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Using an activity tracker to increase motivation for physical
activity in patients with type 2 diabetes in primary care: a
randomized pilot trial
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Background: Adopting healthy lifestyle habits reduces the risk of type 2 diabetes (T2D) and its
complications. The use of an activity tracker to monitor physical activity (PA) could favor behavior changes
in patients with chronic diseases such as diabetes. The aims of this study were: (I) to evaluate the impact of
an activity tracker on PA and cardiometabolic risk variables in patients with T2D; (II) to assess the feasibility
of its implantation in a primary care setting.

Methods: This 3-month study was a pilot randomized controlled trial of 30 patients with T2D followed
at a university-affiliated Family Medicine Group. Patients were randomly assigned to either: (I) control
group, including a PA promotion intervention supported by a kinesiologist or (II) intervention group,
including a PA promotion intervention supported by a kinesiologist with the addition of an activity tracker
(Fitbit). Cardiometabolic risk variables, PA and motivation were assessed at baseline and after three months.
Satisfaction and acceptability of wearing the activity tracker were measured in the intervention group.
Results: PA assessed by questionnaires increased in both groups, change being greater in the intervention
group (P<0.05). Autonomous motivation in both groups was higher than controlled motivation (P<0.001).
Eighty-six percent of the participants in the intervention group were satisfied with their activity tracker use
and the compliance remained high. High-density lipoprotein cholesterol increased in the intervention group
and decreased in the control group (P=0.014). Resting systolic and diastolic blood pressure decreased over
time in both groups (P<0.05) whereas glycated hemoglobin tended to decrease in both groups (P=0.080).
Significant correlations were observed between average steps per day and changes in waist circumference (pre:
-0.721, P=0.044; post: —0.736, P=0.038), body mass index (pre: —0.764, P=0.010; post: -0.771, P=0.009) and
fat percentage (pre: —0.654, P=0.040; post: —0.686, P=0.028) in the intervention group.

Conclusions: Our pilot study shows that the use of an activity tracker improves cardiometabolic risk
variables in patients with T2D and could potentially be a motivation tool to increase PA in primary care

setting.
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Introduction

According to the World Health Organization, diabetes is
the direct cause of 1.6 million deaths each year (1). The
International Diabetes Federation estimates that 463
million adults were living with diabetes in 2019 worldwide
and this number may increase up to 700 million in 2045 (2).
Half of the global diabetes spending occurs in North
America and the Caribbean (2). The direct and indirect
costs are estimated to 3 billion dollars in the province of
Québec (3).

Physical inactivity contributes to premature mortality,
coronary heart disease and type 2 diabetes (T2D),
impacting health similarly to smoking or obesity (4). It is
recognized that the adoption of healthy lifestyle habits, such
as the regular practice of physical activity (PA), contributes
to significantly reduce the prevalence of T2D and its
complications (5,6). A lifestyle intervention including
healthy diet and regular PA in patients with diabetes can
reduce weight, glycated hemoglobin and cardiovascular risk
factors (7-9). Regardless of the training modality, exercise
can improve quality of life in patients with T2D (10). In
the province of Québec, only 41% of the population aged
>15 years old meets PA recommendations (11). Many
technological approaches have been developed in order to
try to improve PA and health such as mobile applications
(apps) (12-15), pedometers (16) and activity trackers (17,18)
to contribute to the adoption of healthier behaviors.

Fitbit (Fitbit Inc, San Francisco, CA) and Jawbone
(Jawbone Inc, San Francisco, CA) are two popular brands
of activity trackers. Systematic reviews indicate that they
present a high validity for steps, but a low validity regarding
energy expenditure and sleep (19-21). In chronic diseases
such as T2D, systematic reviews (22-25) and randomized
controlled trials (26-29) document that pedometers and
activity trackers can contribute to significantly increase PA.

To the best of our knowledge, no study in primary
care setting have assessed the use of an activity tracker-
based intervention supported by a kinesiologist to increase
motivation regarding PA in patients with T2D. The goals
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of this study were: (I) to evaluate the impact of an activity
tracker on PA and cardiometabolic risk variables; (II) to
assess the feasibility of implementing an activity tracker in
patients with T2D in order to increase their motivation
in a primary care setting. We tested the hypotheses that
PA would be increased in the intervention group using an
activity tracker with concomitant favorable cardiometabolic
risk variable changes. We also wanted to verify whether
the implantation of an activity tracker would be feasible
in a primary care setting. We present the following article
in accordance with the CONSORT reporting checklist
(available at http://dx.doi.org/10.21037/mhealth-20-154).

