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Physical activity has a fundamental role in the prevention and treatment of chronic disease. The precise measurement

of physical activity is key to many surveillance and epidemiological studies investigating trends and associations

with disease. Public health initiatives aimed at increasing physical activity rely on the measurement of physical activity

to monitor their effectiveness. Physical activity is multidimensional, and a complex behaviour to measure; its various

domains are often misunderstood. Inappropriate or crude measures of physical activity have serious implications, and

are likely to lead to misleading results and underestimate effect size. In this review, key definitions and theoretical

aspects, which underpin the measurement of physical activity, are briefly discussed. Methodologies particularly suited

for use in epidemiological research are reviewed, with particular reference to their validity, primary outcome measure

and considerations when using each in the field. It is acknowledged that the choice of method may be a compromise

between accuracy level and feasibility, but the ultimate choice of tool must suit the stated aim of the research. A framework

is presented to guide researchers on the selection of the most suitable tool for use in a specific study. Eur J Cardiovasc

Prev Rehabil 17:127–139 �c 2010 The European Society of Cardiology
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Introduction
There is abundant evidence from both observational and

clinical studies that moderate exercise is protective in the

development of cardiovascular disease and atherosclerosis

and many other chronic diseases [1,2]. Increasing

physical activity is a key component of recommendations

to decrease morbidity and mortality [3]. Monitoring

physical activity levels is important for surveillance and

for assessing the effectiveness of interventions or public

health initiatives aimed at increasing physical activity.

Investigation of the dose–response relationship between

physical activity and health outcomes is dependent on a

reliable and valid responsive assessment of physical

activity [4]. Assessing physical activity is fraught with

difficulties as it is multidimensional, and no single

method can capture all subcomponents and domains in
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the activity of interest. Crude measures of physical

activity may have led to inconsistent and false-negative

results for the association of physical activity (or

inactivity) and disease risk in epidemiological studies

[5]. Apart from improved measurement techniques,

a number of issues would help to improve the assessment

of physical activity, these include: well thought out

research questions, an understanding of the dimensions

of physical activity and related terminology, and the

selection of the most appropriate tool(s) to measure the

subcomponent(s) of interest. The aim of this study was

to address these issues and provide researchers and

clinicians with a framework when selecting a method

to measure physical activity. From the outset it is

acknowledged that the perfect assessment method does

not exist; selection of a method must be based on careful

consideration of its pros and cons, indications for use

and the evidence to support it. In this review, special

emphasis will be given to methodologies suitable

for epidemiological studies and related theoretical issues

(reliability and validity) will also be introduced.

Finally, we will provide recommendations on different

assessment methods for different types of studies.

Definitions
Physical activity and fitness

Physical activity is a different concept to physical fitness

[6], although the two are often related. Physical activity

has been defined as ‘any bodily movement produced by

skeletal muscles that results in caloric expenditure’ [7].

Therefore, physical activity is commonly described by the

following four dimensions: (i) frequency – ‘the number of

events of physical activity during a specific time period’;

(ii) duration – ‘time of participation in a single bout of

physical activity’; (iii) intensity – ‘physiological effort

associated with participating in a special type of physical

activity’; and (iv) type of activity [7]. Any assessment

of physical activity should ideally measure all of these

dimensions and account for day-to-day variation [8].

Three of these dimensions (i.e. intensity, frequency and

duration) of physical activity are fundamental because

their assessments provide the ability to calculate energy

expenditure (EE) associated with physical activity.

It is assumed that in healthy normal-weight individuals

at rest, the body oxygen consumption is approximately

3.5 ml/kg per min which equates to approximately

1kilocalorie (kcal)/kg/h as 1 l of O2 has an energy cost of

approximately 5 kcal. This basal rate of oxygen consump-

tion and associated calorie cost is said to be 1 metabolic

equivalent (or 1 MET) and other activities can be

expressed as multiples of 1 MET: in healthy adults,

activities in the range of 1.8–2.9 MET are considered low

intensity; 3.0–5.9 MET moderate intensity and Z 6.0

MET considered as vigorous intensity. A compendium

of physical activities and their associated MET values

has been published for adults and recently for children

and they are frequently used to ascribe intensities in

the analysis of self-report measures of physical activity

[9,10]. The assumptions underlying METs are not valid

for children as they have a higher oxygen consumption

relative to body mass at rest [11], and it does not hold

for other groups such as obese people in which oxygen

consumption expressed in relation to body weight

is lower than in normal-weight individuals [12], and

elderly people in which the basal metabolic rate is usually

lower [13,14].

When assessing physical activity, the day-to-day and

seasonal variability need consideration as they may influ-

ence on the number of days measured. Finally, researchers

might be interested in which domain activity takes place.

The domains of activity are usually defined as the

household or domestic domain, the occupational domain,

the transportation domain and the leisure time domain.

Exercise (or exercise training) is a component of leisure

time physical activity, and is where planned, structured

and repetitive bodily movements are performed to

improve or maintain one or more components of physical

fitness [7,15].

