entia 92 91
Scolarizzazione elevata 74 84 *
Capacita funzionali 10,9 11,5 *
Attivita fisica precedente 13,6 12,8
Livello cognitivo 10,6 7,5*
ipertensione 52 45
diabete 11 12
infarto 7 3
Patologie cardiache 29 23
Disfunzioni tiroidee 14 9
depressione 17 19

Verghese J. N Engl J Med 2003



Demenza: quali fattori preventivi ?

* Studio prospettico 21 anni
 Correlazione significativa tra:
* Partecipazione all’attivita fisica nel tempo libero e
decremento del rischio di demenza (Alzheimer e vascolare)
 La partecipazione ad una attivita settimanale corrisponde
ad una riduzione del 7% dell'insorgenza della malattia

Verghese J. N Engl J Med 2003



Demenza ... e gli interventi di attivita fisica

62 healthy adults (50 to 78 years)
Medical history, physical examination, ergometer stress test
Neuropsychological evaluation

v

Baseline testing

Episodic memory performance
Physical activity questionnaire, lactate step test
Serum analyses, voxel-based morphometry

v

Stratification into 3 groups

! } '

Intervention (6 months)
Nordic walking Gymnastics Control Group

No exercise

Medium-intensity Low-intensity
exercise exercise

Nordic walking and gymnastics groups met 3Aveek for 50 min

Testing 6 months later

Episodic memory performance
Physical activity questionnaire, lactate step test
Serum analyses, voxel-based morphometry

Ruscheweyh R. Neurobiology of Aging. 2009



Demenza ... e gli interventi di attivita fisica
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Demenza ... e gli interventi di attivita fisica
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Altri fattori associati all’'insorgenza
della demenza

Oxidative Insulin Adiposity
stress resistance

Diabetes

Hypertension Dyslipidemia

Y Y Y .
—’ Dementia
A A A

Obesity Endothelial  Inflammation  Subcortical

dysfunction vascular
disease

Middleton L. Arch Neurol 2009



Componenti cardiovascolari

Prevention Strategy Observational Studies

Controlled Trials Future Directions for Research

Older adults with diabetes,
hypertension, dyslipidemia, obesity,
and metabolic syndrome have a
higher risk of dementia and cognitive
decline in most studies

These risk factors at midlife are also
associated with increased risk of
dementia

Vascular risk factors

Midlife hypertension is associated with
increased risk of dementia in late life;
the association between late-life
hypertension and dementia is less
consistent

Antihypertensives have not consistently
reduced the risk of dementia or
cognitive impairment among people
with hypertension

Trials examining the effect of interventions
for diabetes and obesity (in progress)

Statins have not consistently reduced
the risk of dementia among people
with dyslipidemia

Trials identifying the mechanistic link
between vascular risk factors and
dementia and determining whether
modification is possible through
behavior or treatment

Initial trials with diabetes medications
show improved cognitive
performance in some domains

Middleton L. Arch Neurol 2009



Attivita ad elevato impatto cognitivo

Prevention Strategy Observational Studies Controlled Trials Future Directions for Research
Cognitive activity ~ Greater education and/or participationin  Several trials demonstrate better Further trials examining cognitive
cognitively engaging activities at cognitive function and less decline interventions (in progress)

younger or older ages is associated with cognitive interventions
with a lower risk of dementia

The effects of training appear to be Controlled trial investigating whether a

domain specific multifaceted intervention involving
cognitive, physical, and social
components leads to improved cognitive
function

Middleton L. Arch Neurol 2009



Attivita fisica

Prevention Strategy Observational Studies Controlled Trials Future Directions for Research
Physical activity ~ People who engage in high levels of Improved cognitive performance in Further trials examining physical activity
physical activity in midife or late lif people with and without cognitive Interventions (in progress)
have a lower risk of dementia Impairment after exercise
Interventions

Middleton L. Arch Neurol 2009



Rapporti sociali

Prevention Strategy Observational Studies Controlled Trials Future Directions for Research
Social engagement  Most studies suggest that people with N interventions specifically addressing  Trials examining Social interventions (in
limited social networks and low social ~ social engagement progress)
engagement have a higher risk of

(ementia

Middleton L. Arch Neurol 2009



Alimentazione

Prevention Strategy Observational Studies Controlled Trials Future Directions for Research

Diet Higher intake of antioxidants and Interventions with antioxidants and Additional controlled trialg investigating
polyunsaturated fatty acids is polyunsaturated fatty acids have whether nutritional education and diet
generally associated with a lower risk ~ benefited cognitive performanceand ~ modification are beneficial to cognitive
of dementia the risk of dementia function

