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About me

Professional - present

- Professor ‘Chair Design & Analysis of Intelligent Systems for Leisure Time Sports & Vitality’ (Tu/e)
- Head of Research at ‘Move to Be Research Group’ (Fontys Sporthogeschool)

- Research Fellow at Policy in Sports & Physical Activity Research Group (KU Leuven)

Educational background

- PhD in Human Kinesiology (Human Movement Sciences)
- MSc in Social Psychology

- Statistics, econometrics, qualitative methods

Research topics

- Profiling people (during physical activity and/or sports participation) in different settings

- Designing tailored services and products to improve physical activity, pleasure and vitality

- Evaluating the effectiveness, efficiency and impact of these social and/or technical innovations.
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Objective

To develop a basic understanding of aspects of human
physiology, in particular those aspects which can be measured
unobtrusively or almost unobtrusively, which are important for

many medical areas and vitality areas (such as sports).
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Human Physiology

SUBSPECIALTIES OF PHYSIOLOGY

Neurophysiology
(NOOR-0-fiz-é-0l9-0-}&;
neuro- = nerve)
Endocrinology
(en"-do-kri-NOL-0-j€;
endo- = within;

«rin = secretion)
Cardiovascular physiology
(kar-de-o-VAS-ku-lar;
caordi- = heart;

~vascular = blood vessels)
Immunology
(im"--NOL-0-je;

immun- = not susceptible)
Respiratory physiology
(RES-pir-a-to'-rg;

respira- = to breathe)
Renal physiology

(RE -nal; ren- = kidney)
Exercise physiology

Pathophysiology
(PATH-0-fiz-e-0l"-0-j&)
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STUDY OF

Functional properties of nerve cells.

Hormones (chemical regulators in
the blood) and how they control
body functions.

Functions of the hean and blood
vessels.

How the body defends itself against
disease-causing agents.

Functions of the air passageways
and lungs.

Functions of the kidneys.
Changes in cell and organ functions
as a result of muscular activity.

Functional changes associated with
disease and aging.

Source: Tortora & Derrickson, 2009.

“ The study of how body structures function / The science of body functions”
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Human Physiology

The human body consists of 6 levels of organization
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Figure 01.01 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

Source: Tortora & Derrickson, 2009.
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CARDIOVASCULAR SYSTEM (CHAPTERS 19-21)

Components: Blood,
heart, and blood
vessels.

Functions: Heart
pumps blood through
blood vessels: blood
carries oxygen and
nutrients to cells

and carbon dioxide
and wastes away
from cells and helps
regulate acid-base balance,
temperature, and water
content of body

fluids; blood

components help

defend against

disease and repair
damaged blood

vessels.

Blood
vessels:

Artery

Heart




What factors influence our health?

Healt Care
System
10%

Heredity

20% :
Lifestyle

Behaviours
50%

Environment
20% M Lifestyle Behaviours

® Environment
M Heredity
M Healt Care System
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Health report - The Netherlands

Percentage of population living in urban areas: 83.2%
Population proportion between ages 30 and 70 years: 53.5%

Proportional mortality (% of total deaths, all ages, both sexes)

Communicable,
maternal, perinatal
and nutritional

Injuries
4%

conditions
6% .
Cardiovascular
diseases
29%
Other NCDs
20%
Diabetes
2%

Chronic respiratory
diseases
6%
Cancers
33%

Total deaths: 140,000
NCDs are estimated to account for 89% of total deaths.

Source: World Health Organization - Noncommunicable Diseases (NCD) Country Profiles , 2014.
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Health report - The Netherlands

Top 10 causes of death

Trachea, bronchus, lung cancers was the leading cause of death, killing

11.4 thousand people in 2012

No of deaths (000s) Crude death rate Change in rank
2012 2000-2012 2000-2012

Trachea, bronchus, lung 114
cancers (8.1%) ’
Ischaemic heart disease 11.0
(7.9%) ’
Alzheimer's and other 102
dementias (7.3%) :

Stroke (6.3%) . 8.8

Chronic obstructive 6.6
pulmonary disease (4.7%) '

Colon and rectum cancers 6.0
(4.3%) :

Lower respiratory infections 58
(4.1%) ’

Breast cancer (2.6%) I 36
Prostate cancer (2.1%) I 29
Diabetes mellitus (2%) I 29

Rank W decreased

A

4 > <

>

A
v

B increased no change

REARNAN

Burden of disease, 2012

Disability-adjusted life years (DALYs) are the sum of years
of life lost due to premature mortality (YLL) and years of
healthy life lost due to disability (YLD).

DALYs, YLL and YLD (thousands) by broad cause group
Cancers |
Neuro-psychiatric conditions [ ]
Cardiovascular diseases and diabetes .
OtherNCDs*
Musculoskeletal diseases =
Unintentional injuries -
Chronic respiratory diseases .
Acute respiratory infections
Suicide, homicide and conflict
Other infectious diseases™ |
Maternal, neonatal, nutritional |
HIV, TB, malaria
0 500 1000

*Other noncommunicable diseases (NCDs) including non-malignant
neoplasms; endocrine, blood and immune disorders; sense organ, di-
gestive, genitourinary, and skin diseases; oral conditions; and congen-
ital anomalies.

