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OVERVIEW

1. Who is presenting today?
2. Physical inactivity

3. Dual-process models
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5. Executive control of physical activity
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1. WHO IS PRESENTING TODAY?
1.1. Academic background

PhD
Post-doctorates

Kinesiology
BSc
MSc

{ Physiotherapy
- BSc
MSc Assistant Professor

CAS
uOttawa

NeurOSCIence Faculty of Health Sciences
MSc School of Rehabilitation Sciences

matthieu.boisgontier@uOttawa.ca

@MattBoisgontier
http://matthieuboisgontier.com




_ niversité d'Ottawa | University of Ottawa

1.2. Clinical background

Hand Neurorehabilitation Geriatrics
Rehabilitation
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1.3. Research topics
Physical Activity Aging

Neuroscience
& Biobehavioral

Neuroscience
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Medicine & Science
Sports & Exercise
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[ Preventive
I Medicine

Epidemiology
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2. PHYSICAL INACTIVITY

THE LANCET

The pandemic of physical inactivity: global action for public
health


https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60898-8/fulltext
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2.1. What are we talking about?

PHYSICAL ACTIVITY

Any bodily movement produced by skeletal muscles that requires energy expenditure.

SEDENTARY LIGHT-INTENSITY MODERATE-INTENSITY VIGOROUS-INTENSITY
Behavior Physical Activity Physical Activity Physical Activity

1 MET 1.5 MET 3 MET 6 MET
5-6/10 7-8/10

1 METabolic Equivalent = O, consumption at rest = 3.5 ml kg™' min"'
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2.1. What are we talking about?

orld Health
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LLL<<§\
5
tt‘((é/
O=

SPORT

Subcategory of physical activity
Performed within a set of rules and undertaken as part of leisure or competition

EXERCISE

Subcategory of physical activity
Planned, structured, repetitive, & purposeful
Objective: Improving or maintaining physical fitness
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2.1. What are we talking about?
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Physical inactivity

An insufficient physical activity level
to meet physical activity recommendations.
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2.2. WHO recommendations

orld Health
rganization
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Adults & Older adults
At least Atleast At least é at least At least at least

o O YiE0 75 150 675
60 60 300/ “I50 =300 “150

minutes a day minutes a day . )
i i i i i minutes minutes

modt.arate- to vigorous-intensity moderate- to vigorous-intensity minutes minutes - ' ' : '
physical activity across .the week; physical activity across the week: moderate-intensity vigorous-intensity moderate-intensity vigorous-intensity
mesiE @ A [eliyiies] ety most of this physical activity aerobic physical aerobic physical drobic physical asrobic phyzlcal
should be aerobic. Saeicl e A, activity activity activity activity
W . W Wi Wi W

or an equivalent combination throughout the week

or an equivalent combination throughout the week

On at least On at least At least ’:i'e“s“ 0 5 "’“Iig ﬁ_\i 'egto atﬁg
s o ©
"'3 "'3 ‘150 +300| =150 300/ ~I50

minutes minutes minutes minutes minutes

days a week days a week
. . . N ’ ' ’ PR a week moderate-intensity |  vigorous-intensity moderate-intensity |  vigorous-intensity
vigorous-intensity aerobic activities, vigorous-intensity aerobic activities, moderatetintensit aerobic physical aerobic physical aerobic physical el
as well as those that strengthen muscle as well as those that strengthen muscle . 2 y o activity activity activity activity
and bone should be incorporated. and bone should be incorporated. aerobic physical activity
| - Wi~ W Wi Wi
- - or an equivalent combination throughout the week or an equivalent combination throughout the week

Cancer survivors
People living with hypertension,
type-2 diabetes, HIV, disability

Children & Adolescents (5—-17 years) Pregnant & Postpartum
living with or without disability Women
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2.2. WHO recommendations

‘g ) World Health

S Organization
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Moderate-to-Vigorous Physical Activity (MVPA)

Someml cavsad ™ MODERATE-INTENSITY VIGOROUS-INTENSITY
aaaaaaaaaaaaaa Aneasz at least H H . P
O €0 b g0 &k Physical Activity Physical Activity
=300 <150 300/ 150
== S G 3 MET 6 MET
.:!msuteq «300| «150 5/10 of maximal capacity 7/10
| :\en;:bic i iy activ eoe i -
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2.3. Why such recommendations?