Methods
Study design

This study was a pilot controlled trial of 30 patients
randomized into two groups (Figure 1) (30-32). Sample
size was determined accordingly to the availability of the
equipment and the study funding. Thirty participants were
randomly assigned (1:1) in each group by a statistician
using a computer random number generator. Assignment
was performed by the research professional following
the statistician’s instructions. Due to the nature of the
intervention, participants and health care providers could
not be blinded. The statistician who performed statistical
analyses was blinded to participants’ group. The control
group received a PA promotion intervention supported
by a kinesiologist. The intervention group also had a PA
promotion intervention supported by a kinesiologist while
being given an activity tracker to wear (Fitbit Charge HR,
Fitbit Inc, San Francisco, CA). The intervention of the
kinesiologist was necessary to optimize the activity tracker use
with a PA promotion intervention and for the questionnaires
completion and interpretation. In order to assess the impact
of the activity tracker per see, the kinesiologist intervention
was implemented in both group. Study duration was 3
months. PA, PA motivation and cardiometabolic risk variables
were assessed at baseline and at 3 months.
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Figure 1 Illustration of pilot randomized study protocol. GLTEQ, Godin Leisure-Time Exercise Questionnaire (30,31); BREQ, Behavioral

Regulation in Exercise Questionnaire version 2 (32).

Participants and recruitment Family Medicine Group (GMF-U Quatre-Bourgeois).
Eligible participants were recruited by their family doctor,

Participants had to meet the following criteria: (I) T2D were informed that a study was taking place and were

man or woman between 18 and 90 years of age, (I) stable invited to meet the research professional.
medical condition and (III) PA <150 min/week, according
to the Canadian Society for Exercise Physiology (33).
Patients with acute renal failure or glomerular filtration Ethical consideration
rate <30 mL/min/1.73 m’ were excluded. All patients were The authors are accountable for all aspects of the work. The

followed by health professionals from a university-affiliated trial was conducted in accordance with the Declaration of
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Helsinki (as revised in 2013) (34). The study was approved
by institutional ethics board of Centre intégré universitaire
en santé et services sociaux (CIUSSS) de la Capitale-
Nationale (NO.: 2017-2018-07) and informed consent was
taken from all the participants. The complete study protocol
was published in Clinical Trials.gov (NCT03709966) (35).

Material

Fitbit Charge HR and iPad (Apple Inc, Cupertino, CA)
devices were provided free of charge to the patients through
an infrastructure funding (Canadian Foundation for
Innovation). The Fitbit device is similar to a wrist-sports
watch with many features including step calculation, distance
traveled, calories burned, heart rate and sleep status. The
information recorded by the watch can be synchronized
and transmitted directly to the Fitbit application that was
installed on the iPad, allowing it to be viewed and tracked on
a daily basis. Weekly and monthly reports can be produced
and it is also possible to adjust personal goals.

Intervention

The intervention lasted 3 months and involved a total of 3
face-to-face appointments. The first appointment involved
the physician in charge of the study in order to evaluate the
patients’ records and to validate their eligibility. The second
appointment was attended approximately two to four weeks
later with a kinesiologist who proposed a personalized
PA program to all participants, consisting of 150 minutes
of moderate aerobic activity and one session of muscular
exercise. For those in the intervention group, a Fitbit watch
and iPad with the Fitbit app were provided. At the 6™ week
of the intervention, the kinesiologist had a follow-up call
with all participants regarding the integration of the PA
program. A third appointment was planned at the end of
the intervention with the kinesiologist. Participants had to
bring back their material during this appointment.

Outcome measures

PA measurements

PA was assessed in two different ways. First, participants in
both groups filled a PA questionnaire and a logbook, where
they auto-reported the intensity, nature and duration of
their physical activity. The Godin Leisure-Time Exercise
Questionnaire was used (30,31), which contains 4 items:
(I) how many periods a week a strenuous exercise, a
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moderate exercise and a mild exercise were practiced for
>15 minutes and (II) at which frequency (often, sometimes
or never/rarely) a regular training provoked sweat/faster
heart rate was performed (30,31). Participants filled the
questionnaire at the beginning and at the end of the study.
This questionnaire in its original French version has been
validated and used in many PA studies (30,31,36,37).
A weekly leisure-time activity score was calculated by
multiplying the number of periods of strenuous, moderate
and mild exercise respectively by 9, 5 and 3 respectively
(30,31). A score of >24 units was rated as “active”, a score
between 14 and 23 units as “moderately active” and a score
<14 units as “insufficiently active” (30,31). A score related
to health was also calculated by using the same multiplying
factors and converting rule but by only considering
strenuous and moderate exercise (30,31). Secondly, in the
intervention group, the step number of the first 84 days
calculated by the activity tracker (Fitbit Charge HR) was
also used to document PA. In order to preserve patient
privacy, it was the only data extracted at the end of the study
from the Fitbit app to an Excel file (Microsoft, Redmond,
WA). Literature shows that step number from a portable
monitoring device is a reliable measure to document PA
(19-21). In the control group, participants wore pedometers
(SW200 Digi-walker, Yamax Inc, Japan) during the first
week of the study only to assess their baseline step number.
They noted their step number each day and brought the
sheet back to the kinesiologist at their first appointment.
Thus, pedometers were used as an objective measure to
assess PA and sedentarity in the control group for the first
week only.

