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Definitions of Definitions of physical physical activityactivity
Physical Activity Physical Activity is ”any bodily movementis ”any bodily movement
produced by skeletal muscles that results inproduced by skeletal muscles that results in
energy expenditure”energy expenditure”
The energy cost of physical activity may notThe energy cost of physical activity may not
necessarily be equivalent to body movementnecessarily be equivalent to body movement
ExerciseExercise is ”a specific type of PA that is is ”a specific type of PA that is
planned, structured and repetitive done toplanned, structured and repetitive done to
improve or maintain physical fitness”improve or maintain physical fitness”
Physical fitness Physical fitness is ”a set of attributes eitheris ”a set of attributes either
health- or performance related” and is health- or performance related” and is notnot
synonymous with physical activitysynonymous with physical activity



Why bother to measure physicalWhy bother to measure physical
activity better ?activity better ?

•• To estimate the true effect sizeTo estimate the true effect size
•• To specify which dimension of physicalTo specify which dimension of physical

activity is of most importance for aactivity is of most importance for a
particular health outcomeparticular health outcome

•• To make cross-cultural comparisonsTo make cross-cultural comparisons
•• To monitor temporal trends withinTo monitor temporal trends within

populationspopulations
•• To measure the effect of interventionsTo measure the effect of interventions
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ValidityValidity of  of physicalphysical activity activity
assessment methodsassessment methods

Does the Does the methodmethod
measure whatmeasure what it is it is
supposedsupposed to  to measuremeasure??
Direct validationDirect validation: Provides: Provides
measures of energy cost,measures of energy cost,
types, and patterns oftypes, and patterns of
bodybody movement and/or movement and/or
physiological responses tophysiological responses to
bodybody movement movement
Indirect validationIndirect validation: : UsingUsing
mmeasureseasures that  that is is likelylikely to to
reflect habitual physicalreflect habitual physical
activity; i.e. fitness, bodyactivity; i.e. fitness, body
compositioncomposition

Self-report Methods
• Questionnaires
• Activity Diaries

Objective Methods
• HR monitoring
• Accelerometry

Criterion methods
•Indirect calorimetry

•Doubly Labelled Water 



Validity terminology IValidity terminology I

•• Criterion validityCriterion validity: : 

a questionnaire is validated against ana questionnaire is validated against an
objective method. objective method. 
The relationship is frequently reportedThe relationship is frequently reported
as a correlation coefficient (Pearson, as a correlation coefficient (Pearson, 

Spearman)Spearman)



Validity terminology IIValidity terminology II

•• Absolute validityAbsolute validity: : 

•• The absolute outcome (i.e. EE or timeThe absolute outcome (i.e. EE or time
spent in activity) is compared to data fromspent in activity) is compared to data from
an objective instrument which provides thean objective instrument which provides the
same outcome measure. same outcome measure. 
The association is usually reported as theThe association is usually reported as the
degree of agreement (Bland and Altmandegree of agreement (Bland and Altman
method).method).



Validity terminology IIIValidity terminology III
•• Concurrent validityConcurrent validity: : 

A questionnaire is compared to anotherA questionnaire is compared to another
sselfelf--reportreport instrument (i.e. diary or another instrument (i.e. diary or another
questionnaire).questionnaire).
Although a high correlation between twoAlthough a high correlation between two
subjective instruments suggest validity,subjective instruments suggest validity,
thethe  instruments are not of a different typeinstruments are not of a different type
and may be subject to correlated error.and may be subject to correlated error.



Self-Self-Report MethodsReport Methods

QuestionnairesQuestionnaires

Activity Activity DiariesDiaries

Recall interviewsRecall interviews



Questions to be asked of anyQuestions to be asked of any
questionnairequestionnaire

•• What true exposure is it trying to assess ?What true exposure is it trying to assess ?
•• What is the frame of reference of theWhat is the frame of reference of the

questionnaire ?questionnaire ?
•• Is the validation sample representative of theIs the validation sample representative of the

study population?study population?
•• Has the questionnaire been validated againstHas the questionnaire been validated against

an appropriate comparison method ?an appropriate comparison method ?
•• Is the instrument reliable?Is the instrument reliable?