In contrast, physical fitness comprises cardiorespiratory

endurance (assessed by either measured or estimated

VO2max), muscle endurance and muscle strength, both of

which are specific to a muscle group and must therefore

be measured individually. Flexibility, balance, agility and

coordination are additional components of physical fit-

ness [6,16]. An important distinction between physical

activity and fitness is the intraindividual day-to-day

variability; physical activity will undoubtedly vary on a

daily basis, whereas fitness will remain relatively static,

taking time to change. It is physical activity rather than

physical fitness that is the subject of this review.

Reliability, validity and responsiveness

Three key concepts must be understood when consi-

dering the accuracy and precision of any measurement

technique, that is, reliability, validity and responsiveness.

One aspect of reliability is the reproducibility of a

method, that is, the same results are obtained when the

method is used by different independent assessors.

Reliability is a prerequisite to validity. Validity refers to

the ability of a measure to measure what it is supposed to

measure. Criterion validity is when a method is validated

against an objective method or gold standard method;

the relationship is frequently reported as a correlation

coefficient (Pearson or Spearman). Absolute validity is

when the absolute outcome, for example EE or time

spent in activity, is compared with the same result

obtained by an objective instrument. Relative validity

is when an instrument is validated against a similar
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instrument. An example of relative validity is when

a questionnaire is compared with another self-report

instrument. Relative validity may be misleading, as a high

correlation between two self-report instruments does not

mean either method is valid as they may be subject to

correlated error. The name of these different validities

may differ between papers, but these definitions of the

concepts are universal. Ideally, validity should be re-

ported as the degree of agreement between methods [17],

because correlation coefficients may be misleading [18].

A reliable questionnaire that overestimates physical

activity to a large extent may correlate highly with an

objective physical activity; these two measurements

correlate but disagree. This questionnaire is considered

valid to rank individuals (validity at the population

level) but is not valid to measure physical activity with

an absolute score (lack of validity at the individual

level). Usually, self-reported instruments such as ques-

tionnaires show moderate to good reliability, poor

to moderate criterion validity (i.e. correlation coefficients

of about r = 0.30 to 0.40), whereas absolute validity is

often poor.

Responsiveness (sometimes called sensitivity) refers

to the ability of an instrument to detect change over time.

Reliability and validity are requirements for responsiveness.

A commonly used index of responsiveness is the effect size

for paired differences. For example, a reliable and valid

instrument that aims only to categorize people into broad

categories of physical activity, for example low, moderate

or high, may not be considered a sensitive instrument to

detect subtle changes in activity over time.

Physical activity and energy expenditure

Physical activity energy expenditure (PAEE) is the most

variable component of total energy expenditure (TEE),

typically accounting for 15–30% of TEE. However,

in extremely active individuals, PAEE may constitute

60–70% of TEE. As mentioned above, physical activity

is undertaken in several domains all of which contribute

to an individual’s overall level of activity. It is widely

accepted, although not empirically shown, that modern

advances in technology, labour-saving devices and trans-

port have resulted in a decrease in EE in all aspects of

life [19]. It is not clear as to which domain contributes

most to PAEE, and for many in the developed world,

occupational physical activity is minimal [20]. If TEE

is measured by doubly labelled water (DLW) or through

direct or indirect calorimetry, the actual contribution

of physical activity to EE can be calculated by subtracting

resting metabolic rate from TEE. The accuracy of this

is enhanced if a measure of resting metabolic rate is made

rather than relying on estimates using standard equations.

Indirect calorimetry measures oxygen consumption and

provides an accurate measure of EE during rest and

physical activities of varying intensities.

Overview of methods

The methods of assessing free-living physical activity or

related EE can be summarized as:

(1) Self-report – questionnaires; diaries; logs; recalls.

(2) Objective measures – motion sensors: accelerometers

and pedometers; heart rate (HR) monitoring; direct

observation; and DLW.

These methods vary in the measured variables and

therefore in their primary outcomes. However, it is

possible to estimate EE from most of these methods

either as the primary or secondary outcome (Table 1).

These methods have been substantially reviewed else-

where [21–24].

Roughly, the cost of an assessment method is inversely

proportional to its accuracy; for example, self-report

methods are the least expensive methods to administer

and the least accurate, in contrast to, for example, room

calorimetry, which is a highly accurate method of

measuring EE in a controlled setting but expensive and

bothersome. All methods should have a standard operat-

ing procedure that covers device initialization (if appro-

priate), subject administration or instruction, measures

to ensure compliance and data handling. This review

will focus on methods that can be applied in large scale,

population-based studies and include self-report, and

body motion sensing by accelerometry, HR monitoring

and pedometry.