Motivation and autoregulation of PA

A PA motivation questionnaire was filled at the beginning
and at the end of the study by the participants. On a
scale of 1 to 7, 1 being strongly disagreeing and 7 being
strongly agreeing, participants were invited to rate 16
different motives to exercise regularly. The questionnaire
was a validated French translation and cultural adaptation
of the Behavioral Regulation in Exercise Questionnaire
(BREQ) version 2 (38). The original BREQ questionnaire
contains 15 items divided into four categories: (I) external
regulation (4 items), (I) introjected regulation (3 items), (IIT)
identified regulation (4 items) and (IV) intrinsic regulation
(4 items) (39). The BREQ questionnaire version 2 contains
all the same categories and items as the original BREQ but
has a supplementary amotivation category composed of
4 items (40). The French version used contained one more
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item about external regulation (38). Since participants had
to express minimal motivation to engage in the study, it
was decided to remove the amotivation items. According
to the self-determination theory (41), external regulation,
introjected regulation, identified regulation and intrinsic
regulation respectively range in a continuum, the first one
being the least self-determined form and the last being
the most (41,42). External regulation and introjected
regulation can be categorized as a controlled motivation and
identified regulation and intrinsic regulation as autonomous
motivation (41,42).

Acceptability, satisfaction of the portable monitoring
device and compliance

Satisfaction and acceptability of the portable monitoring
device and app were measured by a homemade questionnaire.
Participants of the intervention group were invited at the
end of the study to fill this 10-question French questionnaire
about their satisfaction with the device and the support
provided by the research team, their opinion about the
information provided by the device and the impact on their
lives. The number of days where the portable monitoring
device was worn and the compliance were also measured.

Cardiometabolic risk variables

A prescription for a fasting blood (glycated hemoglobin,
lipid profile, kidney function, complete blood count) and
a urine test (urine albumin-creatinine ratio) was provided
by the physician in charge at baseline and at the end of the
study. Hemodynamic measures (resting blood pressure and
heart rate) were taken (Welch Allyn spot vital signs LXi,
Hill-Rom Holdings Inc, Chicago, IL, USA). Weight and
fat percentage were measured with a bioimpedance balance
(InBody 520, InBody USA, Cerritos, CA, USA). Height was
measured with shoes off with a measuring bar. Weight and
height were used for body mass index (BMI) calculation.
Waist circumference was measured at the midpoint between
the superior iliac crest and the last rib.

Statistical analyses

A minimum of 500 steps/day was required to include a
specific day in the calculation; the cutpoint of a sedentary
lifestyle being 5,000 steps, if a participant had less than 90%
of that number, the activity tracker was considered to be
only partially worn (26,43). An average weekly step number
was calculated to follow the evolution in time (26). In order
to obtain a reliable average, a minimum of four days of
reliable data in a week was required to include a participant
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in the calculation of a given week (26). Regarding
the motivation questionnaire, each item was analyzed
individually then in categories (external, introjected,
identified and intrinsic regulation) and in larger classes
(controlled and autonomous motivation). The number of
days worn was calculated with the Excel step number file:
for each day where the step number was higher than zero,
the portable monitoring device was considered to be at least
partially worn (27). Compliance was calculated by dividing
the number of days where the portable monitoring device
was worn by the total number of days.

Regarding qualitative data from questionnaires,
descriptive statistics were used. Data are expressed as mean =
standard deviation (SD) unless specified otherwise. Nominal
variables were expressed as percentages. For continuous
variables, the Student’s #-test or the Wilcoxon signed-rank
test (non normally distributed data) was used to compare
characteristics between the control and the intervention
group. Fisher’s exact test or Chi-squared test was used to
verify the equality hypothesis for variables in percentages.
Repeated measure of variance analyses were used for
parameters with measures available at the beginning and
the end of the study. A variability factor between subjects
was also considered and treated as a random factor. Another
2-level factor was also defined to take into account measures
taken twice in time, time being considered as a repeated
measure factor. When evolution comparison of the two
groups in time was performed, a third factor with an
interactive effect between “group” and “time” was added to
the statistical model. Factors with a confounding potential
were added if needed. The statistical tests degrees of
freedom number was determined with the Kenward-Roger
degrees of freedom approximation. Univariate normality
hypotheses for continuous variables were verified by the
Shapiro-Wilk test on the model residuals transformed
by the Cholesky decomposition. Statistical variation
tests of Brown and Forsythe were used to check variance
homogeneity. Variables were transformed if necessary to
satisfy these hypotheses and resulting tests were the ones
transcribed. Relationships between variables were reported
using the Pearson correlation coefficient. Results were
considered statistically significant with a 0<0.05 level. All
these analyses were performed with the software SAS v9.4
(SAS Institute, Cary, NC, USA).

