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The history of “Exercise Is Medicine” in ancient civilizations

Charles M. Tipton
Department of Physiology, University of Arizona, Tucson, Arizona

“It should be taken every day”
but taken “only to half extent
of his capacity” as otherwise
“It may prove fatal”

Susruta of India (600 BCE)
The first physician to prescribe
moderate daily exercise to his patients
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The history of “Exercise Is Medicine” in ancient civilizations

Charles M. Tipton
Department of Physiology, University of Arizona, Tucson, Arizona

Historical Perspectives

“eating alone will not keep a
man well, he must also take
exercise”

“. .. food and exercise, while
pPOSsessing opposite
gualities, yet work together to

produce health” Hippocrates of Cos (460-370 BCE)
The first physician to provide a written

exercise prescription for a patient with
the disease of consumption
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The history of “Exercise Is Medicine” in ancient civilizations

Charles M. Tipton
Department of Physiology, University of Arizona, Tucson, Arizona

“The form of exercise deserving
our attention Is therefore that
which has the capacity to
provide health of the body,
harmonyof the part, and virtue
In the soul”

Claudius Galenus (129-210 CE)
Prescribed exercise for weakened
patients and for those with arthritis,
depression, dropsy, epilepsy, gout,
tuberculosis, or vertigo




Lack of exercise is a major cause of chronic diseases

Frank W. Booth, Ph.D.?, Christian K. Roberts, Ph.D.2, and Matthew J. Laye, Ph.D.C

Estimated historical reductions in dalily steps by h umans

Population Year Steps per day

Paleolithic (~20.000 BC) ~13200-21.120 (men) ~10,560 (women)

Amish (2002) 18425 (men) 14,196 (women)

Mean of 26 studies  (1966-2007) 7.473 (mainly women)

Colorado (2002) 6.733 (men) 6.384 (women)

US adults (2010) 5.340 (men) 4912 (women)

Compr Physiol 2012; 2(2):1143-1211



Prevenzione e contrasto della fragilita nell’anziano

misurazione dell’attivita fisica

<
§ Attivita fisica come importante determinante della
¢ salute psico-fisica e utilizzo del PASE per la

4 febbraio 2020

D

D

nysica
nysica

nysica

activity as a drug
activity Assessment
activity’s questioannaires

PASE construction and validity
PASE results

Conclusions



E,RIO,Q@ Prevenzione e contrasto della fragilita nell’anziano

<
§ Attivita fisica come importante determinante della
¢ salute psico-fisica e utilizzo del PASE per la

misurazione dell’attivita fisica
4 febbraio 2020

- Physical activity as a drug



Lack of exercise Iis a major cause of chronic diseas es

-Absence of emotional highs after exercise

-Less blood flow to dentate gyrus

-Less executive control in memory
-Less neurogenesis

i

-Loss of coordination/balance
-Less endorphin release

-Smaller frontal and superior lobes
with aging

-Breast cancer

-Non-alcoholic
fatty liver disease

-High LDL
-Hypertension

-Erectile dysfunction
-Osteoporosis

-Reduced quality of life

-Congestive heart failure

-Greater damage to ischem t
i -Inflammation of vascular wall
e -Lower maximal cardia tput
Lower cardiac reserv
A\ Lower maximal V
-Visceral obesity
; % g ™ .Colon ca
31y -Loss of muscular strength
. with aging
| T Reduced glucose uptake/reduced
insuli itivity

-Reduced oxidative capacity

sio
—+— -Increased arterial stiffness

-Premature death

 Physical inactivity is the fourth
leading risk factor for global
mortality (6% of deaths
globally)

e Annual cost in lives lost due
to inactivity ranges from
200,000 to 300,000

* In the US, annual medical
costs due to inactivity and its
consequences are estimated
at $76 billion

Booth FW et al, Compr Physiol 2012



The many long -term benefits of regular exercise

Delays Alzheimer and
Parkinson’s disease

Lessens risk and severity of strokes -

Improves muscle strength

Increases energy levels
and endurance

Limits obesity —_—

Counters diabetes

Prevents hypertension

Slows muscle atrophy and
prevents sarcopenia

Maintains bone density and /

decreases osteoporosis risk /
Maintains joint mobility
Prevents falls in elderly
Delays aging

