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Abstract

Background: Despite their popularity of Physical Activity (PA) tracking devices, studies rigorously examining the efficacy of
wearables and feedback effect independent of other behavioral and educational interventions in promoting PA have been limited.

Objective: To estimate the causal and independent effect of feedback provided by a commercial activity tracker.

Methods: We designed an experimental longitudinal study in which we asked our study participants to wear: (1) a device that
provided feedback for 7-consecutive days; (2) a device that provided no feedback for 7 consecutive day; (3) both devices for 2
consecutive days.  We randomized half the sample to either wear the feedback device or the non-feedback device for the first 7
days. At the end of each study day, participants also completed a short survey online where they shared and reported their own
experience participating in the study.

Results: We find that participants accumulated an additional 530 steps in a given day when they wore Fitbit, which provided
feedback, compared to a day when they wore GENEActiv, which didn’t provide feedback (P < .001). Given that study
participants accumulated 7,560 steps/day on average, the increase in PA due to feedback represented a 7% increase in daily PA.

Conclusions: The use of wrist-worn PA trackers providing feedback as a standalone intervention tool is effective in increasing
daily PA of older US adults aged 50 and above. Wearables-measured PA together with self-reports of PA offer the best approach
to diagnosing population PA and sedentary behavior. Clinical Trial: Name of the registry: https://www.socialscienceregistry.org 
Registration number: AEARCTR-0007831 (Please note that our experiment was not a typical medical trial)

(JMIR Preprints 24/10/2021:34460)
DOI: https://doi.org/10.2196/preprints.34460
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Abstract

To estimate the effect of feedback provided by a commercial activity tracker (Fitbit Versa, FV) on 

measured physical activity (PA), we have designed an experiment in which participants (1) 

consecutively wear an activity monitor that provides feedback (Fitbit Versa) or (2) an activity 

monitor that does not provide feedback (GENEActiv, GA). During a one or two-day period subjects 

were wearing both devices, allowing for calibration of FV to GA. We find that participants 

accumulated an additional 530 steps in a given day when they wore FV, which provided feedback, 

compared to a day when they wore GA, which didn’t provide feedback (P < .001). Given that study 

participants accumulated 7,560 steps/day on average, the increase in PA due to feedback represented 

a 7% increase in daily PA.

Introduction

Physical activity (PA) has been shown to be associated with a significant reduction in adverse

health conditions, all-cause mortality, disabilities, and improved mental and emotional well-being [1-

3]. As little as 15 minutes/day of PA returns a benefit equivalent to a 14% reduction in all-cause

mortality and an increase in life expectancy by 3 years on average; an additional 15 minutes/day of

PA further results in an additional reduction in all-cause mortality by 4%  [4]. Unlike other benefits

of health protective measures (e.g., taking vitamins, having enough sleep, eating well), the PA health

benefits are realized immediately upon exercising and accrue to everyone regardless of gender, age,

socioeconomic status, health status, and disability status [5, 6].  

In  contrast,  inactivity  is  one  of  the  leading  contributors  to  premature  deaths,  non-

communicable  diseases,  and disabilities;  its  economic  costs  are  substantial.  In  the United  States

alone, about 10% of premature deaths and $117 billion in annual health care costs could have been

avoided had the U.S. adult population been sufficiently active [5, 7, 8]. 
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Despite the substantial negative health and economic consequences associated with physical

inactivity (or despite the large positive health benefits associated with PA), a large percentage of the

U.S. adult population remains physically inactive. The Centers for Disease Control and Prevention

(CDC) guidelines recommended that U.S. adults aged 18 to 64 perform at least 150 minutes per

week of moderate physical activity (or 75 minutes per week of vigorous physical activity), together

with at least 2 days/week of muscle-strengthening activities to have a healthy life. According to the

latest U.S. government statistics, however, less than 25% of US adults aged 18 to 64 meet these PA

guidelines [9]. When broken down by key demographic variables, women (compared to men), blue-

collar workers (compared to white-collar workers), non-working men (compared to working men),

non-working  women  (compared  to  working  women)  are  significantly  less  likely  to  meet  the

guidelines. Differences by region exist as well, with adults in the Southern States significantly less

likely than those in Western and Rocky Mountains States to meet the guidelines, and the difference

remains even after controlling for occupations and other important variables  [10, 11]. Older adults

aged 65 and above and individuals living with chronic diseases or disabilities also face heightened

risks due to physical inactivity. As such, promoting PA among US adult population as well as making

PA accessible across all subpopulation groups has been a top public health priority in the US [10].  

Conventional  strategies  implemented  in  clinical  settings  for  reducing  inactivity  include

counselling  and  behavioral  support  provided  by  professionally-trained  specialists,  financial

incentives, educational materials,  information sessions,  text messaging, online and peer supports,

which can be delivered either at individual or group level. These interventions are however invasive

and  expensive  to  administer,  and  their  measured  impacts  are  difficult  to  sustain  beyond  the

intervention periods. 

Recently, electronic wearable devices emerged as a potential intervention tool with potential

for promoting PA and for implementation across various settings. Most wearables available in the

market today incorporate behavioral change techniques (BCT) (e.g., providing PA feedback to users
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by displaying progress on the device monitors, allowing users to upload and view their PA online,

allowing users to sync their device with smartphones via apps, allowing users to connect with peer

groups with similar devices) that have been proven to be effective at increasing PA [12, 13]. With

annual sales equivalent to US$ 5 billion, 131 existing brands and 423 existing devices, the current

market for electronic wearables is large and will continue to grow in the coming years [14, 15]. It is

estimated that 1 in every 5 Americans owns a wearable [16, 17]. A recent survey we conducted in the

Understanding American Study (UAS) also suggested that 20% of US adults aged 18 and above own

a wearable.  The overall  sample size was 6,788. The exact survey question asked was:  “Do you

currently own or use a fitness tracking watch or ring such as an Apple iWatch, Fitbit, Garmin, Oura,

etc?”. The survey was in the field between December 13, 2019 and February 4, 2020.

Despite their popularity, studies rigorously examining the efficacy of wearables independent

of other behavioral and educational interventions in promoting PA have been limited  [18] ; most

clinical studies involving wearables conducted in the past utilized wearables as part of interventions

that  also included traditional  behavioral  and educational  approaches,  which makes it  difficult  to

disentangle  the  contribution  of  wearables  in  promoting  PA  [18-22].  Further,  drawing  a  firm

conclusion  across  prior  studies  has  been  hampered  by  heterogeneous  findings,  limited

generalizability of findings, small sample sizes, differences in study designs, use of various devices,

and short study durations [23].Thus, more research is needed to better understand the extent to which

wearables alone are effective at promoting PA as well as the various ways through which they have

differential impacts on various subpopulation groups. 

Methods

The Understanding America Study (UAS). Participants for this study were from the 

Understanding American Study (UAS). Established at the University of Southern California (USC) 

in 2014, the UAS is a probability-based internet panel of US-households of approximately 8,500 
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respondents aged 18 and above. Respondents answer surveys on a computer, tablet, or smart phone, 

wherever they are and whenever they wish to participate. Panel members are recruited through 

addressed-based sampling. Prior access to internet is not a pre-requisite to be in the panel; 

respondents without prior internet access are provided with a computer tablet and broadband internet 

subscription. Respondents respond to surveys once or twice a month. Partly as a result of this, the 

UAS comprises a vast amount of background information on UAS respondents, including extensive 

measures of physical and mental health, income, labor force participation, cognitive functioning, and

demographics. 

