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Abstract

Background: Questionnaires are commonly used to assess physical activity in large popul ation-based studies because of their
low cost and convenience. Many self-report physical activity questionnaires have been shown to be valid and reliable measures,
but they are subject to measurement errors and misreporting, often due to lengthy recall periods. Mobile phones offer a novel
approach to measure self-reported physical activity on adaily basisand offer real-time data coll ection with the potential to enhance
recall.

Objective: Theaims of this study were to determine the convergent validity of a mobile phone physical activity (MobilePAL)
guestionnaire against accel erometry in peoplewith cardiovascular disease (CV D), and to compare how the MobilePAL questionnaire
performed compared with the commonly used self-recall International Physical Activity Questionnaire (IPAQ).

Methods: Thirty adults aged 49 to 85 years with CVD were recruited from alocal exercise-based cardiac rehabilitation clinic
in Auckland, New Zealand. All participants completed a demographics questionnaire and underwent a 6-minute walk test at the
first visit. Subsequently, participants were temporarily provided a smartphone (with the MobilePAL questionnaire prel oaded that
asked 2 questions daily) and an accelerometer, which was to be worn for 7 days. After 1 week, a follow-up visit was completed
during which the smartphone and accelerometer were returned, and participants completed the IPAQ.

Results:  Average daily physical activity level measured using the MobilePAL questionnaire showed moderate correlation
(r=.45; P=.01) with daily activity counts per minute (Acc_CPM) and estimated metabolic equivaents (MET) (r=.45; P=.01)
measured using the accelerometer. Both MobilePAL (beta=.42; P=.008) and age (beta=—.48, P=.002) were significantly associated
with Acc_CPM (adjusted RZ:.4O). When IPAQ-derived energy expenditure, measured in MET-minutes per week (IPAQ_met),
was considered in the predicted model, both IPAQ_met (beta=.51; P=.001) and age (beta=—36; P=.016) made unique contributions
(adjusted R?=.47, F,,7=13.58, P<.001).There was also a significant association between the MobilePAL and IPAQ measures
(r=.49, beta=.51; P=.007).

Conclusions: A mobile phone—delivered questionnaire is arelatively reliable and valid measure of physical activity inaCVD

cohort. Reliability and validity measuresin the present study are comparableto existing self-report measures. Given their ubiquitous
use, mobile phones may be an effective method for physical activity surveillance data collection.

(J Med Internet Res 2013;15(3):e61) doi: 10.2196/jmir.2419
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Introduction

The case for a new technology to measure physical activity is
compelling. Participation in regular physical activity is
associated with aplethoraof positive physical and mental health
outcomes [1-3], and the burden associated with physical
inactivity isconsiderable[4,5]. Much of the data supporting the
commonly known benefits of physical activity are based on
self-reported measures of physical activity. Physical activity
guestionnaires are commonly used to assess physical activity
in large popul ation-based studies because of their low cost and
convenience [6]. Although many of the self-report
guestionnaires used in these studies have shown to be valid and
reliable measures, they do have limitations. The self-report
approach is subject to measurement errors and misreporting,
including deliberate social desirability bias and unintentional
bias, such asrecall or comprehension error, all of which reduce
the precision of the estimate of levels of activity [7-10]. Caution
must be taken to select an appropriate physical activity
guestionnaire according to the purpose of the research and the
population under investigation [7].

A major source of bias with self-report questionnaires is the
recall period [11]. Typically, self-report measures require
participantsto remember their physical activities during specific
periods of time, such as 3 to 7 days; however, the more distal
the recall period, the greater the recall error [12,13]. For
example, studies have shown that when using the International
Physical Activity Questionnaire (IPAQ), people tended to
overreport their physical activity and had difficulty accurately
recalling the intensity of the activity done over 1 week [13].
For these reasons, researchers have used diaries or activity logs
to record self-reported physical activity on a daily basis to
enhance recall [12]. Such approaches require participants to
complete paper-based records, which are associated with
considerable participant burden and cal for sustained
cooperation [6].

The ubiquitous use of mobile phones offers a novel approach
to measuring physical activity and to reduce participant burden.
Mobile phones offer the potential to capture self-report physical
activity on a daily basis and offer real-time data collection.
Because most people carry a mobile phone most of the time,
they have the potential to enhance recall of physical activity by
frequent prompting and limiting the time lag between the
behavior and data collection. Thismay reduce information bias
and increase compliance; same day or previous day recall has
been shown to reduce recall error because error tendsto increase
with recall duration [12]. Moreover, increased access and
availability to mobile phone telecommunications increase the
potential of this tool for large-scale data collection in
population-based studies [14].

A recent study validated a mobile phone-delivered physical
activity questionnaire against doubly labeled water [15].
Twenty-two women reported their physical activity over a
14-day period by answering 2 questions sent daily to their
mobile phones. A small mean difference (0.014) with narrow
limits of agreement (2 SD 0.30) was found between the mobile
phone questionnaire and the reference estimates. In a second
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study [16], the mobile phone physical activity questionnaire
was compared against accelerometry. Both methods showed
high within-subject variations, however, the day-to-day
variationsin energy expenditure within subjects assessed using
the mobile phone agreed well with corresponding accel erometer
values. The authors concluded that the mobile phone
guestionnaire was a promising tool for assessing levels of
physical activity.