T Cardiovascular Diseases
" Breast & Colon Cancer o —r (wov. 21, 1053
T Type 2 Diabetes "
* Hiah Blood P CORONARY HEART-DISEASE AND
Igh Blood Fressure PHYSICAL ACTIVITY OF WORK
T Overweight & Obesity . O TS J. A. Huavy
A~ o e P. A. B. RA¥FLE
Arthr|t|5 C. G. ROBERTS J. W. Parks
T Depression
T Dementia
T Falls ! Life Expectancy
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https://doi.org/10.1016/S0140-6736(53)91495-0
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2.3. Why such recommendations?

OR (95% Cl) p-value
Mean + 1SD (46.22) | ° .008 (.003 to .016) <.001
E, s
= i
o :
5 ;
= 43) | 1012 (.007 to .020 001 | _
g Mean (34.43) * ( to ) < E N — 36,000
E" § > 50 years
s i
T :
Mean - 1 SD (22.64) | ° 019 (.011 to .031) <001 |
[ | |
0.01 0.10 1.00

Odds of COVID-19 hospitalization
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2.4. How does it look like?

Worldwide: 27 %
/._ -~ --Hussia
UK . . 17%
: 36% — b & -
France j =

Brazil
47%

Inactive adults

0-15% M 45 - 60%
15 - 30% M > 60%
M 30 - 45% No data
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Uganda
5% —

\

Kuwait
67%

'\fs 14%

India

34% *
bl
Australia
30%



https://doi.org/10.1016/S2214-109X(18)30357-7
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2.4. How does it look like?

Evolution 2013 - 2017

B Increase

Stable

- Decrease

Despite gradually scaling up actions promoting physical activity,
we are becoming less active.

From 2010 to 2016, the number of inactive adults has increased by 5% worldwide,
now affecting more than 1.4 billion people.
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https://ec.europa.eu/sport/news/2018/new-eurobarometer-sport-and-physical-activity_en
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2.5. Cost of physical inactivity

. Colts directs

(dépenses de santé)

Codits indirects € 17 bl I I Ion
(invalidité)

Colts indirects

(pertes de production)

81% Colts indirects
13,4 Mds€ (mortalite)

Estimated cost of physical inactivity
in France by type of cost (direct vs. indirect)
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3. DUAL-PROCESS MODELS

Automatic processes

Affective reactions
Approach-avoidance

Health-Related
Behavior

Controlled processes

Reasoned attitudes
Explicit intentions
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3.1. Controlled & Automatic processes

Controlled processes Automatic processes

- Rely on higher brain functions - Rely on learned associations

- Slow - Faster

- Deliberative - Initiated unintentionally

- Require cognitive resources - Tax cognitive resources to a much lesser extent
- Involve conscious awareness - Do not require conscious awareness

\

Implicit Association Test (IAT)
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3.1. Controlled & Automatic processes Implicit Association Test (IAT)
Category Items
Good Delight, Fabulous, Smiling, Fantastic, Cheer, Triumph, Appealing, Celebrate
Evaluation
Bad Ugly, Nasty, Disgust, Abuse, Scorn, Angry, Annoy, Hatred

>
Physical activity ﬁ éz %‘_’I ﬁ
Concepts <

\ Sedentary behavior oy éM P K&ﬁ% -

Sort words or images into categories
that are on the left and right side of the computer screen
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3.1. Controlled & Automatic processes

Press "E" for Press "I" for

Physical activity Sedentary behavior Bad Good
Fabulous
Press the “e” key if the word belongs to the Press the “i” key if the word belongs to the

category on the left category on the left

If you make a mistake, a red X will appear. Press the other key to continue. If you make a mistake, a red X will appear. Press the other key to continue.

o TITTILL LILLT

an an T
[ : ?
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3.1. Controlled & Automatic processes

Press "E" for Press "I" for Press "E" for Press "I" for
Bad Good Bad Good
or or or or
Physical activity Sedentary behavior Sedentary behavior Physical activity
. Disgust
Disgust g
If you make a mistake, a red X will appear. Press the other key to continue. If you make a mistake, a red X will appear. Press the other key to continue.
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3.1. Controlled & Automatic processes

Implicit Association Test n

Take a Demo Test Background Tech Support The Scientists Project

Take a Demo Test

Sexuality

Weight

Race

Gender

matthieu.boisgontier@uOttawa.ca
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Harvard University

Age (young-old IAT). This IAT requires the ability to
distinguish old from young faces. This test often
indicates that people have automatic preference for
young over old.

