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Abstract

Consumer physical activity tracking devices (PATs) have gained popularity to support indi-

viduals to be more active and less sedentary throughout the day. Wearable PATs provide

real-time feedback of various fitness-related metrics such as tracking steps, sedentary time,

and distance walked. The purpose of this study was to examine the prevalence and corre-

lates of PAT ownership and use among a population-based sample of adults. A representa-

tive sample of adults�18 years (N = 1,215) from Alberta, Canada were recruited through

random-digit dialing and responded to a questionnaire via computer-assisted telephone

interviewing methods in summer 2016. Questionnaires assessed demographic and health

behaviour variables, and items were designed to assess PAT ownership and usage. Logistic

regression analysis (odds ratios) was used to assess correlates of PAT ownership and use.

On average, participants (N = 1,215) were 53.9 (SD 16.7) years and 50.1% were female. Of

the sample, 19.6% (n = 238) indicated they currently own and use a PAT. Participants who

owned a PAT wore their device on average 23.2 days within the past month. Currently own-

ing a PAT was significantly associated with being female (OR = 1.41, CI: 1.10 to 1.82),

being <60 years of age (OR = 1.86, CI: 1.37 to 2.53), having at least some post secondary

education (OR = 1.88, CI: 1.36 to 2.60), having a BMI�25 (OR = 1.52, CI: 1.16 to 1.99),

and meeting physical activity guidelines (OR = 1.45, CI: 1.12 to 1.88). Similar correlates

emerged for PAT use. Correlates significantly associated with PAT use and ownership

included being female, being less than 60 years of age, having a post-secondary education,

meeting physical activity guidelines, and being overweight/obese. This is the first study to

examine characteristics of PAT ownership and use among Canadian adults.

Introduction

Physical inactivity and sedentary behaviour are risk factors for many chronic physical and

mental health conditions, such as pre-mature mortality, cardiovascular disease, stroke, hyper-

tension, colon cancers, depression, anxiety, breast cancer and diabetes [1, 2]. Although it is
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recommended that adults accumulate up to 150 minutes of moderate-to-vigorous physical

activity per week [3] which habitually, has shown to have a protective effect against chronic

diseases, [4–6] the overwhelming majority of adults do not meet physical activity guidelines

[7, 8].

Consumer physical activity tracking devices (PATs) are one tool that may support individu-

als to be more active and less sedentary throughout the day. A PAT is a device that is worn that

monitors and tracks physical activity and/or sedentary-related metrics, such as number of

steps, overall physical activity, sedentary time, distance walked or ran, and in some cases, heart

rate, flights of stairs, calories and sleep patterns. Examples of activity tracking devices include

wearable devices (e.g. Fitbit, Garmin, Jawbone), smart watches (e.g. Apple Watch, Galaxy

Gear, Samsung Gear), phone applications (e.g. Apple Health, Samsung Health, Google Fit),

and step pedometers [9].

Behavioural physical activity interventions incorporating a PAT have increased physical

activity among overweight or obese adults [10]. Use of a pedometer has been found to be sig-

nificantly associated with increases in physical activity and decreases in BMI and blood pres-

sure [11]. More specifically, physical activity interventions using pedometers with adults found

a 26.9% increase in physical activity levels compared to baseline activity level [11]. Smartphone

applications have shown to support weight loss interventions [12, 13] and increases in physical

activity [14]. PATs have been documented to show promise in clinical populations [15–18].

For example, the continuous monitoring that such devices provide may have implications for

enhancing the care and recovery of hospitalized patients by recording relevant patient health

metrics and physical activity, which can help to facilitate “remote, real-time monitoring of

medical conditions, enable disease management, and provide patient education [19]. Some

PATs incorporate behaviour change techniques, such as self-monitoring, goal-setting, feed-

back, prompts/cues and rewards, to support and motivate individuals to achieve activity goals

[9, 20]. The continuous real-time feedback of activity trackers provides an opportunity for

practitioners to explore strategies to develop and implement large-scale and low-cost physical

activity and sedentary behaviour interventions.