Recruitment.  We recruited  our  study participants  from the  UAS,  meeting  the  following

criteria: (1) aged 50 and above; (2) have a smart phone or a tablet; (3) have access to internet; (4)

agree to wear  activity tracker watches for 16 consecutive days; (5) agree to  complete an online

survey at the end of each study day; (6) return the activity tracker watches upon completion of the

study; (7) provide informed consent. 

Activity tracker watches. We used Fitbit Versa (Fitbit Inc., San Francisco, CA). One of the

most recently released models, the Fitbit Versa is wrist-worn and incorporates established behavior

change techniques (BCTs) that have been proven to be effective in prompting PA, including: (1)

Feedback and self-monitoring (it displays steps taken, distance travelled, heart rate on the screen;

sends reminders and real-time alerts when users have been inactive for a long period; allows users to

upload and monitor their PA data online, automatically sync to smartphones, tablets, and computers);

(2) Goal setting (it allows users to set up a daily PA goal, such as 10,000 steps); (3) Reward (it

vibrates, makes a noise, or displays congratulatory messages or friendly faces when users reach a

milestone); (4) Social factors (it allows users to connect with friends, colleagues, or family members

who have a similar device) [12-14, 24, 25]. Use of Fitbit in prior studies was limited to the waist-

worn Fitbit One, one of the earliest Fitbit models [20, 26, 27].

A second activity tracker we used was the GENEActiv (GENEActiv, UK), a research-grade
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tri-axial  and wrist-worn  accelerometer.  Unlike  the  Fitbit  Versa,  the  GENEActiv  lacks  a  display

monitor and thus does not provide any feedback to users about their PA. The GENEActive model

was chosen over similar devices on grounds of cost, robustness, long battery life of up to 30 days,

ease  of  use,  available  software,  and well  validated  in  a  laboratory  setting  [28].  The wrist-worn

accelerometer  has  several  advantages  over waist-worn Actigraphs:  it  is  easier  for participants to

wear, and avoids errors of positioning. It can be worn continuously, so that movements at night can

be detected. We collected data at 50Hz frequencies, while aggregating acceleration to 60 sec epochs.

Data were stored in gravity (g) or acceleration units (1 g = 9.81 m/s2). The Euclidean norm of the 3

raw signals minus 1 g, with negative numbers rounded to zero, was used to quantify acceleration

related to the movement registered and expressed in milligravity units [29].  

Experimental design. We conducted a series of field experiments over a period of 8 months,

beginning in July 2019 and ending in February 2020. We broke down the experiments into two

Waves (Wave 1 & Wave 2). We further broke down each wave into two experimental arms (Arm 1 &

Arm 2), for a total of 4 experimental Arms. The dates of the experimental arms and the manner in

which they differ are presented in Table 1.  

Table 1: Experimental design  

Wave 1 Wave 2
Arm 1 Arm 2 Arm 1 Arm 2

Study day
Date

(2019)
Device
worn

Date
(2019)

Device
worn

Date
(2019)

Device
worn

Date
(2020)

Device
worn

1 Jul 17 F Aug 26 G Dec 4 F Jan 29 G
2 Jul 18 F Aug 27 G Dec 5 F Jan 30 G
3 Jul 19 F Aug 28 G Dec 6 F Jan 31 G
4 Jul 20 F Aug 29 G Dec 7 F Feb 1 G
5 Jul 21 F Aug 30 G Dec 8 F Feb 2 G
6 Jul 22 F Aug 31 G Dec 9 F Feb 3 G
7 Jul 23 F Sep 1 G Dec 10 F Feb 4 G
8 Jul 24 F+G Sep 2 G+F Dec 11 F+G Feb 5 G+F
9 Jul 25 G Sep 3 F Dec 12 F+G Feb 6 G+F

https://preprints.jmir.org/preprint/34460 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kapteyn et al

10 Jul 26 G Sep 4 F Dec 13 G Feb 7 F
11 Jul 27 G Sep 5 F Dec 14 G Feb 8 F
12 Jul 28 G Sep 6 F Dec 15 G Feb 9 F
13 Jul 29 G Sep 7 F Dec 16 G Feb 10 F
14 Jul 30 G Sep 8 F Dec 17 G Feb 11 F
15 Jul 31 G Sep 9 F Dec 18 G Feb 12 F
16 - - - - Dec 19 G Feb 13 F

F=Fitbit; G=GENEActiv. Blue color represents study days when participants wore both devices concurrently. 

Wave 1.  Wave 1 was implemented in two experimental arms between July 17, 2019 and

September 9, 2019. Each experimental arm in Wave 1 lasted for 15 days. In Arm 1, participants were

instructed to wear: (1) Fitbit only 24 hours/day for 7 consecutive days beginning on day 1; (2) both

Fitbit and GENEActiv on day 8 for one day (respondents were instructed to wear both devices on the

same arm); (3) GENEActiv only 24 hours/day for 7 consecutive days beginning on day 9. In Arm 2,

the order reversed: participants were instructed to wear: (1) GENEActiv only 24 hours/day for 7

consecutive  days  beginning  on  day  1;  (2)  both  GENEActiv  and  Fitbit  on  day  8  for  one  day

(respondents were instructed to wear both devices on the same arm); (3) Fitbit only 24 hours/day for

7 consecutive days beginning on day 9. 

Wave 2. Wave 2 was implemented in two experimental arms between December 4, 2019 and

February 13, 2020. Each experimental arm in Wave 2 lasted for 16 days (instead of 15 days as in

Wave 1). The experimental setup in Wave 2 was similar to that of Wave 1, with the exception that in

Wave 2 participants were asked to wear both Fitbit  and GENEActiv for 2 days on days 8 & 9

(instead of 1 day on day 8 as in Wave 1) (respondents were instructed to wear both devices on the

same arm). This change was made mainly to collect more data points for the period that participants

wore both Fitbit and GENEActiv to increase prediction accuracy for the Fitbit data (in the following

sub-session as well as in later session, we explain in details why we have to predict the Fitbit data). 

End of day survey. After 6 PM each study day, participants were asked to log into their UAS

accounts  and  complete  a  short  “end  of  day”  survey.  The  survey  contained  questions  asking

participants about: (1) the device they wore on a given day; (2) if they took off the device; (3) how
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many times they took off the device if they took it off; (4) the time they took off and put back the

device if they took it off; (5) the various reasons they took off the device if they took it off; (6) if they

faced any issues and the kind of issues they faced wearing the devices; (7) if they checked their PA

level during the day using the activity tracker and how often they checked; (8) the time they went to

bed, fell asleep, woke up, and got out of bed; (9) if they bicycled more than 10 minutes and for how

long they bicycled if they bicycled more than 10 minutes. Wave 1 participants completed a total of

15 end of day surveys, whereas Wave 2 participants completed a total of 16 end of day surveys.

Data for analysis. The GENEActiv PA measures acceleration at 50 Hz, which we aggregated

to one-minute intervals.  Hence, if a respondent wore the device continuously, it generated a total of

1440  data  points  on  a  given  day.  The  Fitbit  Versa  instead  generates  step  counts  in  one-minute

intervals and the algorithms that Fitbit uses to transform the raw acceleration data into steps are

proprietary. We therefore had to transform all one-minute interval step data generated by the Fitbit

into GENEActiv-equivalent PA measures, so that the GENEActiv and Fitbit data were in comparable

units. To do so, we first regressed the GENEActiv acceleration data on the Fitbit step counts using

data from the days when participants concurrently wore the GENEActiv and Fitbit (i.e., day 8 in

Wave  1  and  days  8  and  9  in  Wave  2).  We  then  used  the  regression  coefficients  to  predict

GENEActiv-equivalent PA measures for the 7-day period when participants wore the Fitbit only. 