PAQsPAQs used in the general population used in the general population
Aerobic CenterAerobic Center  Longitudinal Study PAQLongitudinal Study PAQ
Baecke Baecke PAQPAQ
Bouchard 3-day physical activity recordBouchard 3-day physical activity record
CARDIA physical activity historyCARDIA physical activity history
Framingham Physical activity indexFramingham Physical activity index
GodinGodin Leisure-time exercise questionnaire Leisure-time exercise questionnaire
HIP activity questionnaireHIP activity questionnaire
Historical leisure activity questionnaireHistorical leisure activity questionnaire
KuopioKuopio Ischemic Heart Disease Study Q’s Ischemic Heart Disease Study Q’s
Lipid research clinics questionnaireLipid research clinics questionnaire
Minnesota Leisure-time PAMinnesota Leisure-time PA
Modifiable ActivityModifiable Activity  QuestionnaireQuestionnaire
PaffenbargerPaffenbarger Physical Activity Questionnaire Physical Activity Questionnaire
Seven-Day Physical Activity RecallSeven-Day Physical Activity Recall
Stanford Usual Activity QuestionnaireStanford Usual Activity Questionnaire
Tecumseh Occupational PAQTecumseh Occupational PAQ

SourceSource: : Kriska Kriska & & CaspersonCasperson, MSSE, 1997, MSSE, 1997



CollectsCollects information on last- information on last-
yearyear PA in 4 different  PA in 4 different domainsdomains
••  DOMESTICDOMESTIC
•• OCCUPATIONAL OCCUPATIONAL
•• TRAVEL TRAVEL
•• RECREATIONAL RECREATIONAL   

(www.(www.srlsrl..camcam..acac..ukuk//epicepic//questionnairesquestionnaires/epaq2)/epaq2)

Validity Validity of the EPIC of the EPIC physical physical activity activity 
questionnairequestionnaire (EPAQ2) (EPAQ2)

SourceSource: : Wareham Wareham et al. et al. IJEIJE, 2002, 2002



Reliability Reliability of EPAQ2of EPAQ2

0.780.780.750.75TV time (hr/wk)TV time (hr/wk)

WomenWomen
(n=212)(n=212)

MenMen
(n=187)(n=187)

0.740.740.770.77

0.370.370.570.57Activity at work (MET-hr/wk)Activity at work (MET-hr/wk)

0.640.640.690.69Recreational activity (MET-hr/wk)Recreational activity (MET-hr/wk)

0.410.410.750.75Vigorous activity (hr/wk)Vigorous activity (hr/wk)

0.720.720.740.74Physical activity index (MET-hr/wk)Physical activity index (MET-hr/wk)

Activity at home (MET-hr/wk)Activity at home (MET-hr/wk)

Source:Source: Wareham et al.  Wareham et al. IJEIJE 2002 2002

Reliability coefficientsReliability coefficients



ValidityValidity of EPAQ2 of EPAQ2

0.150.15‡‡0.280.28§§Physical activity index  (MET-hr/wk)Physical activity index  (MET-hr/wk)

0.160.16‡‡0.010.01Vigorous activity (hr/wk)Vigorous activity (hr/wk)

0.160.16‡‡0.130.13Recreational activity (MET-hr/wk)Recreational activity (MET-hr/wk)

0.010.010.170.17‡‡Activity at work (MET-hr/wk)Activity at work (MET-hr/wk)

-0.09-0.09-0.04-0.04Activity at home (MET-hr/wk)Activity at home (MET-hr/wk)
-0.19-0.19‡‡-0.07-0.07TV viewing (hr/wk)TV viewing (hr/wk)

