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Tools to measure physical activity in local level weight
management interventions: a rapid review.

Dr Melvyn Hillsdon, University of Bristol, March 2009.

Background

Obesity is a consequence of a chronic positive energy balance. That is when energy
intake from food exceeds total daily energy expenditure (TDEE). Total daily energy
expenditure (TDEE) is the sum of basal metabolic rate (BMR), the thermic effect of
food (TEF) and activity thermogenesis (AT).> AT accounts for approximately 25-30%
of TDEE and comprises two components.! The first is the energy expenditure due to
purposeful physical activity such as sport, or active recreation such as gym-going.
Even for adults who meet current public health recommendations for physical activity
(at least five, thirty minute occasions of moderate intensity physical activity per week)
physical activity will only constitute ~100 kcals per day (net) to TDEE. The second
component of AT is non-exercise thermogenesis (NEAT) which encompasses all
physical activity that is not purposeful.® It is the daily ‘incidental’ activity of moving
around, standing, toe-tapping, dressing, washing etc. NEAT can vary between
people of the same weight by as much as 2000 kcals per day compared to
differences in exercise or purposeful physical activity of just a few hundred kcals.
Therefore, NEAT is more important in weight management than exercise. Time

spent sitting is inversely related to NEAT and a number of cross-sectional and some



prospective studies have suggested that daily sitting time or total screen time as a
proxy measure, both at work and during leisure time, is associated with the risk of

obesity.?™*

Therefore, two behaviours emerge that independently contribute to daily energy
expenditure and the risk of overweight/obesity. It follows that programmes and
interventions designed to manage obesity risk should measure both behaviours. In
order to avoid misclassification bias, measures used should have published reliability
and validity data. As the energy cost of physical activity is important in the
association with obesity, validity should ideally be assessed against doubly labelled

water, the gold standard measure of energy expenditure.’

Methods

Building on the work already undertaken by NOO, | used a recent review of methods
for assessing physical activity that compared self-report measures with direct
measures such as doubly labelled water.® The review categorised studies according
the direct measure of physical activity used to assess validity. Therefore, it was
simple to identify self-report measures of physical activity that had been validated
against doubly labelled water. As already stated, criteria for selecting instruments
include being able to estimate energy expenditure and validation against doubly

labelled water. Additional criteria used to select instruments included:
a) relatively easy and practical to administer in a field setting;

b) mean difference between energy estimated by self-report and doubly labelled

water <40%



c) instrument should have been used in a trial of exercise promotion and detected a

significant difference between intervention and control participants;

d) population in the validity study generalisable to wider population.

All of the studies in the review by Prince et al (2008),” that reported using double
labelled water as the validity measure, were identified and assessed against the

criteria above.

In general, log books, diaries and interview administered questionnaires appear to
be more accurate than simple self-completion recall questionnaires. No existing
physical activity measure perfectly met all of the above criteria. However, four

instruments met a high percentage of them.

1. Stanford 7-day recall

The instrument was originally developed for the Five Cities Project.” It is interview
administered and takes approximately 15 minutes to complete. It has acceptable
reliability and validity.® It has been used in numerous intervention studies including

the Activity Counseling Trial (ACT).*

2. International Physical Activity Questionnaire (IPAQ) Long version

In the validity study, the IPAQ Long form was self-completed although a research
assistant was in attendance to assist the participants. Completion time was
estimated at 15 minutes.™* IPAQ long has previously been shown to have acceptable

reliability and criterion validity (www.ipaqg.ki.se). To the best of my knowledge the

IPAQ questionnaire has not be used in an activity intervention trial and shown it can

measure change in physical activity over time. It was not designed for this purpose



although that it is not to say that it could not if fully tested. An advantage of IPAQ
long is that it includes questions on sitting activities such as reading, television

viewing and sitting at a desk.

