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Abstract

Background: One relevant strategy to prevent the onset and progression of type 2 diabetes mellitus (T2DM) focuses
on increasing physical activity. The use of activity trackers by patients could enable objective measurement of their
regular physical activity in daily life and promote physical activity through the use of a tracker-based intervention. This
trial aims to answer three research questions: (1) Is the use of activity trackers suitable for longitudinal assessment of
physical activity in everyday life? (2) Does the use of a tracker-based intervention lead to sustainable improvements in
the physical activity of healthy individuals and in people with T2DM? (3) Does the accompanying digital motivational
intervention lead to sustainable improvements in physical activity for participants using the tracker-based device?

Methods: The planned study is a randomized controlled trial focused on 1642 participants with and without T2DM
for 9 months with regard to their physical activity behavior. Subjects allocated to an intervention group will wear an
activity tracker. Half of the subjects in the intervention group will also receive an additional digital motivational inter-
vention. Subjects allocated to the control group will not receive any intervention. The primary outcome is the amount
of moderate and vigorous physical activity in minutes and the number of steps per week measured continuously with
the activity tracker and assessed by questionnaires at four time points. Secondary endpoints are medical parameters
measured at the same four time points. The collected data will be analyzed using inferential statistics and explorative
data-mining techniques.

Discussion: The trial uses an interdisciplinary approach with a team including sports psychologists, sports scientists,
health scientists, health care professionals, physicians, and computer scientists. It also involves the processing and
analysis of large amounts of data collected with activity trackers. These factors represent particular strengths as well as
challenges in the study.

Trial Registration: The trial is registered at the World Health Organization International Clinical Trials Registry Plat-
form via the German Clinical Studies Trial Register (DRKS), DRKS00027064. Registered on 11 November 2021.

Keywords: Randomized controlled trial, Physical activity, Diabetes, Activity tracker, Wearables, Motivation and volition

*Correspondence: mareike.maehs@uni-vechta.de

! Institute of Gerontology, Vechta University, Vechta, Germany
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-2157-2887
http://orcid.org/0000-0002-2112-4112
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00027064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-022-06550-z&domain=pdf

Mabhs et al. Trials (2022) 23:617

Administrative information

Note: the numbers in curly brackets in this protocol refer
to SPIRIT checklist item numbers. The order of the items
has been modified to group similar items (see http://
www.equator-network.org/reporting-guidelines/spirit-
2013-statement-defining-standard-protocol-items-for-
clinical-trials/).

Title {1} Activity tracker-based interven-
tion to increase physical activity in
patients with type 2 diabetes and
healthy individuals: study protocol

for a randomized controlled trial

The trial "Activity tracker-based
intervention to increase physical
activity in patients with type 2
diabetes and healthy individuals”

is registered at the World Health
Organization International Clinical
Trials Registry Platform via the Ger-
man Clinical Studies Trial Register
(DRKS), DRKS00027064. Registered
on 11 November 2021; URL: https://
www.drks.de/drks_web/navigate.
do?navigationld=trial HTML&TRIAL_
ID=DRKS00027064.

Protocol version 7 14 June 2022

Trial registration {2a and 2b}.

Protocol version {3}

Funding {4} This trial is part of the project Acti-
VAtE_Prevention - "Activity Tracking
Data to Understand Volition,
Attrition and Engagement towards
Healthy Behaviors in Diabetic
Patients and Controls”that is funded
by the German Ministry for Science
and Culture of Lower Saxony in the
program “Niedersachsisches Vorab”
(funding code VW-ZN-3426).

Wechta University, Institute of
Gerontology, Germany

AVechta University, Sport Science,
Germany

3University of Applied Sciences for
Sport and Management Potsdam,
Germany

“University of Siegen, Research
group Ubiquitous Computing,
Germany

*Diabetologische Schwerpunkt-
praxis Dr. Silke Otto-Hagemann
(diabetes center) Vechta, Germany

Author details {5a}

Name and contact information for
the trial sponsor {5b}

Overall responsibility for the initia-
tion and management of the trial:
Vechta University, Germany
Contact name: Mr. Andrea Teti
Address: Driverstralle 23,49377
Vechta

Telephone: 449 4441 15 791
Email: andrea.teti@uni-vechta.de

Role of sponsor {5¢} The funding body had no role in the
design of this study. It will not have
any role during its execution, analy-
ses, interpretation of the data, or on

the decision to submit results.

Page 2 of 13

Introduction

Background and rationale {6a}

Type 2 diabetes mellitus (T2DM), which results in ele-
vated blood sugar levels (hyperglycemia) due to insulin
resistance, is one of the most common chronic diseases
among adults [1]. Hyperglycemia and diabetes mellitus
are associated with micro- and macrovascular disor-
ders such as coronary heart disease, stroke, renal and
eye disease, as well as an increased risk of developing
certain types of cancer and depressive symptoms [2—4].
Genetic predisposition, age, and lifestyle factors, such
as a sedentary lifestyle, an unhealthy diet, and smoking,
are associated with a higher risk of developing T2DM
[5-7]. Therefore, one relevant strategy to prevent the
onset of the disease in healthy individuals and to slow
or halt disease progression and the development of
secondary diseases in people with T2DM focuses on
increasing physical activity [8—13].

Studies suggest that physical activity can reduce
fasting blood glucose (FBG) and average blood sugar
concentrations (measured by glycated hemoglobin
(HbA,.)) in healthy individuals [14—16]. These reduc-
tions could lower the risk of hyperglycemia and thus
the risk of developing T2DM [15]. According to the
results of a meta-analysis, compliance with the World
Health Organization (WHO) recommendation to be
physically active at a moderate level of intensity for at
least 150 min per week would result on average in an
FGB reduction of 4.13 mg/dL and 0.21% lower HbA,,
in healthy individuals [14]. In addition, the results of
Cavero-Redondo et al. found that engaging in more
than 150 min of physical activity per week could lead to
a greater reduction in HbA, . levels compared with hav-
ing lower levels of physical activity [16].

Research also suggests that physical activity can
reduce FBG and HbA,_ levels in people with T2DM or
pre-diabetes [11, 14, 17, 18]. Based on the previously
mentioned meta-analysis, following the WHO recom-
mendation for moderate physical activity for at least
150 min a week would result on average in an FBG
reduction of 7.07 mg/dL and 0.24% lower HbA,_ in peo-
ple with T2DM or pre-diabetes [14]. In addition, large-
scale cohort studies have shown that physical activity
significantly reduces the risk of mortality [11].

