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AD & PD: Commonest Neurodegenerative diseases
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Symptoms

Cognition Non-Cog

•memory

•language

•executive

•visuospatial

•psychiatry

•depression

•anxiety

•apathy

Alzheimer’ s Disease

Lancet. 2005 Dec 17;366(9503)

Parkinson’ s Disease

Lancet. 2009; 373: 2055-66.

Motor Symptoms:

Resting tremor

Rigidity

Bradykinesia

Gait and postural

disturbance

Non-motor Symptoms:

RBD

Depression

Anxiety

Constipation

Hyposmia



Prevalence 

High Prevalence

High Mortality

Alzheimer’ s Disease

Prevalence 5.4% in China (>65 years)

Nearly ten million

Ferri CP.  Lancet. 2005 Dec 17;366(9503)

Parkinson’ s Disease

Prevalence 1.7% in China (>65 years)

More than 2.5 million

Zhang ZX.Lancet. 2005 Feb 12-18;365(9459):595-7.



PD: many anti-symptom treatment without 

approved disease-modified therapy  

AD: only a few FDA approved medications 

with limited effect and some side effects

Current Medical Treatment



Treatment dilemmas

Parkinson’s

Disease

Drug therapy can improve symptoms, but has many limitations

Alzheimer’s

Disease



Non-pharmacological Therapy for Early AD & PD 

Early intervention can improve symptoms and even delay disease progression

Alzheimer’s disease Parkinson’s disease



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

Training

Memory

Reasoning

Speed of Process

Results in 5-year after training 

Training effect lasted for 3 years

Training group ability of daily activity

Cognitive training for old people



Multitasking training for old people

J. A. Anguera. Nature, 2013

multitasking training enhances cognitive control

in older adults



Ngandu T. Lancet, 2015

Combined diet, exercise and cognitive training for old people

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



Method：
Attention training

Executive functioning training

Memory training：episodic and semantic

Training for 6 months

Result A: 

Better cognitive score of training group than control 

group

Result B:

Better cognitive score in post-training than pre-training 

state in the training group

Cognitive training for MCI

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



Our Studies: Cognitive and Tai Chi training for MCI 

Cognitive training in nursing home 6-month2012

Cognitive training in community 18-month2016-2018

Cognitive + Tai Chi training 24-month2018-2021

Intervention Follow-upYear

MCI/Dementia

MCI

MCI

Participant



Our study: 6-month cognitive training for cognitive impairment

Training group
(n =19)

Control group
(=14)

24 weeks cognitive training

33 CI

Cognitive scores before and after training

Cognitive training improved visuospatial ability 

in nursing home

1) Picture memorization

2) Sorting: pick out the salient item (of four) presented on the screen 

3) Drawing

4) Opening, required trainees to open the simulated door on the screen

5) Sequencing numbers

Cognitive Training protocol



Our study：18-month cognitive training for MCI

Online cognitive training



Effect size of Training

Effect size of 6-month training Post-training effect of 6-month training

The 6-month cognitive training improved general 

cognition, attention and memory

• 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



Mechanism: ERP study in cognitive training for MCI

 We compared encoding and retrieval phase of working memory before and after training

 Training group: amplitude of P300 significantly increased in retrieval phase of memory

 Control group: a slight increase.

 It suggests positive training effect in retrieval phase of memory

Tasks

Training Group Control Group



Mechanism: fMRI study in cognitive training for MCI

Time effect: repeated measure in MCI 
Significantly increased neural activities (by fALFF) in 

temporal and parietal lobe

Training Group Control Group

(Blue = Decreased activity, Red = Increased activity)

Training effect: Group × Time interaction
Significantly increased fALFF in bilateral

temporal poles and insular cortex



Local neural activity intensified after training:

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

- Encoding and Retrieval in memory：Bilateral cerebral
hemisphere more activated after memory training

- Right inferior parietal lobule showed increased BOLD signals

Mechanism: fMRI study in cognitive intervention

Connectivity intensified after training:  
- Temporal lobe-lingual gyrus connectivity
- Occipital-temporal lobe, occipital-occipital lobe

connectivity



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

Cog + Tai Chi B

Cog + Tai Chi A 

Cog

Control

12-month 24-monthGroups

S
T

O
P

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

Mixed Training: 

Cognitive training + Tai Chi training



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

The 12-month mixed training enhanced effect 

of cognitive training in MMSE and verbal 

memory.