3. New Zealand Physical Activity Questionnaire (Short Form)

The NZPAQ-SF was assessed in the same study as the IPAQ and was derived from
it.'* It is shorter (approximately 10 minutes to complete) and uses show cards to
prompt people to recall moderate and vigorous activities they have undertaken in the
last 7 days. The administration method was the same as IPAQ with a research
assistant available to assist participants. The instrument has been used in a primary
care based randomised controlled trial in New Zealand that showed a significant

difference between intervention and control groups.*?

4. 7-day physical activity diary

This is a self completion diary that requires participants to ‘tick’ 15 minute blocks of
activity as they occur over the course of each day, for 7 consecutive days. It
includes, occupational, leisure time and sports activity. It requires no verbal
instruction for completion.*® Although no estimate of completion time is given it is
reasonable to assume that the daily completion time is minimal. The main challenge
for participants is likely to be remembering to do it for 7 days. The validity is good
although reliability is unclear. The measure was designed for use in epidemiological
studies so its usefulness in intervention studies is unknown. A downloadable scoring

scheme is available at www.dife.de (follow links for ‘Presse’).

A common finding of the doubly labelled water validity studies is that self-report

measures typically overestimate lower intensity physical activities and underestimate



higher intensity physical activities. Although, measurement errors are deemed to be
‘acceptable’ for epidemiological studies, their magnitude may make it challenging,
but still possible, to detect very small differences in energy expenditure observed in

before and after design, intervention studies.

Measurement of sedentary time

The most common sedentary activity to be assessed in self-report measures is
television (TV) viewing, although measures may also include other sitting activities
such as computer use, reading etc. Some measures also distinguish between sitting
at work, during leisure time and while travelling. A recent review found nine studies
that assessed reliability and three that assessed validity.'* Assessing the validity of
self-reported sitting measures is particularly difficult as there is no ‘gold-standard’
measure of sitting that can be used as a referent method. That said, existing
guestionnaires report similar reliability and validity standards as self-reported
physical activity measures. This is typically stated as ‘moderate’. The IPAQ long has
a reliable and valid measure of sitting time, estimated as the total number of hours
and minutes per day spent sitting for a weekday and a weekend day.™ Another
measure of sedentary behaviours that has acceptable validity has been used in an
Australian survey.® It asks participants to recall a range of sedentary pursuits during
leisure time including computer use and TV viewing. Measures of sedentary
behaviours tend be short and easy to complete. Their use in intervention studies is

unknown.



Conclusion

It appears that there are a range of instruments that can be used to assess both
energy expenditure from physical activity and sedentary behaviour, that meet the
majority of the criteria set. A consideration not included in validity studies but
perhaps a concern for practitioners, is the complexity of the scoring scheme. Most
instruments have a scoring scheme that would require computer assistance.
Perhaps a useful activity for NOO would be to provide electronic versions of a range
of questionnaires that have the scoring schemes embedded within them. It may be

possible to make these available as executable files from the NOO website.
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Annex: Physical Activity — Self Reported Measures (Levels of Physical Activity and Sedentary Behaviour)

Authors: Kath Roberts, Nick Cavill, Melvyn Hillsdon. This summary was produced using a number of reviews of physical activity
tools, particularly reviews by Bauman et al* and Dugdill and Stratton?.

Tool Population What it measures Caveats/Limitations/ Administration Key Reference/
Method/
Validation Copyright/Ownership/
Practical Location
Application
Stanford 7- Day | Adults Respondents are asked | The instrument was originally developed Interview Blair et al, 1985°
Physical about the number of for the Five Cities Project. It is interview administered
Activity Recall hours spent in sleep, ad_ministered and takes approximately 15 | yacall instrument Mahabir et al 2006*
moderate, hard, and minutes to complete. It has acceptable
very hard activities reliability and validity. Validity has also Blai | 19985
during the preceding been assessed against doubly labelled air et al 1998
week. Examples of the | water indicating that the instrument
types of activities in provides a reasonable estimate of daily
each category are energy expenditure. It has been used in
provided, and the week | numerous intervention studies including http://stressandhealth.sta
is separated into the Activity Counselling Trial (ACT). nford.edu/measures/7Day
weekend days and .html#

weekdays. The
remaining amount of
time is presumed to
have been spent in light
activities. A formula is
available for the
calculation of daily
energy expenditure in
kilocalories, and norms
are available from the
Stanford Heart Disease
Prevention Program.