Given the increasing visibility and use of PATs, research is just starting to emerge regarding

ownership and use of PATs among adults. The purpose of this study was to examine the preva-

lence and correlates of PAT ownership and use among a population-based sample of adults.

The secondary purpose was to determine the most commonly used PATs and the types of

functions that were considered to be useful among those who currently own and use a PAT.

Methods

Participants and design

This study was approved by the Research Ethics Board at the University of Alberta. All partici-

pant recruitment and data collection were conducted through a centralized research unit—the

Population Research Laboratory (PRL) at the University of Alberta (Edmonton, Alberta, Can-

ada). The PRL specializes in the gathering, analysis, and presentation of data about demo-

graphic, social and public issues and has particular expertise in administering computer-

assisted telephone interviewing (CATI) surveys. Representative random sampling was con-

ducted through random-digit dialing telephone interviews through landlines and cellphones

between June and August, 2016. Participants were 18 years of age or older and were living in a

household that could be contacted by direct dialing. All participants were informed about the

details and purpose of this voluntary questionnaire, and were provided an opportunity to pro-

vide verbal consent. A sampling aim of 1,200 households across Alberta, with a minimum of

400 respondents each in Metropolitan Edmonton, Metropolitan Calgary, and from the rest of
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the province. Participants targeted were 18 years of age or older. The sample size obtained was

1,215.

Measures

All measures were self-reported via telephone interview. Sociodemographic variables included

gender, age, education, employment status, marital status, height, and weight (subsequently

used to calculate BMI (kg/m2), which was dichotomized into normal versus overweight/

obese), and region (see Table 1).

Leisure-time physical activity (LTPA) was assessed using the Godin Shephard Leisure-Time

Exercise Questionnaire [21]. Participants were asked to indicate how many times in an average

week they engaged in mild, moderate, and strenuous exercise for more than 15 minutes.

Weekly LTPA was calculated as the sum of weighted minutes of mild, moderate and strenuous

activity by associated metabolic equivalent value of a task (MET) of 3, 5, and 9, respectively

Table 1. Characteristics of respondents (N = 1215).

Characteristic N (%) Mean (SD)

Age

18 to 59 years 726 (59.8) 53.9 years (16.7)

� 60 years 489 (40.2)

Gender

Male 606 (49.9)

Female 609 (50.1)

Marital status

Not married 441 (36.3)

Married/Common-law 766 (63.0)

Education

�High school 294 (24.2)

Pursued post-secondary education 914 (75.2)

Employment�

Not working 582 (47.9)

Working full or part time 630 (51.9)

Region

Metro Edmonton / Calgary 807 (66.4)

Other Alberta 408 (33.6)

BMI 27.3 kg/m2 (5.9)

Overweight/Obese 727 (59.8)

Normal weight 441 (43.2)

Sedentary Behaviour–Weekday 9 hrs (4.7)

< 9 hours 525 (43.2)

� 9 hours 690 (56.8)

Sedentary Behaviour–Weekend 8.5 hrs (4.8)

< 9 hours 452 (37.2)

� 9 hours 763 (62.8)

Leisure-Time Physical Activity 43.7 MET-mins/week (36.2)

Insufficiently active 575 (47.3)

Sufficiently active 640 (52.7)

�Not working includes individuals who are retired, unemployed, on maternity leave, are students, or are on

disability.

https://doi.org/10.1371/journal.pone.0189298.t001
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[22, 23]. Physical activity intensity is often expressed in METs—a measure of energy output

equal to one’s basal resting metabolic rate, which is assumed to be 3.5 mL•kg-1•min-1 [24].

Participants were considered sufficiently active based on an MET score of�38 per week for

men and�35 per week for women [25].