Physical activity can be increased not only through
structured programs, such as aerobic or resistance
training, but also through unstructured leisure time
physical activity [13]. Valid, representative, and objec-
tively measured data are needed to understand the
complex factors affecting physical activity in individu-
als’ daily routines [19]. Activity trackers are promis-
ing tools for objectively collecting physical activity
data and increasing physical activity in different target
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populations [20—-25]. They are built into consumer elec-
tronics (so-called wearables), such as smartphones,
smartwatches, and fitness bracelets, and regularly col-
lect physical activity data during everyday life; the pro-
cessed data are then reported to the end-user [26].

Several studies from different countries show promis-
ing results regarding the use of activity trackers:

Baskerville et al. conducted a meta-analysis based on
12 randomized controlled trials or controlled trials ((R)
CTs) using pedometers and accelerometers (in combina-
tion with behavioral interventions in some studies) that
suggested that these interventions could lead to a statis-
tical significant increase in physical activity of about 1
hour per week and a statistically significant reduction in
HbA, levels of about 0.1 mmol/mol in T2DM patients
[27]. However, no statistically significant effects were
found regarding changes in blood pressure, body mass
index (BMI), and lipid values [27].

The meta-analyses conducted by Gal et al. based on 18
randomized controlled trials (RCTs) and by Brickwood et al.
based on 12 (R)CTs, in which activity tracker-based con-
sumer electronics in combination with behavioral interven-
tions were used, indicate a statistically significant increase in
steps (standardized mean difference (SMD): 0.67 and 0.23)
as well as in moderate to vigorous physical activity per day
(SMD: 0.49 and 0.28) [20, 28]. However, with the use of the
wearable intervention alone, the study results of Brickwood
et al. only suggested a statistically significant increase in
steps (SMD: 0.20; mean difference (MD): 475 steps per day)
but not in moderate to vigorous physical activity per day
(SMD: 0.17; MD: 40 min per day) [20].

The effectiveness of activity tracker-based interventions
in everyday life could be influenced by user behavior, user
satisfaction, perceived effectiveness and usefulness of the
technology, and technology acceptance in general [29, 30].
Furthermore, the validity and reliability of the data col-
lected by activity trackers could be affected by technical
problems associated with the device, changes made to the
device (e.g., software updates), and incorrect use of the
device by the person using it or by the study personnel
[31]. A systematic review conducted by Bort-Roig et al.
reported that the accuracy of physical activity data (steps
per day) measured with smartphones ranged from 52 to
100% [21]. Regarding the accuracy of fitness trackers, a
systematic review of Fitbit devices suggested an overall
tendency to underestimate steps (MD: — 9%) [32].

In previous studies in which activity trackers were used to
monitor and enhance physical activity, several limitations
were mentioned, including small sample sizes, short study
durations, lack of standardized analytical procedures, and
further research needs, such as the use of tracker interven-
tions in subjects with T2DM [20, 26—28, 33-36]. Therefore,
a RCT with a longer study duration and larger sample size
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relative to former studies will be conducted to investigate
the effectiveness of an activity tracker-based intervention
alone and in combination with a behavioral intervention.
Healthy individuals, individuals with pre-diabetes and indi-
viduals with T2DM will be included in the study to assess
the benefits of the intervention regarding risk reduction
for the development of T2DM onset as well as disease pro-
gression. The aim of this trial is to answer the following
research questions: (1) Is the use of activity trackers suit-
able for longitudinal assessment of physical activity in eve-
ryday life? (2) Does the use of a tracker-based intervention
lead to sustainable improvements in the physical activity of
healthy individuals and in people with T2DM? (3) Does the
accompanying digital motivational intervention lead to sus-
tainable improvements in physical activity for participants
using the tracker-based device?

Objectives {7}

In this trial, it is hypothesized that the moderate and vig-
orous physical activity of the participants in the groups
(no diabetes, diabetes and pre-diabetes) with activity
tracker increases statistically significantly in terms of
the target values at the 5% level of significance over time
(at baseline (t,), after 3 months (¢;), after 6 months (z,)
and after 9 months follow-up (¢;)). The measurements of
moderate and vigorous physical activity with question-
naire are hypothesized to be statistically significantly
different at the 5% level of significance from the meas-
urements of physical activity with the activity tracker. In
addition, an explorative hypothesis is tested: The mod-
erate and vigorous physical activity in minutes per week
measured with the activity tracker of participants in the
different intervention groups (tracker-based interven-
tion alone or tracker-based intervention combined with
digital motivational intervention) increases differently
over time.

Trial design {8}

The monocentric, pragmatic RCT has a parallel group
design with an allocation ratio of 1:1. Tests of equivalence
will be performed to compare the intervention group wear-
ing a smartwatch with an activity tracker in everyday life
with the control group that does not wear the device. Fur-
thermore, 50% of the participants in the intervention group
will also receive a digital motivational intervention via a
smartphone app. The planning and implementation of the
study is orientated towards the Declaration of Helsinki [37].

Methods: Participants, interventions,

and outcomes

Study setting {9}

The study is conducted in the rural region around Vechta,
a town in the northwestern part of Germany. The data
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collection is done at a cooperating specialized diabetes
center in Vechta while trackers are worn by participants
during everyday life.

Eligibility criteria {10}

Inclusion criteria:

All participants have to provide written informed con-
sent before enrollment in the study. Having a smartphone
and internet access is required for study participation to
ensure data collected with the tracker-based device can
be transmitted to the research institution.

Exclusion criteria:

For safety reasons, the general exclusion criteria are age <
18 years, legal guardianship, pregnancy, and an increased
risk of falling. In addition, diabetes patients with the fol-
lowing comorbidities and contraindications are excluded
[13]: peripheral neuropathies, diabetic foot syndrome,
myocardial infarction or stroke diagnosed in the previ-
ous 4 weeks, insufficiently controlled high blood pressure
(>140/90 mm Hg), hypoglycemia perception disorders,
psychiatric disorders, poorly controlled T2DM (< 3
weeks therapy), severe sensorimotor and/or autonomic
neuropathy, and unstable proliferative retinopathy.

Who will take informed consent? {26a}

All individuals interested in participating in the trial
receive an information sheet with detailed descriptions
of the procedures, objectives, possible harms as well as
benefits, and contact people related to the trial. Trained
study personnel are available to answer questions regard-
ing the trial and for explaining the procedures in detail.
In addition, there are separate information sheets for
healthy individuals and individuals with T2DM to pro-
vide precise information regarding possible risks associ-
ated with participation in the trial. The study personnel
will obtain written informed consent from all individuals
willing to participate in the trial.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Detailed information about data collection procedures
and the use and protection of participant data are pro-
vided on the information sheet. No additional consent is
obtained because no ancillary studies or studies involving
biological specimens are planned.