Degspite these positive effects, the mobile phone questionnaire
has only been examined in healthy Swedish women (aged 20-45
years). Further research is needed to assess the reliability and
validity of this questionnaire in males as well as females, with
a wider age range. Given the importance of physical activity
participation for prevention of chronic diseases and for the
secondary prevention of cardiovascular disease (CVD),
examination of this approach in a clinical population was
warranted. Improving physical activity levelsisakey objective
following a cardiac event. Not all patients attend structured
exercise-based cardiac rehabilitation programs, and they may
also exerciseintheir owntime, soit isimportant that the method
used captures habitual activity. The purpose of this study was
to determinethe convergent validity of amabile phone physical
activity questionnaire against accelerometry in people with
CVD. A second aim was to compare how the mobile phone
guestionnaire performed compared with a commonly used
self-recall physical activity questionnaire.

Methods

Study Procedures

A 7-day convergent validation study was conducted from
January to May, 2012. Participants were recruited from alocal
exercise-based cardiac rehabilitation clinic in Auckland, New
Zealand, and were included if they had documented history of
CVD, werecurrently participating in cardiac rehabilitation, and
could safely perform exercise.

The study involved 2 visits. At the first visit, consenting
participants completed a demographics questionnaire and
underwent a 6-minute walk test (6MWT). Subseguently,
participants were temporarily provided with a smartphone and
accelerometer. All participants were provided with verbal and
written instructions about how to complete the mobile phone
physical activity level questionnaire (MobilePAL). Participants
responded to 2 physical activity questions initiated by the
smartphone application each day for 7 days. The questionswere
sent to al participants at 7:00 pm each evening. Participants
were shown how to properly wear the accelerometer and
instructed to wear it for the same 7-day period.

At the end of 1 week, participants completed the second visit,
in which they returned the smartphone and accel erometer, and
completed a paper copy of the IPAQ.

M obile Phone Questionnaire Development

For this study, we adapted the origina Java-based mobile phone
guestionnaire [15] for delivery viaan Android application (see
Figure 1). Smartphone useisincreasing, with 44% of peoplein
the United Kingdom [17] and 50% of Americans using
smartphones in 2012 [18]. Affordability continues to improve
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as the cost of smartphones and data plans decrease [19].
Administering the questionnaire by smartphone application
offers several advantages over the original Java approach.
Participants were not required to have a subscriber identity
module (SIM) card or access the Internet to answer the
guestions, eliminating any costs to the user and reliance on
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cellular phone networks. Data were saved directly onto the
phone in a comma-separated values (CSV) file format, which
was then uploaded to a server where it could be safely stored.
The application was pretested to ensure the questionnaire
functioned and uploaded data correctly.

Figure 1. Screenshot of questionnaire and answer categories of the MobilePAL smartphone questionnaire.

M easures

Accelerometer

Some consensus exists that accelerometry-based activity
monitors provide auseful comparison for evaluating self-report
instruments. They can provide detailed information about
activity patterns on a minute-by-minute basis and impose only
minimal burden on participants [6]. According to Sirard and
Pate's [20] measurement hierarchy, secondary measures such
as accelerometers are an acceptable comparison for validating
self-report methods. In the present study, accelerometry was
used to provide convergent validity against the self-report
measures.

Participants wore a dual axial Actigraph GT1M accelerometer
(Model AM7164-2.2C Actigraph Ltd, Pensacola, FL, USA), a
reliable and valid objective measure of physical activity [21].
The Actigraph is a small, closed device worn at the hip (belt
clip or elastic band) that records body movements. Activity
counts generated per minute (cpm) were used to determinetime
spent in light, moderate, and vigorous intensity activity. The
following cut-off points were used to determine the intensity
of physical activity: sedentary <100 cpm, light 101-2020 cpm,
moderate 2021-5999 cpm, and vigorous >6000 cpm. A valid
day consisted of wearing the accelerometer for =10 hours of
valid time, which was defined as those minutes with <1 hour
of consecutive zeros. Average activity counts per minute were
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calculated for each participant on each valid day, and then
averaged over valid daysto get the average daily activity count
per minute (Acc_CPM). Average daily minutesspent inlifestyle,
light, moderate, and vigorous physical activity was aso
calculated (Acc_PAmin). Activity count datawere also used to
estimate energy expenditure using the Freedson et al [22]
metabolic equivalent (MET) regression equation. METS are
multiples of resting metabolic rate during a specific activity, in
which 1 MET is equivaent to rest. Daily MET values were
calculated by averaging the MET values per minute (converted
from raw activity counts per minute using the equation) over
each valid day. Average daily METs (Acc_METSs) were
calculated by summing daily MET values and dividing by the
number of days of valid data.