Middleton L. Arch Neurol 2009



Depressione

Prevention Strategy Observational Studies Controlled Trials Future Directions for Research
Depression People with depression or high Initial evidence suqqests that treatment ~ Randomized controlled trial investigating
Gepressive symptoms have a higher ~ improves cognition in people with whether treatment of depression
risk of dementia (epression benefits cognitive function and reduces

the risk of dementia

Middleton L. Arch Neurol 2009



Allenamento aerobico e performance

cognitive
Controls Moderate Intense
exercise exercise

t p t p t p
Memory 940 .359 442 662 —2.408 .021
Psychomotor speed —1.385 .182 —2.929 .007 —4.432 <.001
Reaction time 2.111 .048 637 .529 4.060 .001
Cognitive flexibility —.048 962 —-2.062 .048 —5.197 <.001
Attention 361 722 381 .706 3.577 .00l

Masley F. J Clin Psychol Med Settings. 2009



Percent Increase

Allenamento aerobico e performance
cognitive
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Masley F. J Clin Psychol Med Settings. 2009



Ma lI'intensita dell’attivita fisica e
importante ?

Table 1. Descriptive Statistics for All Measures for the

Overall Sample

Variable and time point M SD
Physical activity at baseline 156.44 70.89
Physical activity at Month 12 137.59 64.78
Physical activity at Month 24 128.84 60.12
Variables measured at baseline only
Walking self-efficacy 71.75 31.80
Lifestyle self-efficacy 90.91 13.20
FDI: advanced lower extremity function 17.90 4.85
FDI: basic lower extremity function 23.63 2.30
Outcome expectations for exercise 4.35 0.59
(Resnick, Zimmerman, Orwig,
Furstenberg, & Magaziner, 2000)
Outcome expectations for exercise 4.63 0.44
(Conn, 1997)
Outcome expectations (Kim, Horan, 4.13 0.69

Gendler, & Patel, 1991)

Note: FDI = Function and Disability Instrument.
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Figure |. Trajectories of change in physical activity for individuals with
high, medium, and low activity scores at baseline.

McAuley, E. Journal of Gerontology. 2009



Malattie durante I'esercizio fisico

Table 6. Adverse Events and Discontinuation of Intervention During Active (First 24 Weeks)

or After Active (24 Weeks to 18 Months) Period

Intervention Intervention
Control Group During Group After
Group Active Phase Active Phase
Total adverse events reported 2 3 5
Cardiovascular problem 1 14 2
Stroke or transient ischemic attack 1 0 1d
Inoperable lung cancer 0 1b 0
Foot pain and gout 0 1¢ 0
Disorientation episodes 0 0 1
Shoulder operation needing 8-wk recovery 0 0 1d

Lautenschlager, N.T. JAMA 2008



Meccanismi fisiologici

Chodzko-Zajko & Moore, 1994; Poon, 2006 hanno proposto alcune ipotesi che
spiegano la correlazione positiva tra lattivita fisica e le performance
cognitive:

Miglioramento del flusso ematico celebrale




Meccanismi fisiologici

Rigenerazione dei neuroni e delle sinapsi




Meccanismi fisiologici

Modificazioni nella sintesi e degradazione di neurotrasmettitori




Esercizio fisico e demenza di Alzheimer ....

Esiste una relazione?



Exercise programs for people with dementia (Review)

Forbes D, Thiessen EJ, Blake CM, Forbes SC, Forbes S

THE COCHRANE
COLLABORATION®



Figure 4. Forest plot of comparison |: Physical activity vs usual care: cognition