Unit of analysis. Both GENEActiv and Fitbit generated PA data at one-minute intervals for

each measurement day. Our unit of analysis is the GENEActiv-equivalent one-minute interval PA

measure averaged across one-minute intervals during which participants wore the devices in a given

day. Thus, for each participant, we generated up to 14 data points (7 for the Fitbit wear period and 7

for  the  GENEActiv  wear  period)  with  each data  point  representing  GENEActiv-equivalent  one-

minute interval PA average for a given day. Both the GENEActiv and Fitbit provided an indicator of

whether participants wore the devices at a given one-minute interval or not. We dropped data for any

participant days for which the daily wear time was less than 1,000 mins (16.67 hours; using different
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cut-offs for dropping the data didn’t alter the conclusions of our findings). The experimental data

combined with the end of day survey data form the basis for our empirical analysis.

Helpdesk. During the study period, we utilized the UAS Helpdesk, where members of our

team are available fulltime to assist participants with any issues they faced. Participants needing any

assistance, facing any technical issues, or having any questions related to the study were encouraged

to call or email the study Helpdesk.

Consent, IRB, financial incentives. Informed consents were obtained from all participants.

Protocols dictating conduct of this study were approved by the Institutional Review Board (IRB) at

USC. Each participant received $50.00 remuneration to compensate for his/her time participating in

the study and for returning the GENEActiv and Fitbit devices in a prepaid FedEx envelope upon

completion of the study.

Results 

Study participants.  We begin by presenting the flowchart of our study participants in Fig 1.

Of  those  who  provided  consent,  32,  25,  31,  and  32  individuals  were  randomly  selected  for

participation in Wave 1 Arm 1, Wave 1 Arm 2, Wave 2 Arm 1, and Wave 2 Arm 2, respectively. A

few individuals withdrew from the study, which ranges from 1 person in Wave 1 Arm 2 to 5 persons

in Wave 2 Arm 1. As previously mentioned, having both GENEActiv and Fitbit data is crucial for our

analysis; We further dropped 4 people in Wave 1 Arm 1, 6 people in Wave 1 Arm 2, 3 people in

Wave 2 Arm 1, 7 people in Wave 2 Arm 2 for failing to provide concurrent Fitbit and GENEActiv

data. GENEActiv data were accidentally erased for 8 individuals in Wave 1 Arm 1 before their data

could be downloaded and saved. This leaves us with complete data available for analysis for 17

participants in Wave 1 Arm 1, 18 in Wave 1 Arm 2, 23 in Wave 2 Arm 1, and 23 in Wave 2 Arm 2,

for  a  total  of  81 participants.  We conducted  sample  selection  analysis  and found no significant

differences in demographic characteristics between participants whom we dropped from the sample
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due to incomplete data and participants whom we retained in the sample. Having mentioned that, due

to the longitudinal experimental design, our estimate of feedback effect was based on comparison of

the same participants as they were subject to both treatment condition (i.e., when they wore Fitbit)

and control condition (i.e., when they wore GENEActiv). As such, our estimate of feedback effect

didn’t  depend  on  differences  in  demographic,  as  well  as  unmeasured  and/or  unmeasurable

characteristics across participants.
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Fig 1: Flowchart of Participants
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Demographics.  We  present  in  Table  2 demographic  characteristics  of  the  study

participants, by experimental Wave and Arm. The last column provides significance of statistical

tests  comparing  sample  demographic  composition  across  waves  and  arms,  revealing  no

significant differences in sample demographic composition across waves and arms except for

difference in household income, which is found to be marginally significant (P = .02). Overall,

the ages of participants range from 50 to 83 years old with a mean age of 62. 59% of participants

are female, 10% have GED and below, 37% went to college but didn’t earn any degrees, and

53% earned at least a college degree. 10% came from households with annual household income

less than $25K, 23% between $25K-$50K, 16% between $50K-$75K, and 51% above $75K. As

for racial and ethnic composition, 77% identified themselves as non-Hispanic White, 4% as non-

Hispanic  Black,  1%  as  non-Hispanic  Asian,  2%  as  non-Hispanic  other,  and  16%  as

Hispanic/Latino.

Table 2: Composition of sample demographic characteristics (%)

Wave 1 Wave 2
All Waves
and Arms

P (test of
demographic

difference across
waves and arms) 

Arm 1 Arm 2 Arm 1 Arm 2

Gender
Female 76% 67% 52% 48% 59% .24

Age 
Age (50-64) 53% 67% 57% 61% 59%

.85
Age (65 and above) 47% 33% 43% 39% 41%

Education
GED  12% 6% 17% 4% 10%

.33Some college 53% 44% 22% 35% 37%
College and above 35% 50% 61% 61% 53%

Household income
HH Income ($0-25000) 12% 6% 4% 17% 10% .02
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HH Income ($25000-50000) 12% 28% 35% 17% 23%
HH Income ($50000-75000) 47% 11% 4% 9% 16%

HH Income ($75000 and above) 29% 56% 57% 57% 51%

Race/ethnicity
Non-Hispanic White 94% 78% 74% 65% 77%

.45
Non-Hispanic Black 0% 11% 0% 4% 4%
Non-Hispanic Asian 0% 0% 4% 0% 1%
Non-Hispanic Other 0% 0% 4% 4% 2%

Hispanic/Latino 6% 11% 17% 26% 16%

Number of participants 17 18 23 23 81

 

End of day survey results. After 6:00 PM each study day, participants were asked to log

into their UAS accounts to answer a short survey. Wave 1 participants completed a total of 15

end-of-day surveys and Wave 2 participants completed a total  of 16 end-of-day surveys. On

average,  participants  spent  5.27  minutes  answering  an  end of  day  survey;  Most  participants

(85%) completed the surveys on the same day they were invited to do so, while 12% and 2% of

participants  completed  the  surveys  with  a  1-  and  2-day  delay,  respectively.   In  addition  to

information about participants’ sleep patterns, the end of day survey collected information about

participants’ experience participating in the study.  Table 3 presents summary statistics of the

participants’ responses to the survey. The first column represents information pertinent to the

Fitbit and the second column to the GENEActiv. For questions that are not applicable to the

GENEActiv (e.g.,  if  participants charged the device),  “NAs” are inserted in  the GENEActiv

column. 

Table 3: Percentage of participants answering “Yes” to categorical questions and mean
values for continuous variables, broken down by device

  Fitbit GENEActiv
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Device takeoff
Participant reported taking off the device on a given day 40% 11%

Average number of times reported taking off the device on a given day 1.04 1.00
Device takeoff duration in a given day | taking off (minutes) 82.53 40.75

Reasons for taking off the device
To charge the device 75% NA

To dry or clean the device 9% 12%
Due to irritation, itchiness, heat, humidity or feeling uncomfortable

wearing the device
0% 0%

To go to bed as I didn’t want to sleep wearing the device 1% 0%
The work that I did made it impossible to wear the device so I had to take

it off 
1% 2%

Other 16% 85%
Any issues wearing the device

No, I didn’t have any problems wearing the device today 94% 88%
Wearing the device was itchy, irritating, uncomfortable, or cumbersome 3% 8%

I was not feeling well today 0% 1%
I am not used to sleeping with the device on 2% 1%

My internet connect was not very good 0% NA
I couldn’t tell If the device battery ran out 0% NA

Other 2% 3%
Checking Physical Activity (PA) 

Checked PA today 65% NA
Checked one or two times | checked PA 44% NA

Checked three or four times | checked PA 25% NA
Checked more than four times | checked PA 31% NA

Device take-off rates vary by device type. About 40% of participants reported taking off

the Fitbit about once on a given day and the average take-off duration was about 83 minutes.