Sexuality (Gay-Straight IAT).This IAT requires the
ability to distinguish words and symbols representing
gay and straight people. It often reveals an automatic
preference for straight people relative to gay people.

Weight (Fat-Thin IAT).This IAT requires the ability to
distinguish faces of people who are obese and people
who are thin. It often reveals an automatic preference
for thin people relative to fat people.

Race (Black-White IAT). This IAT requires the ability
to distinguish faces of European and African origin. It
indicates that most people have an automatic
preference for white over black.

Countries ('Canada-United States' IAT). This IAT
requires the ability to recognise photos of national
leaders and other national icons. The results revealed
by this test provide a new method of appraising
nationalism.

Skin-tone (Light Skin-Dark Skin IAT).This IAT
requires the ability to recognise light and dark-skinned
faces. It often reveals an automatic preference for light-
skin relative to dark-skin.

Gender (Gender-Science IAT). This IAT often reveals
a relative link between humanities and females and
between science and males.



https://implicit.harvard.edu/implicit/canadafr/takeatest.html
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3.2. Current approaches in physical activity

thebmyj

Promoting physical activity to patients
September 2019

“Even a brief discussion within a consultation
can lead to change”
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4} WORLD HEALTH ORGANIZATION

GUIDELINES SERIES FOR HEALTHY AGEING - |

THE HEIDELBERG GUIDELINES FOR PROMOTING
PHYSICAL ACTIVITY AMONG OLDER PERSONS

1996

Ageing and Health Programme,
Division of Health Promotion, Education and Communication

1996



https://doi.org/10.1136/bmj.l5230
https://apps.who.int/iris/handle/10665/108545

Université d'Ottawa | University of Ottawa

3.3. Intention-behavior gap
Intention

—

94% —

matthieu.boisgontier@uOttawa.ca
@MattBoisgontier

http://matthieuboisgontier.com

Frequency

7 %
O 5 times / week
Very Strong

1-4 times / week

Moderate - Strong
< 4 times / month

\

Weak — Absent 46 % = NEVER



https://ec.europa.eu/sport/news/2018/new-eurobarometer-sport-and-physical-activity_en
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3.3. Intention-behavior gap

Aware of the positive effects & Intention to be physically active
BUT Intention is not sufficient as plans are often not executed
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4. AUTOMATIC ATTRACTION TOWARD EFFORT MINIMIZATION
Systematic

Sports
. Medicine
Review

Rewarding value of physical inactivity behaviors - 2018

Impulse Disorder

Point of View Repeated failure to resist an
Physical Inactivity = Impulse Disorder - 2020 | impulse to minimize effort

<'o"\' °0,:’

§ S 3

g € S

eory L Ty
R

2

‘o
0,

Theory of effort minimization in physical activity (TEMPA) - 2021
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http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_SM_2018.pdf
http://matthieuboisgontier.com/doc/publication/2018/01/Boisgontier_PT_2020.pdf
http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf
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4.1. Evolution

WHAT ARE YOU
RUNNING FROM,
APEX PREDATOR
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It’s jogging season again

ARE YOU CHASING PREY?
:oaff] YOU NEED

P
285" CONSER\E

£ ENERGY

THE HELL IS THAT
DONG

GUY



https://www.gocomics.com/comics/lists/1722053/the-book-of-onions-book-preview
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4.1. Evolution