Exercise Usual care Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.1.1 Cognition: all trials
Christofoletti 2008 149 2.2 17 148 1.3 20 13.4% 0.06 [-0.59, 0.70] S
Eggermont 2009a 0.24 078 a1 0.2 0863 46 15.2% 0.06 [-0.34, 0.45] -
Eggermont 2008h 0.07 037 30 047 0497 3 14.4% -0.83 [-1.05,-0.02] — ]
Hwang 2010 289 11.86 10 24 1468 g 11.0% 0.35[-0.58,1.29] -
Kemoun 2010 3038 7.66 16 2223 837 15 12.5% 0.99[0.24,1.74] e
Van de Winckel 2004 1533 4.44 15 11 4.3 9 11.5% 0.95[0.08, 1.83] -
Venturelli 2011 12 2 11 6 2 10 8.5% 2.881[1.59, 417] —
Yreugdenhil 2012 239 4] 20 19 7.7 20 13.4% 0.74 [0.10,1.38] e —
Subtotal (95% CI) 170 159 100.0% 0.55[0.02, 1.09] e
Heterogeneity: Tau®*= 0.45; Chi*= 34.67, df=7 (P < 0.0001); F=80%
Test for overall effect: Z=2.03(P=0.04)
1.1.2 Cognition: excluded moderate-severe dementia
Christofoletti 2008 149 2.2 17 148 1.3 20 147% 0.06 [-0.59, 0.70]
Eggermont 2009a 0.24 078 a1 0.2 0863 46 18.6% 0.06 [-0.34, 0.45] —
Eggermont 2008h 0.07 037 30 047 0497 31 16.8% -0.83 [1.05,-0.02] —
Hwang 2010 289 11.86 10 24 1468 g8 107% 0.35[-0.58,1.29] -
Kemoun 2010 3038 7.66 16 2223 837 15 131% 0.991[0.24,1.74] D E—
Van de Winckel 2004 1533 4.44 15 11 4.3 9 11.4% 0.95[0.08,1.83] =
Yreugdenhil 2012 239 4] 20 19 7.7 20 147% 0.74[0.10,1.38] —
Subtotal (95% CI) 159 149 100.0% 0.31[-0.11, 0.74] +d>
Heterogeneity: Tau*=0.21; Chi*=18.49, df=6 (P =0.005); F=68%
Testfor overall effect Z=1.45{(P=0.15)

-2 -1 0 1

Forbes et al. 2013

Favours usual care Favours exercise



Figure 5. Forest plot of comparison 2: Physical activity vs usual care: Activities of daily living (ADLs)

Exercise Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% ClI
2.1.1 ADL: all trials
Francese 1997 24 67 2.66 6 266 2.3 5 12.0% -0.70 [-1.95, 0.54] —
Conradsson 2010 -1 272 43 -1.69 3.19 48 22.3% 0.23[-0.18,0.64] T
Rolland 2007 26 15 56 22 15 54 227% 0.26 [[0.11, 0.64] ™
Vreugdenhil 2012 996 1.2 20 942 126 20 195% 0.59 [-0.04,1.23] e
YVenturelli 2011 42 4 11 32 ] 10 13.8% 1.90[0.83, 2.97] —_—
Santana-Sosa 2008 925 85 8 70 B4 8 9.7% 2.81[1.32, 4.30] E
Subtotal (95% Cl) 144 145 100.0% 0.68 [0.08, 1.27] <
Heterogeneity: Tau®*=0.37; Chi®*=22.19, df=5 (P = 0.0005); F=77%
Test for overall effect. Z=2.24 (P=0.03)
Total (95% CI) 144 145 100.0% 0.68 [0.08, 1.27] G
Heterogeneity: Tau®= 0.37; Chi®*= 2219, df=5 (P = 0.0005); F=77% 5

-4 -2 0 2 4

Testior overall effect Z=2.24 (P = 0.03) Favours usual care Favours exercise

Test for subdroup differences: Not applicahle

Forbes et al. 2013



.... Ma perche esiste questa relazione positiva?



Neurovascular unit

The neurovascular unit * V Muoio et dl. Acta Physiol 2014, 210, 790-798

Interneuron

Astrocyte

Figure | The figure above shows the
components of the neurovascular unit:

' The neurone (blue) establishes synapses
'l with interneurones (purple) and with
astrocytes (green), sending information
through neurotransmitters on their
oxygen requirements and commands
contraction or vascular relaxation. As-
trocytes, through calcium waves, trans-
mit the order to the vessels. The point of
contact between astrocytes and the vas-
culature is the endfeet, which can be in
Endothelial cell touch directly with endothelial cells
(red), pericytes (yellow) or myocytes/Smc
(orange).

1 relazione anatomico funzionale



Human embryogenesis
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Box 2 | Vascular defects in neurodegenerative disease

Vessel regression,
hypoperfusion, endothelial
degeneration

Y, | Abnormal vessel growth, size

~ | and shape. Blood-brain-barrier
| disruption, leakiness, impaired
“| clearance of toxins

Healthy blood vessel, showing
an endothelial cell (yellow), a
pericyte (brown), a glial cell
(purple) and the basement
membrane (blue)

Microvessel angiopathy:

amyloid deposition (pink),
basement-membrane thickening,
impaired O, diffusion and
vasoregulation, inflammation

Zacchigna et al. Nature Reviews 2008



Angioneurine

Angioneurins discovered Angioneurins discovered Other angioneurins
through their neuronal effects  as angiogenic factors (TGFp1, EPO, FGF2, HGF,
(NGF, BDNF, NT3, NT4) (VEGF, PDGF, ANG) EGF, IGF1, PGRN)