Improves the health of off-spring

Improves mood and cognition

_—"Improves sleep
——— Decreases stress

Protects against
atherosclerosis

Improves function in
heart failure

Improves digestion

Lowers incidence breast and colon
cancer

Improves Fertility
Improves lipid profiles

Strengthens immune system

Best current therapy for
Peripheral Artery Disease

— Improves circulation

Improves self-esteem

Rowe GC et al.,., Circulation 2014



THE HUMAN BRAIN
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Exercise Attenuates the Major Hallmarks of Aging

|Brain|

|Hean|

‘Lung‘

| Muscle |

Body
composition

| Metabolism |

R e Lt = B

) 1 Resting metabolic rate
1 Muscle protein synthesis
1 Fatoxidation

Multisystem level
Aging effects Physical exercise effects
Brain function

Neurogenesis
Neurodegeneration
Cognitive alterations

- =«
—e——

P

Cardiovascular function
Qmax
Blood pressure
Regional blood flow
Blood volume
Body fluid regulation
Endothelial function
Autonomic function
Vagal tone and HRV
Cardiac pre conditioning

D e
B e e R R

Lung function
Ventilation i I
Gas exchange T
Muscle function
Muscle strength/power T
Muscle endurance T
T
T

—

Muscle quality

Balance and mobility

Motor performance & control T
Flexibility and joint ROM T
0, arterio-venous difference 1

Body composition
Weight
Fat-free mass
Muscle mass
Regional adiposity
Bone density

Metabolism

e
e e X

—>—=>->

4 Physical fitness 1 Physical fitness

Cellular hallmarks of aging
Physical exercise effects Aging effects

1 DNA and mtDNA damage:
1T Systemic antioxidant defense and DNA repair

PBMCs and tissue-dependent regulation:
T DNAmethylation (e.g. ASC, BDNF, PGC-1a,
PDK4, PPAR-5,)
T miRNA regulation (e.g. miR-33, 1, 133a, 499-5p,
208a,126,146a, 206)
1 Histone PTMs (HATs, HDACS, jmjC, LSD)

Induces autophagy in brain, heart, skeletal muscle,
liver, pancreatic B cells and adipose tissue through
several mechanisms (IGF-1, AKT/mTOR,
Akt/Fox03a, beclinl) and modulates ubiquitin-
proteasome system

Activates nutrient-sensing pathway in muscle:
T mTOR

1 AMPK T Testosterone
1 SIRT TeH
T Gluta Ti6F1

Mitochondrial fuction and biogenesis improvement
byregulating: 1 aprioxidant defense Mitochondrial

T PGC-1 T Respiratory chain assembly dysfunction
T SIRT T mtDNA shifting

Regulates cellular senescence through:
T NK-cell activity

1 Antigen-presentation | Senescence markers
U ftsinmition T Telomere activity

T mtDNA shifting
i-:;?"s:.emoels | oot

Stimulates proliferation and migration of different
types of stem cells

Anti-“inflammaging” effects:
T -4 1 NLRP3
T -6 T g
T 10 T AUF1
T3 (see Table 1)

Garatachea N al.,., Rejuven Res 2015
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JAMA Exercise Is Medicine
S At Any Dose?

Thijs M. H. Eijsvogels, Paul D. Thompson

The only prescription
wnn unllmlted rerlls

lllllllllllllllllllllllll

ed1c1 ch > "'"




JAMA Intern Med. 2015;175(6):959-967. doi:10.1001/jamainternmed.2015.0533

Leisure Time Physical Activity and Mortality
A Detailed Pooled Analysis of the Dose-Response Relationship

Hannah Arem, MHS, PhD; Steven C. Moore, PhD; Alpa Patel, PhD; Patricia Hartge, ScD;

Amy Berrington de Gonzalez, DPhil; Kala Visvanathan, MBBS, MPH; Peter T. Campbell, PhD;
Michal Freedman, JD, PhD; Elisabete Weiderpass, MD, MSc, PhD; Hans Olov Adami, MD, PhD;
MarthaS. Linet, MD; |.-Min Lee, MBBS, ScD; Charles E. Matthews, PhD

1.0+
0.9+
661,137 men and women

Z 038- (median age: 62 years; range:
z 21-98 years); median follow-
5071 up time: 14.2 years