MobilePAL Questionnaire

The mobile application presented 2 questions each evening to
the user about their physical activity that day, for a total of 7
days. Consistent with previous research [15], for each person
and for each day, the answersto the 2 short questions (Table 1)
were converted to physical activity level (PAL), which is the
ratio between total energy expenditure and resting energy
expenditure during 24 hours. The PAL was calculated by
combining the PAL values obtained for work/daytime activities
reported by Black et a [23] and an additional contribution to
PAL from energy expended during leisure/evening activities
(Table 1). Thelatter was cal culated from published energy costs
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expressed as MET values for walking and cycling [24]. PAL
data were extracted from the smartphone and imported into
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Microsoft Excel. Average daily PAL was calculated by summing
thedaily PAL valuesand then dividing by 7 days (MaobilePAL).

Table 1. Thetwo questions administered daily by the smartphone application and their corresponding physical activity level (PAL) value score.

Question Answer category PAL score?

How physically active have you been during work/day-  Mostly sitting 155

time today? Sitting/standing/walking 165
Standing/walking most of the time 1.85
Heavy work 22

How physically active have you been during leisure Mostly sitting +0

timefevening today? Light/walking (30 min) +0.06
Moderate/cycling (>30 min) +0.15
Sport/cycling (>60 min) +0.29

3Daily PAL was cal culated by combining the PAL score from question 1 (work/daytime physical activity) and question 2 (leisure time/evening physical

activity).

I nternational Physical Activity Questionnaire (1PAQ)

ThelPAQisareliableand validated 7-day recall measure, which
provides acomprehensive evaluation of daily physical activities,
and assesses time spent walking and doing light, moderate, and
vigorous intensity activities across various domains [24].
Computation of the total scores required summation of the
duration (in minutes) and frequency (days) for all the types of
activitiesin al domains. Domain specific scoreswere calcul ated
by summing the scores for walking, moderate, and vigorous
intensity activitieswithin the specific domain. Activity-specific
scores were calculated by summing the scores for the specific
type of activity across domains.

Two variables were derived from the IPAQ data: (1) average
daily active minutes (IPAQ_PAmin), which was calculated by
summing total time spent walking, in moderate, and in vigorous
intensity physical activity, and then dividing by 7 days; (2)
average daily physical activity level (IPAQ_met), which was
calculated using total physical activity (MET-minutes per week)
divided by 7 days. MET-minutes per week were derived as
durationxfrequency per weekxMET intensity assigned to each
category of activity [25].

Six-Minute Walk Test (6BMWT)

The6MWT isatest of physical capacity commonly used inthe
assessment of cardiac rehabilitation patients and was used to
assess functional capacity of participants. Each participant
completed the test once during their first study visit. The
6MWTs were administered by a research assistant using a
standard protocol [26].

Analysis

Statistical analyseswere performed using SASversion 9.2 (SAS
Ingtitute, Inc, Cary, NC, USA) and R version 2.15.0 (R
Foundations for Statistical Computing, Vienna, Austria). All
statistical tests were 2-tailed at a 5% significance level.
Participants' characteristics and physical activity measurements

werefirst summarized using descriptive statistics. Both Pearson
product moment correlation (r) and Spearman rank order
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correlation were used to assess the strength of correlation
between 2 measures with associated P values. Regression
analyses were carried out to investigate the relationships
between the MobilePAL questionnaire, the accelerometer, and
self-report physical activity measured by the IPAQ. For
accelerometer data, Acc_CPM was compared with MobilePAL
because this captures al activities performed by the person
when wearing the device, including incidental and lifestyle
activities. As dtated, we estimated average dailly METs
(Acc_METSs), whichreflects activity-rel ated energy expenditure.
In the present study, we did not collect body mass data;
therefore, we were unable to estimate basal metabolic rate and
could not truly estimate PAL. The Acc METs was considered
an appropriate proxy measure for comparison with MobilePAL.
Energy expenditure obtained from the IPAQ (IPAQ_met) was
chosen as a comparator because it includes a similar
measurement unit as MobilePAL. Potential confounding effects
of age and functional capacity (6BMWT) were examined in all
models. Repeated measures analysis was also conducted to
evaluate the change in PAL over the 7-day period.

A Shapiro-Wilk test of normality was conducted with the
relatively small sample size (N=30). When necessary, log
transformation of the outcome variable was considered. Because
theresultswith and without the log transformation were similar
inall analyses, the original (nontransformed) data are presented.

Results

As shown in Table 2, most participants were New Zealand
European (29/30, 97%), men (26/30, 87%), aged between 49
to 85 years (mean 65.6, SD 8.8). Thirty-six potential participants
were approached to take part. Of these, 32 expressed interest
and 30 compl eted the study (30/36, 83%). More than half were
working full or part time (19/30, 63%) and 11/30 (37%) were
retired. Thirteen participants (43%) had never smoked and 17/30
(57%) identified as previous smokers. Twenty-one participants
(70%) consumed at least 1 alcoholic drink per week. Distance
walked during the BMWT ranged from 372 to 742 meters (mean
570.8, SD 96.3).
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Descriptive summaries of al physical activity measurements
obtained by the 3 different instruments are presented in Table
3. All participants provided at least 4 days of valid accel erometer
data. Average daily active minutes measured by IPAQ

Table 2. Participant characteristics (N=30).