This compares with 11% of participants reporting taking off the GENEActiv once on a given day

and the average take-off duration was about 41 minutes. 

The Fitbit Versa came with about a 3-day battery life. Participants were instructed to

charge the Fitbit 30-45 minutes each day.  When asked to mention the reasons for taking off the

Fitbit, 75% of participants mentioned “To charge the battery” as the main reason and a small
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number of participants (9%) mentioned “To dry or clean the device” as a second reason. With

approximately a 30-day battery life, the GENEActiv didn’t require charging during the study

period.  Although participants  were instructed not  to  take off  the GENEActiv when taking a

shower, a majority of participants mentioned “To take a shower” as the main reason for taking

off the GENEActiv under the “Other” response category (we did not include “To take a shower”

as one of the response alternatives as we were concerned that offering the response alternative

might encourage the behavior). 

Acceptability by participants of the devices was found to be high. About 94% and 88% of

participants mentioned having no problems wearing the Fitbit and GENEActiv, respectively. A

small number of participants reported feeling itchy, irritating, uncomfortable, or cumbersome

wearing the Fitbit (3%) or the GENEActive (8%).

The  Fitbit  incorporates  feedback  by  displaying  on  a  daily  basis  steps  accumulated,

distance walked and current heart rate on the monitor screen. It also alerts users when a goal is

achieved or when users remain inactive for a long period. Conditional on wearing the Fitbit, 65%

of participants reported checking their PA level on a given day. Of those who reported checking,

44% mentioned they checked their PA once or twice a day, 25% four times a day, and 31% more

than four times a day. 

Device  wear  time.  Across  waves  and  arms,  on  average,  participants  wore  the

GENEActiv  for  about  1,323  minutes/day  (22.05  hours/day)  and  the  Fitbit  for  about  1,167

minutes/day  (19.45  hours/day)  (Table  4).  For  completeness,  we  report  daily  wear  time  for

individual participants in the supporting information section located at the end of this paper. In
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the analysis, we dropped data for any participant days for which wear time was less than 1,000

minutes/day  (16.67  hours/day)  to  minimize  the  possibility  that  our  results  were  biased  by

differential  device  wear  time  (using  different  cut-offs  for  dropping  the  data  didn’t  alter  the

conclusions of our findings). 

Table 4: Average daily wear time in minutes (hours)

GENEActiv Fitbit

Wave 1 Arm 1 1,208 (20.13) 1,223 (20.38)
Wave 1 Arm 2 1,336 (22.27) 1,092 (18.20)
Wave 2 Arm 1 1,321 (22.02) 1,222 (20.37)
Wave 2 Arm 2 1,313 (21.88) 1,130 (18.83)

Average 1,323 (22.05) 1,167 (19.45)

Relationship  between  the  GENEActiv  and  Fitbit  data.  We  calculated  correlation

coefficients between the GENEActiv and Fitbit data for each of the 81 participants using data

from days they wore both devices concurrently. The correlation coefficients range from 0.13 to

0.93,  with  a  mean  value  of  0.69  and  SD  of  0.14.  As  an  example  of  the  relation  between

GENEActiv acceleration and Fitbit steps, in Figure 2 in the top panel, we present a scatter plot

of the GENEActiv and Fitbit data for a participant in Wave 1, Arm 1 who wore both devices on

day  8  for  about  1,146  minutes  (19.1  hours),  whose  Fitbit  and  GENEActiv  data  achieved  a

correlation coefficient of about 0.85.  In the lower panel in Fig 2, we present a scatter plot for a

second participant in Wave 2 Arm 2 who wore both devices on days 8 & 9 for about 2,310

minutes (38.5 hours) achieving a correlation coefficient of 0.756. The x-axis represents Fitbit
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data (steps) and the y-axis represents GENEActiv acceleration. Each of the data points in Figure

2 represents GENEActiv and Fitbit PA measures taken at a one-minute interval.

Fig 2: GENEActiv vs Fitbit Data Scatter Plot 

In  Fig 3, we plot minute-to-minute smoothed GENEActiv PA profiles in blue line and

minute-to-minute smoothed Fitbit PA profiles in green line for the same participants. We also add
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minute-to-minute smoothed GENEActiv-equivalent PA profiles predicted from the Fitbit data in

red line. In this particular example, the participant in Wave 1 Arm 1 (top panel in Fig 3) started

wearing both devices at 5 AM on day 8 until midnight for a total of 1,146 minutes (19.1 hours),

whereas the participant in Wave 2 Arm 2 (lower panel in Fig 3) started wearing both devices at 4

AM on day 8 until midnight on day 9 for a total of 2,310 minutes (38.5 hours). The y-axis on the

left represents GENEActiv acceleration, while the y-axis on the right represents Fitbit steps. The

unit of the GENEActiv-equivalent PA predicted from steps is in the same acceleration units as

for the GENEActive. The x-axis represents minute of the day starting from day 8. 

Overall, the scatter plots in Fig 2 as well as the  smoothed PA profiles in Fig 3

both indicate that the GENEActiv and Fitbit PA measures taken at one-minute intervals

track each other well. 

Fig 3: Lowess Smoothed PA Profiles 
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Estimating  feedback  effect.  As  previously  mentioned,  our  unit  of  analysis  is  the

GENEActiv-equivalent one-minute interval PA measure averaged across one-minute intervals

during  which  participants  wore  the  devices  in  a  given  day.  Thus,  for  each  participant,  we

generated up to 14 data points with each data point representing one-minute PA average on a
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given day (7 data points for the Fitbit wear period and 7 data points for the GENEActiv wear

period).  We estimate the feedback effect  as the average difference in PA between the 7-day

period  when  participants  wore  the  Fitbit  and  the  7-day  period  when  participants  wore  the

GENEActiv.  We first provide graphical evidence in  Fig 4 that feedback from activity tracker

leads  to  an  increase  in  PA level.  The  top  graph  represents  the  experimental  arms  where

participants wore the Fitbit first followed by the GENEActiv, and the bottom graph represents

the reverse scenario where participants wore the GENEActive first, followed by the Fitbit. Each

of the seven blue dots represents one-minute PA measure averaged across the day and across

participants for the 7-day Fitbit wear period whereas each of the red dots represents one-minute

PA measure averaged across the day and across participants for the 7-day GENEActiv wear

period. To control for device wear time, we only considered the time periods when participants

wore  the  devices  and  the  days  for  which  the  wear  time  exceed  1,000  minutes/day  (16.67

hours/day).  The period when participants wore both devices serves as reference point and is

denoted as day 8 in the graphs. As can be seen from the two graphs, the overall PA level in the 7-

day Fitbit wear period is higher than the 7-day GENEActiv wear period, regardless of whether

participants wore the Fitbit first or the GENEActiv first. 

Fig 4: Fitbit Vs GENEActiv 
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We provide a quantitative estimate of the overall feedback effect in Table 5. The first row

represents the one-minute interval GENEActiv-equivalent PA average for both 7-day periods

when participants wore the GENEActiv only and when participants wore the Fitbit only (132.56

acceleration units). The second and third rows provide separate statistics for the 7-day period

when participants wore the GENEActiv only (127.77 acceleration units) and the 7-day period

when participants wore the Fitbit only (137.55 acceleration units). The feedback effect – defined

as the mean PA difference between the Fitbit  and GENEActiv wear periods – is  about  9.78

acceleration  units,  which  is  equivalent  to  7% (9.78/132.56)  of  PA average  of  both  periods
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combined and is highly statistically significant (P < .001).

