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general introduction
Some definitions

- Physiology is the scientific study of function in living organisms;
- Metabolism is the set of life-sustaining chemical transformations within the

cells of living organisms (also to support energetically locomotion);
- Bioenergetics is the subject of a field of biochemistry (and physiology) that

concerns energy flow through living organisms;

- Energy balance is the biological homeostasis of energy in living organisms;
- Energy intake = internal heat produced + external work + storage;

- Biomechanics is the scientific study of how living organisms move (including

locomotion).



The two sides of the same coin

- Biomechanics is the physics of exercise/

sport (mechanics, kinematics, statics, kinetics/dynamics):
biomechanics deals with the correct management of
motion, force, momentum, levers and balance, to

improve technique and reduce injury risk;,
- bioenergetics is the chemistry of
exercise/sporf (exercise/sport metabolism)
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general intfroduction

Back to (my) February 2006...

Stato dell’arte degli strumenti portatili di misura della spesa calorica
della persona“

q

1 Introduzione-
a1

- Personalmente, penso che attualmente non esista sul mercato alcun
sistema portatile di misura della spesa calorica della persona obiettivamente
valido in tutte le situazioni pit comuni. Cido € dovuto soprattutto all’ancora limitata
richiesta assoluta di questo tipo di prodotto, nonostante il suo sentito bisogno - a

costi sostenibili - da parte della comunita scientifica (Trost et al., 2005). 7
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Then what?
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general intfroduction

The two sides of the same coin/2

- “coin” = any specific exercise/sport action;
physical activity (PA) “side” = biomechanics/
mechanics of action;

metabolic expenditure (ME) “side” = chemistry/
metabolism of action




general intfroduction

Physical activity

Any bodily movement produced by the contraction of skeletal muscle;
but... iIsometric contraction?

therefore: bodily movement + isometric contraction = PA

A little physical activity means a loT

What Is Physical Activity?

Sport Exercise
Play Physical e
Activity
P - e
Active Living Recreational Activity




general introduction

Physical activity requires metabolic expenditure




PA & ME

Measurement.

Direct:

Indirect:

GLOBAL CONSTRUCT:
MOVEMENT

l

|

Physical Activity + Energy Expenditure

(a behavior)

PA Record
24-Hour Recall

P

Motion Detector 4

Questionnaires

Extrapolation to
Energy Expenditure

Adverse
Health
Parameter

Energy Expenditure

Lamonte et al., 2001

(the energy cost of the behavior)

Calorimetry
Doubly Labeled Water

Oxygen Uptake
Heart Rate
Body Temperature

Ventilation
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general intfroduction

PA & ME

TABLE 1. Methods of assessing physical activity or energy expenditure.

Direct
Observation
Room calorimetry (e.g., body heat production)
Doubly labeled water
Biomechanical forces
Acceleration vectors (e.g., accelerometry)
Motion sensors (e.g., pedometry)
PA records or diaries, recall interviews
Indirect
Indirect calorimetry (e.g., O, uptake, CO, production)
Physiologic measures (e.g., heart rate, ventilation, temperature, estimated
cardiorespiratory fitness)
PA surveys or questionnaires
Surrogate reports (e.g., energy intake)

Lamonte et al., 2001
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measures

PA & ME

Measures
- accelerometry (counts/u.t.);
- HR:
- HR (bpm), nHR (bpm), HRR (%);

- V'02 (metabolic chamber or open circuit):
- V'02, nV'02, PAL.