VOVO2max2max (ml/min/kg) (ml/min/kg)PAEE (kJ/hr)PAEE (kJ/hr)

Source:Source: Wareham et al.  Wareham et al. IJEIJE 2002 2002



ReliabilityReliability and  and ValidityValidity of the of the
International International PhysicalPhysical Activity Activity

QuestionnaireQuestionnaire (IPAQ) (IPAQ)

(www.(www.ipaqipaq..kiki.se).se)

• 8 forms8 forms
•• 14  14 centres centres in 12 in 12 countriescountries
••  Test-Test-retest reliability retest reliability (n=2632)(n=2632)
••  Criterion validity Criterion validity (n=1854)(n=1854)
••  Accelerometry Accelerometry as as comparisoncomparison
    instrumentinstrument



Test-Test-retest Reliability retest Reliability of IPAQof IPAQ

All forms demonstrated a acceptable to excellentAll forms demonstrated a acceptable to excellent

test-retest reliability (test-retest reliability (rr = 0.7 – 0.95) = 0.7 – 0.95)

0 7 11-13

AccelerometryAccelerometry IPAQIPAQ IPAQIPAQ

DaysDays

SourceSource: Craig et al, : Craig et al, MSSE MSSE 20032003



Criterion validityCriterion validity of IPAQ in  of IPAQ in comparison comparison 
with with other questionnaires other questionnaires 

IPAQ*IPAQ*     SDR    SDR           MNLTPAMNLTPA     Baecke        Baecke        MOSPAMOSPA               GodinGodin
  CSACSA   Caltrac     Caltrac       CaltracCaltrac     Caltrac       Caltrac, LSI      , LSI      Caltrac             CaltracCaltrac             Caltrac

S7T   .07S7T   .07

SUT  .42SUT  .42

S7S   .25S7S   .25

SUS  .30SUS  .30

L7T   .36L7T   .36

LUT  .33LUT  .33

L7S   .33L7S   .33

LUS  .21LUS  .21

  .33.33      .21     .21             .17, .32            .17, .32           .30          .30        .45       .45

Short Short forms = 0.32forms = 0.32
Long forms = 0.36Long forms = 0.36

Overall Overall correlations correlations IPAQIPAQ

SourceSource: Craig et al, : Craig et al, MSSE MSSE 20032003



SummarySummary; ; QuestionnairesQuestionnaires
Reliability; usually good to excellentReliability; usually good to excellent
Criterion validity; poor to moderate (althoughCriterion validity; poor to moderate (although
significant)significant)
Absolute validity; questionableAbsolute validity; questionable
Questionnaires provide prevalence estimates ofQuestionnaires provide prevalence estimates of
physical activityphysical activity
Questionnaires provide the possibility to categoriseQuestionnaires provide the possibility to categorise
respondents into activity categoriesrespondents into activity categories
Questionnaires provide a poor measure of theQuestionnaires provide a poor measure of the
absolute time spent at different intensity levels andabsolute time spent at different intensity levels and
the associated energy expenditurethe associated energy expenditure
Questionnaires should be used with caution inQuestionnaires should be used with caution in
childrenchildren
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AssessmentAssessment of  of body movement basedbody movement based
on on accelerometryaccelerometry

Principle:Principle:  
Direct measureDirect measure of  of body movementbody movement (acceleration). (acceleration).
When a person moves, the body is accelerated When a person moves, the body is accelerated iinn
relation to the muscular forces responsible for therelation to the muscular forces responsible for the
acceleration of the body, and acceleration of the body, and in in theory theory to EE.to EE.
The acceleration The acceleration cancan be  be measuredmeasured in  in one one 

((verticalvertical), ), twotwo ( (verticalvertical + medio-lateral) or  + medio-lateral) or three three 
((verticalvertical + medio-lateral+ + medio-lateral+anterioranterior--posteriorposterior) ) directionsdirections..
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PhysicalPhysical activity  activity assessmentassessment by the MTI by the MTI
Actigraph accelerometerActigraph accelerometer

