Non-pharmacological therapy for neurodegenerative disease
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AD & PD: Commonest Neurodegenerative diseases
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Symptoms

Alzheimer’ s Disease

Cognition

*memory
elanguage
eexecutive
svisuospatial

Non-Cog

*psychiatry
edepression
sanxiety
capathy

Lancet. 2005 Dec 17;366(9503)

Parkinson’ s Disease

Parkinson’s disease
non-motor disorders caused by Parkinson's disease

Motor Symptoms:

Resting tremor
Rigidity
Bradykinesia
Gait and postural
disturbance

forced closure of the eyelids
(blepharospasm)

tension

e: on,
difficulty in swallowing,
respiratory problems,

bo

wing of the shoulders
swelling of the feet,

Non-motor Symptoms:
RBD

Depression

Anxiety

Constipation
Hyposmia

Lancet. 2009; 373: 2055-66.



Prevalence

Alzheimer’ s Disease

Prevalence 5.4% in China (>65 years)

Nearly ten million
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Parkinson’ s Disease

Prevalence 1.7% in China (>65 years)
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Current Medical Treatment

AD: only a few FDA approved medications PD: many anti-symptom treatment without
with limited effect and some side effects approved disease-modified therapy
Treatments-at-a-glance l Levodopa l Levodopa
Generic Brand Approved Side Effects [Carbldoza] -------------------- > goparglnel
For enseraziae ecarboxylase
donepezil Aricept All stages MNausea, vomiting, loss of Dopamine
appetite and increased
frequency of bowel movements. Pramipexol SYNAPSE
Piribedil 8-~ ~---- —{ DAreceptor |———
galantamine Razadyne Mild to MNausea, vomiting, loss of Ropinirole
moderate appetite and increased _
frequency of bowel movements. lAmantadm ——————————— Vesicle release
Dopamine
memantine Namenda  Moderate to Headache, constipation,
severe confusion and dizziness. l Selegiline ] -------- - MAO COMT
rivastigmine Exelon Mild to Nausea, vomiting, loss of
moderate appetite and increased DOPAC 3-MT
frequency of bowel movements.
lEntacapona— - === COMT MAO
memantine Namzaric Moderate to MNausea, vomiting, loss of
+ donepezil severe appetite, increased frequency of HVA
bowel movements, headache,
constipation, confusion and
dizziness. lBenzheonl ———————— > Ach pathway 1

—— agonist
- - - - antagonist




Treatment dilemmas

I
Drug therapy can improve symptoms, but has many limitations
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Non-pharmacological Therapy for Early AD & PD

Early intervention can improve symptoms and even delay disease progression
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Cognitive training for old people

Effects of Cognitive Training Interventions

With Older Adults
A Randomized Controlled Tral

Karlene Ball, PhID Tr ai n i n g

Context Cognitive function in older adulis is related to independent bving and nesd

Daniel B. Berch, PhD for care. However, few studies have addressed whether improving cognitive functions
Karin F. Helmers. PRI} might have short- or long-term effects on activities related to living independentty. > M e I I l O ry
Jared B. Jobe. PhD Objective To evaluate whether 3 cognitive training Interventions Improve mental

e . By

abilities and dally functioning in older, independent-living adults.

Mary D. Leveck, PhD Design Randomized, controlled, single-blind trial with recruitment conducted from > Reas O n I n g
Michael Marsiske, PhDD March 1998 to October 1999 and 2-year follow-up through December 2001. > d f

0.27
g &
% Results in 5-year after training
5 %‘; » Training effect lasted for 3 years
: e w » Training group ability of daily activity
> 0.6 :gizznmg
O Control

Time

Cognitive training slowed down declined ADL Ball K. JAMA, 2002, 288(18): 2271-2281.



