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Exercise prevents NCD: Where do we stand?
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Prevalence of Diabetes among Men
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IMPORTANCE Nonc able chronic di have become the leading causes of
mortality and disease burden worldwide.

OBJECTIVE To investigate the prevalence of diabetes and glycemic control in the Chinese
adult population.
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Total deaths: 9,846,000
NCDs are estimated to account for 87% of total deaths.
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NCD: Why exercise ?
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THE LANCET * The global pandemic of physical inactivity
should be a public health priority.

* The science base for physical activity and
health has lagged behind. The underlying
mechanisms of exercise-induced health
e benefits are insufficiently researched.
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Effect of physical inactivity on major non-communicable
diseases worldwide: an analysis of burden of disease and
life expectancy

I-Min Lee, Eric | Shiroma, Felipe Lobelo, Pekka Puska, Steven N Blair, Peter T Katzmarzyk, for the Lancet Physical Activity Series Working Group*

Summary

Background Strong evidence shows that physical inactivity increases the risk of many adverse health conditions,
including major non-communicable diseases such as coronary heart disease, type 2 diabetes, and breast and colon
cancers, and shortens life expectancy. Because much of the world’s population is inactive, this link presents a major
public health issue. We aimed to quantify the effect of physical inactivity on these major non-communicable diseases
by estimating how much disease could be averted if inactive people were to become active and to estimate gain in life
expectancy at the population level.

Methods For our analysis of burden of disease, we calculated population attributable fractions (PAFs) associated with
physical inactivity using conservative assumptions for each of the major non-communicable diseases, by country, to
estimate how much disease could be averted if physical inactivity were eliminated. We used life-table analysis to
estimate gains in life expectancy of the population.

Findings Worldwide, we estimate that physical inactivity causes 6% (ranging from 3-2% in southeast Asia to 7-8% in
the eastern Mediterranean region) of the burden of disease from coronary heart disease, 7% (3-9-9-6) of type 2
diabetes, 10% (5-6-14-1) of breast cancer, and 10% (5-7-13-8) of colon cancer. Inactivity causes 9% (range 5-1-12-5)
of premature mortality, or more than 5-3 million of the 57 million deaths that occurred worldwide in 2008, If inactivity
were not eliminated, but decreased instead by 10% or 25%, more than 533000 and more than 1-3 million deaths,
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Harmful use
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Physical inactivity

Salt/sodium intake

Tobacco use
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2. At least 10% relative
reduction in the harmful
use of alcohol’,

as appropriate, within
the national context

3. A 10% relative reduction
in prevalence of insufficient
physical activity

4.A 30% relative
reduction in mean
population intake
of salt/sodium

5.A30% relative
reduction in prevalence
of current tobacco use in
persons aged 15+ years

Total (recorded and unrecorded) alcohol per capita (aged 15+
years old) consumption within a calendar year in litres of pure
alcohol, as appropriate, within the national context

Age-standardized prevalence of heavy episodic drinking
among adolescents and adults, as appropriate, within the
national context

Alcohol-related morbidity and mortality among adolescents
and adults, as appropriate, within the national context

Prevalence of insufficiently physically active adolescents,
defined as less than 60 minutes of moderate to vigorous
intensity activity daily

Age-standardized prevalence of insufficiently physically active
persons aged 18+ years (defined as less than 150 minutes of
moderate-intensity activity per week, or equivalent)

Age-standardized mean population intake of salt (sodium
chloride) per day in grams in persons aged 18+ years

Prevalence of current tobacco use among adolescents

Age-standardized prevalence of current tobacco use among
persons aged 18+ years
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Cardiovascular benefits of exercise

Anti-atherosclerotic

Lower BPs
Reduced adiposity
T Insulin sensitivity
| Inflammation

Anti-thrombotic
| Platelet adhesiveness
1 Fibrinolysis
| Blood viscosity

Anti-ischemic

| Myocardial O, demand
1 Coronary flow
| Endothelial dysfunction

Anti-arrnythmic

T Vagal tone
| Adrenergic activity
T HR variability

Cardiovascular protection
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Exercise is the Real Polypill

The concept of a “polypill" is receiving growing attention to prevent cardio-
vascular disease. Yet similar if not overall higher benefits are achievable with
regular exercise, a drug-free intervention for which our genome has been
haped over evolution. Compared with drugs, exercise is available at low cost
and relatively free of adverse effects. We summarize epidemiclogical evi-
dence on the preventive/therapeutic benefits of exercise and on the main

biological mediators involved.