•• Provide a detailed description of Provide a detailed description of
   activity patterns   activity patterns
•• User specific epoch intervals User specific epoch intervals
•• Excellent data storage capacity Excellent data storage capacity
•• Extensively validated Extensively validated

•• EE from complex movements are EE from complex movements are
   not reflected by acceleration of the    not reflected by acceleration of the 
   body (i.e. bicycling, upper body work,   body (i.e. bicycling, upper body work,
   walking up/down, carrying goods etc.)   walking up/down, carrying goods etc.)
•• Accelerometer data needs careful  Accelerometer data needs careful 
   interpretation   interpretation



ExamplesExamples of  of validationvalidation studies studies
using shortusing short-term -term protocolsprotocols

REFERENCEREFERENCE           PURPOSEPURPOSE
•• TrostTrost  et alet al. MSSE (1998) . MSSE (1998)      -      - ValidityValidity, (, (treadmilltreadmill, , childrenchildren))
•• FreedsonFreedson  et alet al. MSSE (1998). MSSE (1998)      -      - ValidityValidity, , cutcut--offsoffs ( (treadmilltreadmill, , adultsadults))
•• EstonEston  et alet al. JAP (1998). JAP (1998)      -      - ValidityValidity, (, (various activitiesvarious activities, , childrenchildren))
•• HendelmanHendelman  et alet al. MSSE (2000). MSSE (2000)      -      - ValidityValidity, , cutcut--offsoffs ( (various activitiesvarious activities, , adultsadults))
•• Swartz Swartz et alet al. MSSE (2000) . MSSE (2000)      -      - ValidityValidity, , cutcut--offsoffs ( (various activitiesvarious activities, , adultsadults))
•• WelkWelk  et alet al. MSSE (2000) . MSSE (2000)                -      - ValidityValidity, (, (treadmilltreadmill, , adultsadults))
•• Nichols Nichols et alet al. RQES (2000) . RQES (2000)      -      - ValidityValidity, , cutcut--offsoffs ( (tradmilltradmill +  + tracktrack, , adultsadults))
•• Nilsson Nilsson et alet al. . Ped Exer SciPed Exer Sci (2002) (2002)      -      - Epoch lengthEpoch length, (fre-, (fre-livingliving, , childrenchildren))
•• Ekelund Ekelund et alet al. . Clin PhysiolClin Physiol (2002) (2002)      -      - ValidityValidity, , cutcut--offsoffs ( (tradmilltradmill, CHD patients), CHD patients)
•• PuyauPuyau  et alet al. . ObesObes Res (2002) Res (2002)      -      - ValidityValidity, , cutcut--offsoffs, (, (various activitiesvarious activities, , childrenchildren))
•• Yngve Yngve et alet al. MSSE (2003). MSSE (2003)      - Placement (     - Placement (tradmilltradmill//tracktrack, free-, free-livingliving, , adultsadults))
•• Brage Brage et alet al. MSSE (2003). MSSE (2003)                -      - ValidityValidity, (, (tradmilltradmill +  + tracktrack, , adultsadults))
•• Brage Brage et alet al. . Ped Exer SciPed Exer Sci (2003) (2003)      -      - ValidityValidity, (, (tracktrack, , childrenchildren))
•• ReillyReilly  et alet al. . ObesObes Res (2003) Res (2003)      -      - CutCut--off sedentaryoff sedentary, (free-, (free-livingliving, , childrenchildren))



Cut-off points for different intensityCut-off points for different intensity
levelslevels

ACTIVITY CUT-OFF POINTSACTIVITY CUT-OFF POINTS
(example: 10 y)(example: 10 y)