Multitasking training for old people

LETTER

Video game training enhances cognitive control in
older adults

JLA .\nguerznl 23 1. Boceanfuso'™, J. L. Rintoul"*, O. Al-Hashimi"?? F. }'arzqiu, 1. Janowich'?, E. K:)ng”, Y. Larraburo"?,
C. Rolle™, E. Johnston' & A. Gazzaley'**

doi:10.1038/nature12486
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multitasking training enhances cognitive control
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Combined diet, exercise and cognitive training for old people
N

training, and vascular risk monitoring versus control to
prevent cognitive decline in at-risk elderly people (FINGER):
a randomised controlled trial

Tiia Ngandu, Jenni Lehtisalo, Alina Solomon, Esko Levdlahti, Satu Ahtiluoto, Riitta Antikainen, Lars Backman, Tuomo Hdnninen, Antti jula,
TiinaLaatikainen, Jaana Lindstrém, Francesca Mangialasche, Teemu Paajanen, Satu Pajala, Markku Peltonen, Rainer Rauramaa,
Anna Stigsdotter-Neely, Timo Strandberg, Jaakko Tuomilehto, Hilkka Soininen, Miia Kivipelto

A 2 year multidomain intervention of diet, exercise, cognitive = @ “k ()
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FINGER study:
« Combined intervention lasted for 2 years
*Training group showed advantages in global

cognitive ability, executive function and processing
speed after two-year intervention

Ngandu T. Lancet, 2015



Cognitive training for MCI

R
Method :

A-HEHE e oA T » Attention training

»Executive functioning training
Effectiveness of Nonpharmacological . . . . . .
Approaches in Patients with Mild Cognitive > Mem Ol‘y tl‘al ni ng o ep| SOd IC an d Seman“ C

impairment >Training for 6 months
- - Table 4. Experimental patient performance with nPhTh (n = 104) in measures where significant changes were
Table 3. Participants’ performance in measures where significant between-group differences were observed 6 observed between the first and second assessments
months after the first assessment
Ability 1st assessment 2nd assessment P
Ability Therapeutic condition - _
General cognitive performance (MoCA) 22.98 (3.36) 24.71 (3.05) 0.oom
NoTh (n =72) nPhTh (n = 104) P Attention
Switching of_visual selective attention (TEA) 14.11 (59.63) 6.23 (3.35) 0.001
General cognitive performance (MMSE) 27.06 (2.34) 29.00 (6.18) 0.000 Visual selective attention (TEA) 5.17(1.81) 4.62 (1.38) 0.001
General cognitive performance (MoCA) 22.45 (4.78) 24.71 (3.05) 0.005 Lan]:g)lﬁé :}"mb'?] (WAIS-R) 32.21(14.19) 34.45 (13.17) 0.000
Executive function .
3 2
Planning (FUCAS) 6.18 (0.56) 6.04 (0.25) 0.004 Veri};f ﬁ‘:;fo”;}?“'he"“"“ (BDAE) 836(1.33) 8.68 (1.25) 0.006
Verbal memory Delayed recall (RAVLT) -2.62 (2.60) ~1.89 (2.56) 0.000
Delayed recall (MoCA) 2.38 (1.76) 319 (1.61) 0.003 Delayed recall (MoCA) 2.26 (1.63) 3.19 (1.61) 0.000
Visual-constructive abilities Executive function
Complex figure copying (ROCFT) 29.18 (7.19) 31.53 (5.30) 0.010 Verbal fluency (FAS) 9.80 (3.00) 11.26 (3.18) 0.000
Clock drawing (MoCA) 2.29(0.85) 2.58 (0.74) 0.012 Visuoperceptual abilities
Daily functioning Complex figure copying (ROCFT) 20.85 (5.89) 31.53 (5.30) 0.000
Total daily functioning (FRSSD) 3.91(2.49) 2.67 (1.70) 0.001 Daily functioning
Total daily functioning (FRSSD) 3.04 (1.61) 2.67 (1.70) 0.013

ResultA: Result B:
Better cognitive score of training group than control Better cognitive score in post-training than pre-training
group statein the training group

Tsolaki M, et al. Neurodegener Dis 2010;8(3):138-145.



Our Studies: Cognitive and Tail Chi training for MCI
5 8

Year Intervention Participant Follow-up
2012 Cognitive training in nursing home MCIl/Dementia 6-month

2016-2018  Cognitive training in community MCI 18-month
2018-2021  Cognitive + Tai Chi training MCI 24-month




Our study: 6-month cognitive training for cognitive impairment
5 8

Journal of Alzheimer’s Disease 36 (2013) 245-251 245
DOI 10.3233/JAD-130158 33 CI

10S Press

A 4 v

The Impact of Human-Computer

Interaction-Based Comprehensive Training Training group Control group
on the Cognitive Functions of Cognitive (n=19) (=14)
Impairment Elderly Individuals in a Nursing I |
Home .