Cog + Tai Chi B

Cog + Tai Chi A 

Cog

Control

12-month 24-monthGroups

S
T

O
P

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



Cog + Tai Chi B

Cog + Tai Chi A 

Cog

Control

12-month 24-monthGroups

S
T

O
P

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

• Prolonged training showed continuously positive effect in MMSE, ADAS-Cog and AVLT 

• Training effect waned in the mixed training A group

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



Mechanism: fMRI study in cognitive training for MCI

Training effect: Group × 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)



Mov Disord, 2015; 30 (11):1504-20.
Mov Disord, 2015; 30 (11):1504-20.

♦ Aerobic exercise

♦ Cued exercise

♦ Strength training

♦ Balance & Gait training

♦ Dance intervention

♦ Tai Chi therapy

♦ Occupational therapy

♦ Swallowing therapy

♦ Multidisciplinary & Innovative care

Nat Rev Neurol. 2017 Nov;13(11):689-703.

Exercise

Exercise training for PD



Brain and Cognition 99 (2015) 68–77

Aerobic training (3 months)

Motor sequence learning

Aerobic training for PD Aerobic exercise enhance both motor and 

cognitive function in PD

Aerobic exercise improved 

physical fitness in PD

Aerobic exercise improved 

executive functioning in PD

Brain and Cognition 99 (2015) 68–77

Exercise training for PD



Tai Chi can improve gait and posture

N Engl J Med 2012;366:511-9.

Exercise training for PD



Our study: Tai Chi training for PD

Training for Early PD patients

Li G, et al. Transl Neurodeg 2022:11:6



Assessments

Li G, et al. Transl Neurodeg 2022:11:6



Tai Chi improved motor symptoms

Li G, et al. Transl Neurodeg 2022:11:6



Tai Chi improved the cognition



Mechanism: motor improvement related to

enhanced brain network function
Visual network associated with Berg Balance scale Default mode network associated with UPDRS total score

Ventral salient network associated with UPDRS total score Default mode network associated with UPDRS Part III

Li G, et al. Transl Neurodeg 2022:11:6



Mechanism: Improved cognition related to 
enhanced somatomotor network 

Li G, et al. Transl Neurodeg 2022:11:6



Mechanism: exercise improved neuroplasticity in PD

Lancet Neurol 2013; 12: 716–26

Exercise enhanced neuroplasticity targeting 

motor and cognitive circuitry in PD

Neurobiology of Aging 35 (2014) 232e239

Balance training improved structural 

brain plasticity in PD

Gray matter volume changes after dynamic balance task



Mechanism: Anti-inflammation after Tai Chi training

Li G, et al. Transl Neurodeg 2022:11:6



• Expression of HIP2

was independent to

Levodopa usage.

• Diagnostic value to

both de novo PD

and PD received

medication.

• Sensitive to H-Y

stage I – IV.

AUC:0.77

AUC:0.79 (de novo)

0.81 (med)

Our study: reduced HIP2 mRNA expression in PD

Li G, et al. Transl Neurodeg 2022:11:6



HIP2 (Huntingtin interacting protein 2/Ubiquitin-conjugating enzyme E2K)

Atkin G, et al. Front Mol Neurosci 2014

Early PD vs. Control

HIP2

HSPA9

Scherzer CR, et al. PNAS 2007

Molochnikov L,et al. Mol Neurodegener 2012

• Ubiquitin-conjugating enzyme E2 in Ubiquitin-proteasome system, related with protein

degradation and autophagy

• PD: abnormal aggregation of α-synuclein in dopaminergic neurons

• A biomarker of Early Stage PD in peripheral blood



Mechanism: Increased HIP2 mRNA after Tai Chi Training

Li G, et al. Transl Neurodeg 2022:11:6



Summary

 Cognitive training can improve the cognition in MCI patients;

 Tai Chi can enhance cognitive training effects on delaying cognitive

decline in MCI patients;

 Tai Chi training can improve the motor symptoms and cognitive

function of PD patients;

 The mechanisms of cognitive and Tai Chi training effects may be

related to increased neuroplasticity, decreased inflammation and 

others.
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