Results

A total of 48 patients were invited to participate in the
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(n=48)
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Physical

Lack of interest

Familial and Intervention
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-10 restriction foreign country personal group :
(n=10) (n=2) (n=2) reasons (n=4) (n=15) (n=15)
— -
1 drop-out: hip 4 drop-outs:
fracture -major knee
sprain (n=1)

Figure 2 Flowchart of participants in the study.

study by their family physicians between December 2017
and October 2018 (Figure 2). From these, 18 declined
participation and 30 were equally assigned randomly
between the intervention and the control group. In the
intervention group, one participant dropped out because
of a hip fracture and there are three cases of missing data
from the activity trackers. There were 4 drop-outs in the
control group (major knee sprain, unsatisfied of the assigned
group, moved away and two lost to follow-up). Therefore,
11 patients completed the 3-month intervention in both
groups and were included in the analyses based on their
original assigned group. The baseline demographics and
clinical characteristics of participants are presented in ZTable 1.

PA results

Data of the Godin Leisure-Time Exercise Questionnaire
are presented in Tuble 2. There was no significant difference
between groups at baseline. The number of periods a week

© mHealth. All rights reserved.
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where a strenuous exercise and a moderate exercise was
practiced increased in both groups while the number of
periods a week for mild exercise decreased in both groups.
For these three items, there was no significant difference
between groups and time or time alone. The frequency
(often =1, sometimes =2 or never/rarely =3) at which a
regular training provoked sweat/faster heart rate increased
in both groups. The overall score and the score related
to health increased in both groups and the differences are
significant over time with time P-values of 0.047 and 0.019
respectively.

Table 3 shows the average weekly step numbers as well
as the overall step numbers. Baseline step number was
8,162+3,196 steps/day in the intervention group. In the
intervention group, the highest step average per week
was recorded at week 7 (8,970£4,061 steps/day), after the
follow-up phone call scheduled at week 6. The lowest
weekly step average weekly was recorded at week 12 (6,752
+1,647 steps/day), at the end of the intervention. Out of

mHealth 2021;7:59 | http://dx.doi.org/10.21037/mhealth-20-154



mHealth, 2021 Page 7 of 15

Table 1 Demographic and cardiometabolic values

Control group Intervention group
Baseline and cardiometabolic risk variables P-value P-value (time)
Pre Post Pre Post
Number of participants (n) 15 11 15 147 - -
Gender (male) M:8 W:7 - M:9 W:6 - - -
Age (years) 65.5+8.4 - 61.1£11.0 - - -
Height (cm) 167.2+10.1 - 171.1+8.8 - - -
Medication use (n) - -
Biguanide (metformine) 11 7 13 12 - -
GLP-1 therapy 1 0 0 0 - -
Sulfonylurea 1 0 3 4 - -
DPP-4 inhibitor 1 1 2 2 - -
SGLT2 inhibitor 0 0 3 3 - -
Insulin 3 2 1 1 - -
No medication 2 2 1 1 - -
Weight (kg) 95.1+24.2 95.8+22.9 89.8+13.1 88.2+13.4 0.468 0.001
Waist circumference (cm) 112.1+16.8 113.8+17.5 105.4+11.3 104.1+9.3 0.705 0.670
BMI (kg/m?) 33.9+7.5 33.9+7.5 30.7+4.0 29.8+3.7 0.562 0.001
Fat percentage (%) 40.5+5.4 41.3+6.9 35.7+6.3 33.9+6.0 0.843 0.041
SBP (mm Hg) 137+16 129+12 138+13 127+14 0.621 0.011
DBP (mm Hg) 81+9 76+8 79+8 75+9 0.781 0.046
Blood creatinine (umol/L) 70.4+15.1 71.7+22.2 83.6+26.0 87.5+29.5 0.321 0.678
Glomerular filtration rate (mL/min/1.73 m? 86.4+15.3 85.3x17.7 79.6+£22.2 78.7£25.8 0.350 0.962
Microalbumin (mg/L) 37.4+43.6 35.6+30.4 34.1+40.6 65.6+122.2 0.326 0.558
Albumin-creatinine ratio (mg/mmol) 4.4+4.2 3.2+2.0 7.4+13.9 5.3+6.9 0.850 0.519
Glycated hemoglobin (%) 6.9+1.3 6.4+0.4 7.1+£1.0 6.7+1.1 0.238 0.080
Total cholesterol (mmol/L) 4.45+0.80 4.63+1.09 4.47+1.41 4.31+0.97 0.659 0.678
Triglycerides (mmol/L) 1.76+0.84 1.63+0.76 1.74+0.78 1.34+0.54 0.210 0.107
HDL cholesterol (mmol/L) 1.563+0.45 1.35+0.37 1.26+0.33 1.35+0.37 0.014 0.852
LDL cholesterol (mmol/L) 2.12+0.89 2.53+1.21 2.41+£1.12 2.35+0.81 0.678 0.796
Non HDL cholesterol 2.94+0.91 3.28+1.29 3.21+1.38 3.01+0.92 0.317 0.625
Total cholesterol/ HDL cholesterol ratio 3.13+1.04 3.69+1.37 3.69+1.38 3.35+0.92 0.103 0.582