Table 5: GENEActiv-equivalent one-minute interval PA average  

Participant
days

Mean SD Min Max

(a) Both periods 1065 132.56 45.11 22.02 407.40
(b) 7-day period when participants wore

GENEActiv only
544 127.77 46.06 22.02 407.40

(c) 7-day period when participants wore Fitbit only 521 137.55 43.57 63.35 344.68
Feedback effect = (Fibit – GENEActiv) = (c – b) = 9.78; t-test P < .001.

To address any concern that the feedback effect could have been driven by factors other

than the  Fitbit  device  itself,  we estimated  a  series  of  regression  models  controlling  for:  (1)

months in which the experiments were conducted (Wave 1 was conducted in Fall 2019 and Wave

2 in Winter 2019-2020); (2) gender of participants (male, female); (3) age of participants (50-64,

65 and above); (4) educational attainment of participants (GED and below, some college, college

and above). The feedback effect could also have been affected by selectivity by wear time. For

example, some participants might have worn the Fitbit during hours of the day when they were

most active and conversely worn the GENEActiv during hours of the day when they were least

active, which would spuriously generate higher PA for the Fitbit wear period. As such, we tried

to minimize bias attributable to differential device wear time by limiting the data to daily wear

time greater than 1,000 mins/day (16.67 hours/day; using various cut-offs for dropping the data

didn’t  alter  the conclusion of  our  findings).  To account  for clustering of our data  (since we

potentially have up to 14 data points for each participant in the regressions), we clustered the

standard errors at the participant level.

The regression estimates are presented in Table 6. We begin by estimating the regression
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model using the full sample in the first column. To control for the potential effect of selectivity

by differential wear time, we then limit the sample to daily GENEActiv and Fibit wear time: (1)

greater than 1,000 minutes/day in the second column; (2) greater than 1,200 minutes/day in the

third column; (3) greater than 1,000 minutes/day for a minimum of 5 days in each of the Fibit

and GENEActiv wear periods in the fourth column; (4) greater than 1,300 minutes/day in the

fifth column. We reported in Table 5 that the overall feedback effect was 9.78 acceleration units

when we did not control for any covariates and potential cofounders. As can be seen from the

first  row in  Table 6 across various sample restrictions, the magnitude of the feedback effect

remains  largely  unchanged,  thus  is  robust  to  the  inclusion  of  additional  factors  that  could

potentially affect the PA level. 

Table 6: Feedback effect regression analysis  

One-minute interval GENEActiv-equivalent PA average 
1 2 3 4 5

Fitbit wear period 11.953 8.277 8.131 7.440 8.977
(Reference is

GENEActiv wear period)
[3.071]*** [2.813]*** [2.881]*** [3.007]** [2.888]***

August (Reference is
July)

-13.012 -11.070 -8.376 -15.540 -8.288

[13.685] [12.350] [11.837] [13.937] [11.278]
September -14.859 -6.791 -5.673 -6.646 -6.939

[16.135] [15.192] [15.747] [16.608] [15.786]
December -44.649 -38.832 -37.499 -39.491 -37.668

[11.612]*** [10.220]*** [10.059]*** [11.291]*** [9.435]***
January -19.026 -14.096 -17.696 -10.515 -20.546

[12.758] [10.330] [10.196]* [11.631] [9.682]**
February -29.118 -22.068 -20.904 -20.833 -21.308

[11.963]** [10.253]** [10.062]** [11.488]* [9.611]**
Female (Reference is

male)
-15.008 -8.950 -8.916 -8.133 -9.069
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[8.631]* [7.224] [7.441] [8.077] [7.636]
Age 65+ (Reference is

age 50-64)
-13.945 -9.077 -8.799 -7.904 -10.067

[7.717]* [7.035] [7.143] [7.948] [7.271]
Some college (Reference

is GED)
-8.721 -12.707 -18.999 -16.281 -17.519

[15.619] [16.381] [15.318] [18.689] [14.937]
College and above -4.858 -2.204 -7.758 -2.783 -5.870

[14.227] [15.543] [14.438] [17.633] [13.977]
Constant 170.608 160.278 164.124 161.577 163.302

[17.859]*** [17.316]*** [16.453]*** [20.803]*** [15.924]***
Participant days (N) 1065 966 891 840 822

R-squared 0.164 0.145 0.147 0.144 0.147
Standard errors are clustered at the participant level. *  P < 0.10; ** P < 0.05; *** P < 0.01.  Sample restriction:
(Column 1) Full sample; (Column 2) Fitbit and GENEActiv daily wear time greater than 1,000 minutes; (Column 3)
Fitbit  and  GENEActiv  daily  wear  time  greater  than  1,200  minutes;  (Column  4)  Participants  wore  Fitbit  and
GENEActiv for at least 1,000 minutes/day for at least 5 days; (Column 5) Fitbit and GENEActiv daily wear time
greater than 1,300 minutes. Results are quantitatively as well as qualitatively similar if we instead estimated the
regressions using a fixed-effect panel model or a linear hierarchical random-effects model.

It is worth noting that the robustness of our feedback effect estimate is mainly due to the

longitudinal design of our study in which each participant was subject to both control condition

(when  wearing  the  GENEActiv)  and  treatment  condition  (when  wearing  the  Fitbit).  This

effectively eliminated the need to control for participants’ demographic characteristics, as well as

unmeasured or/and unmeasurable behavioral traits inherent across participants that could drive

the PA level. Month of the year coefficients have expected signs, revealing that PA level tends to

be lower in Winter than in Fall. Females and the 65+ age group are less physically active than

males and 50-64 age group, respectively. Individuals with low education (GED and below) are

more active than individuals with some college education and above.  
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Discussion

Inactivity  is  a  leading  cause  of  non-communicable  diseases,  all-cause  mortality,  and

disabilities in the US. Despite the substantial health benefits associated with PA, a larger number

of the US adult population remain insufficiently active. Less than 25% of the US adults aged 18-

64 meet  the CDC recommended PA guidelines  [10,  11,  30].  Wearable  PA trackers  have the

potential for promoting population-wide PA. In this study, we reported findings from a series of

field experiments we conducted among members of the UAS panel, aged 50 and above. Our

study aimed to analyze if feedback from PA tracker increases PA level and to assess if wearables

can be successfully fielded in large-scale population health and aging studies. 

Our  study  represents  one  of  a  handful  of  studies  providing  causal  estimates  of  the

feedback effect independent of behavioral and educational interventions. Our findings contribute

to a limited body of evidence that wearables alone are effective in increasing PA [18]. We find

that participants accumulated 7% more PA in a given day when they wore the Fitbit Versa, which

provides feedback, than when they wore the GENEActiv, which provides no feedback. To put

our results  into a clinically useful perspective,  given that our study participants accumulated

7,560 steps/day on average (SD = 4,204; Min = 512; Max = 26,395), the feedback effect size is

equivalent to an increase in 530 steps/day (7560*.07) (or 0.27 mile/day assuming there are 2,000

steps in a mile). While 10,000 steps/day is recommended for healthy adults, for older adults aged

50 and  above (and for  individuals  with  health  conditions),  5,000-7,000 steps/day is  a  more

realistic and desirable goal [31]. Given the walking speed for an older adult is 1 m/s or 2.24 mph,

our feedback estimate of 0.27 mile/day is equivalent to an increase in 7.26 minutes of PA/day
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((0.27/2.23)  * 60).  As little  as  15  minutes/day of  PA returns  a  benefit  equivalent  to  a  14%

reduction in all-cause mortality and an increase in life expectancy by 3 years on average; an

additional 15 minutes/day of PA further results in an additional reduction in all-cause mortality

by 4% [4]. Considering all these and given that our participants are aged 50 and above, the effect

size achieved by our study of 530 steps/day is clinically significant.