An Evolutionary Perspective

Despite recent strong selection pressure (495), our
genetic makeup is largely shaped to support the
physical activity (PA) patterns of hunter-gatherer
societies living in the Paleolithic era, for which
food/fluid procurement (and thus survival) was
obligatorily linked to PA (71, 347). The energy ex-
penditure of hunter-gatherers during PA (~1,000—
1,500 kcal/day) can be reached with 3—4 hiday of
moderate-to-vigorous PA (MVPA}, e.g., brisk/very
brisk walking (71, 346). Yet technological improve-
ments over just ~350 generations (agricultural fol-
lowed by industrial and, most recently, digital
revolution) have led ro dramatic reductions in hu-
man PA levels (26, 475): ~1/3 of adults worldwide
are currently ina and the endemic inactivity
trend starts in early life (166),

Physical inacti in contemporary obesogenic
environments initiates maladaptations that cause
chronic disease and is becoming a major public
health problem (36). In contrast, regular PA has a
profound effect on the expression of a substantial
proportion of our genome (474), which has been
selected for optimizing aerobic metabolism to con-
serve energy in an environment of food scarcity
(40, 41), resulting in numerous beneficial adapta-
tions and decreased risk of chronic diseases, as
discussed below.

Epidemiological Evidence I:
Exercise Benefits-How Protective is
Exercise per se Against
Conventional Cardiovascular Risk
Factors Compared With Drugs?

Carmen Fiuza—Luce5,1'§

Nuria Garatacpea,
Nathan A. Berger, al;ld2

Alejandro Lucia'
Universidad Europea Madrid, Madrid, Spain; *Instituto de
Investigacian, Hospital 12 de Octubre, Madrid, Spain; *Facultad
de Ciencias de la Salud y del Deporte, Universidad de
Zaragoza, Huesca, § nd *Center for Science, Health and
Society, Case Western Reserve University, Schoal of Medicine,
Cleveland, Ohio
alejandro.luciaBuem.os

METs”), reduces the risk of cardiovascular events
and all-cause mortality (234]. There is strong epi-
demiological evidence indicating that regular PA is
associated with reduced rates of all-cause mortal-
ity, cardiovascular disease (CVD), hypertension,
stroke, metabolic syndrome, Type 2 diabetes,
breast and colon cancer, depression, and falling
(see Rel. 255 for a review). Especially provocative
are recent findings showing a positive and negative
association between leisure time spent sitting or
doing PA, respectively, and mortality risk among
survivors of col | cancer (55). Furth
the benefits of PA are such that a dose response is
usually observed in the general population. Higher
MVPA levels [=450 min/wk, clearly above the min-
imum international recommendations of 150
min/wk of MVPA (515)] are associated with longer
life expectancy (317). And athletes, who are those
humans sustaining the highest possible PA levels,
live longer than their nonathletic counterparts
(415). Most epidemiological research up to date
has focused on exercise and CVD risk factors or
cardiovascular outcomes. For instance, the bene-
fits of regular exercise on all-cause mortality and
CVD are well above those of a nutritional interven-
tion, supplementation with marine-derived omega-3
polyunsaturated fatty acids (PUFAs), which has
gained considerable popularity owing to the po-
tential ability of omega-3 PUFAs to lower triglycer-
ide levels, prevent serious arrhythmias, or decrease
platelet aggregation and blood pressure (BP) (423).
These protective roles of omega-3 PUFAs are, however,
ial since a recent met; lysis showed that
omega-3 PUFAs are not significantly associated
with decreased risk of all-cause mortality and ma-
jor CVD outcomes (405).
Exercise training has a restoring/improving ef-
fect on endothelial function (103, 158, 500). This is
an i consideration because endothelial