T, Only the activity tracker data of 11 participants in the intervention group were extracted. The groups were homogen except for the
fat percentage (P-value for groups =0.022). M, men; W, women; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL,
high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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Table 2 Results of the Godin Leisure-Time Exercise Questionnaire

mHealth, 2021

Control group

Intervention group

ltems and scores

P-value P-value (time)

Pre Post Pre Post

1-a Strenuous exercise (p/w) 0.2+0.6 0.3+1.2 0.3+0.7 1.2+2.0 0.172 0.108
1-b Moderate exercise (p/w) 1.9+2.7 2.5+2.3 1.5+1.9 3.6+£2.3 0.269 0.074
1-c Mild exercise (p/w) 3.3+2.9 2.8+2.6 4.9+4.2 3.2+2.9 0.494 0.163
Overall score 21.3+14.1 24.0+11.4  24.9+159 38.4+245 0.161 0.047
Score related to health 11.5+14.3 15.5+16.1 10.1+11.3  28.8+23.1 0.122 0.019
2 Frequency PA provokes sweat/faster heart rate 0.272 -

Often (n) 5 7 6 8

Sometimes (n) 4 2 6 6

Never/rarely (n) 5 2 3 0

The groups were homogen. p/w, periods/week; n, number of participants.

Table 3 Step number and confidence interval per week

Intervention group

Week Confidence interval
Step number

Lower Upper
1 8,162+3,196 4,831 11,173
2 8,301+3,036 5,140 11,771
3 7,750+2,853 4,102 9,623
4 8,370+3,192 3,651 9,678
5 7,657+3,466 3,563 11,180
6 8,347+4,312 2,312 12,134
7 8,970+4,061 3,772 12,011
8 7,973+3,912 3,920 8,848
9 8,369+3,569 4,286 10,243
10 7,525+3,020 4,366 8,908
11 7,571+3,582 3,016 8,853
12 6,752+1,647 4,824 7,844
Mean 7,979+571 7,683 8,275

11 participants whose data were extracted, 1 participant
walked on average <5,000 steps/day, 6 walked on average
between 5,000 steps/day and 7,499 steps/day and 4 walked
on average >7,500 steps/day. Figure 3 presents the daily step
average of the 11 participants in the intervention group

whose data were extracted.

© mHealth. All rights reserved.

Motivation and autoregulation of PA results

Results from the PA motivation questionnaire are presented
in Table 4. Overall, the only item with a significant
difference between groups and time is “Because my friends/
family/spouse say I should” (external regulation) (P=0.042).
While the score on a scale of 1 to 7 decreased from 3.0+1.8
to 1.91.5 in the control group, it increased from 2.6=1.7 to
3.1+2.2 in the intervention group. For the three following
items: “Because I value the benefits of exercise”, “Because I get
restless if 1 don’t exercise regularly” and “Because I get pleasure
and satisfaction from participating in exercise”, an average
score of at least 6 was maintained in both groups. The two
first items are categorized as “identified regulation”, the
category with the highest score in the study (around 6),
while the last item is categorized as “intrinsic regulation”.
Also, the autonomous motivation class scored higher in
both groups compared to the controlled motivation class (P
value <0.001).

Satisfaction and acceptability of the activity tracker and
compliance results

Activity tracker satisfaction and acceptability questionnaire
reveals that 86% of the participants in the intervention
group were satisfied or very satisfied of their activity
tracker use. Seventy-nine percent of the participant in
the intervention group found the information provided
by the watch helpful. Participants were asked to select
the most useful parameter(s) to keep track of their PA;
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Figure 3 Average of steps per day (measured by the activity tracker in the intervention group).