Self-reports

Self-report instruments are the most widely used tools to

assess physical activity and include self or interviewer-

administered (face-to-face or by phone) questionnaires,

recalls and activity diaries [25]. Self-report method is the

cheapest and easiest way to collect physical activity data

from a large number of people in a short time. There are

numerous limitations to self-reported methods, which

include: difficulties in ascertaining the frequency, dura-

tion and intensity of physical activity, capturing all

domains of physical activity, social desirability bias and

the cognitive demands of recall [25]. The sequential

cognitive processes underlying the storage of memories

have been described [26] along with models explaining

their retrieval [27], illustrating the complexity of the task

especially to report durations. These issues along with

problems with reliability, validity and sensitivity have

been comprehensively summarized [28]. However, struc-

tured questionnaires provide an assessment of physical

activity by domains, which is not obtained when using

objective measurement of physical activity and may have

the potential to provide valid estimates of PAEE and time

spent at different intensity levels on group level.
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Commonly used self-report measures of physical activity

and their associated validation studies were synthesized

and published in a comprehensive journal supplement

10 years ago [29]. This collection includes the Baecke

Physical Activity Questionnaire, the Godin Shepard

Leisure Time Questionnaire, Paffenbarger Physical

Activity Questionnaire. Bouchard’s Activity Diary and

the recall developed by Sallis [30,31]. Other important

questionnaires have recently been developed which merit

particular mention. The first is the International Physical

Activity Questionnaire (IPAQ), which is available in a

short form for surveillance, and in a longer form when

more detailed physical activity information is required,

both forms are available in a number of languages. The

questionnaire was rigorously tested for reliability and

validity [32] and this has been replicated in a number of

Table 1 Overview of methods used to assess physical activity with reference to outcomes, validity and indications for use

Method Measurement
Primary (11) and secondary

(21) outcomes

Validity for
assessing primary

outcome and energy
expenditure (EE) Study sample and resources Appropriate research aim

Doubly labelled
water

CO2 production 11 – total energy expenditure 11– valid Suitable for all populations
Moderate respondent burden

Expensive

Precise measure of TEE does
not provide information about

the intensity, frequency, or
duration of PA

Accelerometry Acceleration of the
body or body

segments in one or
more directions

11– acceleration
21– estimates of the

intensity, frequency and
duration of body movement

11– valid
Validity for

measuring PAEE
varies between

monitors and types
of activities. Valid at

group level for
free-living PAEE

estimates

Suitable for all populations
Low respondent burden

Relative ease of data collection
Software packages have

improved, simplifying analysis
Monitors have become cheaper

making them feasible for
large-scale studies

An objective measure of overall
PA and time spent in activities

of varying intensities, and
provides an indicator

of frequency and duration
of activities

Heart rate
monitoring

Heart rate i.e. beats
per minute

11– heart rate; intensity,
frequency and duration of

MVPA–VPA
21– PAEE estimated using

regression equations
derived from individual or

group calibration

11– valid
Valid at group

level for
estimating energy

expenditure for
higher intensity

activities,
improved by using

individual
calibration

Suitable for all populations
Low respondent burden for short

wearing times but may be
problematic over longer periods

Easy and quick for data
collection and analysis

Relatively cheap

An objective measure of PAEE
and of time spent in different

intensities of activity, also
provides an indicator of

frequency and duration of these
activities

Combined heart
rate and
accelerometer
devices

Acceleration of body
and heart rate

11– acceleration and heart
rate; PAEE, intensity,

frequency and duration of PA

11– valid
Valid for

estimating PAEE
at group level,
evidence for

validity in
individuals
emerging

Suitable for all populations
Low respondent burden

Relative ease of data collection
Data analysis relatively complex

Monitors relatively expensive, but
are likely to become

cheaper and have been used in
large-scale studies

An objective measure of time
spent in activities of varying
intensities, and provides an
indicator of frequency and

duration of activities
Evidence suggests suitable to

measure PAEE

Pedometry Step count 11– number of steps taken 11– valid
Not valid to

estimate EE during
free living

Suitable for all populations;
children may tamper or alter

behaviour in response to readings
in an open box monitor
Low respondent burden

Ease of data collection and
analysis
Cheap

Suitable to measure steps taken
during walking

Direct observation Categorization of
activity

11– number of bouts and time
spent in activities of varying

intensity
21– estimates of energy

expenditure by ascribing MET
values

11– valid
to estimate PAEE

Traditionally been used in
paediatric studies

Software programs now available
to ease data collection and

recording
No respondent burden

Expensive as labour intensive

Detailed quantitative and
qualitative information on PA

undertaken for a specific time
frame

Self-report Time spent in different
types of activities with

varying
intensities

Time allocated to
different domains of

activity

11 – number of bouts and
time spent in activities of
varying intensities 21 –

energy expenditure
estimated by ascribing METs

to reported activities for
specified durations

11 – valid
Not valid to

estimate EE at
individual level;

varying validity for
categorizing

individuals into
groups; and for

ranking of
individuals

Suitable for all populations; proxy
reporters required for children and

possibly the older person
Low respondent burden

Ease of data collection and
analysis
Cheap

Provides information on
intensity, frequency, duration of
activities and the domain(s) of

activity
Some tools provide

qualitative information (types of
activities)

Surveillance tool

EE, energy expenditure; MET, metabolic equivalent; MVPA, moderate and vigorous physical activity; PA, physical activity; PAEE, physical activity energy expenditure; TEE,
total energy expenditure; VPA, vigorous physical activity.
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countries. In the Netherlands, the Short Questionnaire to

Assess Health enhancing physical activity (Squash) was

developed and tested for reproducibility and relative

validity [33]. The Global Physical Activity Questionnaire

(GPAQ) was developed under the auspices of the World

Health Organisation and it collects information on

participation in physical activity in three domains: activity

at work, travel to and from places and recreational

activities. Both the IPAQ and the GPAQ were developed

for surveillance studies and the GPAQ more specifically

for surveillance studies in developing countries. These

instruments are not recommended for other purposes.