24 weeks cognitive training

Jun-Peng Zhuang™', Rong Fang®', Xia Feng®, Xu-Hua Xu®, Li-Hua Liu®, Qing-Ke Bai°, l
Hui-Dong Tang®*, Zhen-Guo Zhao“* and Sheng-Di Chen**

Cognitive Training protocol Cognitive scores before and after training

Comparison of low and high global cortical atrophy scores

1) Picture memorization (mean -t 1)
- - S GCA >15 (n=6) GCA <15 (n=7

2) Sorting: pick out the salient item (of four) presented on the screen >D =0 RA=L0=) P
: A ACER 0674933  1029+16.94 0.243
3) Drawing A Orientation 0334320  229+516  0.440
: ° : : A Memory 0.67£455  071£496  0.986
4) Opemmg3 required trainees to open the simulated door on the screen A Fluency 002700 061237 0974
5) Sequencmg numbers A Lanpuage 3.724+366 4.86 +5.76 0.204
[ A Visuospatial ability —1.67+£383  200£173  0.043]
Cog N itive trai n | N g | m p roved V | sSUoS p atl al ab | I Ity A, After Intervention - Before Intervention; ACE-R, Addenbrooke’s

Cognitive Examination-Revised.

In nursing home



Our study: 18-month cognitive training for MCI

Neurolmage: Clinical 22 (2019) 101691

Contents lists available at ScienceDirect

NeuroImage: Clinical

journal homepage: www.elsevier.com/locate/ynicl

Computerized cognitive training for Chinese mild cognitive impairment
patients: A neuropsychological and fMRI study

Bin-Yin Li™', Na-Ying He™', Yuan Qiao”, Hong-Min Xu", Yi-Zhou Lu®, Pei-Jing Cui®,
Hua-Wei Ling”, Fu-Hua Yan"", Hui-Dong Tang™", Sheng-Di Chen™"

Random sample of MCI from
Memory clinics:

Online cognitive training
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Baseline assessment
2014-01 to 2015-06

2 missed visit

Month 6:
Six months follow-up
2014-07 to 2015-12

Month 18:
Additional 12 months follow-up

l

Fulfilling inclusion criteria
Baseline interview and assessment

) }

Training Group Control group
(n=80) (n=80)

———
«

v v

78 assessed at 6 months 63 assessed at 6 months

* 9 diagnosis of AD * 15 diagnosis of AD

* 15 had repeated fMRI * 19 had repeated fMRI

* 33 MCI volunteered to * 30 MCI volunteered to
stop training and be be followed for another
followed for another 12 12 months

months

2015-07 to 2016-12

l l

33 assessed at 18 months 30 assessed at 18 months
* 3 diagnosis of AD * 6 diagnosis of AD

7 received medications
10 declined to be followed up
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A: Mental rotation task

'.}‘ ':_7.: 2
I 1N
8F EFo=

Events displayed

B: Visual search task

CHONANP R TET?

C: Speed of calculation

+3 BIGT W2

Choose the right event by
given clues

30-second music



Score

Effect size of Training

Effect size of 6-month training
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The 6-month cognitive training improved general
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Another 12-month follow-up after 6-month training
Training effect waned in the 12 months after training



Training Duration and Effect Size

Training duration correlated with effect size of training measured by various tests

Effect Size

Effect Size

MMSE

e 1200+ 14 .

Training Duration (minutes per week)

ACER Attention

Training Duration (minutes per week)

Effect Size

Effect Size

4 ACER
2.. - -
0- - L] — M = ’
o 120 140 160
L . = F
] Training Duration (minutes per week)
4 .
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2- LB}
1] - -- .- ) ‘____-.:.-:-ﬂ_—/_—’
0 _J__.A-—-I"""r 3 L
= . 120 = 140 160

Training Duration (minutes per week)

Effect Size

Effect Size

ACER Memory .

ba s =e 100 140 = 460

Training Duration (minutes per week)

CFT Recall
Y 420 40 » %160

Training Duration (minutes per week)



Mechanism: ERP study in cognitive training for MCI

O We compared encoding and retrieval phase of working memory before and after training
O Training group: amplitude of P300 significantly increased in retrieval phase of memory
O Control group: aslight increase.