Table 4 Results of the physical activity motivation questionnaire

Control group Intervention group
Physical activity motivation items P-value
Pre Post Pre Post

Controlled motivation 3.0+1.0 3.0+1.5 2.5+0.9 2.7+1.1 0.897
External regulation 2.6+1.0 2.7+1.5 2.2+0.9 2.3+1.1 0.665
Because others will not be pleased with me if | don’t [2] 1.6+1.2 2.3+x2.2 1.6+1.1 2.2+1.6 0.922
Because my friends/family/spouse say | should [7] 3.0+1.8 1.9+1.5 2.6+1.7 3.1x2.2 0.042
Because | feel under pressure from friends/family to exercise [11] 2.1+1.9 2.5+2.5 1.3+0.8 1.3+0.8 0.457
Because other people say | should [14] 2.9+1.8 3.1£2.2 2.3+1.7 2.1+1.6 0.535
Because others could think I’'m weak if | don’t do it [6] 2.3+1.7 1.9+1.6 1.8+1.6 1.3£0.8 0.900
Introjected regulation 4.3+1.6 4.1+£1.9 3.5+1.6 4.1+1.6 0.368
Because | feel a failure when | haven’t exercised in a while [1] 4.5+2.1 3.9+2.3 3.8+2.1 4.9+2.0 0.167
Because | feel guilty when | don’t exercise [4] 41+1.8 4.3+1.9 3.2+1.7 3.4+2.1 0.844
Because | feel ashamed when | miss an exercise session [13] 3.7+2.4 4.2+1.9 3.7+1.8 3.5+1.7 0.349

Autonomous motivation 5.9+1.0 5.8+1.1 5.7+0.8 5.7+1.0 0.999
Identified regulation 6.2+0.8 6.0+1.1 6.1+£0.7 6.0+£0.9 0.898
Because | value the benefits of exercise [5] 6.3+1.3 6.3+1.2 6.2+0.9 6.4+1.0 0.611
Because | think it’s important to make an effort to exercise regularly [8] 5.8+1.6 5.8+1.0 5.7+1.2 5.1+£1.9 0.313
Because | get restless if | don’t exercise regularly [9] 6.6+0.8 6.3+1.1 6.4+0.9 6.5+0.8 0.367
Because it's important to me to exercise regularly [12] 5.7+1.7 5.8+1.3 5.9+1.1 5.6+1.3 0.568
Intrinsic regulation 5.4+1.8 5.3+1.5 5.1+£1.3 5.1+1.5 0.942
Because | enjoy my exercise sessions [3] 5.1+2.2 4.8+1.9 4.7+1.7 4.7+2.3 0.744
Because it’s fun [10] 5.2+2.1 5.4+1.7 4.7+2.0 4.8+2.0 0.549
Because | find exercise a pleasurable activity [15] 5.8+1.3 5.7+£1.6 5.9+1.0 5.9+0.8 0.892

Because | get pleasure and satisfaction from participating in exercise [16] 6.7+0.7 6.0+£1.8 6.3+0.9 6.3+0.7 0.183
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Table 5 Days worn and compliance per participant and per week

mHealth, 2021

Participant Days worn Compliance (%) Week Days worn Compliance (%)
1 84 100 1 6.3+1.8 90+26
2 83 99 2 5.9+2.3 84+33
3 84 100 3 6.7+0.6 96+9
4 84 100 4 6.5+1.8 92+26
5 62 74 5 6.9+0.3 99+4
6 66 79 6 6.6+0.9 95+13
7 84 100 7 6.4+2.1 91+30
8 83 99 8 6.3+2.1 90+30
9 83 99 9 6.1+2.1 87+30
10 48 57 10 5.6+2.8 81+40
hh| 60 71 11 5.5+2.5 78+36
12 - - 12 5.9+2.2 84+31
13 - - - - -
14 - - - - -
15 - - - - -
Mean 75+13 89+16 - 6.2+0.4 89+6

the step number was mentioned by 6 participants, while
weight, distance and sedentary and active minutes were
mentioned by 3 each and calories were mentioned once.
For the most useful parameter(s) to motivate to practice PA,
the step number was selected 5 times, the weight 4 times,
the distance 3 times, the sedentary and active minutes
2 times and the calories 1 time. Seventy-five percent of
the participants considered that the activity tracker incites
them to stick to their PA program after the end of the
intervention. Fifty percent of the participants were planning
to buy an activity tracker after the study. Table 5 presents the
days worn and the compliance per participant and per week.
Out of the 11 participants whose data were extracted in the
intervention group, 7 participants wore the activity tracker
83 or 84 days out of 84. Participants wore on average the
activity tracker 75%=13% (95% CI: 67-82%) days out of
84 and 6.2£0.4 days weekly (95% CI: 5.6-6.8 days/week).
The average compliance among participants was 89%=16%
(95% CI. 80-97%).