0.6

0.5

MET h/wk
1-2x 2-3x 3-5x 5-10x =210

Multiples of minimum recommended LTPA level
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- Physical activity Assessment



S00g Menigad £ | pa1daddy g00g Aeniged gL pasiAsy GO0T Arenuer 9 paaladay

'SpuelayloN ay] ‘1yoaan

‘a1e] yiesH jo Aynoeq ‘ejfiseli pue yyesH, Jreyn Aynoe4, pue wnibjeg ‘Ausieniun jusyn

‘'seousI0g sHodg pue JuUsWaAO JO Juswiedsq, ‘UsAnaT] N Y ‘sedusiog uolel|iqeysy pue ABojoissury
jo fynoe ‘seousI0G JUBWSAOIN pue Lodg Jo Juswedaq, ‘'Seouslog uonel|iqeyay jo Juswpedsq,

quaunag uolsen) pue  sidisool] Ausiy] ‘ susbAny wipp

' SUSBI\ auIdel ‘ sueeddi|iyd 1eeusy '4@IA8)eT ueyofl .. S98YUBA ONT]
. Ssaujl} jesisAyd

ss9sse 0]} MOH ¢ AMAIoe jedisAyd ssosse 0} MOH

laded 21311uaidg jeuibuQ

AS070IadY SNDITIA\ 2 SWVITTIA
40 AL31D0S
Nv3doun3 LIOONIAdIT

o
W




“Criterion methods for validation

Assessment
method

Advantages

Disadvantages

Doubly labelled

Accurate and valid
measurement of EE;
Applicable for children

Expensive; analysis
requires expertise; no
Indication of specific

water and adults; induces no activities, only total
change in PA behaviour in| (daily); not appropriate
daily free-living conditions | for large-scale studies
: Accurate and valid C
Indirect Expensive;limited to
calorimetr measurement of short Iéborator settin
Y term EE y J

PA=Physical Activity

EE=energy expenditure

Vanheesa,L et al. EJCP 2005



“Objective methods”

Assessment .
Advantages Disadvantages
method
Lightweight, portable No recording of
around waist; simple and | horizontal or upper-bod
Pedometers . . p_ : AL y
Inexpensive; free living movements; only total
conditions (daily) PA
Accelerometers See pedometer See pedometer
Lightweight and portable;
: . : P Measurement of EE, not
Heart rate directly related to .
L . . of PA; not suited for very
monitoring physiological response to : :
2 PA low-intensity

PA=Physical Activity
EE=energy expenditure Vanheesa,L et al. EJCP 2005




“Subjective methods”

Assessment
method

Questionnaires

PA=Physical Activity
EE=energy expenditure

Advantages

Applicable in
epidemiological studies;
Valid for gross
classification of PA level
for a population (e.g., low,

moderate, highly active)

Disadvantages

Limited validity; no
detailed information of
PA; depends on
subject’s memory,
Not suited for PA
assessment at the
Individual level

Vanheesa,L et al. EJCP 2005
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Characteristics of included physical activity
guestionnaires for the elderly

PHYSICAL ACTIVITY Abbr.  |Total | Admin. Swodr:es Venr T?Q%Et
QUESTIONNAIRE items | mode . _group
validity (in years)
Yale Physical Activity Survey | YPAS 36 SA Cr.V 1988 | 60 to 86
Baecke modified physical Baecke
activity questionnaire for the . 12 SA CrV 1991 | 63to 80
modif.
elderly
PHYSICAL ACTIVITY
SCALE FOR THE PASE 19 SA CrV 1993 | 65 and +
ELDERLY
Community Healthy
Activities Model Program for | CHAMPS | 41 SA n.s. 2001 | 651090
Seniors
Stanford Brief Activity SBAS | 10 | ns. | crv | 2006 | 60to69
Survey