Interventions

Explanation for the choice of comparators {6b}

Because there are no suitable sham or placebo interven-
tions, participants in the control group do not receive
any intervention. In the intervention group, participants
wearing only the tracker-based device are compared with
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participants wearing the tracker-based device and receiv-
ing a digital behavioral intervention via a smartphone
app. This procedure is chosen to analyze the sole effect of
the tracker and to determine a possible additional effect
of a digital behavioral intervention accompanying the
tracker-based intervention. All participants in the trial
are given a brochure with detailed information about the
relevance of physical activity for their health and national
physical activity recommendations for different age
groups [38] to strengthen their participation.

Intervention description {11a}

The intervention group receives an activity tracker-based
open-source smartwatch that is freely programmable
[39-41]. Hence, firmware and applications specifically
programmed for this study are used in order to comply
with data protection and data security requirements.
All device sensors that are not needed for the study are
switched off for the entire study period.

The device will be tested in a separate study before the
start of the main study to assess its accuracy and reliabil-
ity. This assessment will involve a two-step process: (1)
use under standardized laboratory conditions on a tread-
mill and (2) use under real-life conditions for 1-2 consec-
utive days. Participants (#=30) will wear the device and
two reference devices (GT9X) on their wrist and hip. The
Actigraph GT9X accelerometer is widely used in scien-
tific studies to measure physical activity and shows good
validity and reliability [42, 43]. The goal of this validation
study is to define accurate cut-points and algorithms to
detect physical activity levels (light, moderate, and vig-
orous) and steps. Further pre-studies with university
students (n=25) wearing the tracker for 1 week will be
conducted to assess the functioning as well as usability of
the device and app, the practicability of the study design,
and the questionnaires.

The smartwatch is linked to a smartphone app that is
developed specifically for this study to protect the pri-
vacy of the participants and that transfers activity tracker
data securely to the university server. In addition, the
app is scientifically based and therefore provides the par-
ticipants with assistance via behavior change techniques
(BCT) that have been proven to be effective in changing
behavior, specifically through self-monitoring, goal set-
ting, and feedback [44—46]. Therefore, the app displays
the steps and low, moderate, and vigorous physical activ-
ity in minutes per day (BCT “self-monitoring”), which
are measured by the tracker-based device for each par-
ticipant wearing the smartwatch. In addition, 50% of the
participants wearing the tracker can set goals for them-
selves (BCT “goal-setting”) in terms of the physical activ-
ity levels they want to reach with the help of the app.
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All participants in the intervention group receive a
standardized introduction to the use of the device and
the smartphone app as well as an instruction manual. In
addition, qualified personnel will be trained to answer
questions about the use of the device and the app and to
offer support during weekly consultation hours until the
end of the study in the case of technical problems.

Criteria for discontinuing or modifying allocated
interventions {11b}

Study participation does not affect medical treatment
of diabetes patients, and the assignment of the patients
to the intervention or control group does not have any
effect on medical treatment in the diabetes center. Owing
to regular visits to the center in line with the routine
treatment, possible harms associated with the study
can be monitored on a regular basis. Decisions about
study drop-out due to medical reasons are based on the
involved medical professionals’ judgment. The risks asso-
ciated with monitoring and changing physical activity
behavior are regarded as minor. The risk of hypoglycemia
due to exercise is mentioned in the introduction to the
device, and strategies are presented to reduce the risk.
Patients who are at particularly high risk for hypoglyce-
mia are excluded from participating in this study.

Strategies to improve adherence to interventions {11c}
Previous study results have indicated that interventions
involving tracker-based consumer electronics may con-
tribute to adherence to behavioral recommendations
[21, 47]. Nevertheless, adherence to wearing the tracker-
based device may be low or may decline during the
study. At baseline, the participants in the control group
are instructed to wear the device during the day and to
charge its battery overnight. In addition, the importance
of wearing the device regularly is emphasized. Because
the tracker-based intervention is applied and its effec-
tiveness is tested in everyday life, no further measures to
control adherence are taken.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Because it is not possible to prevent participants from
taking part in classes or other interventions that promote
a healthy lifestyle, the participation in such interventions
is queried at each measurement point and the results of
the statistical analyses will be adjusted for such effects if
necessary.

Provisions for post-trial care {30}

Because the conduct of this study does not affect the
medical treatment of the study participants and the
risks associated with trial participation are negligible,
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no ancillary or post-trial care, irrespective of the routine
care of the diabetes patients, are provided.

Outcomes {12}

The primary outcome is a change from baseline of mod-
erate and vigorous physical activity in minutes or steps
per week. Therefore, moderate and vigorous physical
activity levels are aggregated and measured by one con-
tinuous variable. Physical activity is measured continu-
ously with the tracker-based device, and algorithms are
implemented to calculate amounts of different intensities
[41]. Intensity levels are defined in accordance to inten-
sity classification of Freedson et al. [48].

In addition, physical activity is assessed with question-
naires at four time points (¢, ¢, £,, and ;).

As the analysis of the patient-relevant outcomes mor-
bidity, mortality, and comorbidity of diabetes patients
requires long-term studies, which are not feasible in this
study due to limited project resources, the clinical out-
comes HbA,, body weight, and blood pressure are used
as relevant surrogate parameters for these outcomes [13].
Therefore, secondary endpoints are medical parameters
(HbA,,, TIR (time in range), BMI, and blood pressure).
As covariates, psychosocial parameters (generic or diabe-
tes-specific: health-related life satisfaction, self-efficacy,
motives, volition, stages of behavioral change, personal-
ity, intention, and self-concordance), socio-demographic
variables (age, gender, family background, family status,
and socio-economic status), physical and mental health,
comorbidities, alcohol as well as tobacco consumption,
nutritional awareness, usage behavior and user satisfac-
tion (with regard to the activity tracker and smartphone
app), diabetes disease and treatment (e.g., medication),
participation in external interventions, and severity of
the disease are considered. The medical parameters of
the healthy individuals are measured at four time points
and those of the diabetes patients are collected via rou-
tine visits at the cooperating diabetes center. The data
about covariates are captured with questionnaires at the
same four time points. The items of the questionnaires
originate from validated instruments.

In general, changes in the arithmetic means and vari-
ances of these mentioned outcomes from baseline are
analyzed and compared between the intervention and
control groups as well as between the four time points.