BDNF VEGF IGF1 TGFBI

TrkB VEGF IGF type 1  TGFJ type Il

receptor receptor 2 receptor receptor
Survival factor during Angiogenesis Angiogenesis
neurodevelopment Neuroprotection Neuroprotection
Less important for adult Other pleiotropic

Qeurons and angiogenesy \ / \ activities /

Zacchigna et al. Nature Reviews 2008



Motor
neuron

Angioneurins

ﬁ
— Myelin and Axon
Axon ©  Schwann outgrowth
cells Nodal
T sprouting?
- ' Effects on

myelination

AN

Ultra-terminal
sprouting

Endplate

Pre-terminal
sprouting

Neuromuscular innervation

Figure 5 | Angioneurins promote innervation and axon
sprouting. The repair of neurodegeneration and nerve

Zacchigna et al. Nature Reviews 2008
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572 N. Toda and T. Okamura / Cerebral hypoperfusion and Alzheimer’s disease

Decreased cerebral arterial
Endothelial dysfunction — » | andarteriolar dilatation
Vascularrisk factor y | Reduced eNOS activity <+~ Cerebral thrombosis
Advanced aging Decreased NO production Cerebral infarction
Enhanced NO degradation Cerebral atherosclerosis
A

Cerebral hypoperfusion
ADMA l

ROS Reduced oxygen supply
Metabolic dysfunction

" Increased AP deposition
Increased ROS production

l

Neurodegeneration
Apoptosis
Cognitive failure
Memory loss

l

Fig. 2. Possible roles of endothelial dysfunction, cerebral hypoperfusion, and AP in the pathogenesis of Alzheimer’s disease (AD). Plasma
ADMA (asymmetric dimethylarginine) levels are increased in many of the diseases regarded as vascular risk factors.
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Fig. 2. Endothelial nitric oxide synthase (eNOS) mRNA as measured by
semiquantitative RT-PCR in active and inactive men. *Significant difference
between groups (P < 0.05).

Jenkins et al. AJP Heart and circ 2009



Paradigma della riserva vascolare

vascular stress vascular plasticity

§ VRF control
VRF cumulation E diet
sedentary lifestyle
‘D endothelial aging E
pamology ! \
atherosclerosis | / x BDNF
cardiovascuiar disease --» release
' antioxidant eNOS
' enzyme \
activity actnvuty
' (50D) angio- neuro-
1 genesis  genesis

Y I

neurodegeneration neuroprotection

AD .cognitive reserve”

Lange-Asschenfeldt et al. exp Geront
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From Alzheimer’s Disease Retrogenesis
A New Care Strategy for Patients With
Advanced Dementia

Massimo Venturelli, PhD'">3, Alessandra Magalini, Mds',
Renato Scarsini, MD? and Federico Schena, MD, PhD'

Abstract

There is evidence that exercise may reduce the progressive cognitive dysfunction of Alzheimer’s disease (AD). However, no
previous investigation has studied the acute effects of adapted games (AG) on patients with AD. The aim of this study was to
examine the acute effects of AG on the agitated behavior (rating scale Agitated Behavior Rating Scale [ABRS]) and cognitive
performance (Test for Severe Impairment [TSI]) of patients with advanced dementia. Twenty patients (83 44 yrs) participated in
AG and placebo activities (PL). Agitated behavior and cognitive performance were compared before and after 30 minutes of AG
and PL. In the hour after the AG, agitated behavior decreased by ~4 ABRS points and cognitive performance increased by ~ 5 TSI
points. On the contrary, after PL we found no change in agitated behavior or cognitive performance. Our data indicate that AG

American Journal of Alzheimer’s
Disease & Other Dementias®

can momentarily reduce agitated behavior and increase the cognitive performance in participants with AD.
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Alzheimer’s diseases related neuro-endocrine dysfunction

women

Hypoalbuminemia

Poli-pharmacological
treatment

AD-related
1 ROS

AD-related

| antioxidant
carrier - binding

nutritional disorders

U

| energy intake

1 energy
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N

AD-related T RMR
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AD-related 1 PA
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disorders
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HPA-axis dysregulation

Figure 5. Causal mechanisms linking Alzheimer’s disease (AD) and involuntary weightloss (WL).
Resting metabolic rate (RMR); daily physical activity (PA); hypothalamic—pituitary—adrenal axis (HP A-axis);
reactive oxygen species (ROS).

Venturelli et al. PlosOne, 2016



Behavioral disorders and neuro-endocrine dysfunction
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Exercise Training on Locomotion
in Patients with Alzheimer’s Disease: A Feasibility Study
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Figure 6: Model integrating Alzheimer’s disease immunohistology and biomarkers

Clifford et al. Lancet Neurol 2013