Pfaeffli et a

(IPAQ_PAmin) were on average lower than the average daily
valid minutes recorded by accelerometer (Acc_PAmin), which
is not surprising because the IPAQ does not capture incidental
movement.

Variables Participants
n (%)
Gender
Mae 26 (87)
Female 4(13)
Ethnicity
New Zealand European 29 (97)
Maori (indigenous) 1(3)
Medical status?
High blood pressure 23(77)
High cholesterol 26 (87)
Diabetes 5(17)
Atrid fibrillation 10(33)
Heart attack 14.(47)
Angina 3(10)
Other forms of heart disease 12 (40)

85ome participants reported having more than 1 medical condition.

Table 3. Summary of average daily physical activity obtained by the 3 different instruments, the smartphone, the accel erometer, and the International

Physical Activity Questionnaire (IPAQ).

Instrument and measurement Mean (SD) Range
Smartphonée®
MobilePAL 1.77(0.2) 16-2.1
Accelerometer®
Acc_CPM 313 (140) 108-702
Acc_METs 1.69 (0.1) 1520
Acc_PAmin 302 (74) 188-528
IPAQ®
IPAQ_met 531 (468) 47-1840
IPAQ_PAmin 149 (131) 14-504

3\iobilePAL=daily physical activity level (PAL) measured by smartphone questionnaire.

bAcc_CPM =daily activity counts per minute measured by accelerometer; Acc_METs=average daily metabolic equivalent derived from accelerometer
counts per minute; Acc_PAmin=daily minutes of lifestyle, light, moderate, or vigorous physical activity measured by accelerometer.

%IPAQ_met=MET-minutes per day measured by |PAQ; IPAQ_PAmin=daily minutes of walking, in moderateintensity, and in vigorousintensity physical

activity measured by 1PAQ.

The Pearson’s correlation coefficients are presented in Table
4. Associations between the MobilePAL questionnaire and
accel erometer daily activity counts (Acc_CPM), activity-derived
METs (Acc_METSs), and IPAQ-derived energy expenditure
(IPAQ_met) were similar in magnitude. The conclusions were
consistent using Spearman rank correlation and, therefore, are

http://www.jmir.org/2013/3/e61/

RenderX

not reported here. Graphs illustrating the degree of spread in
the data are shown in Multimedia Appendix 1. Functional
capacity measured by the BMWT was not associated with any
variables except age (r=—43; P=.02). Age was not associated
with the self-report measures, but showed moderate correlations
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with Acc_CPM (r=-53; P=.003) and Acc PAmin (r=—46; P=.01).

Table4. Correlations between 3 different instruments, the smartphone, the accelerometer, and the International Physical Activity Questionnaire (IPAQ).

Instrument and measurement Correlations, ra

MobilePAL Acc_ CPM Acc_METs Acc_PAmin IPAQ_met IPAQ PAmin

Smartphoneb

MobilePAL 1.00
Accelerometer©

Acc_CPM 45 1.00

Acc_METs 45 1.00 1.00

Acc_PAmin .39 81 81 1.00
1PAQY

IPAQ_met 49 62 62 40 1.00

IPAQ_PAmIn 48 .61 .61 41 .99 1.00

gtatistically significant correlations (P<.05) areindicated in italics.

b obilePAL=daily physical activity level (PAL) measured by smartphone questionnaire.

CAcc_CPM=daily activity counts per minute measured by accelerometer; Acc_ METs= Average daily metabolic equivalent derived from accel erometer
counts per minute; Acc_PAmin=Daily minutes of lifestyle, light, moderate, or vigorous physical activity measured by accelerometer.

9 PAQ_met=MET- minutes per day measured by IPAQ; IPAQ_PAmin=daily minutes of walking, in moderate intensity, and in vigorous intensity

physical activity measured by IPAQ.

To determine the level of agreement between
accelerometer-derived energy expenditure (ACC_METS) and
Mobile PAL we conducted a Bland-Altman plot (see Figure 2).
Overall, there was good agreement between the methods, with
amean bias of +0.08 METSs.

Linear regression analyses were used to further investigate the
relationships between the variables of interest. Because GBMWT
was hot associated with any of these variables, only age was
adjusted in the regression analysis.

We first examined the association between MobilePAL and the
reference standard of accelerometry (Acc CPM). Both
MobilePAL (beta=.42; P=.008) and age (beta=—48; P=.002)
were significant predictors of Acc CPM (adjusted R?=.40,

http://www.jmir.org/2013/3/e61/
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F,27;=10.58; P<.01). Because Acc_METs were derived from
accelerometer cpm, a separate regression equation was not
conducted. Similar findings were found when 1PAQ-derived
energy expenditure was considered in the model. Both
IPAQ_met (beta=.51; P=.001) and age (beta=—36; P=.016)
made unique contributions to the predicted model (adjusted
R?=.47, F,,;=13.58; P<.001). We also found that IPAQ_met
(beta=.51; P=.007) was strongly associated with MobilePAL
(adjusted RP=0.19, F, »,=4.32; P<.05), but not age (beta=.07;
P=.682).