Other questionnaires aiming at measuring the dose of

physical activity by domains have been developed for

investigative purposes. One of them is the EPIC Physical

Activity Questionnaire 2 (EPAQ2), which has been

developed and validated in England [34]. The Recent

Physical Activity Questionnaire (RPAQ) developed from

the EPAQ2 with a shorter time frame of 1 month instead

of 1 year is currently under validation with promising

results [35].

The Flemish Physical Activity Computerized Question-

naire (FPACQ) in employed/unemployed and retired

people was developed in Belgium to assess detailed

information on several dimensions of physical activity and

sedentary behaviour over a usual week. A recent

validation study concluded that the FPACQ is a reliable

and reasonably valid questionnaire for assessing different

dimensions of physical activity and sedentary behaviour

[36]. Recently, a review of measures of television viewing

time and other nonoccupational sedentary behaviour in

adults concluded that this questionnaire has the stron-

gest results for reliability and validity of any current

measure of leisure-time sedentary behaviour [37].

The use of computerized questionnaires has several

advantages compared with written surveys and can offer

enormous possibilities in large-scale epidemiological stu-

dies [38]. An electronic survey can easily be standardized

but at the same time is flexible, including explanatory

material, prompts, error correction, menus, branches and

skips. It is also cost and time saving because of the

immediacy of data entry, elimination of coding errors, and

offers the possibility of immediate scoring, reporting and

interpreting of results. Moreover, because no written

records exist, respondents also have a greater feeling of

privacy and anonymity, giving rise to more honest

reporting of sensitive information or reducing the amount

of social desirability in the answer [39]. Finally, computer

networks and the Internet allow large numbers of

individuals to take the questionnaire at the same time

[40]. Currently, apart from the FPACQ, the literature

reveals only three studies in children or adolescents

[41–43] and one study in adults [44] concerning the

reliability and validity of computerized physical activity

questionnaires. As part of the ongoing InterAct study,

(www.inter-act.eu) work is underway to assess the validity

and reliability of a computerized RPAQ in 2000 adults

from 10 different European countries using combined HR

and movement sensing as the criterion method.

Self-reports for specific populations

Cognitive immaturity or degeneration makes self-report

of physical activity difficult in the very young and elderly.

Children’s activity is unique, in that it is characterized by

short bouts rather than more sustained periods of activity

[45–47]. For this reason, specific recommendations of

levels of desirable activity have been made for this age

group [48]. Self-report is not viable in the young, [49]

and previous day’s recall has been suggested as the most

appropriate method for children aged 10–11 years [30].

Decisions regarding the number of days, and which days

of recall need to be made in the light of the study

question [48]. It is necessary to rely on proxy reports for

children (e.g. by parents or teachers), but the use of this

technique is difficult as a child gets older and becomes

more independent [47]. Activity diaries have been used

successfully in adolescents [50,51].

The use of physical activity questionnaires, which have

been designed and validated in younger populations, is

inappropriate for the elderly [52]. Four questionnaires –

the Modified Baecke Questionnaire, Zutphen Physical

Activity Questionnaire, Yale Physical Activity Survey and

Physical Activity Survey for the Elderly have been

specifically designed for this segment of the population

[53]. The elderly are a diverse population group in terms

of physical and cognitive function and this is likely to be

reflected in a wide range of activity levels and

competence to self-report this activity.

Unlike objective measures of physical activity, self-

reports are culturally very dependent. Validity results

assessed in one population cannot be systematically

extrapolated to other populations, ethnic groups or other

geographical regions and limited questionnaires exist for

nonwestern immigrants. Several validity studies for the

use of questionnaires for specific populations have,

however, recently been conducted. Most of these studies

have addressed the validity of the IPAC and more

research is required [53]:

(1) Reliability and validity of the IPAQ-Chinese: the

Guangzhou Biobank Cohort study [54];

(2) The New Zealand Physical Activity Questionnaires:

validation by heart-rate monitoring in a multiethnic

population [55];

(3) Concurrent validity of the International Physical

Activity Questionnaire (IPAQ) in an liyiyiu Aschii

(Cree) community [56].
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Furthermore, information on psychometric properties for

the use of physical activity questionnaires in populations

with specific medical conditions is not always available.

Specific questionnaires designed or validated in these

populations need to be used to accurately evaluate daily

physical activity [57–59].