QA THRIFTY
& STORAGE
& nleasasetc L : -
& /7| more ffcientsiorage of (Mor ity storage < more Food availability & physical activity = same cycle
2 9p0ss tiscue) famine/actvity phase unti
\65‘ next feast.)
- _I_ Alternating periods of food scarcity & abundance
FAMINE & ACTIVITY
e S are associated with higher & lower physical activity,
Siﬁ:%%%%rl re S p e Ct |Ve Iy
(Hunt or Gather)

Contracting skeletal
muscle increases
GLUT4 & AMPK
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https://doi.org/10.1152/japplphysiol.00757.2003
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4.1. Evolution

STALL

No Cycling of Metabolic

Processes—fuel gets shunted into

an even greater and unhealthy

storage, precipitating the

METABOLIC SYNDROME

= Constantly low skeletal muscle
p-oxidation enzymes

* Relatively constant high blood
insulin and insulin resistance

THRIFTY
STORAGE
Q (High storage of excess
kN glucose and TG in
$ adipose tissue; little goes
L to skeletal muscle)
,6\
g
&
<
FEAST
(Intake glucose
and fat)

T

Unlimited food supply with no exercise

« Skeletal muscle glycogen & TG stores
are NOT decreased

« Skeletal muscle GLUT4 and AMPK
levels are NOT increased
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In our modern societies,
energy-dense food is abundant & cheaper,

food scarcity is often not a trigger of
physical activity anymore.



https://doi.org/10.1152/japplphysiol.00757.2003
http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_Boisgontier_TEMPA_ESSR_authorversion.pdf

Université d'Ottawa | University of Ottawa

4.2. Evidence from genetics

420 Monozygotic

352 Dizygotic Sedentary Behaviors

% of explained variance

Genetic Factors

69 %

| Environmental Factors |
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https://academic.oup.com/ajcn/article/98/5/1317/4577348
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4.3. Evidence from biomechanics

20
> s B Adults
- (V]
2 3 2 -7 years
o
9 10 & 1.5 - 2 years
= ]
o S ¢ First steps
&
L

0 01 02 03 04 05

0 A A A A Energetic cost (v2g11?)

Speed (m s1)
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https://doi.org/10.1098/rsif.2012.0980
https://journals.lww.com/acsm-essr/Fulltext/2007/04000/Neural_Control_of_Rhythmic_Human_Movement__The.6.aspx

Université d'Ottawa | University of Ottawa

4.4. Evidence from neuroscience

B & fom e
DDDZDOOOOO E:D []:1:||:1
S

&%béﬂ%ﬁ%ﬁ P N S s '
e Ot [a B B nhc? ;
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4.4. Evidence from neuroscience

N =29
young adults

T
Avoid Sedentary Behaviors

—> More brain activity required to avoid sedentary behaviors

‘@/ J,ﬂ

matthleu.b0|sgont|er@uOttawa.ca
@MattBoisgontier

http://matthieuboisgontier.com


http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf

Université d'Ottawa | University of Ottawa ) ) SHARE
5. EXECUTIVE CONTROL OF PHYSICAL ACTIVITY s o PR

5.1. Education ADULTHOOD SEC

Main Occupation
Education

CHILDHOOD
Socio-Economic Circumstances
(SEC)

Occupational position of main breadwinner
# books at home
# people living in the household
Hot running water
Inside toilet
Central heating

Y

Physically Inactivity

MA = most advantaged; A = advantaged;
M = middle; D = disadvantaged; MD = most disadvantaged
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5.1. Education

0.75

0.50

Probability of being
Physically Inactive

0.00

Women

Early-life SEC

Most Disadvantaged

. Disadvantaged

Middle

Advantaged
Most Advantaged

50 55 60 65
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@MattBoisgontier

http://matthieuboisgontier.com

70 75 80 85 90 95

Age

0.75

0.50

0.25

0.00

> Physical Inactivity

Men

50 55 60 65 70 75 B0 85 90 95

Age


http://matthieuboisgontier.com/doc/publication/2018/01/cheval_psy_2018.pdf
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Association between Childhood SEC & physical inactivity

Childhood SEC

MA = most advantaged = reference (+); A = advantaged;
M = middle; D = disadvantaged; MD = most disadvantaged

MA A M D MD
1.04 [ 1l ! !
Adulthood SEC > W * Reference
2 .2 103 2
g 4+ Income
: © o
Main Occupation /E i ° @ Main occupation
. - > oo ¥ o
Education g £ GEJ ® ® Education
RS O B
£263 Y— 1.01 @ All indicators of
3 £w [e) o3 ,
< < n o socioeconomic status
\é o
E S +
Childhood SEC > Physical Inacuvivy ©
0.99
0.99 1 1.01 1.02 1.03 1.04
. 0dds of being inactive
Childhood SEC » Physical Inactivity
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5.2. Which came first: The chicken or the eqgg?