O It suggests positive training effect in retrieval phase of memory

4T A 13 4G
| -,7‘ /A A e I | A A
% T/ OW\M@' w T i e

5 |
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NEVON T on v awnl B C W

1
4 01 P300
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Training Group

CHoM B0

Tasks

BERE  RRMEE
500 ms 2000ms 3000ms  ZE 2000ms  5000ms

-3 I I D -:'C: R N

-200ms Oms 1000 ms -200ms Oms 1000 ms
HIAH AR

Control Group



Mechanism: fMRI study in cognitive training for MCI

-]
Time effect: repeated measure in MCI Training effect: Group X Time interaction
Significantly increased neural activities (by fALFF) in Significantly increased fALFF in bilateral
temporal and parietal lobe temporal poles and insular cortex

Training Group Control Group

(Blue = Decreased activity, Red = Increased activity)



Mechanism: fMRI study in cognitive intervention

S 1.2 - ) —

E 1 = Contents lists available at ScienceDirect

; . 08 Neurolmage

o = k2 4

: E gj r=0.54 - 4  SEVTER journal homepage: www.elsevier.com/locate/ynimg

£ 5 : g

£ g 0.2 // Axial Diffusivity

g 2 0.. g s a) F test: lingual gyrus tracts

s 0.2 =

= -0.4

m o} 2 4 6 8 10 12

Memory performance at Post-tralning
lingual gyrus seed - thalamus seed
C) BF>SF from pre- to post-training d) BF>RON from pre- to post-training
TBSS results: Fiber tracts: TBSS results: Fiber tracts:
R > <
seed voxels seed voxels
\
Retrieval . L R N ;L . &L R N
s :
D 3
Local neural activity intensified after training: Connectivity intensified after training:
- Encodingand Retrieval in memory: Bilateral cerebral — Temporal lobe-lingual gyrus connectivity
hemisphere more activated after memory training — Occipital-temporal lobe, occipital-occipital lobe

- Right inferior parietal lobule showed increased BOLD signals connectivity

Belleville, S., et al., Brain, 2011. 134(6): p. 1623-1634.



Our study: 24-month cognitive & Tai Chi training for MCI

Groups 12-month 24-month

Mixed Training:
Cog+ TaiChiB

Cognitive training + Tai Chi training

v

Cog + Tai Chi A

P
|
|
|
|
|
|
|
|
|
|
|
|
v

O
Cog I(.T)

H >

—— e e e e = = ===

R :r sl Control

P e—— cmsmrmeray7ar
[ v I | KN Ex >
35 i >

A: Mental rotation task B: Visual search task

MCI patients conformed with
inclusion/exclusion criteria

Simple Randomization

Y
N= 53 N =51 N=48

2F LFoR 4 3 3 P l l 1:1 Block Randomization
Events displayed S0-sacond rasls Class A and Class B
. . L. L. L. ‘ ] Si’; dais:;is:;ii;:fnr:gm 6 | ‘ ] Si e;:;s;g; Smo ?Kgm 6 | 48 assessed in month 6
Tai Chi Training Cognitive Training ¢ ; |

‘ 51 assessed in month 12 | | 48 assessed in month 12 ‘

o B)
‘ Control group | ‘ Cognitive training group Mixed training group

53 assessed in month 12
« 3 diagnosis of AD + 1 diagnosis of AD + 2 diagnosis of AD

TWi ce pe rwee k 2'3 ti mes pe rwee k 5 missed visit 4 missed visit o |, Sheh Class B:

2 had ischemia stroke I had ischemia stroke L et AD i l?mod visit
4 converted to AD 2 converted to AD converted to AD

11 declined to be followed 9 declined to be followed 2 declined to be followed

60 min per time 20 min per time Cooe )[R

Class B: Keep on

Class B
22 assessed in month 18

| 31 assessed in month 18 | ‘ 35 assessed in month 18 | | Class A
19 assessed in month 18