Questionnaires should be clearly structured to guide the

participant. They should preferably be comprised of closed

questions and be ordered in a logical sequence. Questions

must be unambiguous and explain the intent of the ques-

tion clearly to the respondent; for example, the term

‘exercise’ may mean only activities which cause breath-

lessness to some, whereas a question about leisure-time

walking or cycling will not capture active commuting to

work. Leisure-time physical activity is a broad descrip-

tor, and includes formal exercise programmes, such as

walking, hiking, gardening, sport and dance [15]. Many

questionnaires used in observational studies have focused

on leisure-time physical activity but there is a danger in

focusing on one aspect of physical activity [60]. This is

particularly the case where the exact relationship bet-

ween physical activity (e.g. EE or intensity) and health

outcome (e.g. diabetes prevention) is not known. In addi-

tion, most of the physical activity questionnaires that focus

on participation in sports have been developed for men [61].

Many questionnaires use the reported frequency and

duration of activities to calculate EE of physical activity

by ascribing MET values. It has been suggested that

most questionnaires are unable to do this with ac-

curacy [28,62]. However, questionnaires are able to give

estimates of time spent in activities of various levels of

intensity, and are able to rank people in levels of reported

activity.

Despite the numerous validation studies already pub-

lished, the validity of physical activity questionnaires for

activity EE estimation remains unclear [63].

Considerations for researchers when using questionnaires

(1) What exactly is the questionnaire designed to

measure e.g. which dimension(s) and domain(s) of

activity?

(2) What is the time frame for the questionnaire?

(3) Has the instrument been tested for reliability?

(4) Has appropriate validation been undertaken, that is,

against an objective measure?

(5) Was the validation undertaken in a similar

population?

(6) What is the primary outcome of the questionnaire

and does this fit with the research question?

(7) How will the questionnaire be administered (face-

to-face, by telephone, Internet, through post)?

(8) Clear completion and return instructions must be

provided.

(9) Administration should follow a standard procedure.

(10) How will data be cleaned, reduced and analysed?

(11) What will constitute an outlier or an invalid

recording?

(12) What will be done with missing data, and in case of

imputing data what will the basis of these decisions

be?

(13) For which population has the questionnaire been

designed?

(14) What is the responsiveness of the questionnaire?

Accelerometers

When a person moves, the body is accelerated in relation

to muscular forces responsible for the acceleration of the

body and, theoretically, to EE. Accelerometers measure

acceleration of the body in one (vertical), two (vertical

and medo-lateral) or three (vertical, medo-lateral and

anterior-posterior) planes [64] by measuring the ampli-

tude and frequency of acceleration [65]. Accelerometers

do not always capture upper body movement or cycling,

because the instrument is mostly positioned at the waist.

The inability to measure all activities equally well is thus

a limitation of accelerometry, but perhaps not a large

one because activity monitors are reasonably accurate for

measuring locomotor movement, which constitutes the

bulk of daily activity (at least for adults) [66]. Accelero-

meters also underestimate the energy cost of walking on

an incline or carrying heavy loads because the acceleration

patterns remain essentially unchanged under these

conditions, despite the increase in effort and subsequent

energy cost required.

The device is enclosed in a case and typically attached to

the hip (or lower back, ankle, wrist or thigh) by a strap;

the wearing position is assumed not to be important, at

least at a group level, but hip or lower back is probably

preferable [67]. Not all monitors are waterproof and must

therefore be removed before swimming and other water-

based activities. A number of models are readily available,

and studies have shown differences in results within and

between models [68–71]. Regular mechanical calibration

is recommended to overcome the former issue. The

reader is referred to the following papers for the under-

lying scientific principles and technical specifications

[64,72].

Accelerometry data are collected in ‘real time’ which means

that patterns of activity can be determined [21]. There is

a good relationship between counts and EE across many,

but not all, activities. The strongest relationship is seen in

walking and jogging activities, there is levelling off at higher

intensities (i.e. running). Accelerometers are typically used

to determine habitual activity, which necessitates mea-

surement over multiple days; the actual number of days

required is a subject of some debate [73]. There will be a

range in day-to-day variation in different populations;
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typically, it may be more variable in children requiring a

longer wearing time, for example, 4–9 days, whereas 3–5

days is likely to be sufficient in many adult populations

[67]. Depending on the anticipated compliance, consecu-

tive days may be selected or two-three wearing occasions

for a shorter period. It is important that the recording

period allows for the measurement of activity during the

week and also at weekends as activity levels may vary

considerably between the two.

To correctly interpret the information from the recording

period, it is important to account for the fact that the

activity levels may also vary according to the season;

activity levels have been shown to be higher during spring

and summer compared with autumn and winter [74].

Detailed data are collected in a predetermined epoch;

usually between 5 and 60 s. The raw data produced from

many accelerometers are counts, which is the product of

the amplitude and frequency of the vertical acceleration.

Unfortunately, a count value is an arbitrary unit, which

varies between monitor brands. Therefore, it is recom-

mended to transform counts into units of acceleration

(m/s2) for between-monitors comparison. The output from

activity monitors can be plotted against EE obtained during

calibration activities and using cut-off values converted to

time spent in different intensity levels (i.e. low intensity,

moderately vigorous, vigorous) using regression equations.