Participant timeline {13}

Participants who give their informed consent and ful-
fill the inclusion criteria are assessed at four timepoints
(see Table 1 and Fig. 1). At baseline, a questionnaire with
socio-demographic questions [51] is administered, and at
all four time points, a questionnaire with health-related
questions [52], questions regarding physical activity [53,
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Table 1 Participant timeline

ts Assessment
tr t2 9-
TIMEPOINT | Enrolment | Allocation to 3 6- Months
Months | Months | (follow-
up)
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Tracker-based
device alone
Tracker-based
device with digital
ASSESSMENTS:
Age X Self-report
Smartphone and X Self-report
internet access
Legal guardianship X Self-report
Pregnancy X Selt-report
Increased risk of Self-report
falling (older test X
persons)
Peripheral Medical report
neuropathies X
(diabetes test
persons)
Other microvascular Medical report
secondary diseases X
(diabetes test
persons)
Diabetic foot Medical report
syndrome (diabetes X
test persons)
Diagnosed heart Medical report
attack/stroke in the
previous four weeks X
(diabetes test
persons)
Insufficiently Medical report
adjusted high blood X
pressure (diabetes
test persons)
Hypoglycemia Medical report
perception disorders X
(diabetes test
persons)
Psychiatric Medical report
disorders (diabetes X
test persons)
Poorly adjusted Medical report
diabetes (diabetes X
test persons)
Severe Medical report
sensorimotor and/or
autonomic X
neuropathy
(diabetes test
persons)
Unstable Medical report
proliferative
retinopathy X
(diabetes test
persons)
Socio-demographic X Self-report
Questionnaire
Health X X X X Self-report
Questionnaire
Physical Activity x| x| x| x Self-report
Questionnaire
Psychosocial X X X X Self-report
Questionnaire
Questions regarding X X X X Self-report
tracker and app use
Questions regarding Self-report
usability and X
satisfaction with
tracker and app
Questions regarding Self-report
tracker use (follow- X
up)
diabetes-parameters Study Personnel
(BMI, HbATc, TIR, X X X X / Medical report

blood pressure)

physical activity data
of the tracker-based
device

Activity Tracker

Page 6 of 13

54], a psychosocial questionnaire [55-64], and questions
regarding the use of tracker-based devices and apps out-
side this study is administered. In addition, the diabe-
tes parameters are measured in a standardized way by
qualified study personnel at all four time points. Ques-
tions regarding the usability of and satisfaction with the
app and the tracker-based device [65] are asked after 6
months and regarding the follow-up use of the device
after 9 months.

At baseline, participants are randomly assigned
to either the intervention or the control group. For
participants in the intervention group wearing the
tracker-based device, physical activity is measured con-
tinuously with the device for 6 months. For the remaining
3 months, participants can decide on their own if they
want to continue wearing the tracker until t;. At t; they
have to return the tracker to the study personnel.

Sample size {14}

The sample size was calculated according to the pri-
mary hypothesis. The correlation between the results of
the different measurement times is estimated to be 0.33
based on similar studies [66]. Regarding the effect size,
the results of similar studies show that a medium effect
can be assumed, which is why the effect size is estimated
at d=0.5 and #=0.15 [27, 28, 33, 66]. A dropout rate of
15% is derived from one of these studies [66]. For a power
(1-B) of 0.8 with a significance level of =0.05, assuming
an effect size of £=0.15, an adjustment with design effect,
and a drop-out rate of 15%, a sample size of at least 1642
participants is necessary. With the help of the results of
the pre-studies, a more precise calculation of the sam-
ple size is possible and the sample size can be adjusted if
necessary.

Recruitment {15}

The enrollment period will extend over 12 months. The
diabetes patients are recruited at the cooperating dia-
betes center and the healthy individuals at a cooperat-
ing company located in the same region. Brochures with
information about the study and contact details are dis-
seminated, and individuals in the diabetes center are per-
sonally and directly invited to participate in the study by
the health practice staff.

Assignment of interventions: allocation

Sequence generation {16a}

In this RCT, subjects are assigned to the intervention and
control group in a block-randomized manner stratified
by disease status (no disease, pre-diabetes, diabetes) with
an allocation ratio of 1:1. The block randomization is
chosen to generate undistorted and approximately equal
comparison groups. The block randomization itself is
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Invitation via flyer, informed
consent and assessment for
eligibility

Excluded

+ Not meeting inclusion criteria
+ Declined to participate

+ Other reasons

A 4

Baseline assessment to
and randomization
(n=1642)

v

v

Allocation to intervention groups (n=821)
e Activity Tracker alone (n=387)
e Activity Tracker + Coaching via App
(n=384)
e Activity Tracker alone + face-to-face
Coaching (n=50)

v

t1 assessment: 3 months after to

t2 assessment: 6 months after to

t3 (follow-up) assessment: 9 months after to

|

Analysis

A4

Allocation to control group (n=821)

v

t1 assessment: 3 months after to

t2 assessment: 6 months after to

ts (follow-up) assessment: 9 months after to

!

Analysis

Fig. 1 Graphical representation of the study design according to Consolidated Standards of Reporting Trials (CONSORT, [49, 50])

carried out on the basis of randomization lists [67], which
are created for each stratum using the software R [68]
and the additional package “block edge” [69]. The block
length is varied based on random block sequences by the
software to avoid predictability of allocation sequences
by study personnel.

Concealment mechanism {16b}

Based on the randomization lists, cards are printed
out so that study personnel can assign participants to
both intervention groups (tracker-based device alone
and tracker-based device in combination with behavio-
ral intervention) and the control group based on sealed
envelopes without knowing the allocation in advance.

Implementation {16c}

The person who creates the randomization lists and cards
is not involved in the assignment of participants to the
groups and the distribution of the tracker-based devices.
Furthermore, the allocation is applied by study person-
nel who are not involved in the management and analysis
of the generated data to keep the persons responsible for
the data management and statistics blind to the alloca-
tion. The randomization list is locked away by external

university staff not involved in the trial for the whole
duration of the study.

Assignment of interventions: Blinding

Who will be blinded {17a}

Blinding of subjects and study personnel is not possible
due to the lack of adequate sham technologies. However,
participants do not know the grouping, and outcome
assessors are partly blinded with regard to the allocation
to the intervention and control groups when analyzing
the data from the questionnaires and the diabetes out-
comes. Nevertheless, because the tracker-based device
generates continuous physical activity data for the inter-
vention group, no blinding is possible when analyzing
this data.

Procedure for unblinding if needed {17b}
Since the risks related to the intervention are regarded as
low, emergency unblinding procedures are not necessary.

Data collection and management

Plans for assessment and collection of outcomes {18a}

The planning, implementation, outcome assessment, and
publication of the study are based on the guidelines and
recommendations for ensuring good epidemiological
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practice [70]. All work steps are recorded in the form of
standard operating procedures (SOPs). The procedure
for recruiting the participants and procedures for their
supervision are recorded in a survey manual. The special-
ized staft employed for the recruitment and supervision
of volunteers is comprehensively trained at the beginning
of the study and, if necessary, retrained.

Qualified study personnel will be trained in standard-
ized and reproducible measurement of height, weight,
blood pressure, HbA,, and TIR. Furthermore, study
personnel are instructed to provide the interventions
(tracker-based device alone and tracker-based device in
combination with digital coaching) and counseling for
adherence in a uniform and reproducible manner.