Repeated measures analysison MobilePAL over 7 daysrevealed
little within-day variability. No differences in MobilePAL
between any 2 days were observed after Tukey-Kramer
adjustment, except for days 6 and 7 (adjusted P=.04).
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Figure 2. Bland-Altman plot comparison of energy expenditure obtained using accelerometry (Acc_METSs) and the mobile phone questionnaire

(MobilePAL).
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Discussion [ |

We found relatively good associations between the mobile
phone-derived activity-rel ated energy expenditure (MobilePAL)
and the accelerometer-derived total daily activity counts
(Acc_CPM), which was similar to that observed with a
commonly used self-report questionnaire, the |IPAQ, and dightly
better than that demonstrated in the 12-country validation of
the IPAQ [25]. The similar magnitude of correlations for IPAQ
and MobilePAL with accelerometry data indicates the mobile
phone questionnaire is as good as traditional paper-based
guestionnaires. There is potential that the mobile phone
guestionnaire may have enhanced recall on the IPAQ, as
participants were answering questions each day about their
physical activities. Thisconstant recall may haveled to stronger
associations. Good agreement existed between mobile phone
and accelerometer derived activity-related energy expenditure
(MobilePAL and Acc_METS) with only slight overestimation
of the mobile phone questionnaire compared to the reference
standard of accelerometry. Taken together, these findings
support the use of the mobile phone questionnaire to assess
physical activity levelsin people with CVD.

Our study sampleincluded attendees of a cardiac rehabilitation
program; however, many people with CVD are encouraged to
exercise but do not attend cardiac rehabilitation programs

http://www.jmir.org/2013/3/e61/

and many people exercise on their own timein their community.
This mobile phone questionnaire offers a viable approach to
monitoring activity levels of people with CVD, irrespective of
attendance at cardiac rehabilitation. Such data are needed to
truly understand the benefits of physical activity for secondary
prevention of CVD.

In comparison to other cardiac rehabilitation populations, our
sample had a similar mean age [31]. In the present study, age
was a significant predictor in the regression analyses; the older
participants in our sample were less active than the younger
participants, as revealed by the inverse relationship between
accel erometer counts per minute and age. Moreover, participants
in our study had better physical function with a mean 6MWT
of 570 meters, which is greater than that observed in other
postcardiac rehabilitation populations (377-555 m) [31]. This
may be dueto ahigher exercise dose as our sample participated
in a supervised exercise program 3 times per week.

The repeated measures analyses showed little within-day
variability for the mobile phone questionnaire. For 28
participants, day 6 fell onaTuesday (n=23) or aThursday (n=5).
The study participants belonged to a cardiac rehabilitation
exercise clinic that ran on Mondays, Wednesdays, and Fridays,
so perhaps the lower PAL score on day 6 was areflection of a
rest day for some participants.

JMed Internet Res 2013 | vol. 15 | iss. 3| €61 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

This study builds on previous validation research by Bexelius
and colleagues [15] by testing the convergent validity of the
mobile phone questionnaire in people with CVD. Previoudly,
the questionnaire has demonstrated validity against doubly
labeled water and accelerometry in Swedish women. Our
findings extend the generalizability of this questionnaire; taken
together, these findings suggest that this mobile phone
guestionnaire is a reliable and valid self-report measure of
physical activity.

Recently, another mobile phone-based physical activity
guestionnaire has been devel oped. Sternfeld and colleagues[32]
evaluated an activity diary as an application program to be
administered using a mobile phone. Participants were asked to
record their physical activities on their phone 3 times a day.
Participants could choose activities across 15 different domains,
and responses were associated with MET values derived from
the Compendium of Physical Activities [24]. Compared to
accelerometry, intraclass correlation coefficients ranged from
0.55 for light physical activity to 0.63 for vigorous activity,
whereas correl ations were of moderate magnitude and slightly
higher than observed in the present study. As with our study,
there was good user acceptability. Collectively, these studies
highlight the utility of mobile phonesfor self-reporting physical
activity.

