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The Mechanism of Cognitive and Exercise Interventions on Prevention and

Treatment of Alzheimer’s Disease

LI Wanyi'?, GAO Junyan®, LIN Suyang?, LIU Zhitao', WANG Qinwen?, LI Guangyu'*, LI Liping**
(‘Faculty of Physical Education Ningbo University, Ningbo 315211, China;
*Ningbo University School of Medicine, Zhejiang Provincial Key Laboratory of Pathophysiology, Ningbo 315211, China)

Abstract AD (Alzheimer’s disease) is a clinically common neurodegenerative disorder that seriously
threatens the aged people. However, the pathological mechanism of AD is still remain unclear and there are no
effective treatment drugs. At present, a promising nonpharmacological therapy is attracting increasing attention.
Accumulating evidence suggests that both exercise and cognitive interventions may be cost-effective strategies to
ameliorate the pathological symptoms of AD. Cognitive intervention can delay the cognitive decline of AD patients
and improve their stress responses to external events, while exercise intervention can reduce or delay the occurrenc-
es of AD by reducing excessive AP deposition and preventing the formation of hyperphosphorylated Tau protein,
altering epigenetic modifications, promoting the release of neurotrophic factors and nerve growth factors, activating
AMPK signaling pathway, as well as inhibiting inflammatory responses. This article reviews the curative effect and
mechanism of cognitive and exercise interventions, hoping to provide a theoretical basis for the nonpharmacologi-
cal therapy of those interventions to the AD patients.
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Table 1 Types of cognitive interventions

N RE

Cognitive intervention

[Z=s

Training type

Cognitive training

intellectual games, action video game

Cognitive stimulation

Digital training, local awareness, time awareness, simple math problem, reasoning, logic, word pairing,

Music, dance, finger gym, painting, manual, carving, mapping, paper cut, puzzle blocks, topic discussion,

strengthen communication, solve social problem, tell a story, recite poetry, remember things, identify family,

identify objects
Cognitive rehabilitation
lectures, daily exercise

Psychotherapy, nurse practitioner exchange for observation, watch health-related videos, listen to health
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Table 2 The effect of exercise intervention on AD mouse

xF 4 Ji IS [ i e g EEBEN
Object Method Temporal frequency Conclusion Reference
Tg2576 Low and high intensity 60 min/day, 5 days/week, 48 weeks Reduce the number of AP plaques, and [17]

running®

2xTg-AD Medium-intensity con- 30 min/day, 5 days/week, 12 weeks
tinuous or high-intensity
interval training®
SD-rat Running® 30 min/day, 5 days/week, 12 weeks
2xTg-AD Low and medium inten- 30 min/day, 5 days/week, 12 weeks
sity running®
3xTg-AD Aerobic and resistance
training® weeks), 75 min/day (5-7 weeks), 90
min/day (7-9 weeks), 5 days/week, 9
weeks
2xTg-AD Running® 30 min/day, 5 days/week, 16 weeks
NSE/APPswe  Running® 60 min/day, 5 days/week, 16 weeks

improve cognitive function in high intensity

group better than low intensity group

Improve inquiry behavior, spatial learning and ~ [22]
memory skills

Delay memory decline [23]
Promote lipid metabolism, reduce blood lipid [18]
levels and soluble AP levels in medium inten-

sity group better than low intensity group

30 min/day (Day 1-5), 60 min/day (2-5  Both types of training can increase hippocam-  [24]

pal IGF-1 levels, and resistance training alone
reduces AP levels in the hippocampus

Significantly increase hippocampal dendritic [25]
spines and improve spatial learning and

memory capabilities

Improve BDNF levels and spatial learning and ~ [26]
memory

Tg2576: APPswefEJE[K/NiR; 2xTg-AD: APP/PS1553E K /N fi; 3xTg-AD: APP/PS1/Tauf% 3£ K/ fil; SD-rat: Sprague-Dawley A i, vE5HE IR A% 15
F (streptozotocin, STZ)i% FSD A B AADE . O IRHESE: 15 m/min, #5558 : 32 m/min, H10%3E; @ w8550 5 ZE 4RI S5 45% ) i R4
o0 E IR BN 25 85% ) 5 K 4R 48 B B 3 m/minxS min + 5 m/minx5 mint+8 m/minx20 min; @ R #R A HID AL 45%~55% 55 KPS, 3 FE i
AL 60%~70% B KIRE L ©® G NZREEHLS m/min), FLIUIZR(ERR); © 5 m/minx10+10 m/minx20; @ 13.2 m/min.