SA:Self-administered

Cr.V.: Criterion Validity Eckert KG & Lange MA, BMC Public Health 2015




Estimated K coefficient confidence intervals (ClI)

at the 2" (walking) and 3 " (long distance) levels of coding

Physical Activity Abbr. K ClI K ClI
Questionnaire 2" level (95%) | 31 level (95%)
Baecke modified physical Baccke
activity questionnaire for nodif 0.651 |0.410-0.891| 0.603 |0.383-0.823
the elderly
Community Healthy
Activities Model Program |CHAMPS| 0.736 | 0.606-0.867 | 0.625 |0.496-0.754
for Seniors
PHYSICAL ACTIVITY
SCALE FOR THE PASE 0.777 |0.631-0.923 | 0.596 |0.450-0.741
ELDERLY
Stanford Brief ACtvity | ggag | 0836 |0.717-0.955| 0.649 |0.507-0.791
Survey
vale Prgj:ﬁ:;mt'v'ty YPAS | 0787 |0.656-0.981| 0.612 |0.478-0.747

Eckert KG & Lange MA, BMC Public Health 2015




The International Classification of
Functioning, Disablility and Health (ICF)

Most linked ICF codes (98.8%) were related to:
- levels mobility (d4)

- domestic life (d6)

- major life areas (d8)

- community, social and civic life (d9).

Only PASE out of elderly questionnaires
contain items referring to all four domains!!

World Health Organization (WHQO). International Classification of
Functioning, Disability and Health: ICF. Geneva: World Health
Organization; 2001
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- PASE construction and validity
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PASE components

Walking (h/day)

Light sports (h/day)

Moderate sports (h/day)
Strenuous sports (h/day)
Muscular strength/endurance (h/day)
Job—standing or walking (h/day)
Light housework (%)

Heavy housework (%)

Home repair (%)

Lawn work/yard care (%)
Outdoor gardening (%)

Caring for another person (%)

Total PASE Score

Washburn RA et al. J Clin Epidemiol 1999



Relationships between PASE components and
indicators of physical activity

Caltrac
Movement Counter
(counts/day)

.85
Actvity D Global o
Ctivity Diary Self-reported
(METS/day) Activity Item
(5-point Scale)

31

Cronbach's a = .694

Washburn RA et al. J Clin Epidemiol 1993



Contribution to total PASE Score by PASE components

Contribution to

PASE component Weight total PASE Score
Walking (h/day) 20 8.8
Light sports (h/day) 21 z.3
Moderate sports (h/day) 23 0.92
Strenuous sports (h/day) 23 0.69
Muscular strength/endurance (h/day) 30 1.2
Job—standing or walking (h/day) 21 38.0
\Light housework (%) 29 22.6
Heavy housework (%) 25 18.6
Home repair (%) 30 5.2
Lawn work/yard care (%) 36 15.2
Outdoor gardening (%) 25 5.1
Caring for another person (%) 35 12.7
Total PASE Score 131.3

Washburn RA et al. J Clin Epidemiol 1999



Distribution of PASE scores in a general population
age 65-100 yr.

65 - 125

20 |
15

Number of Subjects
S

n

5 35

o

65 95 125]155 185 215 245 275 305 335 365

PASE Score Midpoints
Washburn RA et al. J Clin Epidemiol 1993



Mean PASE score for men and women by age

150 (144.3)
2 (101.8)
§ 100 ® MEN
e 90
& ~
5 ) N -
@ .
= ® WOMEN

50 (62.3)

|
| | r
65 - 69 70-75 76 - 100

Age Group

Washburn RA et al. J Clin Epidemiol 1993



Correlations between PASE scores and validation
measures for all participants and for gender subgro ups

Variable

All

Subjects Men Women
(n=190) (n=56) (n=134)

Peak oxygen uptake (mL/kg/min)
Systolic blood pressure (mmHg)

Diastolic bood pressure (mmHg)
Resting heart rate (beats/min)

Body fat (%)

| Balance score

0.20% 0.06 0.25%*
-0.18* -0.15 —0.23%%
0.003 0.12 —0.09
0.02 0.07 0.01
~0.01 0.25 0.03
0,20+ 0.15 0.23** |

P P0G,
el < 001,

Washburn RA et al. J Clin Epidemiol 1999



Ordinary least squares regression of PASE scores on
socio -demographic factors and comorbidity

Unstandardized Standard

Variable coeffcient error
Age (y) —0.46 1.09
Gender (1 = male, 2 = female) —14.5 11.9
Education