** Infectious diseases other than acute respiratory diseases, HIV, TB
and malaria.

YLL Yo

Source: Country statistics and global health estimates by WHO and UN partners (2015)
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Attributable fractions for all cause deaths

18 = MEN
m WOMEN

16
14
12
10

8

Attributable fractions (%)

o NN O~

TU/e
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Facing a noticeable increase in physical inactivity

Achieving the NNGB, Combinorm and Fitnorm in 2015, 18 to 54 years old

80
60
40
20
0
NNGB Combinorm Fitnorm
Source: volksgezondheidenzorg.nl T U
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Facing a noticeable increase in physical inactivity

Total average
Male
Female
4-12 years
12-20 years
20-35 years
35-55 years
55-65 years
65-80 years
80 and up
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AVERAGE SITTING HOURS, 2015

Hours per day

Source: volksgezondheidenzorg.nl

Sitting's toll on the body

Studies show that sitting for more than 95 percent of the time
at work increases the risk for physical injury and disease.

Average activity during From the farm to the office

waking hours A century ago in the USS. there were 11.5 million
farmers; now there are about 851,000. It is estimated
that by 2020 the workforce will have completed the

Moderate to vigorous reversal from physical labor to office work:

physical activity Physical labor Office job

45 min.
pock 1900 80% I 20%
Physical labor Office job

2020 20% I s0%

physical activity

:::' Wb:idtﬂlllj harms A\ Holding the muscles in the
e body e torso, neck and shoulders in a
/] somewhat fixed position
AS SOON AS YOU SIT: squeezes the blood vessels
Electrical activity in the leg reducing blood flow and
muscles shuts off z‘ R causing fatique.
Calorie burning drops to 1 Q‘!‘
per minute S ‘ Many experience
Enzymes that help break * decreased fitness.
SN reduced lung and
§ eart efficiency and a

higher risk for injury
and disease, especially
those who also have
little to no physical

activity in their lives.

down fat drop by 90% .j..'
AFTER 2 HOURS: \ i
Good cholesterol drops by ' e

‘ R

20%

AFTER 24 HOURS: .

Insulin effectiveness drops

by 24% and risk of 3

diabetes rises
High amounts of stress are
placed on the spine, specifically in
the lower back and neck regions.

Two changes to make
Adjust the seat
Sitting at 135 degrees puts less strain on
your back than hunching forward or

even sitting straight. Get up and move

The recommended 30

minutes of activity per day
135° is not enough.
Interrupt sitting whenever
70° 90° you can:
© Take the stairs
® Walk to co-worker
instead of messaging

Sources: Medical Billing and Coding: Occupational and Environmental Medicine; The American Jourfial of Clinical Nutrition;
Businessweek; The New York Times; Science Daily: ehow.com; Canadian Centre for Occupational Hgfa




Mental health/disorder (e.g. dementia)

People living with dementia around the world

1315"1 2050

Americas Africa Eur;)pe ' World

Source: www.bupa.com
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Health spending

Figure 2. Health spending* as a share of GDP, 2013
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* Excluding capital expenditure.

Source: OECD Health Statistics 2015
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A holistic approach to health? - Lifestyle behaviors
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Evidence for exercise as a medecine

The British Journal of Diabetes & Vascular Disease

Home All Issues About

Prevention of type 2 diabetes by lifestyle intervention in primary health care

setting in Poland: Diabetes in Europe Prevention using Lifestyle, ph)
Activity and Nutritional intervention (DE-PLAN) project
Aleksandra Gilis-Januszewska, Zbigniew Szybinski, Katarzyna Kissimova-Skarbek,

Beata Piwonska-Solska, Dorota Pach, Roman Topor-Madry, Jaakko Tuomilehto,
Jaana Lindstrém, Markku Peltonen, Peter Eh Schwarz, Alicja Hubalewska-Dydejczyk

First Published September 2, 2011 | research-article

International Journal of Alzheimer'sDisease

Int J Alzheimer Dis. 2010; 2010: 393579. PMCID: PMC2815647
Published online 2010 Jun 29. doi: 10.4061/2010/393579

Prevention of Dementia: Focus on Lifestyle

Maria Cristina Polidori,"' Gereon Nelles,2 and Ludger Pientka’

Author information P Article notes » Copyright and License information »

This article has been cited by other articles in PMC.