1 missed visit 4+——

4

30 assessed in month 24

* 3 diagnosis of AD + 3 diagnosis of AD = 2 diagnosis of AD

‘ 35 assessed in month 24 | | 19 assessed in month 24 ‘ 22 assessed in month 24 ‘

Li B, et al. Alzheimer & Dementia(accepted)



MMSE

First phase (Month 0 - 12): 12-month mixed training for MCI
5 8

AVLT 5 min
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Li B, et al. Alzheimer & Dementia(accepted)



MMSE

Second phase (Month 12 - 24): post/prolonged training effect

. &
* Prolonged training showed continuously positive effectin MMSE, ADAS-Cog and AVLT

* Training effect waned in the mixed training A group

AVLT 5 min
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Groups 12-month 24-month
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Li B, et al. Alzheimer & Dementia(accepted)



Mechanism: fMRI study in cognitive training for MCI
I

Training effect: Group X Time interaction

* Training group (Cog and Mixed) significantly increased
fALFF in bilateral temporal poles, medial temporal cortex,
Insular cortex and posterior cingulate cortex

« No difference between Cog and Mixed training groups

Li B, et al. Alzheimer & Dementia(accepted)



Exercise training for PD

Number of participants 0 5 .
A B Multidisciplinary and innovative care ‘ AerObIC exercise
700 B Occupational therapy | i
m Speech therapy ¢ Cued exercise
600 m Treatment of cognition and behaviour —
00 " — - .
g = Dance ¢ Strength trainin
B Exercise
—
0 ¢ Balance & Gait training
300 . 0
¢ Dance intervention
200
- ‘ ¢ Tai Chi therapy =
I 11l . I h
0 G T R 23283 R b RSRARGSAFSB RS 2325823023028 3 ‘OCCUpanona t erapy
O 3 CWT L OUSECECCU O /WE £V EO VDG 8L CP 28 £xx 0 >
— b S - b4 = A (=)
23 § 5 “SSi 2E §§~= EE ¢ Swallowing therapy
: S 385S

¢ Multidisciplinary & Innovative care

_ Mov Disord, 2015; 30 (11):1504-20.
Mov Disord, 2015; 30 (11):1504-20. Nat Rev Neurol. 2017 Nov;13(11):689-703.



Exercise training for PD

Aerobic training for PD

(A) Aerobic training (3months)

o 3 months =i
- (]

Pre-training Post-training

Aerobic Exercise Training (HC)

- VO2max “ - VO2max
- inhibition ) - inhibition
- flexibility Aerobic Exercise Training (PD) - flexibility
- MSL “ - MSL
) S— N
Motor sequence learning
(B)

12 triad repetitions

Sequential stimuli Random stimuli
5*8 element sequence 40 movements

triad
I=a

— Rest
period
20 seconds

R =8 random movements

Brain and Cognition 99 (2015) 68-77

Aerobic exercise enhance both motor and

(A)

33.00 -

27.00 -

21.00 +---

15.00 -

cognitive function in PD

Improvement in aerobic capacity (mL 02/kg/min)
as a result of aerobic exercise training
(mean, SEM)

* *

™ pre-training

Aerobic exercise improved

™ post-training

rrrrr physical fitness in PD

healthy controls PD patients

Magnitude of motor sequence learning effect
before and after aerobic exercise training
(mean in msec; 95% CI)

* Aerobic exercise improved

u pre-training

| R A | || N W post-training

executive functioningin PD

healthy controls PD patients

Brain and Cognition 99 (2015) 68-77



Exercise training for PD

I'ie NEW ENGLAND JOURNAL of MEDICINE

Contents lists available at SciVerse ScienceDirect

Parkinsonism and Related Disorders

ORIGINAL ARTICLE ‘

journal homepage: www.elsevier.com/locate/parkreldis

Tai Chi and Postural Stability in Patients

with Parkinson’s Disease The effect of Tai Chi exercise on gait initiation and gait performance

in persons with Parkinson’s disease
Fuzhong Li, Ph.D., Peter Harmer, Ph.D., M.P.H., Kathleen Fitzgerald, M.D.,