The Sedentary Behaviour Questionnaire [26] was used to estimate time spent in sedentary

behavior during a typical week. Nine types of sedentary activities were assessed including:

watching television, playing computer/video games, sitting while listening to music, sitting

and talking on the phone, doing paperwork or office work, sitting and reading, playing a musi-

cal instrument, doing arts and crafts, and sitting to drive or ride in a car, bus or train. Scores

were summed to calculate sedentary time in minutes per weekdays and weekend days. To

obtain weekly estimates, weekday minutes were multiplied by 5 and weekend minutes were

multiplied by 2 and these were summed for total hours/week. Average sedentary behaviour

time per week was calculated by summing weekday and weekend sedentary behaviour then

dividing by seven days for the week.

Participants were asked a set of questions related to wearable PATs. To determine owner-

ship and use, participants were asked, “Do you currently use an activity tracker for the pur-

poses of tracking how active you are throughout the day?” and were provided the following

answer options, “Yes, I use an activity tracker,” “No, I own an activity tracker but do not use

it,” and “I do not own an activity tracker.” Of those who owned a PAT, participants were asked

to indicate the type of PAT that they use (open-ended), and of those who did not own a PAT,

participants were asked if they had plans to use one in the future (yes/no/not sure). Those par-

ticipants who owned or planned to own a device were asked to indicate the type of activity

tracking functions they consider or would consider to be useful, somewhat useful, or very use-

ful. Functions included a) tracking types of activities (e.g., walking, cycling), b) steps, c) flights

of stairs climbed, d) distance travelled, e) duration of activities, f) sedentary time, g) sleep time,

h) calories burned, i) heart rate, j) GPS (Global Positioning System), k) inactivity/sedentary

alert, and l) connecting with friends/family for activity challenges.

Finally, to understand frequency of PAT use, participants who owned and currently used a

device were asked, “Thinking about a typical month, how many days on average do you use

your activity tracker?” Of those who owned and no longer used their device, these participants

were asked, “If you are not currently using your activity tracker, how long did you use it before

you stopped using it?” Both questions were answered in number of days.

Analysis

Statistical analyses were performed using SPSS version 24. Prior to any analyses, data were

checked (via frequency distributions) for outliers and discrepancies. Frequency counts and

percentages were also calculated to determine the PAT ownership and related characteristics.

Logistic regression (i.e., odds ratios) was used to determine associations of demographic and

health-related characteristics with PAT variables. Odds ratios (ORs) reflect the increase (or

decrease if the ratio is <1) in odds of being in one outcome category when the value of the pre-

dictor increases by one unit. In all analyses, adjusted ORs, as well as the associated 95% confi-

dence interval (CI), are presented for each level of the variable in comparison with the lowest

(referent) level. The population-based dataset that was used for this study had a limited num-

ber of sociodemographic and clinical variables, therefore, common predictor variables were

entered into each model. These predictors included gender (male v. female), age (60 years of

age or below), education (at least college/university education), marital status (married/com-

mon-law v. not married/common-law), employment status (working full or part time v. not

working), rural (rural v. urban residence), BMI (normal v. overweight/obese), average
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weekday sedentary time (above 9 hrs/day v. below 9 hrs/day), average weekend sedentary time

(above 9 hrs/day v. below 9 hrs/day), and physical activity (meeting physical activity guidelines

v. not meeting). The same set of predictor variables were entered into each model. A full

model approach (without any variable selection to a reduced model) was used.

Results

Of households contacted, 21% responded to the survey. The random sample of 1,215 is consid-

ered accurate within +/- 2.8% (CI: 95%), with subsamples of 400 considered accurate within

+/-5.0% (CI: 95%). On average, it took two call attempts to complete an interview and 98% of

completed interviews were completed with five attempts. Further information depicting the

number of call attempts made to complete an interview can be found in supporting informa-

tion files (S1 Table).

Table 2 shows the sample characteristics of respondents. On average, participants were 53.9

(SD = 16.7; range = 75) years of age with a mean BMI of 27.3 kg/m2 (SD = 5.9; range = 47.1),

Table 2. Percentage of ownership and use across demographic and health characteristics (N = 1215).