1 = HS graduate or less 2.4 8.5

2 = Some college

3 = College graduate

4 = Graduate school
Hours worked per week 1.4 [, 29%*
Current smoker (1 = yes, 2 = no) 78.7 30.5%*
Heart disease (1 = yes, 2 = no) -13.9 21.0
Recent surgery (1 = yes, 2 = no) -30.1 & 1 o
Hypertension (1 = yes, 2 = no) -20.1 11.9
Cancer (1 = yes, 2 = no) —~18.8 g3
Arthritis (1 = yes, 2 = no) 0.31 13.3

*F <i0.00L
=P < 005,

Washburn RA et al. J Clin Epidemiol 1999



Validity correlations by age group in muscle streng th

Age group
Validation measures  65-70 71-99

—> Qrip strength 0.26** 0.38**

Balance 0.14 0.42**

-3 Dominant leg 0.12 0.25**
strength

——> Non-dominant leg 0.09 0.33*¢
strength

n 103 119
*p < 0.05 (1-tailed);

Washburn RA et al. J Clin Epidemiol 1993
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PASE
(PHYSICAL ACTIVITY SCALE FOR THE ELDERLY)
(riferita ad una settimana prima del ricovero)

1. ATTIVITA RICREAZIONALI : L : Peso Punteggio:

DEL TEMPO LIBERO Ore/die (Q) Giorni/settimana xG/7 item (1) OXG/7 X |

P_e_r guante ore al giorno cammina o va in 05 6 05 20 10

bicicletta?

Pratica attivita sportive?

Se si quali e per quante ore al giorno?

1) Cyclette, andare a caccia, bocce 0 0 0 21 0

2) Ginnastica, nuoto 0 0 0 23 0

3) Tennis, calcio, basket, sci, altro 0 0 0 23 0

Esegue esercizi in palestra? 30 0

2. ATTIVITA' DOMESTICHE PARTECIPAZIONE Peso | Punteggio :
ltem (1) SI x|

E.segue un Iayoro che richiede di stare in S| 21 21

piedi o camminare?

Esegue lavori casalinghi quali lavare piatti, Sj 25 25

spolverare, spesa?

Esegue Ia_lvorl c;asallpghl quall Iava_re SI/NO o5 0

indumenti, pavimenti, pulire tappeti?

Esegue riparazioni domestiche? SI/NO 30 0

Lavora nei campi? SI/NO 36 0

Eseqgue lavori di giardinaggio? SI/NO 20 0

Si prende cura di qualcuno? @ SI -—9 35 35
TOTALE 91
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E,RIO,Q@ Prevenzione e contrasto della fragilita nell’anziano

<
§ Attivita fisica come importante determinante della
¢ salute psico-fisica e utilizzo del PASE per la

misurazione dell’attivita fisica
4 febbraio 2020

- PASE results



viuiofipyr) 031 uvs puv GuIr Goussd J outiv] puv ojusnudg SjduN

§,.(JIN ‘03uay oouery

b+VOVA ‘QHd ‘AN ‘TTodeN orprer)) §'(IIA ‘Tpreqo3uoT OIESUEID) [(JIA] ‘IS, EINJUELD)

« (JIA ‘snueg op odruawo(T |l ‘IA @s91qere)) orpne[)) ‘(JIN ‘O[eAouIe]) 0ZUDUIA ‘(TIA ‘TZUBJA] BIIBJA]
LA ‘Treudes oy |L‘aHd ‘QIA 910181008)) 03saduBL] §+(TIA ‘BIeIId B[OOIN L‘(QH ‘(A @1°qVy orenbseg

sjuanedq \ﬁuoﬁﬁm ut NQMwG.GN uonorejulol
MO Huv.m_.u-m ®>MMUOHO.HQOM@..SNO O&u S9AIISAI]

L1410y [ed1sAY{ JO [9497T YSTH

uonoJeu| jeIpiedoAly

1-09ST0(10)2601-5S€£0S IId "JUT 2DUDG DS][ Aq PaYsIqn ]
00°0T$/10/L60T-SE€L0 NSSI ASojorpre]y jo 38a[j00 uroLdWY 2y 4q 1007 ©
100Z ‘S "ON ‘8€ '[°A ABojorpre)y Jo 2821100 uLdLIIWY Y3 jo Jeuino[



Preinfarction angina protects against death in adul ts
but not in elderly patients with myocardial infarc tion