Cardiometabolic risk variable results

As shown in Table 1, there was no significant difference

© mHealth. All rights reserved.

between groups at baseline except for fat percentage
(P=0.022) which was higher (4.8%) in the control group.
Weight, BMI and fat percentage increased in the control
group and decreased in the intervention group with a
significant difference over time (time P-values =0.001,
0.001 and 0.041 respectively). Systolic blood pressure (SBP)
and diastolic blood pressure (DBP) decreased over time
in both groups (P-values =0.011 and 0.046 respectively).
High-density lipoprotein (HDL) cholesterol increased in
the intervention group and decreased in the control group.
This difference in HDL cholesterol is significant between
groups and time (P=0.014). Multivariate regression analysis
between average daily steps (of the first week in pre and of
the following weeks in post) and changes in cardiometabolic
risk variables showed significant correlations in pre and
post-intervention regarding waist circumference (pre:
—0.721, P=0.044; post: 0.736, P=0.038), BMI (pre: ~0.764,
P=0.010; post: =0.771, P=0.009) and fat percentage (pre:
-0.654, P=0.040; post: -0.686, P=0.028) in the intervention
group. There was no significant correlations in the control
group. When pooling both groups, we observed significant
correlations between changes in weight and BMI with
changes in glycated hemoglobin (0.681, P<0.001 and 0.702,
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P<0.001 respectively).

Discussion

Results of the present randomized controlled pilot study
showed that the overall score and score related to health
from the Godin Leisure-Time Exercise Questionnaire
significantly increased in both groups, the increment
being higher in the intervention group. The autonomous
motivation was significantly higher than the controlled
motivation, demonstrating that participants in both groups
exercised more for the benefits of PA and the pleasure
of practicing PA. Eighty-six percent of patients in the
intervention group were satisfied of their activity tracker use
and the compliance remained high during the study. Our
multivariate regression analysis between steps and changes in
cardiometabolic risk variables showed significant correlations
in pre and post-intervention for waist circumference, BMI
and fat percentage in the intervention group. We found that
HDL cholesterol significantly increased in the intervention
group while it decreased in the control group. Resting SBP
and DBP significantly decreased over time in both groups.
Glycated hemoglobin tended to decrease in both groups.
Few studies have been conducted on activity trackers like
the Fitbit watch since it is a newer technology and, to the
best of our knowledge, no study included a kinesiologist-
led PA intervention. Moreover, this study was conducted in
a primary care setting and the outcome was oriented on the
satisfaction of the activity tracker, the motivation to practice
PA and cardiometabolic variables. Our study documents
for the first time the motivation as assessed by the BREQ
questionnaire version 2 in an activity tracker intervention in
patients with T2D.

Regarding the PA findings, participants in the
control group went from “moderately active” overall
and “insufficiently active” in terms of health benefits to
respectively “active” and “moderately active”, while those in
the intervention group remained “active” overall and went
from “insufficiently active” to “active” in terms of health
benefits (30,31). The PA promotion intervention supported
by a kinesiologist and the personalized training plan in both
groups could explain these increases. Indeed, participants
in both groups were more aware of the PA intensity to
reach and had a PA plan to follow. We believe that the
higher increment in the intervention group, although
not significant probably due to a lack of power, could be
explained by an increased motivation for PA due to the
activity tracker.
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Regarding the step numbers, the highest average
step number per week was recorded at week 7, just
after the follow-up phone call with the kinesiologist,
which demonstrates the positive impact this health care
professional had. The overall average in the intervention
group was >7,500 steps/day and thus can be interpreted
as a physically active lifestyle meeting the moderate to
vigorous physical activity (MVPA) recommendations,
although there were a lot of interindividual variabilities (43).
A study conducted by Houle et 4l. revealed that targeting
7500 steps/day can improve cardiovascular risk factors
during the first year following an acute coronary syndrome
which represents a realistic goal (44). In the Netherlands,
Kooiman et al. tested the efficacy of a 13-week activity
tracker (Fitbit Zip) based intervention with an online self-
tracking program on PA, glycated hemoglobin and other
health measures in 72 patients with T2D (26). Kooiman
et al. used the steps/day substantial variability to explain
the absence of significant overall decline in glycated
hemoglobin and a similar phenomenon likely occurred in
the present study (26). Indeed, 36% of the intervention
group participants met 7,500 steps/day recommendation
while 64% did not, in comparison of respectively 39%
and 61% in the Kooiman study (26). In the United States,
Polgreen et al. compared three groups of patients with T2D
or prediabetes- Fitbit only (48 participants), Fitbit with
reminders (44 participants) and Fitbit with both reminders
and goal setting (46 participants) to document the impact of
automatic text-message reminders on Fitbit adherence and
PA on a 6-month period (27). The Fitbit only group had the
highest average daily steps with 7,123 steps, which is similar
to the average of 7,979+572 steps/day observed in our study.