Abstract Go to:

The objective of this paper is to summarize current knowledge on the possible advantages of lifestyle
interventions, with particular attention to physical fitness, cognitive activity, leisure and social activity as
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Does physical activity prevent cognitive decline and dementia?:
A systematic review and meta-analysis of longitudinal studies

Sarah ] Blondell, Rachel Hammersley-Mather and | Lennert Veerman i

BMC Public Health 2014 14:510 DOI: 10.1186/1471-2458-14-510 © Blondell et al.; licensee BioMed Central Ltd. 2014

/

Received: 1 April 2014 = Accepted: 8 May 2014 = Published: 27 May 2014

i%\, SCANDINAVIAN JOURNAL OF

%"=/ MEDICINE & SCIENCE IN SPORTS

Explore this journal >

Volume 25, Issue S3

@ Open Access () @) Creative Commons December 2015
Pages 1-72
Review
. . s . MEDICINE &
Exercise as medicine - evidence for SCIENCE
prescribing exercise as therapy in 26 S

different chronic diseases x
B. K. Pedersen 4, B. Saltin -

View issue TOC

First published: 25 November 2015  Full publication history Special Issue:
Exercise as Medicine -
DOI: 10.1111/sms.12581  Viewssave citation Evidence for Prescribing
Exercise as Therapy in 26
Cited by: 70 articles & Citation tools Different Chronic Diseases



Three main research/design challenges wrt sensoring

Challenge | - Unobtrusive

o {_'-
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Three main research/design challenges wrt sensoring

Challenge | - Unobtrusive

A\
A\

PERFORMANCE SPORTS
PARTICIPATION SPORTS
ACTIVE / NON-SPORTS
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24/7 monitoring of
behaviour
the connected individual

F

F_m

SMART GLASSES

HEART RATE MONITOR

SMARTWATCH

~ ACCELEROMETER

PODOMETER

Steven Vos - Sensors for physiology



Three main research/design challenges wrt sensoring

Challenge | - The truth is out there

..--.._ Lab Research

Experimental control
versus ecological
validity

Living Lab 3. .....

Experimental Control

Design research.""-...
‘in the field’ '

Ecological Validity

Source: Peeters & Megens (2014) T U
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Three main research/design challenges wrt censoring

Challenge Il - Acquisition, integration and application of meaningful data
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Three main research/design challenges wrt sensoring

Challenge lll - Personalized feedback - one size does not fit all
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Example - energy expenditure

M et a b O ll C e qu IV a l e n t t a S k S MetBaabsgIIism Therm[i)cigeef?:c‘zr;ffood :%s\:f;l
Total v 3 {
Ex:;‘:;?t‘::re = + +
Physical activity MET
Light intensity activities <3
sleeping 0.9
watching television 1.0
writing, desk work, typing 1.8
walking, 1.7 mph (2.7 km/h), level ground, strolling, very slow 2.3
walking, 2.5 mph (4 km/h) 29
Moderate intensity activities 3to6
bicycling, stationary, 50 watts, very light effort 3.0
walking 3.0 mph (4.8 km/h) 3.3
calisthenics, home exercise, light or moderate effort, general 3.5
walking 3.4 mph (5.5 km/h) 3.6
bicycling, <10 mph (16 km/h), leisure, to work or for pleasure 4.0
bicycling, stationary, 100 watts, light effort 5.5
Vigorous intensity activities >6
jogging, general 7.0
calisthenics (e.g. pushups, situps, pullups,jumping jacks), heavy, vigorous effort 8.0
running jogging, in place 8.0
rope jumping 10.0
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Example - physiology of energy metabolism during different levels of exercise

Oxidative
systems
_
>

ADPQ ATP

Anaerobic systems

Sub-maximal
exercise

Steven Vos - Sensors for physiology Source: van Dijk (2015)



Example - physiology of energy metabolism during different levels of exercise

0 — N 0,
Oxidative
systems

| |

<€

Anaerobic systems

4

Maximal
exercise

Steven Vos - Sensors for physiology Source: van Dijk (2015)



Example - physiology of energy metabolism during different levels of exercise

0 — N 0,
Oxidative
systems

| |

<€

ATP

Anaerobic systems

4

Sub-maximal Maximal
exercise exercise
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Some examples - measuring lactic acid

BSX Insights - indirect through measurement of
Ultrafit: Fitness in the blood oxygen saturation in the muscles

P a Z)

.
Wy 4 __///'
U} ,

Photo by Jeffrey Thampson

Ben Popp uses a blood lactate meter to measure levels during a workout at Now
Bikes and Fitness in 81. Paul.
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Some examples - measuring heart rate
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Some examples - measuring energy expenditure

Indirect calorimetry - determined by measuring 02 consumption and C02
production
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Some examples - measuring energy expenditure?
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Some examples - optimizing algorithms for measuring
energy expenditure through a 3-axial accelerometer

.
| L ,,,. Ll owwp. Ny

~

i

L "!

L

i’

J ¥

V




Some examples - optimizing algorithms for measuring
energy expenditure through a wearable device

- Walking § Running

2 3 4 5 6 :7 8 9 10 11 12 13 4
1

1
Activ8_1 Cortex_1 Acltiv8_2 Cortex_2 B Activ8_3 B Cortex_3

. Source: Oomen, Arts & Vos (2015; 2016) I U e
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To be continued in the
upcoming weeks ...

DBB170 - Sensors for physiology

Prof.dr. Steven Vos
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