Estimates of PAEE from accelerometry can also be made

using regression models derived from free-living measure-

ments of PAEE by DLW but precision is low on an indivi-

dual basis. However, calibration undertaken in a laboratory

setting seems unsuitable for free-living populations [75],

whereas free-living-derived equations may be able to predict

PAEE at a group level [76].

The selection of a cut-off or intensity threshold can

have an important bearing on the ascribing of intensity

levels and is dependent on the activities performed

when calibrating accelerometer output to EE [77,78].

Published data on cut point for sedentary activities from

one of the most frequently used brands typically ranges

from < 100 to < 800 counts per minute; for moderate

intensity activities, the range is between 1900 and 8200

counts per minute. This variability means that time spent

at different intensity levels will differ substantially in

the same dataset dependent on the thresholds chosen.

The reader is directed to useful papers on the issues

surrounding calibration [73,78,79]. Recently, alternative

methods, decision boundaries and receiver operating

characteristic curves, have been proposed to determine

cut points to reduce misclassification error [80]. More

sophisticated approaches to data processing have been

suggested to detect a multidimensional movement

signature and assign a degree of membership to a

(limited) set of activity types rather than the traditional

activity level which identifies activities of similar total

acceleration but may have different energy costs [72].

The data produced from accelerometry are complex

and lengthy but freely available programmes exist for

data reduction and analysis, for example Mahuffe available

from http://www.mrc-epid.cam.ac.uk/Research/PA/Downloads.html.
One of the most challenging issues when working

with accelerometry output data is managing missing

data. The first decision is whether it is actually missing

data rather than a sustained period of inactivity. Several

studies use 10 min of 0 counts per minute as an indication

of missing data, and remove such periods from analyses.

Confusing inactivity and missing data would actually lead

to a bias towards underestimating inactivity. There are

two basic methods of data imputation: interpolation

and average replacement [81]. Concurrent completion

of an activity log can help identify reasons for non-wearing

and help in ascribing appropriate values to these times.

‘Decision rules’ should be made at the planning stage of

the study and reported in any subsequent publications.

Such rules have been shown to have important bearing on

outcome variables [82]. Recommendations of best practice

in the use of accelerometers in the field and subsequent

data handling are available [83].

Considerations for researchers when using accelerometers

(1) One, two or three-dimensional accelerometry?

(2) Decide the primary outcome of the study; total

activity, type of activity, time spent at different

intensity levels, or estimates of PAEE.

(3) At the outset make a decision about the minimal

wearing time to constitute a valid day.

(4) What will constitute an outlier or an invalid

recording?

(5) What time interval will be selected?

(6) What will be done with missing data, and if imput-

ing data what will the basis of these decisions be?

(7) How many days will be measured?

(8) Is there going to be a time lag between initializing

the monitor and participant wearing? If so, can the

data analysis programme handle this delay?

(9) How are accelerometers going to be distributed and

returned, for example face-to-face or by mail?

(10) Have sufficient instruction on placement, wearing

and contact details been supplied?

(11) Are participants going to be contacted by phone,

SMS or email during the planned assessment to

encourage compliance? Can incentives be used?

(12) Are participants going to be asked to keep concurrent

activity logs or detail wearing and non-wearing times?

Heart rate monitoring

There is a linear relationship between the increase in HR

and the increase in EE during dynamic exercise involving
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the large muscle groups. This relationship varies within

and between individuals [84]; factors such as age, sex,

weight and fitness level modulate this relationship [85]

as do ambient temperature, body posture and emotional

state such as anxiety or stress. Usually, PAEE is estimated

from the linear relationship between HR and EE above a

specific threshold, the flex HR point. This relationship is

established during individual calibration while resting

and for different intensities of physical activity (usually

walking at different speeds on a treadmill). When HR

drops below the flex point, resting EE is assumed. The

flex HR method has been validated against free-living

measurements of TEE and PAEE by DLW in children and

adults and provides valid data at a group level [86,87].

However, one of the limitations of the method includes

the lack of consensus on defining the flex HR point.

To avoid the problems at low activity intensities,

HR monitoring method should only be used to assess

the time spent in moderate and vigorous activity.

Numerous studies have shown that it is possible to

estimate EE from HR using multivariate predictive

equations derived from group data in adults [85,88–91]

and children [92].

Considerations for researchers when using heart rate

(1) What level of calibration is required?

(2) If individual calibration is to be undertaken using

indirect calorimetry, decide on which activities

most likely will be performed by the volunteers

while free living.

(3) How many days will the monitor be worn?

(4) How to decide on the flex point?

(5) In data analysis what is going to constitute an

outlier?

(6) Provide practical information on how to use the

monitor.

(7) How are monitors going to be distributed and

returned e.g. face-to-face, by mail? Have sufficient

instructions on placement and wearing and contact

details been supplied?

(8) Are participants going to be contacted by phone,

SMS or email during the planned assessment to

encourage compliance? Can incentives be used?

Combined accelerometer and heart rate monitors

An important development in the assessment of physical

activity is the combined accelerometry and HR monitor,

an early model was developed and piloted nearly 10 years

ago [93]. In these devices, the pros of each method are

combined, thereby negating some of the disadvantages of

each method used alone; in addition, the measurement

error from the two methods is not correlated. At lower

levels of intensity, HR is less accurate at estimating EE;

this is the level that accelerometers are most accurate at.