Socio-demographic and socio-economic factors are
measured with standardized indicators of the Ger-
man Federal Statistical Office [51, 71, 72]. The health-
related questions are based on the questionnaire used
in the Robert Koch Institute’s German Health Update
(GEDA) survey, which includes indicators of the Euro-
pean Health Interview Survey [52]. Therefore, data based
on these indicators are comparable with the results of
other national and international surveys [73]. Physi-
cal activity is measured with the tracker-based device in
the intervention group and the Questionnaire for Motor
Skills (FFB-mot, [53]) as well as the Movement and Sport
Activity Questionnaire (BSA-F, [54]) in the intervention
and control group to enable comparison of the different
measurements. Both FFB-mot and BSA-F have accept-
able psychometric properties [53, 54]. The psychosocial
questions are based on questionnaires assessing sport
and exercise-related self-efficacy [55, 56], sport and exer-
cise-related volition (Volition in Exercise Questionnaire -
VEQ, [57]), behavior change motivation [58], motives and
goals with regard to sport and exercise (Bernese Motive
and Goal Inventory - BMZI, [59]), affect towards sport
and exercise as adapted by Brand [60] from Crites et al.
[74], barriers for physical activity as assessed in Brehm
et al. [61], and the intention to be physically active [62],
as well as the Big Five Inventory (BFI-10, [63]) to assess
the subjects’ personality and the Short Scale for Measur-
ing General Self-efficacy Beliefs (ASKU, [64]) to assess
the subjects’ general self-efficacy. User satisfaction as well
as usability related to the tracker-based device and app
are measured with a translated and modified version of
the patient version of the mHealth App Usability Ques-
tionnaire (MAUQ), which has been shown to be valid
and reliable (Cronbach alpha=0.914) [65]. The wear-
able device (Bangle.js) is also rated by the subjects with a
translated version of the Comfort Rating Scale (CRS) by
Knight and Baber [75].

The questionnaires are administered on an internet
platform for practicability and accuracy reasons.

Page 8 of 13

Plans to promote participant retention and complete
follow-up {18b}

Reminders for the scheduled data assessment appoint-
ments and the link to the follow-up online questionnaires
will be sent to the participants via e-mail. If participants
do not respond or do not have an e-mail account, they
are contacted by phone and can fill in the questionnaire
at the diabetes center. In addition, to promote partici-
pant adherence, the assessments of the medical data take
place along with the regular medical visits of the diabetes
patients and at times that are comfortable for all partici-
pants. To check for selection-related biases, the reasons
for non-participation or drop-out and certain charac-
teristics of these participants, such as physical activity
behavior and socio-demographic factors, are assessed.

Data management {19}

To promote data quality, all data will be entered elec-
tronically, primarily with closed-ended entry fields.
Standardized data entry and coding practices for non-
numeric data are described and applied according to the
written SOPs. Plausibility tests of the data entries are
performed when the data are stored in the databases in
a regular manner. In addition, the participant ID used to
pseudonymize the participant data and link different data
sources has to be entered twice and in a field with a fixed
length to minimize errors.

Data are transmitted securely between the tracker-
based device, smartphone, databases, and personal com-
puters of the researcher by using appropriate encodings.
Furthermore, data are stored in secure databases, which
are backed up regularly according to a specific data secu-
rity plan handled by the University Computing Centre.
The databases and personal computers of the researcher
are protected with adequate passwords that are changed
on a routine basis to prevent unauthorized access.
Detailed and further information about data manage-
ment and data security issues can be found in the data
security concept that has been developed for this trial.

Confidentiality {27}

Data security and confidentiality are guaranteed accord-
ing to the Regulation (EU) 2016/679 (General Data Pro-
tection Regulation) and the Data Protection Act of Lower
Saxony. A data security concept has been developed
together with the data security officer and data manager
at Vechta University. Data collection is limited to data
needed to answer the research questions or to safeguard
the participants’ rights. All data collection forms and the
data processed by the tracker-based device and the app
will be identifiable only by the participant ID (an unre-
lated sequence of characters) to maintain participant
confidentiality. All records that contain names or further



Mabhs et al. Trials (2022) 23:617

personal information, such as administrative forms and
informed consent forms, will be stored separately from
study records and locked away. The databases with the
study records will be secured with encrypted connec-
tions and password-protected access systems. Study
staff will be required to sign agreements to preserve
the confidentiality of all participants and are trained in
the confidential handling of the data. Only aggregated
and anonymized data are made accessible to the pub-
lic after the end of the study. All other data are deleted
after the end of the trial in compliance with data privacy
regulations.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

No biological specimens will be collected for genetic or
molecular analysis in this trial.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Visual and descriptive (pre-)analyses will be undertaken.
All statistical data analyses will be performed with the
statistical software R [68]. The primary outcomes (mod-
erate and vigorous physical activity in minutes and steps
per week) will be analyzed regarding changes in the per-
centage of participants that meet the WHO recommen-
dations to be physically active. Therefore, descriptive
and explorative time-series analyses will be performed
[76]. The overall physical activity as well as the amount
of physical activity for different groups will be compared
between measurements with the activity tracker and the
questionnaire (the BSA-F [54] module) both in minutes
per week at t, (post-treatment) using the Bland-Altman
method [77].

Since comparisons between participants in the inter-
vention and control groups as well as comparisons of
participants at different time points take place, a linear
mixed model with two levels will be calculated to test the
primary hypotheses [78]. The dependent variable is mod-
erate and vigorous physical activity per week measured
with a questionnaire. In the linear mixed model, time
(¢, to t;) is the intra-class factor, and grouping (interven-
tion group with tracker-based device, intervention group
with tracker-based device and digital behavior interven-
tion, and control group) is the inter-class factor [78]. The
covariates psychosocial factors, socio-demographic fac-
tors, physical and mental health, comorbidities, alcohol
and tobacco consumption, nutritional awareness, usage
behavior and user satisfaction (with regard to the activ-
ity tracker and app), diabetes disease and treatment,
participation in external interventions, and severity of
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the disease are assessed as categorical variables. Ran-
dom intercepts are assumed while all other effects are
regarded as fixed. The null model will be calculated and
compared with alternative models regarding its fit via
Akaike and Bayesian information criterion [78, 79]. Fur-
ther, interactions will be considered and will be included
in the model if the explanatory power of the model is
strengthened. The same analysis will be performed for
the assessment of secondary endpoints. Effects of all
analyses will be considered significant if p < 0.05. All
assumptions of the statistical tests will be checked in
advance graphically and by appropriate tests. Bonferroni
correction will be applied to counteract the problem of
multiple testing [80].