Degspite these findings, it is important that researchers do not
necessarily develop a completely new series of mobile phone
applicationsfor self-reporting physical activity, but rather build
on previousresearch by refining existing platforms. Thiswould
avoid the unnecessary proliferation of questionnaires observed
inthefield of physical activity research. To illustrate, there are
currently more than 100 self-report measures of physical activity
in use, with varying degrees of reliability and validity. A recent
review by Helmerhorst and colleagues|[7] identified 34 physical
activity questionnaires devel oped between 1997 and 2011, and
found that these were no more reliable or valid compared to
existing measures. We acknowledge that the field of physical
activity measurement and the resulting techniques and analytic
approaches has progressed considerably as a function of the
development of these questionnaires. However, we suggest that
asresearchers, itisin our best interest not to continue thistrend
of proliferation with mobile phone questionnaires. A more
fruitful approach might be to build on existing measurement
expertise and work to refine or devel op auniversal mobile phone
guestionnaire for population-level use, as has been done with
the IPAQ or Global Physical Activity Questionnaire.
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An important finding from this study is that our sample of
middle-aged to older adults were able to use the smartphone
application. Thedigital divide, whereby some groups (including
older-aged people) may use technology less than others, has
been considered a barrier for researchers using smartphone
applications [19]. However, there is now abundant evidence
that mobile phones offer unprecedented opportunitiesto improve
reach into traditionally underserved population groups[33,34].
Indeed, the telecommunications industry has documented a
trend toward a digital divide in reverse, whereby low income
and ethnic minority groups use the technology more than others
[14]. It isestimated that 80% to 90% of the UK population will
have a smartphone within 10 years [19]. Given this increasing
use and availability of smartphone technology, combined with
real-time data collection that is easy to use, makes this a
promising way to obtain physical activity data and retain
participant compliance. Participants are required to answer only
2 questions, thereby reducing the burden typically associated
with other commonly used instruments. It takes less than 30
seconds to answer the MobilePAL questionnaire each day,
whereas the 1PAQ took our participants between 10 to 15
minutesto complete. Previous research has highlighted the need
to make mobile phone applications easy to use (ie, 1 click from
main page) [35]. This was an important consideration in our
application development; hence, participants required a single
click from the main page to access the application, 1 click to
select answers to the questions, and 1 click to save responses.
Most participants had never used a smartphone prior to this
study, and anecdotal responses indicated that they generally
found the application easy to use. Collectively, these features
make mobile phone questionnaires, such as the one presented
here, suitable for population-level surveillance.

Thisstudy isnot without limitations. First our findings are based
on asmall (N=30) and relatively homogeneous sample of New
Zealand European men, which impacts on the variability and
generalizability of the data. However, the mobile phone
guestionnaire has been validated in other populations using
doubly labeled water and indirect calorimetry [15]. Welk [6]
describesvalidity asan ongoing and community process because
validation cannot be determined by one study alone. Future
research is needed to validate this questionnaire in other
subgroups and countries.

In conclusion, a mobile phone-delivered questionnaire is a
relatively reliable and valid measure of physical activity, and
is as good as existing self-report measures. Given their
ubiquitous use, mobile phones may be an effective method of
physical activity surveillance data collection.

The authors would like to thank all the participants and the University of Auckland's Cardiac Rehabilitation Clinic, in particular
Ms Brighid McCaffrey. We would also like to acknowledge the National Institute of Health Innovation’s IT team, especialy
Johan Strydom for hiswork on the devel opment of the application. Dr Maddison is supported by a Health Research Council, Sir
Charles Hercus Fellowship. This study was supported by funds from a Health Research Council Project Grant.

Conflictsof I nterest
None declared.

http://www.jmir.org/2013/3/e61/

JMed Internet Res 2013 | val. 15 | iss. 3| e61 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Pfaeffli et al

Multimedia Appendix 1
Degree of spread between variables.

[PDE File (Adobe PDF File), 187K B-Multimedia Appendix 1]

References

1.

Blair SN, Kohl HW, Gordon NF, Paffenbarger RS. How much physical activity isgood for health? Annu Rev Public Health.
1992;13:99-126. [doi: 10.1146/annurev.pu.13.050192.000531] [Medline: 1599603]

2. Blar SN, Morris JN. Healthy hearts-and the universal benefits of being physically active: physical activity and health. Ann
Epidemiol. Apr 2009;19(4):253-256. [doi: 10.1016/j.annepidem.2009.01.019] [Medline: 19344864]

3. O'Donovan G, Blazevich AJ, Boreham C, Cooper AR, Crank H, Ekelund U, et al. The ABC of Physical Activity for Health:
a consensus statement from the British Association of Sport and Exercise Sciences. J Sports Sci. Apr 2010;28(6):573-591.
[doi: 10.1080/02640411003671212] [Medline: 20401789]

4.  Bull FC, Armstrong TR, Dixon T. Physical inactivity. In: Essati M, Lopez AD, Rodgers A, Murray CJL, editors. Comparative
Quantification of Health Risks Global and Regional Burden of Disease Attributableto Selected Mgjor Risk Factors. Geneva.
World Health Organization; 2004:1-881.

5. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. CMAJ. Mar 14, 2006;174(6):801-809.
[FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

6. Welk GJ. Physical Activity Assessment for Health-Related Research. Champaign, IL. Human Kinetics; 2002.

7.  Helmerhorst HJ, Brage S, Warren J, Besson H, Ekelund U. A systematic review of reliability and objective criterion-related
validity of physical activity questionnaires. Int JBehav Nutr Phys Act. 2012;9:103. [FREE Full text] [doi:
10.1186/1479-5868-9-103] [Medline: 22938557]

8. Lamonte MJ, Ainsworth BE. Quantifying energy expenditure and physical activity in the context of dose response. Med
Sci Sports Exerc. Jun 2001;33(6 Suppl):S370-8; discussion $S419. [Medline: 11427762]