It can be difficult to determine non-wearing times in

accelerometers but this will be readily apparent in a

combined device because of the measurement of HR.

An additional advantage of this method is that these

new monitors are waterproof and the intention is that

participants do not remove, except to replace pads that

have perished. One study has studied the effect of

monitor placement on physical activity estimates during

treadmill and free-living activities [94]. The study found

that placement (i.e. above or below the sternum) had

minimal effect on movement counts and estimates of EE;

placement of the monitor below the sternum may be

marginally preferable for HR data [94].

More recently, the reliability and validity of a combined

movement sensor has been shown [95]. The combined

motion sensor is an accurate predictor of EE [96].

Combined sensors have been validated in adults and

children [97,98]. Branched equation modelling has been

suggested as a method of determining the weightings of

reliance on the accelerometer data and/or HR data

depending on the intensity of the activity [99,100]. A

study investigating a range of calibration techniques with

decreasing levels of complexity showed that simple

calibration techniques (treadmill and step test) achieve

acceptable levels of accuracy for this device to be

considered as an objective measure in population studies.

Although the monitors are relatively expensive, they are

currently being used in semi large-scale population-based

studies ( > 5000 participants) suggesting that they are a

feasible option in epidemiological research.

Considerations for researchers when using combined

accelerometer and heart rate motion sensors

In addition to the considerations for using accelerometers

the following points should be thought through:

(1) What level of calibration is required? Will calibration

methods used commonly for fitness testing be

adequate?

(2) Is the participant confident and competent at

placing the device, that is, have sufficient

explanation and written instructions been given?

(3) Supply participants with additional pads to replace

as required.

Pedometers

Pedometers are relatively simple and inexpensive de-

vices, which measure the number of steps taken. Early

models used a mechanical gear, whereas newer versions

are electronic [101]. A systematic review of the validity of

pedometers compared with accelerometers, observation,

EE and self-report concluded that they are a valid

method for assessing physical activity when compared

with measurement through accelerometry with a reported

median correlation of r = 0.86 [102]. Better accuracy has

been reported at faster walking speeds but not running;

good correlations to estimate EE have been shown
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between step counts and oxygen uptake in children

expressed as body mass scaled (O2/kg – 0.75 min)

(r = 0.806 for all activities) [103]. Valid assessments of

physical activity have also been found in adolescents

[104]. Comparisons of the most common pedometers

have found wide variation between a couple of models

and a smaller variation among the rest with greatest

agreement at speeds between 4.8 and 6.4 km/h [105] and

differences in computed steps when models were worn

concurrently [106]. These differences are because of the

variation in how steps are counted and therefore

comparisons between studies may not be easily done

[101]. Vast differences between research grade ped-

ometers and some commercially available models have

been found [107]. Most pedometers are accurate in the

measurement of the number of accumulated steps during

walking, and may be useful when monitoring the effect of

an intervention aimed at increasing walking. One of the

most promising uses of pedometers is as a motivational

tool to achieve a predetermined target of daily accumu-

lated steps (see for example http://aom.americaonthemove.org).

An advantage of pedometers is that they can also be used

in elementary school children and preschool children

[108,109], although a closed box may be preferable to

prevent tampering.

The considerations for researchers when using ped-

ometers are similar to many of those listed already for

the use of accelerometers in practice.

Considerations for researchers when using pedometers

(1) The aims and primary outcome of the study should

be carefully considered to ascertain whether a

pedometer would be an adequate measure of activity.

(2) What type of activities is the population to be

studied likely to engage in?

(3) Similar to accelerometers, decisions should be made at

the outset on the number of days and which days to

be monitored and what will constitute valid wearing

time.

(4) Again, like other monitors, will incentives be

offered to enhance compliance?

(5) Higher quality and therefore more expensive

models have been shown to be superior to

cheaper models of pedometers.

Recommendations

Selection of an appropriate method

Selection of the method to assess physical activity is a

crucial decision, yet it is often rushed and inadequately

Fig. 1

Which domain(s) or aspect of activity is central to the
research question?

Dose−response
relationship between
physical activity and

specific health
outcomes 

Energy
expenditure
(i.e. intensity
× duration ×
frequency) 

Time spent in
activities of varying
intensities, duration

and frequency
Ranking individuals
in levels of activity

for assessing
associations

Self-report?
Objective

measure e.g.
accelerometer
or heart rate or

combined

Self-report or
objective measure

(e.g. accelerometry,
heart rate monitoring,

combined heart rate and
motion sensing)

Criterion method
e.g. heart rate or

combined heart rate
and motion sensing

Additional considerations which impact
on choice of method:
Resources, cost and time available
Competing areas of assessment in a research
study and consequent participant burden
Experience in assessment of physical activity
Special considerations for population under 
study e.g. literacy, cognitive ability
Capacity to undertake appropriate data
handling and analysis

Type of 
activity

Self-report
or possibly

high-frequency
movement
sampling

Pedometers
may be
used to
assess

walking  

Guidance for the selection of an appropriate tool to assess physical activity.
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throught out. Careful consideration must be given to the

research question in the first place, and the dimension or

domain of physical activity to be assessed. A thorough

understanding of the pros and cons of each method is

vital and these should be evaluated in the light of the

practical aspects of the study (e.g. resources, participant

numbers). Figure 1 provides a staged procedure for

researchers faced with this selection issue.