TrostTrost  et alet al PuyauPuyau  et alet al
Sedentary (Sedentary (cntscnts..minmin-1-1)) < 800< 800
Light (Light (cntscnts..minmin-1-1)) < 906< 906  801 - 3200 801 - 3200
Moderate (Moderate (cntscnts..minmin-1-1) ) 906 – 3700 906 – 3700 3200 – 81993200 – 8199
Vigorous (Vigorous (cntscnts..minmin-1-1) ) > 3700> 3700 > 8200> 8200

METsMETs = 0.0015  = 0.0015 cntscnts..minmin-1-1 – 0.08957 age (yrs) – 0.000038  – 0.08957 age (yrs) – 0.000038 cntscnts..minmin-1 .-1 .

age (yrs) + 2.757age (yrs) + 2.757
((TrostTrost et al,  et al, MSSEMSSE, 2002), 2002)

PAEE (kcalPAEE (kcal..kgkg-1.-1.minmin-1-1) =  0.000010 ) =  0.000010 cntscnts..minmin-1-1 + 0.0183 + 0.0183
          ((PuyauPuyau  et alet al, , Obes ResObes Res, 2002), 2002)



Application of different ‘cut-off’ pointsApplication of different ‘cut-off’ points

Time spent in MVPATime spent in MVPA
in 9-10 year oldin 9-10 year old
children (n = 1324)children (n = 1324)
from the EYHS studyfrom the EYHS study
((RiddochRiddoch  et alet al. MSSE, 2004). MSSE, 2004)

according to twoaccording to two
different publisheddifferent published
cut-off pointscut-off points
How to concludeHow to conclude
whether children arewhether children are
active or not?active or not?
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Validity of a laboratory derived PAEEValidity of a laboratory derived PAEE
equationequation

26 children (9-10 y),26 children (9-10 y),
simultaneous measurementssimultaneous measurements
of TEE by DLW and bodyof TEE by DLW and body
movement by movement by accelerometryaccelerometry
Mean difference: 11.4 Mean difference: 11.4 ±±7.07.0
kcalkcal..kgkg-1.-1.dd-1 -1 (P < 0.0001)(P < 0.0001)
Limits of agreement: + 25.4Limits of agreement: + 25.4
andand  ––2.6 kcal2.6 kcal..kgkg-1.-1.dd-1-1

rr = -0.90 (P < 0.0001) = -0.90 (P < 0.0001)

The laboratory derived PAEEThe laboratory derived PAEE
equation overestimated free-equation overestimated free-
living PAEE by ~47%living PAEE by ~47%
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SourceSource: Ekelund et al. : Ekelund et al. LancetLancet, 2004;363:1163, 2004;363:1163



Summary of laboratory basedSummary of laboratory based
validation studiesvalidation studies

Strong association (Strong association (rr > 0.75) between EE and activity > 0.75) between EE and activity
counts in controlled settingscounts in controlled settings
EE prediction equations and thus, cut-off points forEE prediction equations and thus, cut-off points for
different intensity levels, differ depending on thedifferent intensity levels, differ depending on the
calibration activities performed and the setting of thesecalibration activities performed and the setting of these
activitiesactivities
Published cut-off points are highly variable, rangingPublished cut-off points are highly variable, ranging
from 190 from 190 cntscnts..minmin-1-1 ( (HendelmanHendelman  et alet al. MSSE, 2000) to. MSSE, 2000) to
> 3000 > 3000 cntscnts..minmin-1-1 ( (PuyauPuyau  et alet al. 2002) for moderate. 2002) for moderate
intensity activityintensity activity
Prediction equations established in the laboratory arePrediction equations established in the laboratory are
not valid for free-living PAEE predictionnot valid for free-living PAEE prediction