9.  Shephard RJ. Limitsto the measurement of habitual physical activity by questionnaires. Br J Sports Med. Jun
2003;37(3):197-206. [FREE Full text] [Medline: 12782543]

10. Westerterp KR. Assessment of physical activity: acritical appraisal. Eur JAppl Physiol. Apr 2009;105(6):823-828. [doi:
10.1007/s00421-009-1000-2] [Medline: 19205725]

11. Ainsworth BE, Caspersen CJ, Matthews CE, Méasse L C, Baranowski T, Zhu W. Recommendationsto improve the accuracy
of estimates of physical activity derived from self report. J Phys Act Health. Jan 2012;9 Suppl 1:S76-S84. [FREE Full text]
[Medline: 22287451]

12. Dishman RK, Washburn RA, Schoeller DA. Measurement of physical activity. Quest. Aug 2001;53(3):295-309. [doi:
10.1080/00336297.2001.10491746]

13. Rzewnicki R, Vanden Auweele Y, De Bourdeaudhuij |. Addressing overreporting on the International Physical Activity
Questionnaire (IPAQ) telephone survey with a population sample. Public Health Nutr. May 2003;6(3):299-305. [doi:
10.1079/PHN2002427] [Medline: 12740079]

14. World Health Organization. mHealth: New Horizons for Health through Mobile Technologies: Second Global Survey on
eHealth (Globa Observatory for Ehealth). Geneva. World Health Organization; 2011.

15. BexdiusC, Léf M, Sandin S, Trolle Lagerros Y, Forsum E, Litton JE. Measures of physical activity using cell phones:
validation using criterion methods. JMed Internet Res. 2010;12(1):e2. [FREE Full text] [doi: 10.2196/jmir.1298] [Medline:
20118036]

16. BexdiusC, Sandin S, Trolle Lagerros 'Y, Litton JE, L6f M. Estimation of physical activity levels using cell phone
guestionnaires. a comparison with accelerometry for evaluation of between-subject and within-subject variations. JMed
Internet Res. 2011;13(3):e€70. [FREE Full text] [doi: 10.2196/jmir.1686] [Medline: 21946080]

17. Ofcom. 2012. URL: http://stakeholders.of com.org.uk/market-data-research/media-literacy/archive/medlitpub/medlitpubrss/
adults-media-use-attitudes/ [accessed 2012-10-28] [WebCite Cache ID 6BICgO42C]

18. Nielsen Mobile Insights. America's New Mobile Mgority: A Look at Smartphone Ownersin the US. 2012. URL: http:/
[blog.niel sen.com/niel senwire/online_mobile/
smartphones-account-for-half-of -all-mobil e-phones-dominate-new-phone-purchases-in-the-us/ [accessed 2012-10-28]
[WebCite Cache ID 6BIDMCG9P]

19. BoulosMN, Wheeler S, Tavares C, Jones R. How smartphones are changing the face of mobile and participatory healthcare:
an overview, with example from eCAALY X. Biomed Eng Online. 2011;10:24. [FREE Full text] [doi:
10.1186/1475-925X-10-24] [Medline: 21466669]

20. Sirard JrR, Pate RR. Physical activity assessment in children and adolescents. Sports Med. 2001;31(6):439-454. [Medline:
11394563]

21. Welk GJ, Schaben JA, Morrow JR. Reliability of accelerometry-based activity monitors. a generalizability study. Med Sci
Sports Exerc. Sep 2004;36(9):1637-1645. [Medline: 15354049]

22. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accelerometer. Med Sci
Sports Exerc. May 1998;30(5):777-781. [Medline: 9588623]

http://www.jmir.org/2013/3/e61/ JMed Internet Res 2013 | vol. 15 | iss. 3| e61 | p. 9

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i3e61_app1.pdf&filename=8307f78859d848f1a765cf80eeb0858d.pdf
https://jmir.org/api/download?alt_name=jmir_v15i3e61_app1.pdf&filename=8307f78859d848f1a765cf80eeb0858d.pdf
http://dx.doi.org/10.1146/annurev.pu.13.050192.000531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1599603&dopt=Abstract
http://dx.doi.org/10.1016/j.annepidem.2009.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19344864&dopt=Abstract
http://dx.doi.org/10.1080/02640411003671212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20401789&dopt=Abstract
http://europepmc.org/abstract/MED/16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
http://www.ijbnpa.org/content/9//103
http://dx.doi.org/10.1186/1479-5868-9-103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22938557&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11427762&dopt=Abstract
http://bjsm.bmj.com/cgi/pmidlookup?view=long&pmid=12782543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12782543&dopt=Abstract
http://dx.doi.org/10.1007/s00421-009-1000-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19205725&dopt=Abstract
http://europepmc.org/abstract/MED/22287451
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22287451&dopt=Abstract
http://dx.doi.org/10.1080/00336297.2001.10491746
http://dx.doi.org/10.1079/PHN2002427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12740079&dopt=Abstract
http://www.jmir.org/2010/1/e2/
http://dx.doi.org/10.2196/jmir.1298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20118036&dopt=Abstract
http://www.jmir.org/2011/3/e70/
http://dx.doi.org/10.2196/jmir.1686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21946080&dopt=Abstract
http://stakeholders.ofcom.org.uk/market-data-research/media-literacy/archive/medlitpub/medlitpubrss/adults-media-use-attitudes/
http://stakeholders.ofcom.org.uk/market-data-research/media-literacy/archive/medlitpub/medlitpubrss/adults-media-use-attitudes/
http://www.webcitation.org/