The population under study merits a special mention.

The choice of method must be appropriate to the age,

ethnicity and cognitive ability of the population. Atten-

tion should be paid to the practical considerations

discussed above and thought must be given on how to

maximize compliance with the measurement.

Influence of study type on methodology choice

The specific study type and design has an important

bearing on the choice of method to measure physical

activity. Table 2 summarizes appropriate methods for use

in specific studies. A critical review of methods used in

previous studies of a similar type is likely to be valuable to

Table 2 The assessment of physical activity with reference to study type

Study type Study outcomes Appropriate tool

Surveillance systems and surveys Monitoring trends
Comparisons within populations over time

and between populations
Walking specifically

Questionnaires which have demonstrated reliability
and validity internationally i.e. IPAQ,

GPAQ
Pedometer

Observational large scale cohort studies
(e.g. European Prospective Investigation into Cancer (EPIC)
[111] Nurses Health Study [112] National Institute for
Health-American Association of Retired Persons Diet and Health
Study [113])

Association analyses between exposure(s)
and outcome(s)

Self-report questionnaires that have been shown
to be reliable and valid

Observational large-scale cohort studies in young people
(e.g. European Youth Heart Study [114] Avon Longitudinal
Study of Parents and Children [115])

Association analyses between exposure(s)
and outcome(s)

Objective monitoring i.e. accelerometers or combined
heart rate and motion sensing

Interventions and randomized controlled trials Treatment and intervention effects Objective monitoring i.e. accelerometers, heart rate
monitoring and combined heart rate and motion

sensing Doubly labelled water if investigating change
in TEE or PAEE

Pedometer if the intervention seeks to increase
walking

GPAQ, Global Physical Activity Questionnaire; IPAQ, International Physical Activity Questionnaire.

Table 3 Advantages and disadvantages of methods used to assess physical activity

Method Advantages Disadvantages

Doubly labeled water Suitable for all populations
Moderate respondent burden
Good precision of measure

Expensive
Does not provide information about intensity, frequency

or duration of physical activity
Accelerometry Suitable for all populations

Low respondent burden
Objective indicator of body movement (acceleration)

Provides information about intensity, frequency and duration
Relatively easy data collection

Inaccurate assessment of a large range of activities
Financial cost may prohibit assessment of large numbers

of participants

Heart rate monitoring Suitable for all populations
Low respondent burden for short period

Physiological parameter
Provides information about intensity

Good association with energy expenditure
Easy and quick data collection

Relatively cheap

Only useful for aerobic activities
Conditions unrelated to physical activity can cause an

increase in heart rate without a corresponding increase
in VO2

Combined heart rate
and accelerometer device

Suitable for all populations
Low respondent burden

Relative ease of data collection

Data analysis relatively complex
Monitors relatively expensive

Pedometry Suitable for all populations
Low respondent burden

Objective measure of common activity behaviour
Easy data collection and analysis

Cheap

Children may tamper or alter behaviour
Are specifically designed to assess walking only

Inability to record nonlocomotor movements
Inability to examine the rate or intensity of movement

Direct observation Mostly used in paediatric studies
No respondent burden

provides excellent quantitative and qualitative information

Expensive as labour intensive
Observer presence may artificially alter normal physical

activity patterns
Self-report Suitable for all populations

Low respondent burden
captures quantitative and qualitative information

Ease of data collection and analysis
Cheap

Proxy reporters required for children and possibly elderly
Reliability and validity problems associated with recall of

activity
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the researcher. Where comparisons between populations

are required, replication of the same method should be

evaluated. As discussed previously, several questionnaires

have specifically been designed to enable cross-popula-

tion comparisons (Table 2). The advent of technology

means that objective measurement of physical activity is

now affordable and feasible for large-scale studies and

this has been incorporated in subsamples of national

surveys (e.g. UK National Diet and Nutrition Survey,

Health Survey England and the US National Health and

Nutrition Examination Survey). When the remit of the

study is to monitor trends, there may be a debate on

whether to use the same tool for consistency or whether

to move to a more accurate measure; a compromise may

be possible. Ideally, the same instrument should be kept

for temporal trend data and a new instrument, rigorously

tested for its reliability and validity, must be introduced.

In intervention studies, it is vital that the method chosen

is sensitive to detect a treatment effect if present.

Furthermore, the instrument should be able to capture

changes in habitual physical activity because of possible

compensation mechanisms, especially in older individuals

[110].

The selection of method to assess physical activity may

be a trade-off between degree of validity and feasibility,

but the method must be suitable for the aims of the study

(Table 3). The choice of a crude or inappropriate method

will lead to crude and misleading outcome data.
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