Interim analyses {21b}

Because no potential harm is expected to result from
this trial, no interim analyses to terminate the trial are
planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

Subgroup analyses are planned to be performed by com-
paring the primary outcomes among healthy individu-
als, patients with pre-diabetes, and patients with T2DM.
Whether the effects of the intervention differ between
these subgroups will be tested. Therefore, the health sta-
tus of the subjects is included as a dummy-variable in the
statistical model.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
The collected data will be analyzed in terms of the inten-
tion-to-treat (ITT) method, which means that data from
all subjects will be assessed because they more realisti-
cally reflect the everyday life of the participants [81]. Fol-
lowing the ITT evaluations, the analyses will be carried
out again with the per-protocol collective and compared
with the results according to ITT using sensitivity analy-
ses [82]. The reasons for withdrawal and drop-out from
the trial will be assessed for all groups, and the charac-
teristics of these subjects will be compared between the
intervention and control groups. Data will be included
in the analyses up to the point of drop-out. The physi-
cal activity data measured with activity tracker will be
preprocessed using the R package “accelerometry” [83].
Missing and unreliable values will be replaced by the
average of neighboring data [83]. For all data, missing
values will be quantified and checked if they are not miss-
ing at random.
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Plans to give access to the full protocol, participant
level-data and statistical code {31c}

At the end of the trial, the aggregated and anonymized
data set of the trial will be stored in an appropriate data
archive and made available as a scientific use file to other
researchers on request to answer similar questions in the
field of health research. The data will be available imme-
diately after the end of the study for at least 10 years.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Not applicable, because no formal committees are
needed because of the minimal risks associated with par-
ticipating in the trial.

Composition of the data monitoring committee, its role
and reporting structure {21a}

No data monitoring committee is needed because of the
minimal risks associated with participating in the trial.

Adverse event reporting and harms {22}

Because of the regular visits to the center in line with
routine treatment of the diabetes patients and the regular
assessments at four time points for all participants, pos-
sible harms associated with the study can be monitored
regularly. Furthermore, possible harms and unintended
effects of the trial will be reported and assessed by the
medical personnel involved in this study. However, the
risk of the occurrence of possible harms associated with
the trial is regarded as low.

Frequency and plans for auditing trial conduct {23}
No auditing is planned because the occurrence of possi-
ble harms associated with the trial is regarded as low.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

For any modifications to the protocol that affect the
scientific or ethical rigor of the study or the health and
safety of the participants, the approval of the Ethics Com-
mittee will be obtained before implementation. Further-
more, any changes made to the protocol will be disclosed
and published in a formal amendment to the protocol.

Dissemination plans {31a}

The results of this trial will be made available to inter-
ested persons and presented at scientific conferences.
All factors that may have influenced the results and their
interpretation will be disclosed. All relevant (as well as
negative and statistically non-significant) study results
will be published in scientific journals and made available
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to the public on request. The reporting of the results will
be based on the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile
EHealth Applications and onLine TeleHealth) guideline
for the standardized reporting of the results of trials of
internet-based and mobile health interventions [84].

Discussion

Activity tracker-based consumer electronics are regarded
as useful for sustainable improvement of physical activity
and for monitoring physical activity in everyday life [20—
24, 26, 28]. In addition, with the help of these devices,
patients’ adherence to physical activity recommendations
can be strengthened [21, 47]. Hence, interventions based
on activity trackers have the potential to strengthen phys-
ical activity and thus prevent the onset or progression of
chronic diseases such as T2DM.

Nevertheless, valid and objectively measured data are
needed to understand the complex factors affecting phys-
ical activity in daily routine and to increase knowledge
about the accuracy as well as reliability of the measure-
ments with these devices [19]. To overcome the limita-
tions of previous studies, such as small sample sizes, short
study durations, and lack of analyzing standardized
outcomes [20, 26-28, 33-36], the physical activity of
1642 individuals with and without T2DM, half of them
wearing the tracker-based device for 6 months, will be
assessed and evaluated over 9 months in a randomized,
controlled trial. Socio-demographic, socio-economic,
physical and mental health-related, and psychological
factors that affect physical activity behavior in real-life
will be assessed and controlled for in this study. In addi-
tion, user behavior related to the tracker and the app and
their usability will be studied to evaluate the effects on
intervention adherence. Furthermore, the study includes
healthy individuals and individuals with pre-diabetes and
T2DM to appraise the effects of the intervention against
the background of T2DM onset and disease progression.
The study uses an interdisciplinary approach, with a team
of sports psychologists, sports scientists, health scien-
tists, health care professionals, physicians, and computer
scientists, and it involves the processing and analysis of a
large amount of data collected with the help of the activ-
ity tracker. These factors represent particular strengths as
well as challenges in the study.

Trial status

This is protocol version number 7 14 June 2022. The
recruitment is delayed to minimize the risk of a SARS-
CoV-2 infection and started in January 2022; the last
patient will be enrolled in December 2022. The first
results of this study are expected in 2023.



Mabhs et al. Trials (2022) 23:617

Abbreviations

ASKU: Short Scale for Measuring General Self-efficacy Beliefs; BCT: Behavior
change techniques; BFI-10: Big Five Inventory; BMZI: Bernese Motive and Goal
Inventory; BMI: Body mass index; BSA-F: Movement and Sport Activity Ques-
tionnaire; CONSORT: Consolidated Standards of Reporting Trials; CRS: Comfort
Rating Scale; FBG: Fasting blood glucose; FFB-mot: Questionnaire for Motor
Skills; GEDA: German Health Update; HbA, : Average blood sugar concentra-
tions; ITT: Intention-to-treat; MAUQ: mHealth App Usability Questionnaire;
MD: Mean difference; RCT: Randomized controlled trial; (R)CT: Randomized
controlled trial or controlled trial; SMD: Standardized mean difference; SOP:
Standard operating procedure; TIR: Time in range; VEQ: Volition in Exercise
Questionnaire; WHO: World Health Organization.

Acknowledgements

We thank our student assistants for helping us to prepare and execute the
enrollment of our study participants, and we thank all participants who take
part in our study. In addition, our thanks go to Dr. Thomas Enkel, Head of
Research Data Management at the University of Vechta, for his knowledgeable
advice and help in writing the data protection application. A big thank you
also goes to Ingo Gorny for his advice in the selection of compatible weara-
bles for the study and in the drafting of a specification manual for the technol-
ogy partner. Furthermore, we thank the reviewers for their valuable remarks.

Authors’ contributions {31b}

AT and IP initiated this study. All authors contributed to the design of this
study. AT, IP, JB, MM, LG, AH, and KVL developed the intervention. AT, IP, JE, MM,
JG, and BW developed the assessments. JP, IB, MLP, and LS are responsible for
recruitment. SOH is in charge of the medical supervision. MM wrote the draft
of the manuscript. All authors contributed to the further writing of the manu-
script, and all authors read and approved the final version of the manuscript.