Looking at motivation and autoregulation of PA data,
the three items that scored the highest are two identified
regulation items and one intrinsic regulation item.
Autonomous motivation class (comprising identified
regulation and intrinsic regulation) scored significantly
higher than controlled motivation class in both groups.
Therefore, participants in both groups were more likely to
exercise because they valued the benefits of exercise, it made
them feel better and they got pleasure and satisfaction from
it. Literature shows that autonomous forms of motivation
are more correlated with PA and identified regulation would
predict initial/short-term PA while intrinsic motivation
would predict more long-term PA adherence (45).

Eighty-six percent of the participants in the intervention
group were satisfied or very satisfied of their activity tracker
use which is comparable to the Canadian population owning
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at least one connected health object (83%) (46). The step
number was considered as the most helpful parameter to
keep track of PA and to motivate to practice PA, which is
interesting since this information could also be displayed
by a pedometer, a cheaper device. Seventy-five percent of
the participants considered that the activity tracker will
incite them to stick to their PA program after the end of the
intervention. This important proportion shows the impact
an activity tracker can have on long-term motivation.
Also, 50% of the participants were planning to buy an
activity tracker after the study which is also more than
the general Canadian population (15% enough likely and
1% really likely) (46). On the other hand, one must keep
in mind that our population included patients with T2D.
The compliance was high and remained stable along time,
showing in an objective way the appreciation of wearing and
using the device.

Up to now, few studies have demonstrated the impact
of PA supported by an activity tracker on improvement of
cardiometabolic parameters. We found that HDL cholesterol
levels significantly increased in the intervention group and
decreased in the control group. Resting SBP and DBP
significantly decreased over time in both groups. Hayashino
et al. reported in their meta-analysis documenting the effects
of supervised exercise in patients with T2D, an increase of
HDL cholesterol level and decrease of SBP and DBP after
exercise (47). In our study, a lower waist circumference,
BMI and fat percentage were significantly associated with
a higher daily step number in the intervention group, in
accordance with the existing literature (48,49). The non-
statistically significant glycated hemoglobin decrease in both
groups can be explained by the small sample size and the
short study duration. In a meta-analysis documenting the
impact of accelerometers and pedometers in patients with
T2D, Baskerville et al. reported no significant difference
in glycated hemoglobin, BMI, blood pressure and lipid
profile (22). In accordance, Qiu et 4/l. reported in their
meta-analysis regarding pedometers that there was no
evidence that such portable monitoring devices alone could
improve glycemic control (25). Of note, no study included a
kinesiologist-led PA intervention. Kooiman ez 4/. reported no
overall difference over 13 weeks in glycated hemoglobin, but
a subgroup analysis revealed that “responders” (patients who
increased their PA by at least 1,000 steps/day compared to
baseline) had a significant decrease in glycated hemoglobin
over time (26).

This study had limitations and strengths. The first
limitation was the limited number of activity trackers.

© mHealth. All rights reserved.
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Also, the activity tracker data of four candidates were not
extracted. One participant had forgotten his login access,
another abandoned and two technical problems impeded
access to the other participants’ data. The fact that the
participants had absolute control over their data sharing
complicated data extraction. It might have been easier if
the participants’ login accesses were given by the research
team so they could have direct access to the data with the
participants’ authorization. Some participants needed more
support to be able to correctly use the activity tracker and
some technical problems occurred. A strength was that
the study was initiated by a patient partner. He gave his
layperson opinion on the way cardiometabolic risk variables
and other measurements should be taken which gave
credibility to the study. Also, the study used a technology
that is widely available and is therefore an interesting
avenue for easy implementation in the community. The
study was conducted in a primary care center in a real life
context, which also provides evidence on its feasibility.

Conclusions

In conclusion, our pilot study shows that an activity
tracker could be a potential motivation tool to increase
PA in patients with T2D. Also, the use of an activity
tracker improves some cardiometabolic risk variables. The
implantation of activity trackers in a primary care setting
is feasible and these devices could become an additional
tool in the management of chronic diseases. A larger scale
study is required to assess the effectiveness of an activity
tracker on cardiometabolic risk variables and PA. The
potentialisation of such an approach using a kinesiologist-
led PA intervention need further studies.
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