We compare and contrast our study findings with those from prior studies involving use

of  wearable  devices  as  one  of  the  intervention  tools.  A recent  meta-analysis  found that  the

average effect size across all studies was 627 steps/day (95% CI: 417-862 steps/day),  which

included studies that utilized wearables alone as well as studies that combined wearables with

traditional behavioral interventions such as education materials, group or individual counselling

(either in-person or by telephone),  information sessions, financial  incentives,  text messaging,

dietary restrictions,  and online support  [18].  When breaking down the overall  effect  size by

intervention type, the authors found that the effect size was 475 steps/day (95% CI: 190-784

steps) for studies involving wearables only and 685 steps/day (95% CI:  316-1080 steps) for

studies  that  combined  wearables  with  behavioral  interventions.  Given that  our  study entails

wearables alone, the effect size of 530 steps/day achieved by our study is consistent with these

earlier findings. 

Although proven to be effective at increasing PA, lifestyle and behavioral interventions

are time-consuming, intrusive, expensive to deliver, and hard to scale. Our study demonstrates

that the non-intrusive, less expensive, and less burdensome approach of using wearables alone

can be a cost-effective approach to increasing PA than interventions that combine wearables with
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behavioral  approaches.  To  further  guide  potential  application  of  wearables  in  clinical  and

community settings, studies thoroughly examining cost-effectiveness of using wearables as a PA

intervention are urgently needed [14]; This will involve estimating and comparing monetary cost

per unit increase in PA across various combinations of interventions.

Daily total PA as measured by wearables comes from three sources: (1) leisure time PA;

(2) occupational PA; (3) commuting PA. Prior studies however show that not all PA is created

equal. While the positive health benefits of leisure time PA across various health outcomes are

well documented, evidence is still mixed for occupational PA with some studies indicating that

occupational PA can have negative effects on mortality and some health outcomes [11, 32-36].

Wearables by themselves are not able to distinguish between leisure time PA and occupational

PA. The contribution of occupation PA to total PA has declined over time due to heavy reliance

on technology in the workplace as well as the services-oriented nature of the economy. It will

still be useful to see the breakdowns of feedback effect by PA sources. Future studies can address

this issue by including survey questions asking participants about the time and duration they

engage in  various  activities/tasks throughout  the day,  which will  then enable breakdowns of

wearable-measured PA by daily activities. 

The  CDC  PA guidelines  are  prescribed  in  terms  of  minutes  spent  in  moderate  and

vigorous  physical  activity  (MVPA)  (for  a  healthy  adult,  150  minutes  a  week  of  moderate-

intensity aerobic physical activity or 75 minutes a week of vigorous-intensity aerobic activity is

recommended). The various algorithms that fitness device manufacturers use to transform raw

data  into  minutes  spent  in  various  PA intensities  are  however  not  publicly  available  and
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manufacturers can alter the algorithms anytime without giving users prior notice. The concept of

MVPA may be difficult to comprehend and controversial for some people as there may exist

individual, cultural, or demographic differences over what it means to be vigorously active vs

moderately active. On the other hand, the use of steps as a PA measure (as well as distance

walked)  is  easy  to  understand  and  less  controversial  for  most  people  regardless  of  their

socioeconomic background. As a result,  a majority of fitness devices available in the market

today display steps and distance walked on monitor screens as feedback mechanism. However,

steps alone will not provide comprehensive information about a person’s PA level, partly because

some types of exercise, like bicycling, may be more challenging to measure. Studies examining

differential feedback effects of various PA measures (steps vs minutes spent in MVPA) displayed

on device screens are still lacking and warranted [14]. 

In  addition  to  being  a  useful  intervention  tool,  wearables  are  also  reliable  PA

measurement  instruments.  Most  large-scale  studies  of  population  PA have  used  self-report

questionnaires [37, 38]. Valuable though self-report data may be, there are severe limitations to

their use. First, staying physically active is a desirable social behavior; When asked to self-report

their PA, people tend to over-report their PA and under-report time spent in sedentary activities

[39, 40]. Second, there may be important differences across socio-economic and demographic

groups and countries in what is considered PA [41-44]. In a cross-country PA study we conducted

in the Netherlands, US, and UK, we found that self-report data showed only minor differences

across countries and across age groups within countries [45]; The accelerometer data, however,

showed dramatic  differences  by country (the  Dutch  and English appeared  to  be much more

https://preprints.jmir.org/preprint/34460 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kapteyn et al

physically active than Americans). In addition, we also found that accelerometer data showed a

sharp decline of PA with age, while no such pattern was observed in self-reports. The use of

wearables can help address measurement issues inherent in self-reports of PA. Wearable data in

combination with self-report data thus seems the best approach for reliable and comprehensive

assessment of PA behavior in population studies.

As people grow old, they become more vulnerable to physical inactivity. Older people are

less likely to own wearables. Yet, prior studies reveal that interventions involving PA trackers are

most effective in promoting PA among older people (as well as among those with low SES and

chronic conditions) [14]. Although our study participants reported facing no issues wearing the

devices,  more  research  examining  how  wearables  can  be  successfully  implemented  in

community settings or in free-living conditions among US adults aged 50 and above are needed,

particularly  paying  close  attention  to  issues  associated  with  affordability,  accessibility,  and

acceptability.   Future studies  should also examine if  the feedback effect  persists  beyond the

intervention period, which will require regular follow-up assessments. Our data also suggested

that the feedback effects accrued mostly to those who checked their daily PA. However, the

current  study  was  not  specifically  designed  (thus  lacked  statistical  power)  to  meaningfully

investigate if checking daily PA serves as a moderating factor in feedback devices influencing

daily PA. We intend to pursue this question in our future research. Weather is another potential

factor in moderating feedback effects, which we plan to investigate in future research as well.   
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Strength and limitations

Our  study  strength  includes:  (1)  use  of  study  participants  from  the  Understanding

American  Study  (UAS)  –  a  probability-based  online  panel  representative  of  U.S.  adult

population; (2) use of a longitudinal experimental design that enables us to generate robust and

causal  estimate  of  the  feedback  effect  independent  of  other  educational  and  behavioral

interventions, of respondents’ demographic and unmeasured or/and unmeasurable characteristics;

(3)  use  of  Fitbit  Versa  –  one  of  the  most  recently  released  models.  We  also  acknowledge

limitations in our study. Our intervention period of 14-15 days was relatively short; thus, we are

unable  to  ascertain  whether  the  feedback  effect  found  in  our  study  will  persist  beyond the

intervention period. Our study was not designed to disentangle various mechanisms that mediate

or moderate the feedback effect, which would require a research design that is more elaborate

and expensive than the current study.  