Funding {4}

Open Access funding enabled and organized by Projekt DEAL. This trial is part
of the project ActiVAtE_Prevention - "Activity Tracking Data to Understand
Volition, Attrition and Engagement towards Healthy Behaviors in Diabetic
Patients and Controls”that is funded by the German Ministry for Science and
Culture of Lower Saxony in the program “Niedersachsisches Vorab”funding
code VW-ZN-3426.

Availability of data and materials {29}

At the end of the trial, the aggregated and anonymized data set of the trial will
be stored in an appropriate data archive and made available as a scientific use
file to other researchers on request in order to answer similar questions in the

field of health research. The data will be available immediately after the end of
the study for at least 10 years.

Declarations

Ethics approval and consent to participate {24}

Ethical approval has been confirmed by the Ethical Review Board of the
Arztekammer Niedersachsen (05/2021). Written, informed consent to partici-
pate on a voluntary basis is obtained from all participants.

Consent for publication {32}
The consent form was approved by the Ethical Review Board of the Arztekam-
mer Niedersachsen and can be provided on request.

Competing interests {28}
The authors declare that they have no competing interests.

Author details

'Institute of Gerontology, Vechta University, Vechta, Germany. 2Sport Science,
Vechta University, Vechta, Germany. *University of Applied Sciences for Sport
and Management Potsdam, Potsdam, Germany. *Research group Ubiqui-
tous Computing, University of Siegen, Siegen, Germany. °Diabetologische
Schwerpunktpraxis Dr. Silke Otto-Hagemann (diabetes center) Vechta, Vechta,
Germany.

Received: 16 December 2021 Accepted: 15 July 2022
Published online: 30 July 2022

Page 11 of 13

References

1. WHO. World health statistics 2021: monitoring health for the SDGs, sus-
tainable development goals. Geneva: World Health Organisation; 2021.

2. DuY, Heidemann C, GoBwald A, Schmich P, Scheidt-Nave C. Prevalence
and comorbidity of diabetes mellitus among non-institutionalized older
adults in Germany - results of the national telephone health inter-
view survey ‘German Health Update (GEDA)'2009. BMC Public Health.
2013;13:166.

3. Rawshani A, Rawshani A, Franzén S, Eliasson B, Svensson A-M, Miftaraj M,
et al. Mortality and Cardiovascular Disease in Type 1 and Type 2 Diabetes.
N Engl J Med. 2017;376(15):1407-18.

4. Tsilidis KK, Kasimis JC, Lopez DS, Ntzani EE, loannidis JPA. Type 2 diabetes
and cancer: umbrella review of meta-analyses of observational studies.
BMJ. 2015;350:97607.

5. Muahlenbruch K, Joost H-G, Boeing H, Schulze M. Prediction of risk for
type 2 diabetes in the German population with the updated DRT (DIfE-
GERMAN DIABETES-RISK-TEST). Erndhrungs Umschau. 2014;61:M306-M9.

6. Pan A Wang, Talaei M, Hu FB, Wu T. Relation of active, passive, and
quitting smoking with incident type 2 diabetes: a systematic review and
meta-analysis. Lancet Diabetes Endocrinol. 2015;3(12):958-67.

7. Kolb H, Martin S. Environmental/lifestyle factors in the pathogenesis and
prevention of type 2 diabetes. BMC Med. 2017;15(1):131.

8. Toplak H, Leitner DR, Harreiter J, Hoppichler F, Wascher TC, Schindler K,
et al. "Diabesity"-Obesity and type 2 diabetes. Wiener Klinische Wochen-
schrift. 2019;131(Suppl 1):71-6.

9. Kautzky-Willer A, Harreiter J, Abrahamian H, Weitgasser R, Fasching P,
Hoppichler F, et al. [Sex and gender-specific aspects in prediabetes and
diabetes mellitus-clinical recommendations] (Update 2019). Wiener
Klinische Wochenschrift. 2019;131(Suppl 1):221-8.

10. Merlotti C, Morabito A, Ceriani V, Pontiroli AE. Prevention of type 2 diabe-
tes in obese at-risk subjects: a systematic review and meta-analysis. Acta
Diabetologica. 2014;51(5):853-63.

11. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C. Physical activity/
exercise and type 2 diabetes. Diabetes Care. 2004;27(10):2518-39.

12. Zanuso S, Jimenez A, Pugliese G, Corigliano G, Balducci S. Exercise for the
management of type 2 diabetes: a review of the evidence. Acta Diabeto-
logica. 2010;47(1):15-22.

13. BAK, KBV, AWMF. Nationale Versorgungs Leitlinie Therapie des Typ-2-Di-
abetes. Langfassung. 1. Auflage. Berlin: Bundesarztekammer, Kassendr-
ztliche Bundesvereinigung, Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften; 2013.

14. Boniol M, Dragomir M, Autier P, Boyle P. Physical activity and change in
fasting glucose and HbA1c: a quantitative meta-analysis of randomized
trials. Acta Diabetologica. 2017;54(11):983-91.

15. Zhang X, Imperatore G, Thomas W, Cheng YJ, Lobelo F, Norris K, et al.
Effect of lifestyle interventions on glucose regulation among adults
without impaired glucose tolerance or diabetes: A systematic review and
meta-analysis. Diabetes Res Clin Pract. 2017;123:149-64.

16. Cavero-Redondo |, Peleteiro B, Alvarez-Bueno C, Artero EG, Garrido-
Miguel M, Martinez-Vizcaino V. The Effect of Physical Activity Interven-
tions on Glycosylated Haemoglobin (HbA1c) in Non-diabetic Populations:
A Systematic Review and Meta-analysis. Sports Med. 2018;48(5):1151-64.

17. Grace A, Chan E, Giallauria F, Graham PL, Smart NA. Clinical outcomes
and glycaemic responses to different aerobic exercise training intensities
in type Il diabetes: a systematic review and meta-analysis. Cardiovasc
Diabetol. 2017;16(1):37.

18. Byrne H, Caulfield B, De Vito G. Effects of Self-directed Exercise Pro-
grammes on Individuals with Type 2 Diabetes Mellitus: A Systematic
Review Evaluating Their Effect on HbA1c and Other Metabolic Outcomes,
Physical Characteristics, Cardiorespiratory Fitness and Functional Out-
comes. Sports Med. 2017;47(4):717-33.

19. Cloostermans L, Wendel-Vos W, Doornbos G, Howard B, Craig CL, Kivimaki
M, et al. Independent and combined effects of physical activity and body
mass index on the development of Type 2 Diabetes - a meta-analysis of 9
prospective cohort studies. Int J Behav Nutr Phys Act. 2015;12:147.

20. Brickwood K-J, Watson G, O'Brien J, Williams AD. Consumer-Based Wear-
able Activity Trackers Increase Physical Activity Participation: Systematic
Review and Meta-Analysis. JMIR Mhealth Uhealth. 2019;7(4).211819.