Characteristic Do not own

N (%)

Own, but do not use

N (%)

Own, and use

N (%)

P value�

Age

18 to 59 years 556 (46%) 168 (13.9%) 219 (18.1%) < .001

� 60 years 193 (16%) 35 (2.9%) 37 (3.1%)

Gender

Male 403 (33.4%) 87 (7.2%) 118 (9.8%) .007

Female 346 (28.6%) 116 (9.6%) 138 (11.4%)

Marital status

Not married 316 (26.3%) 83 (6.9%) 86 (7.2%) .048

Married/Common-law 429 (35.8%) 117 (9.8%) 169 (14.1%)

Education

�High school 207 (17.2%) 42 (3.5%) 35 (2.9%) < .001

Pursued post-secondary education 538 (44.7%) 161 (13.4%) 220 (18.3%)

Employment

Not working 295 (24.5%) 73 (6.1%) 82 (6.8%) .091

Working full or part time 451 (37.4%) 130 (10.8%) 174 (14.4%)

Region

Metro Edmonton / Calgary 497 (60.5%) 129 (10.7%) 195 (68%) .005

Other Alberta 252 (20.9%) 74 (6.1%) 387 (32%)

BMI

Overweight/Obese 407 (35.1%) 106 (9.1%) 162 (14%) .031

Normal weight 312 (26.9%) 88 (7.6%) 86 (7.4%)

Sedentary Behaviour–Wk/day

< 9 hours 344 (28.5%) 97 (8%) 113 (9.4%) .738

� 9 hours 405 (33.5%) 106 (8.8%) 143 (11.8%)

Sedentary Behaviour–Wk/end

< 9 hours 313 (25.9%) 78 (6.5%) 90 (7.4%) .162

� 9 hours 437 (36.1%) 125 (10.3%) 166 (13.7%)

Leisure-Time Physical Activity

Insufficiently active 339 (28.1%) 88 (7.3%) 91 (7.5%) .025

Sufficiently active 410 (33.9%) 115 (9.5%) 165 (13.7%)

� Chi square

https://doi.org/10.1371/journal.pone.0189298.t002
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and half were female. The majority of participants had pursued a post-secondary education

(75.2%) and 63.0% were married or in a common-law relationship. Participants were found to

spend an average of 9 hours (SD = 4.7) and 8.5 (SD = 4.8) hours in sedentary behaviour on

weekdays and weekends, respectively. Slightly over half (52.7%) of participants achieved suffi-

cient LTPA (i.e., MET score of�38 per week for men and�35 per week for women). Table 2

provides further breakdown of sample characteristics into three categories: i) % do not use, ii)

% own, but do not use, and iii) % own, and use.

A total of 35.5% of the sample own a PAT, however only 19.6% currently use their device.

FitBit1 was the most commonly reported brand (32.5%). Of those who do not own or do not

use their PAT, 13.8% indicated that they plan to use one in the future, and 3.8% were unsure.

Participants who own and used their PAT wore their device an average of 23.2 (SD = 9.7) days

within the past month. Of the 254 participants who indicated at least one day of use in a typical

month, 51% indicated they wore their PAT on at least 30 days in a typical month. Of those par-

ticipants who own a PAT, but no longer use their device (15.9%), the average number of days

worn before stopping use was 240.2 days (SD = 383.3), or approximately 8 months. Partici-

pants who currently own or plan to use a PAT in the future indicated that distance travelled

(89.4%), types of activity (88.4%), and tracking steps (89.1%) were the most useful functions.

Functions that were considered not useful were connecting with friends/family for step chal-

lenges (50.9%), Global Position System (GPS; 44.1%), and inactivity/sedentary alerts (43.4%).

Logistic regression analyses revealed that currently owning a PAT was significantly associ-

ated with being female (OR = 1.41, CI: 1.10 to 1.82), being <60 years of age (OR = 1.86, CI:

1.37 to 2.53), having at least some post secondary education (OR = 1.88, CI: 1.36 to 2.60),

having a BMI�25 (OR = 1.52, CI: 1.16 to 1.99), and meeting physical activity guidelines

(OR = 1.45, CI: 1.12 to 1.88). No significant associations were found for region and sedentary

time.