The main of regular PA', ing mod-
erate-to-high peak cardiorespiratory fitness (=8

"The terms “PA” (phys
used interchangeably
mare fluent.

| activity) and “exerc
his review to make

330

dysfunction is a risk factor for CVD, whereas normal
or enhanced endothelial function has a protective

“1 MET equals an oxygen consumption of 3.5 mlkg '~

min '

1548-9213/13 ©2013 Int. Union Physiol. Sci/Am. Physicl. Soc
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Polypill (115)
Endurance exercise (75)

Dynamic resistance exercise (75)

Combined training exercise (75)
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Total cholesterol (mmol )
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Dynamic endurance exercise (364)
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Dynamic endurance exercise (364)
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_. communicates
Irisin with bone, fat,

liver pancreas
immune and
brain cells)

Fiuza-Luces C, et al. Physiology, 2013
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Oxytocin
Hug drug

Endorphin
Painkiller
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After 20 minute walk

of Dr: Chuck

\ PGC-l(X

/* ‘
ERRX | \
. | (ocowm
4 FNDC5 | ¢ lIrisin  —=p
= = Blood
A = B //
- > -
= . , ‘ ’ (@‘ = N i
TtA —~J e
a3 (7e 7 4 BDNF UCP2 " IS -as.’
Brain (- 1O Neuron >~ ; m Mitochondria b e e oty
/ Y ( 45/
FNDC5
T o P
Muscle o
- Learning / Memory + Antioxidant _,? % e
- Neuroprotection - Neuroprotection ’ Y
« Synaptic plasticity « Mitochondrial biogenesis s Bl 38 ~— ‘
MOTOR | |  EXERCISE | |  IMPROVED
‘OORDI 10N IFORMANCE __METABOLISM

wpmmeEz]  swTenl smam. =l



BRI RS RZ MFF RS -

with unlimited refills.
Polypill effects: % HE Crhizad -,
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Preventive & therapeutic: FIiaFHH, AR ZE
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Economical & pleasurable: £5% il
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ROS production

Contracting muscle fiber
.
Sarcolemma

L-arginine

Sarcoplasmic
reticulum
Sarcomere
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type Il fibers (complexes | and Il)
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Blood vessels
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Muscle damage
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Ischemia reperfusion in tissues
that are partially ischemic
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AL &+ (myokine)

Physical activity

Myokines

|

t Muscle hypertrophy (myostatin, LIF, IL4, IL-6, IL-7, IL-15)
t Adipose tissue oxidation (IL-6, BDNF)

t Insulin sensitivity (IL-6)

t Osteogenesis (IGF-1, FGF-2)

t Anti-inflammation (IL-6)

t Antitumour defence (unidentified secreted factor(s))

t Pancreas function (unidentified secreted factor(s))

t Browning of fat (lrisin)

Decreased risk of chronic diseases and premature mortality

Skeletal muscle produces IL-6

IL-6

IL-6Ru/gp130Rp

PI3-K p-STAT3

p-Akt

p-AMPK

4

1Fat oxidation

Blood vessel

?Glucose uptake

Increased hepatic glucose
production during exercise

Adipose tissue

Increased lipolysis

Pedersen BK, et al. Nat. Rev. Endocrinol , 2012
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Myokines

Myokines )Aoinﬂammatory

adipokines

Figure 1 | Interplay between adipokines and myokines represent a yin—yang
balance. Especially under conditions of obesity, adipose tissue secretes
adipokines, which contribute to establish a chronic inflammatory environment that
promotes pathological processes such as atherosclerosis and insulin resistance.
Skeletal muscles are capable of producing myokines that confer some of the

health benefits of exercise. Such myokines might counteract the harmful effects
of proinflammatory adipokines.