Mendelian randomization (genetic variants)
to test causal relationship (age: 8-96 years)

General cognitive function
* Verbal & numerical reasoning
e Scores on neuropsychological tests

Physical activity
* Acceleration in milli-gravities (mg)

e >100 mg & <425 mg = moderate physical activity
* 2425 mg = vigorous physical activity
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http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_MR_preprint.pdf
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5.2. Which came first: The chicken or the eqgg?

Average PA1 - _‘_ o
E Average PA2 - + o
" | DIRECTION
§ —0— Cognition> PA
5 Moderate PA - —O— PA->Cognition
@)

Vigorous PA -

02 00 02 04 06 08 10 12 14 16 18 20
CAUSAL ESTIMATE
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5.2. Which came first: The chicken or the eqgg?

Cognitive resources

* Delayed recall (10 words)
* Verbal fluency: Name as many animals as possible in 1 min
e Education: Primary, secondary, tertiary

N = 105,206
Physical activity frequency > 50 years

 Times/week
o More than 1/week
o 1/week
o 1-3/month
o Rarely or never

matthieu.boisgontier@uOttawa.ca
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5.2. Which came first: The chicken or the eqgg?
COGNITIVE RESSOURCE

“‘More than
once a week Delayed Recall Verbal Fluency Level of Education
2
>
=
Q
<
g
i “Once”a |
F- week
(=W
Q
©
qh) +1SD +1S8SD tertiary
© * Mean Mean secondary
o -18D -18D primary
=
“Less than |
once a week” r ] . . . . | |
50 70 90 50 70 90 50 70 90
Age Age Age
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5.2. Which came first: The chicken or the eqgg?
COGNITIVE RESSOURCE

Delayed Recall Verbal Fluency Level of Education
>
B i
>
=
&’ “Less than 2.0-
__ once aweek
©
2
v
£
n- 1.5_
(%)
=
<)
h 13
S T o
>

matthieu.boisgontier@uOttawa.ca

@MattBoisgontier
http://matthieuboisgontier.com



http://matthieuboisgontier.com/doc/publication/2018/01/Cheval_HP_2020.pdf

Université d’Ottawa | University of Ottawa

5.2. Which came first: The chicken or the eqgg?

Education Physical
[r—

Level Activity

Delayed ? Physical
= =

Recall Activity

Verbal ? Physical
= =

Fluency Activity
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5.2. Which came first: The chicken or the eqgg?
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5.3. Executive control & Physical activity & Neighborhood conditions

Neighborhood Conditions
ACCESS
o Sufficient facilities within reasonable walking distance
(pharmacy, medical care, grocery)
o Sufficient possibilities for public transportation

NUISANCES
o Pollution, noise or other environmental problems
o Vandalism or crime

Cognitive
Resources

Neighborhood
Conditions

1

—
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5.3. Neighborhood conditions & Executive control of physical activity
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5.4. The theory of effort minimization in physical activity (TEMPA)

Physiological State

Type of Cues
¥ A Controlled Controlled
—> . >
Evaluation Precursors
CONTROLLED
PROCESSES
I / Motor Movement-Based
Movement- . . . Motor Command .
» Perceived Effort Moderators Decision ——» > Behavior
Related Cues Plan
l \ ‘\—jort)
AUTOMATIC
PROCESSES
Automatic _ Automatic
Evaluation " Precursors
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6. RETRAINING AUTOMATIC PROCESSES

1 — Fitness 4 — Sex
2 — Energetic expenditure 5—-Age
3-Time 6 — Hunger
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6. RETRAINING AUTOMATIC PROCESSES
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