IPAQ Population Recall questionnaire for | The IPAQ is a population level instrument | Telephone or self | Craig et al., 2003™
(International level. past 7 days. designed for surveillance and for cross- administered
Physical Validated for national monitoring of PA/inactivity. It
Act|V|t_y . usein 15— yvas not |.n|t|ally d.e5|gned for evaluating Maddison et al., 2007,
Questionnaire) | 69 year olds. intervention studies.
Short form: frequency,
duration of time spent
on walking/vigorous/
moderate intensity/ There are varying reports of validityﬁ.
sedentary activity Some authors have found over reporting
(sitting) of physical activity’. Low criterion validity
results were found between IPAQ and an
accelerometer® whereas Ekelund et al’
Long form: domains found similar criterion vglidity scores for
unspecified: the short IPAQ, suggesting that the
' specificity to correctly classify people
household/yard work, S . . -
_ achieving 30 minutes of physical activity
occupational, self-
per day was sound.
powered transport,
leisure time related PA
as well as sedentary
activity (sitting on a IPAQ (long version) has been validated
weekday/weekend against doubly labelled water and
day); pace of provides an acceptable estimate of daily
walking/cycling energy expenditure.
New Zealand Middle aged | A short self-completion | Validated against doubly labelled water. 7-day recall Maddison et al 2007
Physical adults recall (approximately 10 | The instrument has been used in a
Activity minutes to complete) primary care based randomised controlled Lawton et al., 2008"°

Questionnaire
(Short Form)

that uses show cards to
prompt people to recall
moderate and vigorous
activities they have
been undertaken in the
last 7 days.

trial in New Zealand that showed a
significant difference between intervention
and control groups. In studies the self-
completion has been supervised by a
researcher.
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7-day physical
activity diary

Adults

This is a self
completion diary that
requires participants to
‘tick’ 15 minute blocks
of activity as they occur
over the course of each
day, for 7 consecutive
days. It includes,
occupational, leisure
time and sports activity.

The validity is good although reliability is
unclear. A validity study using double
labeled water indicates that the measure
is a reasonable estimate of daily energy
expenditure. The measure was designed
for use in epidemiological studies so its
usefulness in intervention studies is
unknown.

7 day diary

www.dife.de

Koebnick et al., 2005
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Tool Population What it measures Caveats/Limitations/ Administration Key Reference/
Method/
Validation Copyright/Ownership/
Practical _
Application Location
GPAQ (Global Population 14 items similar to The GPAQ is a population level Telephone or self | WHO Steps program™
Physical level, IPAQ short, but with questionnaire used by the WHO Steps administered
Activity designed domain specific program for national level cardiovascular
Questionnaire) | primarily for estimates possible for surveillance. Used for determining
developing work/domestic related population level trends and prevalence.
countries. PA, active transport,

leisure time PA and
total sitting time recall
period is ‘usual week.’

Domains —
work/domestic
moderate and vigorous
activities; number of
days, time/day

- active
travel/commuti
ng by
walk/cycling;
number of
days, time, day

- leisure time PA;
number of
days, time/day

- sitting; time/day

Validated for use in 16 — 84 year olds™ ;
designed primarily for use in developing
countries.
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PAQ - C/A Validated for | 7 day recall A study by Kowalski, Crocker and Self reported
use with guestionnaires Faulkner (1997)" supported the validity of | questionnaire
(Ph}/gical Children and | assessing general the tool against a motion sensor, Leisure
ACt'V'Fy _ Adolescents | levels of physical Time Exercise Questionnaire, 7 day
Questionnaire | g9_ 15 years | activity Physical Activity questionnaires and a
for Older step test in a group of 186 older children.
Children and
Adolescents)
Community Older adults Recall period: a typical | It has been validated against interviewer- | Self reported http://sbs.ucsf.edu/iha/ch
Health week during the past 4 | collected data on physical activity as well | questionnaire amps/
Activities weeks. Weekly as sensitivity to change following a
Models frequency, duration, moderate intensity PA programme®® *°,
Program for intensity of PA in the
Seniors domains leisure-
(CHAMPS) time/recreation,

housework/yard work
as well as activities to
socialise; option to
estimate caloric.