Pedersen BK, Febbraio MA. Nat. Rev. Endocrinol , 2012
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1IEENEF (exerkine)

Many cytokines as candidates of exerkines: myostatin, IL-6, IL-15, IGF-1, BDNF, Irisin, ......

IL-6: E— 1M HRAER “EBahETF”

---- Ostrowski K, et al. J Physiol, 1998

IL-6

IL-6Rw/gp130Rp

PI3-K p-STAT3

p-Akt p-AMPK Blood vessel

fGlucose uptake 1Fat oxidation

Increased hepatic glucose
production during exercise

H%] TNF-ag9 7524, H0&ITNF-aiE S8R B =i

Increased lipolysis

Safdar A, et al. Nat Rev Endocrinol, 2016
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Irisina PGC-1a-dependent myokine, which induces ‘browning’
of white adipose tissue and acts as metabolic modulator

IRISIN(&2 %)

L.
“-2 Muscle
-

__) lmlsm

White Adipocyln
Precursor) Brown Adpocyte

Discovered in 2012 by cell biologist Bruce Spiegelman, irisin

is a peptide hormone whose production is induced by e s
exercise. Specifically, it has been known to be produced in AD"’OS'TY S ‘;‘_.7 g
muscles after moderate endurance exercise and is involved ) \C e \ :FI.Q:-; > \x“: !
. . ) . . * = P v A\ )
in the process of converting what's known as white adipose 1“0 7 XV WO o™ e
: ; : ; : T S AUt
tissue (WAT) into brown adipose tissue (BAT), which l RESIT?/&}?EI < . v--""‘ o,(,c' o WK
contains more mitochondria, the energy-factories of a cell. *_“.: ol

Bostrom P, et al. A PGC1-a-dependent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature, 2012

So far, all exerkines found are myokines




BN RSN AHLF

NS EFA AR L. ..

Neurturin --- —PMHRALIEEHEEFTEF

Cell Metabolism

Muscle-secreted neurturin couples myofiber
oxidative metabolism and slow motor neuron identity

Graphical abstract Authors

Jorge C. Correia, Yildiz Kelahmetoglu,
Paulo R. Jannig, ..., Sandra Kleiner,
Eva Hedlund, Jorge L. Ruas

\ ey Correspondence
jorge.ruas@ki.se
‘_/_NHTN_/—. In brief
A - - Correia et al. show that muscle-secreted

neurturin acts on muscle fibers and motor
neurons to couple their characteristics in
a functional way. This induces a shift
toward a slow motor neuron identity and
muscle oxidative metabolism and
increases exercise performance and
motor coordination in mice.
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MOTOR EXERCISE IMPROVED
COORDINATION | PERFORMANCE METABOLISM

Highlights

NRTN is a myokine induced by physical exercise
Muscle-derived NRTN promotes a slow motor neuron identity

Muscle-derived NRTN enhances muscle oxidative
metabolism

NRTN improves systemic metabolism, exercise performance,
and motor coordination

Correia et al., 2021, Cell Metabolism 33, 1-16
November 2, 2021 © 2021 The Authors. Published by Elsevier Inc.
https://doi.org/10.1016/j.cmet.2021.09.003
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Figure 7. NRTN activates RET signaling in skeletal muscle
(A) Kinase activity profiling by phosphopeptide microarray in wild-type (WT) and HSA-NRTN gastrocnemius muscle extracts. Kinase activity was predicted by

analysis of phosphory peptide . The kinase statistic parameter reflects the change in kinase activity, whereas the
specificity parameter indicates how specific the peptide signature is to a particular kinase (n = 3-5).
(B) Py P PPI) network of i . Kinase score reflects kinase activation in HSA-NRTN with wild type,

and the node degree is a measure of how connected each node is within the network
(C) Pathway analysis of differentially active kinases.
(D) PPl sub i how the active kinase PPI overlaps with canonical NRTN signaling through RET and NCAM.

lysis of mouse primary treated with 50 ng/mL rNRTN for the indicated times. Shown are representative immunoblots (n = 3). Tubulin
loading controls from the same re-probed membrane are indicated by the corresponding number.