Currently using a PAT was significantly associated with being female (OR = 1.56, CI: 1.15

to 2.11), being<60 years of age (OR = 1.75, CI: 1.21 to 2.54), having at least some post second-

ary education (OR = 1.88, CI: 1.23 to 2.85), being married (OR = 1.42, CI: 1.02 to 1.99), having

a BMI�25 (OR = 1.85, CI: 1.33 to 2.57), living in an urban area (OR = 1.47, CI: 1.05 to 2.06),

and meeting physical activity guidelines (OR = 1.70, CI: 1.24 to 2.32). No significant associa-

tions were found for sedentary time.

Logistic regression was also used to analyze correlates of non-use (i.e., own a PAT, but cur-

rently do not use it). For this analysis, the sample size was N = 408 (n = 246: currently use their

PAT; n = 192; currently own but do not use their PAT). Results indicated participants who

were overweight/obese were more likely to not be currently using their PAT (OR = 1.75, CI:

1.14 to 2.68) and people who were meeting physical activity guidelines were significantly less

likely to be currently using their PAT (OR = .64., CI: .43 to .96).

Discussion

The purpose of this study was to examine the prevalence and correlates of PAT ownership and

use among a population-based sample of adults. The overall findings suggest that many people

in the province of Alberta, Canada are interested in and/or own a PAT. Our sample was a

broad representation of the province, with samples equally distributed among the two largest

metropolitan areas, Edmonton and Calgary, as well as the rest of the province outside of these

larger metropolitan areas. Overall, 19.6% (n = 238) indicated they currently own and use a

PAT, with FitBit1 as the most commonly reported brand (32.5%). Correlates significantly

associated with PAT use and ownership included being female, being less than 60 years of age,

having a post-secondary education, meeting physical activity guidelines, and being
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overweight/obese. To our knowledge, this is the first study to examine characteristics of con-

sumer wearable ownership and use among Canadian adults.

Of the sample, nearly one-third owned a PAT, yet only one-fifth currently used their device.

Of those who did not own a PAT, just over 10% were planning to use one in the future, 3.8%

were not sure, and the remainder indicated no plans to use a PAT in the future. Similar findings

were observed in a cross-sectional national telephone survey conducted in Australia with 1,349

participants, whereby over one-third had used a PAT, 16% were interested in using a PAT, 5%

were unsure, and 44% were not interested [27]. Our study found that participants used their

device for an average of eight months before stopping. Comparatively, Alley and colleagues [27]

found that of those who used a PAT, 37% used it or less than a month, 35% used it between one

and six months, and 27% used it for more than six months. Although not examined in our

study, previous research has identified barriers to PAT use and include: not wanting to increase

their physical activity, do not think a PAT would be helpful, high cost, technology, lack of time,

being too old, health, or no interest [27]. Our study suggests a significant portion of the popula-

tion owns a PAT however, PAT use is often short term or intermittent.

There are a wide variety of PATs available to consumers for personal use. FitBit1 was the

most commonly reported device with approximately one-third of owners using this brand.

Alley and colleagues [27] reported pedometers were most commonly used followed by

advanced PATs such as heart rate monitors, accelerometers (such as FitBit1), and smartphone

applications. Between our studies, there may be differences in popularity as pedometers have

been available for a longer time, are simple to use, and have a minimal cost. However, in recent

years, PAT technology has become more popular, accessible, and appealing with a variety of

designs, brands, and functions. Further, their data may be reflective of the time and context in

which the data were collected (i.e., 2014).

The PATs most useful functions identified were tracking distance travelled, types of activity,

and tracking steps. The three least useful functions identified were connecting with friends/

family for activity challenges, GPS, and inactivity/sedentary alerts. The popularity of tracking

steps may be due to the fact that step counting can be easy to comprehend, measure and inter-

pret, and can be motivational towards increase physical activity [11]. Similar findings were

found among older adults in a 12-week pilot study examining feasibility and utility of wrist-

band PATs [27]. Aside from PATs being easy to use, participants liked that the PAT made

them aware of their daily diet and movements, as well as daily steps and motivation to reach or

exceed step goals [28]. Similarities found between our study and the literature provide insight

on popular functions, which can inform researchers and public health practitioners on how to

engage and challenge adults to be more active and less sedentary throughout the day.