Reduction ofischemic preconditioning in aging heart

=0.27 (NS
16 - P (NS) [1Angina

14 | 0 <0.01 B No Angina

Mortality (%)

Adults Elderly

P. Abete et al., JACC 1997



Death in elderly patients with and without preinfar ction
angina and according to the quartiles of physical a ctivity

(PASE)
p < 0.20 (NS) p for trend < 0.001

50 50

40 ) 40 \
£ 30 z 30
20 20
10 10
0 0-

Angina  No angina 0-40 41-56 57-90 >90
PASE

Abete P et al, JACC 2001



Death, in elderly patients with and without preinfa rction

angina according to the quartiles of physical activ ity
(PASE)
NO ANGINA ANGINA
DEATH
p for trend < 0.35 (NS) p for trend < 0.001
0 ) 50-
40 40+ \
£ 30 £ 30-
"2 " 20-
10- 10
0- 0-
0-40 41-56 57-90 >90 0-40 41-56 57-90 >90
PASE PASE

Abete P et al, JACC 2001



Role of “ preinfarction angina " on mortality
In elderly patient with acute myocardial infarction stratified
for physical activity (PASE)

2,5
2,0-
1,5- .
10t ———fF==———fmmm e
0,5-
0,0-
-0,5

Odds ratio
¢

0-40 41-56 57-90 > 90

PASE
Abete P et al, JACC 2001



Research Report

PASE (Physical Activity Scale for the Elderly)
Score Is Related to Sarcopenia

in Noninstitutionalized Older Adults

Francesco Curcio, MD!; Ilaria Liguori, MD'; Michele Cellulare, MD';
Giuseppe Sasso, MD!; David Della-Morte, MD, PhD?*; Gaetano Gargiulo, MD*;
Gianluca Testa, MD, PhD!>>; Francesco Cacciatore, MD, PhD'-°;

Domenico Bonaduce, MD'; Pasquale Abete, MD, PhD'

J Geriatr Phys Ther 2017



Muscle mass and strength stratified by Physical
Activity Scale for the Elderly (PASE) In
non institutionalized elderly people

° 3 o o

Muscle Mass, kg/m?
(@)

*p<0.01vs. 0-40
#p<0.05vs. 41-90

o

By ‘yibuans 31N

Physical Activity Scale for the Elderly
(PASE)

Curcio F et al., J Geriatric Physical Therapy 2017 e
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Cox regression analysis of Physical Activity Scale for
the Elderly (PASE) score stratified in tertiles (A) and as
a dummy variable (0—-15 vs. 16—-75) and (0—15 vs.>75)
(B) on mortality (A)

(a)
20

1.0 - S Pase>75 ))
=< 0.8 15 -
> Pase 15-75
2 e
> ©
o 0.6 - 5 104
= ©
© | N
— ®
g 04 - T
-}
&) Pase 0-15 J

0.2 -

T
0.0 -
0 1224 36 48 60 @1 5 vs 16—7D 6—15 VS > 75D

/h\ Months PASE

Cacciatore F etal., ESC EJCP 2018



Support Care Cancer (2015) 23:3211-3218
DOI 10.1007/s00520-015-2707-8

ORIGINAL ARTICLE

The self-reported Physical Activity Scale for the Elderly (PASE)
is a valid and clinically applicable measure in lung cancer

Catherine L Granger'?” . Selina M Parry' - Linda Denehy '~

Research RepOI't Physical Therapy, 2015;95:86-94

Reproducibility and Validity of the
Physical Activity Scale for the Elderly
(PASE) Questionnaire in Patients After
Total Hip Arthroplasty

Nicola C. Casartelli, Sylvain Bolszak, Franco M. Impellizzeri, Nicola A. Maffiuletti
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<
§ Attivita fisica come importante determinante della
¢ salute psico-fisica e utilizzo del PASE per la

misurazione dell’attivita fisica
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Take home messages

Physical activity Is actually used as a drug In order to
antagonize diseases and aging

The assessment of physical activity Is difficult,
especially at advancing age

Among guestionnnaires, Physical Activity Scale for
the Elderly (PASE) seems to be the more
appropriate, also in clinical practice

PASE has been validated and utilized In several
national and international studies with good result.