Schutz et al., 2001
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Parameters to Assess Physical Activity, Schutz, Weinsier, and Hunter

measures

Table 2. Representative values obtained for currently available and proposed new measures to assess physical

activity: values are based on two hypothetical subjects of the same sex, age, and height, but different weights and
& M E activity levels*®

Subject 1 Subject 2
(lighter, more active) (heavier, less active)
Female, age = 40 yr Female, age = 40 yr
BMI = 25 kg/m? BMI = 30 kg/m’
(67 kg, 1.63 m) (80 kg, 1.63 m)
REE = 1480 kecal/d REE = 1550 keal/d
(1.0 Ecal/min) (1.1 kcal/min)
Parameter (units) 24-hr EE = 2150 kecal/d 24-hr EE = 2200 keal/d
Parameters based on EE or O, uptake
AEE Activity EE (kcal/d or kecalkg - d) 450 keal/d 450 keal/d
6.7 keal/kg/d 5.6 keal/kg/d
PAL=ze Physical activity level (24-hr EE/REE) 145 142
(ratio) (2150/1480) (2200/1550)
PALzzday Daytime physical activity level (daytime 1.65 1.58
EE/REE) (ratio) (2450/1480) (2450/1550)
METzs = Metabolic equivalent [exercise O, uptake
(O,/kg - min)/standard resting O, uptake 34 34
(O,/kg * min)] (ratio) (120J35) (12.0/35)
PAR=s Physical activity ratio (reference exercise 40 45
EE [kcal/min}/REE [kcal/min]) (ratio) (40/1.0) (50/1.1)
ARTEeze Actvity-related ime equivalent (min/d)
(24-hr EE [kecal/d] - 0.9 — REE [kecal/d])/
(reference exercise EE [kcal/min] — 152 min/d 110 min/d
REE [kcal/min]) (2150 - 09 — 1480)/(40 — 10) (2200 -09 — 1550/(50 - 1.1)
Parameters based on HR
HRnet Net HR (beats/d) (average 24-hr HR [beats/
min] — resting HR [beats/min]) - 1440 21,600 beats/d 21,660 beats/d
min/d (80 — 65) - 1440 (85 — 70) - 1440
PALur Physical activity level (24-hr HR/resting 123 121
HR) (ratio) (80/65) (85/70)
PAL #rday Daytime physical activity level (daytime 131 1.29
HR/resting HR) (ratio) (85/65) (90/70)
PAR#R Physical activity ratio (exercise HR/resting 185 1.86
(METsr) HR) (ratio) (120/65) (130/70)
ARTE#r Activity-related time equivalent (min/d)
(24-hr HR [beats/d) — resting HR [beats/
d])/(reference exercise HR [beats/min] — 393 min/d 360 minv/d
resing HR [beats/min]) (115200 — 93,.600)/(120 — 65) (122400 — 100,800)/(130 — 70)

* Subject charactenstics and physiological data, although hypothetical, are based on actual data of similar subjects studied m our laboratory
(14 .25). The reference exercise task used for each parameter = steady-state response to bicycle ergometry at 60 rpm, 50-W workload, 4
minutes. Calculation of METEE is based on assumption that 1 MET = 35 mL O,/kg - min. Schutz et Cll., 2001
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measures

PA & ME

Direct measures .
Indirect measures

- pedomeftry;
- HR;
- accelerometry;
, - anthropometry;
- Vo uestionnaires;
- DLW; ) '

- oth. metabolic measures;

- observation;
- oth. fiithess measures

- self-report diaries

Tudor-Locke et al., 2001
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measures

PA & ME
Gold standard Secondary measures L,
, . Subjective measures
- V'02 (middle term); - pedometry; .
- self-report diaries;
- DLW (long term); - accelerometry; . .
— observation - HR - questionnaires

Tudor-Locke et al., 2001
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measures

PA & ME

Accelerometry issues

- ->PA;

- activity kind? (e.g., gradient locomotion, cycling);
- specific activity efficiency? (PA/[ME-rME])

Pedometry issues
- ->(most of) PA (i.e., walking);
— other activities?

15



measures

PA & ME

V02, DLW issues

- ->ME;

- (mass?);

- specific activity efficiency? (PA/[ME-rME])

Luckily effxconstant
- human species;
- walking main activity

HR issues

- ->ME (:kHR),

- <-external factors (e.q., stress, activity kind);

- latency 16



measures
Specific measures

Observation issues

- simple, immediate;

- operator, video shooting;

- privacy?