Tg2576: APPswe transgenic mice; 2xTg-AD: APP/PS1 transgenic mice; 3XTg-AD: APP/PS1/Tau transgenic mice; SD-rat: Sprague-Dawley rat, injec-
tion of STZ(streptozotocin) to induce SD rats as AD models. (D Low intensity: 15 m/min, high intensity: 32 m/min with 10% slope; @ Medium intensi-
ty continuous training: 45% Smax, high intensity interval training: 85% Smax; 3) 3 m/minx5 min+5 m/minx5 min+8 m/minx20 min; @ Low intensity
running group: 45%-55% Smax, high intensity running group: 60%-70% Smax; &) Aerobic training (treadmill 15 m/min), resistance training (climb the
ladder); ® 5 m/minx10+10 m/minx20; @ 13.2 m/min.
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Table 3 Effects of exercise intervention on patients with varying degrees of AD/MCI

PSR VBN ENgInEyES AR EWIRES 45t EE BN

Object Method Temporal frequency Assessment method Conclusion Reference

Moderate AD  Moderate walking 30 min/time, ADAS-Cog, DAD, Delay cognitive decline and [27]

4 times/week, 24 weeks ~ NPI-Q improve ADL

Mild AD Medium intensity treadmill ~ 30 min/time, CAMCOG, RAVLT Improve cognition and balance [28]
walking 2 times/week, 12 weeks

MCI Low to medium intensity 30 min/day, MMSE Improve mental state [29]
aerobic cycling 3 days/week, 12 weeks

MCI Moderate aerobic or resis- 60 min/time, MMSE, MoCA, Improve spatial memory [30]
tance training®” 2 times/week, 24 weeks RAVLT

Mild and Medium intensity bicycle 15~45 min/time, MMSE Delay the decline of cognitive [31]

moderate AD 3 times/week, 24 weeks function, ADL and BPSD

MCI Medium intensity aerobic 90 min/day, MMSE Improve memory and language [32]
training+muscle strength 2 days/week, 48 weeks skills
training®

Mild AD Medium to high intensity 60 min/time, SDMT, ADAS-Cog, Reduce neuropsychiatric [33]
aerobic training+lower 3 times/week, 16 weeks MMSE, HAMD-17 symptoms
limb strength training®

Mild to Resistance 75 min/time, TinettiPOMA, BI Improve its overall functionality [34]

moderate AD training+balance training® 3 times/week, 12 weeks and ADL

Mild AD Walking+balance+strength 60 min/time, ERFC Delay cognitive decline and [35]
training® 3 times/week, 15 weeks improve walking quality

Mild AD Walking-+balance+upper At least 30 min/day, 16 ADAS-Cog, MSE, Improve cognitive function, [36]

and lower extremity

strength training®

weeks

TUG, BI

physical function and ADL

O FEIMGOHMEAT) Bl (Keiser-based exercises. BSAL. fiflME . 520477E). PG EIZ3)); @ AR INGAEREEREE . it 14T
SEHERATIE); © A ENGR(EAT A, 38 XN BB HL); @ BLIJUIZREBEL 4 45 20) s PITII ZRCUT- 3R L JuEIR); © Jrimi)ll Zi(ergocycleid al).
=R EEEVAGRBMID), © FEINZRAIT RS,

D Aerobic training (outdoor walking), resistance training (Keiser-based exercises, squat, push-up, bow walk), balance training (stretching exercises); @
Aerobic training (stair stepping, endurance walking, balance board walking); 3 Aerobic training (bicycle, cross trainer, treadmill); @ Resistance train-
ing (resistance band exercise), balance training (two-handed pinball, throw and catch the ball); ® Strength training (ergocycle exercise), combination of
three training (dance, stepping); © Balance training (stretching exercises).

ADAS-Cog: Fif /R % I BRI VT 52 22— 1, DAD: S RIEGR P VFAl; NPI-Q: 544, 17 VP 5E 83K, CAMCOG: &Ml Ik #; RAVLT: iy
W W 2T S MMSE: fi HOR MU A 785 MoCA: SRR AP 2, SDMT: U Bl i, HAMD-17: JUE WHIAR 7 %-17; Tinetti
POMA: Tinetti V- 5 &5 54, BI: Bartheldf{; ERFC: IANHIDIREPLEITAY; TUG: 257 ATE W, ADL: H #4235 RE 77, BPSD: FiiT JAEAR;
IGF-1: JRE Z A A -1,

ADAS-Cog: Alzheimer’s disease assessment scale-cognitive section; DAD: disability assessment for dementia; NPI-Q: neuropsychiatric inventory
questionnaire; CAMCOG: Cambridge cognitive examination; RAVLT: Rey auditory verbal learning test; MMSE: mini-mental state examination;
MoCA: Montreal cognitive assessment; SDMT: symbol digit modalities test; HAMD-17: Hamilton depression scale-17; Tinetti POMA: Tinetti perfor-
mance oriented mobility assessment; BI: Barthel indexx; ERFC: rapid evaluation of cognitive function; TUG: timed up and go test; ADL: activity of

daily living scale; BPSD: behavioral and psychological symptoms of dementia; IGF-1: insulin-like growth factors-1.
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Fig.1 Exercise intervention affects the cognitive function of AD patients through various signalling pathways
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