Conclusion

The use of wrist-worn PA trackers providing feedback as a standalone intervention tool is

effective in increasing daily PA of older US adults aged 50 and above. Wearables-measured PA

together  with  self-reports  of  PA offer  the  best  approach  to  diagnosing  population  PA and

sedentary behavior. Feedback provided by our study participants indicates that use of wearables

is feasible in large-scale studies. Wearables should be part of future large-scale population health

and aging studies.
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Supporting information

Daily Wear Time (in minutes)

Wave 1 Arm 1

Study day
Fitbit GENEActiv

  Person ID 1 2 3 4 5 6 7 8 8 9 10 11 12 13 14 15
1 140105417 971 1,440 1,428 1,364 1,440 1,440 1,440 1,402 878 1,440 1,440 1,440 1,440 1,440 1,440 1,440
2 140105421 1,055 1,421 1,363 1,440 1,416 1,337 1,440 1,358 1,000 1,440 1,440 1,440 1,440 1,440 25 0
3 151100696 963 1,421 1,289 1,282 1,409 1,440 896 948 918 1,305 1,285 1,138 1,419 1,275 1,262 1,440
4 151100993 0 151 1,354 1,301 1,440 1,429 1,418 1,297 956 1,440 1,380 1,305 1,440 1,440 734 0
5 151101224 509 1,396 1,397 1,388 1,365 1,312 1,390 1,398 974 1,374 1,440 1,440 1,440 1,440 1,440 386
6 151103748 838 898 1,440 1,375 1,440 1,440 1,247 807 1,053 1,440 1,354 1,366 1,440 1,440 1,440 472
7 160301950 1,072 1,392 1,417 1,424 1,408 1,440 1,370 1,440 1,062 1,440 1,440 1,376 1,371 1,375 1,362 1,068
8 160303258 0 1,019 1,360 1,371 1,416 1,373 1,345 1,440 1,051 1,440 1,440 1,440 1,440 1,440 1,440 1,376
9 160307945 0 384 1,440 1,427 1,423 1,426 1,422 1,440 1,018 1,365 1,440 1,440 1,440 1,376 1,440 1,440
1
0

160402323
926 744 988 782 1,009 1,186 881 1,060

1,062 1,440 1,379 1,440 1,370 1,379 1,187 0

11 160700046 1,018 1,414 1,440 1,193 1,440 1,398 1,440 1,379 993 1,398 1,396 1,339 1,374 1,347 1,432 1,379
1
2

160700107
903 1,395 1,350 1,277 1,440 1,389 1,415 1,429

878 1,368 1,440 1,440 1,440 1,440 1,349 575

1
3

161200018
0 681 1,440 1,340 1,373 1,440 1,306 1,440

980 1,307 1,410 1,392 1,440 23 0 0

1
4

170400797
652 727 746 701 757 774 774 1,146

1,147 1,117 887 988 821 772 778 784

1
5

170800006
900 1,287 1,414 1,419 1,440 1,423 1,297 1,296

862 1,440 1,440 1,440 1,440 1,440 1,370 1,440

1
6

180200937
968 1,423 1,419 1,440 1,416 1,409 1,440 1,424

936 1,440 1,440 1,440 1,440 1,375 1,440 1,440

1
7

180600025
854 1,379 1,426 1,230 1,153 1,262 1,343 1,378

926 1,440 1,296 1,358 1,440 1,291 1,356 1,380

Day 1=July 17; day 15=July 31
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Wave 1 Arm 2

Study day
GENEActiv Fitbit

  Person ID 1 2 3 4 5 6 7 8 8 9 10 11 12 13 14 15
1 140100378 1,052 1,440 1,367 1,440 1,373 1,379 1,376 1,258 1,003 1,228 1,115 1,440 1,440 1,148 0 0
2 140100455 432 1,440 1,440 1,440 1,440 1,416 1,388 1,382 942 1,410 1,416 1,428 1,427 1,440 1,440 1,426
3 140103012 984 1,440 1,286 1,336 1,373 1,440 1,440 1,440 976 1,440 1,423 1,440 1,440 1,440 1,073 0
4 140103134 975 1,440 1,440 1,440 1,440 1,440 1,440 1,440 943 1,440 1,022 0 0 0 0 0
5 140105595 855 1,440 1,440 1,440 1,440 1,440 1,440 1,440 845 1,440 1,440 1,440 773 0 0 0
6 140107448 934 1,440 1,440 1,440 1,380 1,440 1,440 1,440 959 1,440 1,412 1,440 1,361 1,440 1,440 1,440
7 140500003 1,069 1,368 1,440 1,440 1,379 1,440 1,440 1,378 999 1,375 1,388 1,393 1,440 1,373 1,425 1,216
8 141201850 1,004 1,440 1,440 1,440 1,440 1,363 1,440 1,440 385 0 0 0 0 0 0 0
9 151100227 885 1,351 1,435 1,373 1,440 1,307 1,374 1,348 959 1,440 1,370 1,440 1,440 1,440 1,440 1,178
1
0

151103484 1,094 1,440 1,440 1,440 1,440 1,440 1,440 1,440
1,015 1,440 1,378 1,440 1,382 1,393 1,440 1,440

11 160101802 1,011 1,378 1,440 1,358 1,440 1,440 1,413 1,329 919 1,440 1,348 1,440 1,385 1,440 1,440 1,365
1
2

160306878 1,090 1,440 1,440 1,440 1,440 1,440 1,440 1,440
1,018 1,355 1,440 1,362 482 0 0 0

1
3

160306942 1,087 1,440 1,368 1,238 1,440 1,440 1,440 1,440
902 1,440 1,344 1,440 1,440 1,384 1,440 1,440

1
4

160400022 447 1,226 1,029 1,041 1,171 1,107 1,119 1,345
473 1,395 1,440 1,440 1,440 1,361 1,440 1,440

1
5

160401354 778 1,351 1,231 1,440 1,440 1,304 1,355 1,355
636 1,440 1,428 1,423 1,428 1,423 1,423 727

1
6

160503419 1,036 1,429 1,390 1,376 1,437 1,440 1,316 1,375
1,326 1,270 792 1,407 1,177 1,052 1,224 1,003

1
7

180201410 1,440 1,296 1,440 1,440 1,352 1,367 1,356 1,370
734 1,440 1,405 1,408 1,440 1,440 1,440 673

1
8

180811715 940 1,440 1,440 1,272 1,306 1,379 1,426 1,367
943 1,440 1,390 1,217 1,096 1,301 1,111 1,440https://preprints.jmir.org/preprint/34460 [unpublished, non-peer-reviewed preprint]
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Day 1=August 26; day 15=September 9

Wave 2 Arm 1

Study day
    Fitbit GENEActiv
  Person ID 1 2 3 4 5 6 7 8 9 8 9 10 11 12 13 14 15 16
1 160201550 1,014 1,440 1,312 1,440 1,440 1,440 1,008 710 0 1,017 1,410 1,292 1,375 1,344 1,163 1,313 1,239 1,344
2 160802039 1,434 1,421 1,440 1,440 1,411 1,385 1,440 1,440 1,440 1,018 1,440 1,292 1,397 1,355 717 0 0 0
3 180700008 851 1,379 1,353 1,390 1,361 1,121 1,414 1,403 1,419 878 1,344 1,374 1,306 1,440 1,375 1,440 1,376 1,440
4 180700018 528 1,345 1,340 1,392 1,410 1,377 1,372 1,391 1,377 919 1,305 1,439 1,431 1,436 1,434 1,436 1,435 1,437
5 180810006 1,049 1,407 1,424 1,440 1,440 1,395 1,394 1,620 1,260 1,135 1,440 1,440 1,440 1,307 1,417 1,272 1,440 1,376
6 180810121 1,437 1,440 1,362 1,440 1,423 1,440 1,366 1,418 1,440 1,082 1,295 1,440 1,348 1,379 1,297 1,440 1,411 1,401
7 180811130 1,051 1,440 1,404 1,440 1,440 1,440 1,429 1,488 1,380 1,055 1,375 1,306 1,312 1,440 1,440 1,440 735 0
8 180811407 1,031 1,392 1,440 1,440 1,354 1,440 1,358 1,620 1,260 1,214 1,380 1,358 1,440 1,302 1,376 1,355 1,300 1,440
9 180811578 931 1,412 1,440 1,407 1,378 1,389 1,440 1,440 1,440 1,184 1,321 1,402 1,440 987 0 0 0 0
1
0