Currently owning and using a PAT was significantly associated with being female, being less

than 60 years of age, having a least some post-secondary education, living in a metropolitan area

(PAT use only), having a BMI greater or equal to 25, and meeting physical activity guidelines.

Similar findings related to gender and level of education were found in studies with pedometers

[27, 29]. However, two of these studies also found that use of pedometers was more likely among

middle-aged adults (44–64 years) [29, 30]. It has been suggested that those who are least interested

in increasing their physical activity levels and lead sedentary lifestyles tend to be inactive, males,

and those with less education [31, 32]. Yet, interventions utilizing a PAT have been found to be

most effective increasing daily physical activity among those individuals who are inactive com-

pared to those who are active.[10, 11, 33–35] At the same time, research has found those living in

rural areas tend to be less active and more sedentary than those living in urban areas [36, 37].

Data from this study may be useful for those developing PAT-based interventions, and

larger public health initiatives that can reach a larger population at a low cost. UWALK (www.

uwalk.ca) is one example of a multi-strategy, community-wide, e- and m-Health physical
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activity promotion program in Alberta, Canada. Building upon the success of the 10,000 Steps

program in Australia, [38, 39] UWALK promotes physical activity through the accumulation

of steps and stairs, and allows individuals to manually enter, or synchronize their PATs, to

self-monitor daily activity on a private account. Individual members are also able to engage

with other individuals, teams and/or or communities, and develop or participate in interactive

challenges.[40] Over three years, UWALK accumulated 16,061 registered members who were

mostly female (79%) with an average age of 45 (SD 13), and accumulated 5,230,677,746 steps.

The capabilities of PATs combined with community-wide interventions, such as UWALK,

provide opportunities for wider reach of physical activity and sedentary interventions and data

collection to monitor and evaluate real-time activity of a sample or population group. PATs

can also be utilized to motivate people to develop and achieve physical activity goals, which in

turn can support chronic disease management and prevention that have been linked to insuffi-

cient physical activity levels and excessive sedentary behaviour time [35, 41–43]. Yet, there is

still a need to understand delayed effects of intervention prompts, as the suggestion may not

result in immediate engagement in the activity. Rather, it may motivate the individual to be

more active over the course of their day [44].

A strength of our study is the recruitment of a population-based sample. This study also pro-

vides indication that many adults are interested in PATs, and reveal the device functions that are

most appealing to participants. Furthermore, correlates of PAT use among this population sample

were identified, which can support researchers and practitioners seeking to develop interventions

with PATs, as we outline above. The cross-sectional self-reported nature of the survey may have

introduced some recall bias among participants. Due to rapid changes in technology for devices

and smartphone applications, future findings may evolve. There is a need for future research to

explore barriers and facilitators of PAT ownership and use, as well as preferred functions and fea-

tures that are useful, engaging, and promote long-term use. As highlighted by Dempsey and col-

leagues [44], rigorous statistical approaches for understanding behavioural aspects in relation to

PATs has lagged behind the advancements of the technology. However, micro-randomised trials–

participants randomly assigned a treatment from a set of possible treatments several times a day–

may provide a first step towards designing studies in this field. In turn, the approach may help in

the development and optimization of real-time mobile health interventions [44].

Based on the high prevalence of PAT ownership and interest identified in our study, PATs

may be a promising tool for researchers and public health practitioners to engage people in

physical activity and support reductions in sedentary behaviours. Our study findings also pro-

vide insight on factors to consider when tailoring physical activity and sedentary behaviour

interventions for various population groups in terms of demographics, but also in terms of

PAT function preferences. There may also be implications of use based on whether individuals

live in urban or rural environments that should be considered. PATs provide an opportunity

to reach a wider audience and may be useful for support implementation and evaluation of

population-level interventions.
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