                                                6BlCgO42C
http://blog.nielsen.com/nielsenwire/online_mobile/smartphones-account-for-half-of-all-mobile-phones-dominate-new-phone-purchases-in-the-us/
http://blog.nielsen.com/nielsenwire/online_mobile/smartphones-account-for-half-of-all-mobile-phones-dominate-new-phone-purchases-in-the-us/
http://blog.nielsen.com/nielsenwire/online_mobile/smartphones-account-for-half-of-all-mobile-phones-dominate-new-phone-purchases-in-the-us/
http://www.webcitation.org/

                                                6BlDMCG9P
http://www.biomedical-engineering-online.com/content/10//24
http://dx.doi.org/10.1186/1475-925X-10-24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21466669&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11394563&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15354049&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9588623&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Pfaeffli et al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Black AE, Coward WA, Cole TJ, Prentice AM. Human energy expenditure in affluent societies: an analysis of 574
doubly-labelled water measurements. Eur J Clin Nutr. Feb 1996;50(2):72-92. [Medline: 8641250]

Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et al. Compendium of physical activities: an
update of activity codesand MET intensities. Med Sci Sports Exerc. Sep 2000;32(9 Suppl): $498-S504. [Medline: 10993420]
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. Aug 2003;35(8):1381-1395. [doi:

10.1249/01.M SS.0000078924.61453.FB] [Medline: 12900694]

Enright PL. The six-minute walk test. Respir Care. Aug 2003;48(8):783-785. [FREE Full text] [Medline: 12890299]
Bethell HJ, Evans JA, Turner SC, Lewin RJ. Therise and fall of cardiac rehabilitation in the United Kingdom since 1998.
JPublic Health (Oxf). Mar 2007;29(1):57-61. [FREE Full text] [doi: 10.1093/pubmed/fdi091] [Medline: 17189295]
Bethell H, Lewin R, Dala H. Cardiac rehabilitation in the United Kingdom. Heart. Feb 2009;95(4):271-275. [doi:
10.1136/hrt.2007.134338] [Medline: 18208830]

SuayaJA, Shepard DS, Normand SL, Ades PA, Prottas J, Stason WB. Use of cardiac rehabilitation by Medicare beneficiaries
after myocardial infarction or coronary bypass surgery. Circulation. Oct 9, 2007;116(15):1653-1662. [FREE Full text] [doi:
10.1161/CIRCULATIONAHA.107.701466] [Medline: 17893274]

Banerjee AT, Gupta M, Singh N. Patient characteristics, compliance, and exercise outcomes of South Asians enrolled in
cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2007;27(4):212-218. [doi: 10.1097/01.HCR.0000281765.52158.be]
[Medline: 17667016]

Bellet RN, AdamsL, Morris NR. The 6-minute walk test in outpatient cardiac rehabilitation: validity, reliability and
responsiveness-asystematic review. Physiotherapy. Dec 2012;98(4):277-286. [doi: 10.1016/j.physi0.2011.11.003] [Medline:
23122432]

Sternfeld B, Jiang SF, Picchi T, Chasan-Taber L, Ainsworth B, Quesenberry CP. Evaluation of acell phone-based physical
activity diary. Med Sci Sports Exerc. Mar 2012;44(3):487-495. [doi: 10.1249/M SS.0b013e3182325f45] [Medline: 21857369]
Ory MG, Lee Smith M, Mier N, Wernicke MM. The science of sustaining health behavior change: the health maintenance
consortium. Am J Health Behav. 2010;34(6):647-659. [Medline: 20604691]

Zurovac D, Talisuna AO, Snow RW. Mobile phone text messaging: tool for malaria control in Africa. PLoS Med. Feb
2012;9(2):€1001176. [FREE Full text] [doi: 10.1371/journal.pmed.1001176] [Medline: 22363212]

Rabin C, Bock B. Desired features of smartphone applications promoting physical activity. Telemed J E Health. Dec
2011;17(10):801-803. [doi: 10.1089/tmj.2011.0055] [Medline: 22010977]

Abbreviations
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Acc_CPM: daily activity counts per minute measured by accelerometer

Acc_METs: average daily metabolic equivalent derived from accelerometer counts per minute
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CSV: comma-separated values

CVD: cardiovascular disease

IPAQ: International Physical Activity Questionnaire

IPAQ_met: MET-minutes per day measured by IPAQ
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measured by IPAQ

MET: metabolic equivalent

MobilePAL: daily physical activity level (PAL) measured by smartphone questionnaire

PAL: physica activity level

SIM: subscriber identity module
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