SummarySummary; Activity Monitors; Activity Monitors

Extensively validatedExtensively validated
Applicable to children and adultsApplicable to children and adults
Provide data on patterns of physical activityProvide data on patterns of physical activity
Valid for assessing the total amount of PAValid for assessing the total amount of PA
Cut-off points are arbitraryCut-off points are arbitrary
Laboratory based EE prediction equationsLaboratory based EE prediction equations
are not valid for free-livingare not valid for free-living
Applicable in relatively large studies (n=4000)Applicable in relatively large studies (n=4000)
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Heart Heart Rate MonitoringRate Monitoring
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PrinciplePrinciple::
Linear relationship between Linear relationship between heart heart rate rate and and energy expenditureenergy expenditure
during steady state work loads during steady state work loads with with large muscle groupslarge muscle groups



The FLEX HR The FLEX HR MethodMethod
((Spurr Spurr et alet al. 1988). 1988)
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Calculation of TEE from HRMCalculation of TEE from HRM

TEE = TEE = EEsleepEEsleep +  + EErestEErest + +
EEactEEact
EEsleepEEsleep = BMR = BMR
EErestEErest = REE (HR < FLEX = REE (HR < FLEX
HR)HR)
EEactEEact = EE from regression = EE from regression
equations (HR equations (HR ≥≥ FLEX HR) FLEX HR)
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TEE DLW (MJ / d)
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The relationship between TEE measured by theThe relationship between TEE measured by the
DLW-method and estimated by the FLEX HRDLW-method and estimated by the FLEX HR

methodmethod

rr = 0.90,  = 0.90, PP < 0.001 < 0.001
rr = 0.88;  = 0.88; PP < 0.001 < 0.001  

SourceSource::  Ekelund et al. Ekelund et al. MSSEMSSE; 2002;34:1360-66; 2002;34:1360-66))



SummarySummary; Heart ; Heart Rate monitoringRate monitoring

The FLEX HR The FLEX HR method method is is extensively validatedextensively validated
in in adultsadults, , children athleteschildren athletes, and , and obeseobese
Applicable Applicable in in relatively large relatively large studies (n = 1000)studies (n = 1000)
Provide Provide data on EE and data on EE and pattern pattern of PAof PA
Require individual calibrationRequire individual calibration
HR is HR is affected affected by by other factors than other factors than PAPA



The next generation of free-livingThe next generation of free-living
physical activity assessmentphysical activity assessment

AccelerometryAccelerometry has has
limitations (e.g. bicycling,limitations (e.g. bicycling,
carrying goods, walkingcarrying goods, walking
uphill etc.)uphill etc.)
Heart rate monitoring hasHeart rate monitoring has
limitations (e.g. elevatedlimitations (e.g. elevated
HR due to stress andHR due to stress and
environmental factors)environmental factors)
Measurement errors fromMeasurement errors from
the two methods are notthe two methods are not
positively correlatedpositively correlated
Combination of movementCombination of movement
and HR-monitoringand HR-monitoring
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The next generation of free-livingThe next generation of free-living
physical activity assessmentphysical activity assessment

ActiheartActiheart is a combined HR is a combined HR
and movement sensorand movement sensor
(8 g, waterproof) currently(8 g, waterproof) currently
being validated being validated (submitted).(submitted).

It will combine theIt will combine the
advantages of bodyadvantages of body
movement and HR formovement and HR for
prediction of PAEE duringprediction of PAEE during
free-living conditions usingfree-living conditions using
branched PAEE predictionbranched PAEE prediction
equation modelling.equation modelling.
((BrageBrage  et alet al, JAP, 2004), JAP, 2004)



SUMMARYSUMMARY
The choice of a method is a trade off betweenThe choice of a method is a trade off between
the research question, the availablethe research question, the available
resources and feasibilityresources and feasibility
Valid objective methods are now availableValid objective methods are now available
which can be used in relatively large scalewhich can be used in relatively large scale
epidemiological studies (nepidemiological studies (n~5000)~5000)
Precise methods are needed in order toPrecise methods are needed in order to
quantify dose-response relationships, gene-quantify dose-response relationships, gene-
environment interactions, and longitudinalenvironment interactions, and longitudinal
changes in activity patternschanges in activity patterns
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