(legend continued on next page)
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Cardiovascular protection

Zhang QJ, et al. Cardiovas Res, 2007; Li QX, et al. Basic Res Cardiol, 2008;
Yu QJ, et al. Cardiovasc Res, 2011
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Integrative Physiology

Longterm Exercise-Derived Exosomal miR-342-5p
A Novel Exerkine for Cardioprotection

Zuoxu Houw,* Xinghua Qin.* Yuanyuan Hu, Xing Zhang, Guohua Li. Jie Wu, Jia Li
Jianding Sha, Jiangwei Chen, Jielai Xia, Lifeng Wang, Feng Gao

Rationale: Exercise training, in addition to reducing cardiovascular risk factors, confers direct protection against
myocardial ischemia/reperfusion injury and has been associated with improved heart attack survival in humans.
However, the underlying mechanisms of exercise-afforded cardioprotection are still unclear.

Objective: To investigate the role of exercise-derived circulating exosomes in cardioprotection and the molecular
mechanisms involved.

Methods and Results: Circulating exosomes were isolated from the plasma of volunteers with or without exercise
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EXEICiSE Rehabilitation smOklng
From supervised activities, Programs Typically Most cardiac rehab programs
to a daily walk in the park, Consist 0f The offer methods to help you
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Eﬁ] « 1870s: Exercise prescription concept (Dr. Sargent, USA)

Your Prescription for Health e 1950s: FITT (Dr. Karvonen, Finland )
« 2006: FITT-VP Principle (7thACSM Guideline)
FITT-VPEN « 1978: FESIAN “EBzpits”
« 1996: Jtikc#Hpt. RIE
- 2016: EREHUFE

WF, EIE¥E, KAE ABRE 2020; 40:4

R 77 {EHY[E] &

1. RZZFRME: REFEFZFSSMERD
2. RZBFMREM: BFUER
3. BRZ N AR X B F 1N

4. RZEWAA: HEE. BIILFHI
5. FRZ | B R AR R HED)




E R385 R

v IEZNIE R AR ABIR BT
v AESREER), BEBEEHEIAE

v BEEED---EXEER! BT |
Listen to your body

K3aE=Ez) hEFEE ST

é @

MODERATE INTENSITY PROLONGED VIGOROUS
EXERCISE SESSION EXERCISE SESSION

BRIEF VIGOROUS

A 0] v
{RiFERE R IHHE BRI B (R P
R E REN RIS

RS RHEHFRAARE



EBRESLRMERRRRE “VB” X&H

Circulation
Volume 131, Issue 8, 24 February 2015; Pages 721-729 m““‘
https:/fdoi.org/10.1161/CIRCULATIONAHA.114.010296 Association.

ORIGINAL ARTICLE

Frequent Physical Activity May Not Reduce Vascular
Disease Risk as Much as Moderate Activity
Large Prospective Study of Women in the United Kingdom
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. If exercise could be packed in a pill, it would be the single most wildly prescribed and beneficial medicine.
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(Golden window of opportumty)
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ACSM Call to Action Statement: COVID-19
Considerations for Sports and Physical Activity

Exercise Is Medicine for Immune Function:
Implication for COVID-19
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Exercise and health, many questions remains ... f;
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Exercise for a better life

t £ g o
) 7
J m &) “~ H,
‘ 8 |
- : f




Acknowledgement:

B ERERNFES

NSFC (Nos. 31930055, 81670253, 81870273)

@ REARZXTERFRAD

Ministry of Science and Technology of the People’s Republic of China

(Nos. 2019YFF0301602, 2020YFC2002900)

-‘/-' =a)us TR KEF Lt H

PEEANE (No. HYZHXMO01001)