- time taking (post-processing)

Self-report diaries, questionnaires issues
- cheap;
- time taking (post-processing)

- correlation w/DLW higher than HR 17



measures
Specific measures

Common questionnaires

- Physical Activity Scale for the Elderly (PASE);

- Baecke questionnaire;

- Five-City questionnaire;

- Tecumseh questionnaire;

- Minnesota Leisure Time Physical Activity Questionnaire (MLTPA);
- Framingham questionnaire;

- Yale Physical Activity Survey (YPAS)

Ainslie et al., 2003
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measures
Specific measures

Pedometry features
- walist;
- ->steps

Pedometer kinds

- electromechanical circuit based;

- electromagnetic circuit based;

- uniaxially accelerometric;

- ankle, shoe 1, 2 uni-, biaxially accelerometric

Pedometry issues
- steps (i.e., most common PA kind m.u.) number;
- Japan standard Max e 3%

19



measures
Specific measures

How many steps/day are enough?
- 10,000 (Hatano, 1993);
- Tudor-Locke et al., 2004:

- <5,000 sedentary lifestyle;
- 5,000 + 7,499 typical daily activity that does not include exercise or sports

and can be defined poorly active;
- 7,500 = 9,999 includes a bit of extra-work (and/or fatiguing work) and can

be defined a little active;
-> 10,000 active lifestyle;
-> 12,500 very active lifestyle

20



measures
Accuracy and precision

Good accuracy, Low accuracy,
poor frueness, poor frueness,
poor precision good precision

21



measures
Accuracy and precision

Good accuracy, Low accuracy,
poor frueness, poor frueness,
poor precision good precision

22



measures
Accuracy and precision

Reference value
A

Probability Accuracy
density b g

< - » Value
Precision

accuracy + precision = frueness

23



measures
Convergent validity

VS. accelerometers;
VS. observation;

vs. HR, V'02, DLW;
vs. self-report diary

Accelerometers
C%dometerD

Observation

Heart rate
telemetry

Diaries

Metabolic
measures

(O Assessment approaches (convergent validity)
(O Theoretically related constructs (construct validity)

Fig. 1. Concentric circles of anticipated concordance between pedometer and other physical activity measures.

Tudor-Locke et al., 2002
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measures

Construct validity

w/age;
w/anthropometry;
w/fitness measures

(O Assessment approaches (convergent validity)
(O Theoretically related constructs (construct validity)

Fig. 1. Concentric circles of anticipated concordance between pedometer and other physical activity measures.

Tudor-Locke et al., 2004
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Pedometer accuracy/validity
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FIGURE 1—Effect of speed on pedometer accuracy (percentage of
actual steps) during treadmill walking.

Crouter et al., 2003
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Pedometer accuracy/validity easures
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FIGURE 2—Effect of speed on pedometer estimates of percentage of
actual distance traveled during treadmill walking.
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Pedometer accuracy/validity easures
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FIGURE 1—Mean difference scores [(comparison — criterion pedom-
eter)/criterion] = SE as a percentage of the criterion estimated steps
over a 24-h period. Positive difference scores represent overestima-
tions, and negative difference scores indicate underestimations of steps
compared with the criterion pedometer.

Schneider et al., 2004
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Pedometer accuracy/validity easures
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FIGURE 1—Mean error scores (actual — pedometer) = SE in number of steps during a 400-m track walk at self-selected speeds. * P < 0.05.
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Pedometer accuracy/validity easures
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FIGURE 2—Effect of BMI (25-29.9 kg'm >, 30-35 kg'm %, and >35
kg‘m %) on the percent of actual steps recorded by the New-Lifestyles
NL-2000 (NL) and Yamax Digiwalker SW-200 (SW). Error bars are

standard deviation. * Significantly different from actual steps; * sig-
nificantly different from the NL (P < 0.05).

Crouter et al., 2005
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