Two primary measures
calculated: frequency
per week of PA
converted into minutes
per week of PA and
calories per week
expended in all physical
activities.

14



Godin Leisure Adults 7 day recall. For use in cross-sectional intervention Self reported Godin and Shephard
Time Exercise studies to assess exercise behaviour questionnaire 1985%°
Questionnaire among population groups.
Frequency per week of
strenuous (heart beats
rapidly), moderate (not
exhausting) and mild
(minimal effort)
exercise for more than
15 minute; frequency of
regular activity long
enough to work up a
sweat.
Minnesota Adults Last 12 months recall. Can be used for both large scale Respondents Richardson et al., 19947,
Leisure time Measures frequency, surveillance as well as studies in smaller report along a list | Jacobs 1997%; Taylor et
Physical duration of sports, settings e.g. health facility settings. of 63 activities at., 1978%%; Fosom et al.,
Activity recreational, yard and ‘did you perform | 1986%*.
Questionnaire household activities. this activity?’
A number of studies have validated the
questionnaire against 48 hour physical
activity records, accelerometry and doubly
labelled water with strongly correlated
results.
Paffenbarger Adults Recall period: usual Can be used to assess global leisure time Rauh et al., 1992°;
Physical weekday/usual physical activities retrospective, Ainsworth et al., 1993%;
Activity weekend day over the prospective cohort or intervention studies. Washburn et al., 1991%;

Questionnaire

past week or past year.

Measures intensity of
walking/chair climbing
on a usual day;

Albanes et al., 19907
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duration, intensity, type
of PA on a usual
wkday/wkend day as
well as sitting, reclining,
sleeping, participation
in PA for long enough
to sweat/get out of
breath for at least once
a week, ave frequency,
duration of sport,
recreation or other PA
in the past year.

Seven Day Adults Duration, intensity of Appears most appropriate for use in Self reported Sallis 1997
Physical leisure community surveys or controlled questionnaire
Activity Recall time/occupational PA experiments with general or clinical Dishman and Steinhardt
(PAR) as well as gardening, populations, 1988%;
walking and sleeping Jacobs et al 1993%";
during
morning/afternoon/even Rauh et al 1992%%
ing; option to estimate
total kilocalories per Taylor et al 1984%
day from hours spent
on these activities
Scottish Adults Recall period: last 7 To measure outcomes in PA Self reported Lowther et al., 1999**
Physical days interventions; for use with large sample questionnaire
Activity sizes

Questionnaire

Leisure time and
occupational PA,
stages of exercise
behaviour change

16



EPIC

45-79 year
old men and
women

Produces a composite
measure of physical
activity. Unclear
whether it detects
change as a result of
interventions or
whether the categories
are appropriate for
evaluation studies.

Has been validated against motion
sensors and all-cause mortality and was
found to be predictive of all-cause
mortality * *°.

Developed as a
surveillance tool
for large
epidemiological
studies.

Single item as
used in
Outdoor Health
Questionnaire

Single question: in the
past week on how
many days have you
accumulated at least 30
minutes of moderate
intensity physical
activity such as brisk
walking, cycling, sport,
exercise and active
recreation? (do not
include physical activity
that may be part of your
usual job or role
activities)

Undergoing face validity and test-retest
reliability by Loughborough university.

http://www.whi.org.uk/res

ults.asp?key=2537]0|3CB

9715613341|p|971|0&par

entkey=2537|0|3CB9715

613341|p|971|0
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