180812157 1,269 1,440 1,338 1,440 1,440 1,347 1,440 1,620 1,260 1,139 1,440 1,440 1,440 1,376 1,360 1,440 1,440 1,440

11 180812390 991 1,424 1,393 1,440 1,440 1,336 1,440 1,560 1,275 1,143 1,378 1,369 1,440 1,440 1,440 1,377 1,440 589
1
2

180812652 647 1,379 1,389 1,440 1,292 1,156 1,440 1,560 1,276 771 1,399 1,421 1,440 1,340 1,308 1,376 1,440 1,360

1
3

180813489 1,101 1,440 1,440 1,440 1,285 1,440 1,440 1,620 1,260 1,276 1,309 1,337 1,363 1,284 1,352 1,363 1,370 1,249

1
4

180814027 993 1,122 1,440 1,440 1,405 1,440 1,440 1,560 1,320 1,273 1,440 1,440 1,440 1,440 1,440 1,440 491 0
https://preprints.jmir.org/preprint/34460 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kapteyn et al

1
5

180814165 1,344 1,404 1,440 1,409 1,440 1,309 1,398 1,620 1,260 994 1,283 1,354 1,371 1,440 1,360 1,280 1,326 479

1
6

190400534 697 230 1,440 1,287 1,440 1,305 1,175 1,347 1,440 1,056 1,440 1,310 1,201 1,373 1,440 81 0 0

1
7

190401858 985 1,440 1,185 1,394 1,440 1,440 1,138 1,037 1,440 884 1,163 1,267 1,253 1,193 1,297 1,338 1,188 539

1
8

190500007 764 817 826 590 531 787 824 833 822 1,019 1,248 1,440 1,440 1,264 1,211 951 0 0

1
9

190501256 1,233 1,440 1,423 1,440 1,440 1,387 1,440 1,399 1,440 899 1,424 1,391 1,370 1,440 1,257 1,440 1,440 1,349

2
0

190501595 1,139 1,440 1,440 1,440 1,381 1,440 1,440 1,440 1,440 1,023 1,377 1,440 1,440 1,440 1,440 1,440 1,440 1,440

2
1

190502306 1,417 1,440 1,378 1,440 1,440 983 1,440 1,440 1,440 1,359 1,280 1,440 1,412 1,265 1,312 1,440 1,440 1,379

2
2

190502729 1,112 1,394 1,440 1,408 1,421 1,440 1,419 1,440 1,440 1,154 1,440 1,440 1,440 1,358 1,440 1,440 1,440 1,366

2
3

190502846 1,440 1,408 1,440 1,396 1,440 1,440 1,361 1,440 1,377 1,125 1,376 1,435 1,252 1,392 1,353 1,378 1,393 1,251

Day 1=Dec 4; day 16=Dec 1

Wave 2 Arm 2

Study day
    GENEActiv Fitbit
  Person ID 1 2 3 4 5 6 7 8 9 8 9 10 11 12 13 14 15 16
1 150900010 1,067 1,332 1,371 1,322 1,317 1,249 1,218 1,282 1,362 919 1,397 1,408 1,440 1,406 1,440 1,440 1,412 1,440
2 160300572 1,230 1,440 1,033 1,440 1,440 1,440 1,440 1,355 801 682 433 1,080 862 883 950 877 670 896
3 160305786 1,180 1,440 1,355 1,296 1,440 1,440 1,440 1,356 1,440 0 303 1,343 356 0 0 0 0 0
4 160700134 1,102 1,440 1,440 1,303 1,440 1,363 1,440 1,239 1,349 946 1,391 1,256 0 0 0 0 0 0

https://preprints.jmir.org/preprint/34460 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Kapteyn et al

5 180202241 1,089 1,357 1,440 1,440 1,405 1,410 1,440 1,440 1,378 652 1,440 1,422 1,394 1,440 1,343 1,440 1,440 1,379
6 180203109 946 1,260 1,375 1,378 1,440 1,440 1,293 1,440 1,440 901 1,383 1,429 1,424 1,428 1,380 1,385 1,440 1,426
7 180600004 1,048 1,440 1,440 1,378 1,440 1,440 1,440 1,440 1,440 1,081 1,355 1,213 1,114 1,352 1,009 1,021 1,375 1,396
8 180810233 1,161 1,440 1,380 1,440 1,440 1,440 1,440 1,440 1,440 1,131 1,440 1,440 1,399 1,440 1,351 1,440 1,411 1,412
9 180813648 1,086 1,440 1,440 1,440 1,310 1,440 1,376 1,440 1,440 788 1,424 1,440 1,315 1,440 1,314 1,440 1,440 1,440
1
0

180813840 1,197 1,368 1,368 1,440 1,440 1,349 1,335 1,440 1,364 989 1,307 1,440 1,440 1,440 1,332 1,440 1,214 1,440

11 180813908 1,305 1,440 1,375 1,440 1,440 1,440 1,440 1,440 1,440 1,170 1,440 1,321 1,406 1,440 1,428 1,427 1,423 1,440
1
2

180814914 1,114 1,440 1,269 1,343 1,364 1,380 1,254 1,283 1,439 814 1,440 1,440 1,440 1,049 1,440 1,440 1,440 1,429

1
3

190300001 958 1,417 1,440 1,440 1,440 1,370 1,440 1,440 1,440 859 1,378 1,381 1,440 1,440 1,307 1,440 1,440 1,440

1
4

190400566 950 1,440 1,440 1,440 1,440 1,368 1,440 1,440 1,440 880 1,414 1,440 1,412 1,410 1,410 1,386 1,440 1,414

1
5

190401845 1,440 1,440 1,440 1,440 1,440 1,440 1,440 1,440 1,440 878 910 1,440 1,429 1,440 1,440 1,410 1,440 1,257

1
6

190402316 1,037 1,327 1,376 1,366 1,440 1,279 1,393 1,414 1,359 1,013 1,368 1,440 953 1,440 1,440 1,440 1,440 496

1
7

190403245 1,391 1,440 1,440 1,440 1,440 1,440 1,440 1,440 1,440 1,037 1,440 1,347 1,440 1,440 1,440 1,159 1,440 1,440

1
8

190404693 1,122 1,440 1,440 1,394 1,425 1,440 1,440 1,364 1,432 1,119 1,440 1,440 1,387 1,440 1,440 1,440 1,440 1,225

1
9

190500631 608 1,440 1,440 1,377 1,440 1,440 1,440 1,440 1,440 110 1,440 1,440 1,440 1,386 1,440 1,440 1,369 1,440

2
0

190502559 16 0 83 40 0 0 7 660 1,036 619 1,014 1,440 349 0 777 901 1,075 1,440

2
1

190502571 830 1,428 1,440 1,361 1,440 1,376 1,440 1,440 1,324 932 1,423 1,440 1,427 111 0 0 0 0

2
2

190505019 497 1,440 1,440 1,440 1,440 1,440 1,440 1,371 1,440 1,008 1,256 1,440 1,340 0 0 0 0 0

2
3

190800015 1,193 1,298 1,370 1,369 1,315 1,328 1,365 1,440 1,440 867 1,440 1,378 1,440 1,440 1,440 1,440 1,258 1,004

Day 1=Jan 29; day 16=Feb 13
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CONSORT (or other) checklists

CONSORT-eHEALTH checklist.
URL: http://asset.jmir.pub/assets/e87bbb2488656bed196d8ccda02a971f.pdf
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