Elizabeth Eckstrom, M.D., M.P.H., Ronald Stock, M.D., Johnny Galver, P.T., Shinichi Amano?, Joe R. Nocera ™, Srikant Vallabhajosula“, Jorge L. Juncos,
GiElr'Ir‘Ii |"-.-1 addﬂlDZED. PhD’ al"ld Sar.a S Bat}’a. |"-.-’|D RﬂbEITJ Gl'E'ng'e . DW]ght E. waddE]] g'h. Sl‘E\-’EI’l L Wﬂ]fbl‘]k. Ch[’ls J HaSSa*
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Tail Chi can improve gait and posture
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Our study: Tai Chi training for PD

Training for Early PD patients [Recruit of patients |
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Assessments

Rating Scales 3D gait assessment functional MRI blood test
S

* Movement - Spatiotemporal * BOLD - connectivity » Whole blood - RNA
assessment parameters  DTI - white matter fiber tracts * serum

» assessment for Non- « Surface EMG for « 3D T1 - Volume of gray matter | * plasma
motor symptoms lower limbs * MRS - metabolism - DNA

* Quality of Life » Weight and balance
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Tal Chi improved motor symptoms

Berg Balance Scale
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Tal Chi improved the cognition
5 8

A) PDCRS
15+
—e— Tai Chi
104 -#- Brisk Walking
—+— Control

- I
T %‘e"—‘l-—j

Change of Scores
&

Time of Visit (months)



Mechanism: motor improvement related to
enhanced brain network function

]
Visual network associated with Berg Balance scale Default mode network associated with UPDRS total score
Visual Network Default Mode Network
Peak Coordinates (mm)
(12.5,-98.5,-2.5) Peak Coordinates (mm)

(-0.5,57.5,3.5)

B Y

9.1

Ventral salient network associated with UPDRS total score

Defauﬁ mode network associated with UPIS’RS Part Il

Ventral Salient Network Default Mode Network
Peak Coordinates (mm) Peak Coordinates (mm)
(65.5,-18.5,11.5) (-6.5,-38.5,77.5)
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Mechanism: Improved cognition related to
enhanced somatomotor network

3) Somatomotor Network

Peak Coordinates (mm)
(65.5,-18.5,11.5)
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Mechanism: exercise improved neuroplasticity in PD

Exercise enhanced neuroplasticity targeting Balance training improved structural
motor and cognitive circuitry in PD brain plasticity in PD

Exercise

Goal-based exercise
Aerobic exercise

N

Increased synaptic strength
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| / \

Mood and motivation AN .
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Mechanism: Anti-inflammation after Tai Chi training

I
—E 10 IL-103 level = 2 IL-5 level
5 ' —e— Tai Chi B —¢- Tai Chi
E.; 0.5 -= Brisk Walking @ 10— -=- Brisk Walking
.g —4— Control .g —+— Control
E 0.0 c
8 29 g 0 = T
S -0.5- e
o i
s o .10-
o
— 1 [«}]
% -1.0 g)
c ®
© L -20-
5 157 Time of Visit (months) = Time of Visit (months)
IL-7 level
107 - —e TaiChi 100- IL-9 level
= Brisk Walking -o- Tai Chi
5 - Control 50 -# Brisk Walking
—— Control

0

| il

Time of Visit (months)
Li G, etal. Transl Neurodeg 2022:11:6

(=]

Change of concentrate (pg/ml)

1
(3,
|

Time of Visit (months)

-100-

Change of concentrate (pg/mil)



relative expression levels

Sensitivity%

Our study: reduced HIP2 mRNA expression in PD
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HIP?2 (Huntingtin Interacting protein 2/Ubiquitin-conjugating enzyme E2K)
I

Ubiquitin-conjugating enzyme E2 in Ubiquitin-proteasome system, related with protein
degradation and autophagy

PD: abnormal aggregation of a-synuclein in dopaminergic neurons
» A biomarker of Early Stage PD in peripheral blood
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Mechanism: Increased HIP2 mRNA after Tai Chi Training

The relative expression of

HIP2 mRNA in control group
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Summary
] - 0000000

O Cognitive training can improve the cognition in MCI patients;

O Tai Chi can enhance cognitive training effects on delaying cognitive
decline in MCI patients;

O Tai Chi training can improve the motor symptoms and cognitive
function of PD patients;

O The mechanisms of cognitive and Tai Chi training effects may be
related to increased neuroplasticity, decreased inflammation and
others.
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