21. Bort-Roig J, Gilson ND, Puig-Ribera A, Contreras RS, Trost SG. Measuring
and influencing physical activity with smartphone technology: a system-
atic review. Sports Med. 2014;44(5):671-86.



Mahs et al. Trials

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

(2022) 23:617

Rote AE. Physical activity intervention using Fitbits in an introductory
college health course. Health Educ J. 2016;76(3):337-48.

Kooiman TJM, de Groot M, Hoogenberg K, Krijnen WP, van der Schans CP,
Kooy A. Self-tracking of Physical Activity in People With Type 2 Diabetes:
A Randomized Controlled Trial. Comput Inform Nurs. 2018;36(7):340-9.
Hendrikx J, Ruijs LS, Cox LG, Lemmens PM, Schuijers EG, Goris AH. Clini-
cal Evaluation of the Measurement Performance of the Philips Health
Watch: A Within-Person Comparative Study. JMIR Mhealth Uhealth.
2017,5(2):e10-e.

Van Laerhoven K, Gellersen H, Malliaris Y. Long-Term Activity Monitoring
with a Wearable Sensor Node. 3rd Intl Workshop on Body Sensor Nodes.
Boston: IEEE Press; 2006.

Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL. Ran-
domized Trial of a Fitbit-Based Physical Activity Intervention for Women.
Am J Prev Med. 2015;49(3):414-8.

Baskerville R, Ricci-Cabello I, Roberts N, Farmer A. Impact of accelerom-
eter and pedometer use on physical activity and glycaemic control in
people with Type 2 diabetes: a systematic review and meta-analysis.
Diabetic Med. 2017;34(5):612-20.

Gal R, May AM, van Overmeeren EJ, Simons M, Monninkhof EM. The Effect
of Physical Activity Interventions Comprising Wearables and Smartphone
Applications on Physical Activity: a Systematic Review and Meta-analysis.
Sports Med Open. 2018;4(1):42.

McCallum C, Rooksby J, Gray CM. Evaluating the Impact of Physical Activ-
ity Apps and Wearables: Interdisciplinary Review. JMIR Mhealth Uhealth.
2018;6(3):e58.

Kim'Y, Lumpkin A, Lochbaum M, Stegemeier S, Kitten K. Promoting physi-
cal activity using a wearable activity tracker in college students: A cluster
randomized controlled trial. J Sports Sci. 2018,36:1-8.

Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and
reliability of consumer-wearable activity trackers. Int J Behav Nutr Phys
Act. 2015;12:159.

Feehan LM, Geldman J, Sayre EC, Park C, Ezzat AM, Yoo JY, et al. Accuracy
of Fitbit Devices: Systematic Review and Narrative Syntheses of Quantita-
tive Data. JMIR Mhealth Uhealth. 2018;6(8):10527.

de Vries HJ, Kooiman TJM, van Ittersum MW, van Brussel M, de Groot M.
Do activity monitors increase physical activity in adults with over-
weight or obesity? A systematic review and meta-analysis. Obesity.
2016;24(10):2078-91.

Cooper C, Gross A, Brinkman C, Pope R, Allen K, Hastings S, et al. The
impact of wearable motion sensing technology on physical activity in
older adults. Exper Gerontol. 2018;112:9-19.

Coughlin SS, Stewart J. Use of Consumer Wearable Devices to Promote
Physical Activity: A Review of Health Intervention Studies. J Environ
Health Sci. 2016;2(6):sp.

Miyauchi M, Toyoda M, Kaneyama N, Miyatake H, Tanaka E, Kimura M,

et al. Exercise Therapy for Management of Type 2 Diabetes Mellitus:
Superior Efficacy of Activity Monitors over Pedometers. J Diabetes Res.
2016;2016:7.

World Medical Association. World Medical Association Declaration of Hel-
sinki - Ethical Principles for Medical Research involving Human Subjects.
Bull World Health Organ. 2001;79(4):372-4.

Ratten A, Pfeifer K, Gediga G, Hartung V, Klamroth S, Burlacu |, et al.
Menschen in Bewegung bringen. Strukturen schaffen, Bewegung
fordern, lebenslang bewegen. KéIn: Bundeszentrale fir gesundheitliche
Aufklarung; 2019.

Williams G. Bangle,js is an open, hackable smartwatch. Espruino.

2021 [15.11.2021]. Available from: https://www.espruino.com/Banglejs.
Grunert K. Overview of JavaScript Engines for Resource-Constrained
Microcontrollers. 5th International Conference on Smart and Sustainable
Technologies (SpliTech) 23-26 Sept. 2020. New Jersey: [EEE; 2020.
Hoelzemann A, Pithan JS, Van Laerhoven K. Open-Source Data Collection
for Activity Studies at Scale. In: Ahad MAR, Inoue S, Roggen D, Fujinami K,
editors. Sensor- and Video-Based Activity and Behavior Computing. Smart
Innovation, Systems and Technologies. Vol. 291. Singapore: Springer;
2022.p.27-38.

Chomistek AK, Yuan C, Matthews CE, Troiano RP, Bowles HR, Rood J,

et al. Physical Activity Assessment with the ActiGraph GT3X and Doubly
Labeled Water. Med Sci Sports Exerc. 2017;49(9):1935-44.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 12 of 13

Jones D, Crossley K, Dascombe B, Hart HF, Kemp J. Validity and reliability
of the fitbit flex™ and actigraph gt3x+- at jogging and running speeds.
Int J Sports Phys Ther. 2018;13(5):860-70.

Belmon LS, Middelweerd A, Te Velde SJ, Brug J. Dutch Young Adults
Ratings of Behavior Change Techniques Applied in Mobile Phone Apps
to Promote Physical Activity: A Cross-Sectional Survey. JMIR Mhealth
Uhealth. 2015;3(4):.e103.

Chia GLC, Anderson A, McLean LA. Behavior Change Techniques Incor-
porated in Fitness Trackers: Content Analysis. JMIR Mhealth Uhealth.
2019;7(7):212768.

Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to
promote physical activity among adults: a review and content analysis.
Int J Behav Nutr Phys Act. 2014;11:97.

Swartz MC, Lewis ZH, Swartz MD, Martinez E, Lyons EJ. Brief Report: Active
Ingredients for Adherence to a Tracker-Based Physical Activity Interven-
tion in Older Adults. J Appl Gerontol. 2017;38(7):1023-34.

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Sci-

ence and Applications, Inc. accelerometer. Med Sci Sports Exerc.
1998;30(5):777-81.

CONSORT. CONSORT 2010 Flow Diagram: CONsolidated Standards Of
Reporting Trials. CONSORT Group. 2020 [17.06.2020]. Available from:
http://www.consort-statement.org/.

Moher D, Hopewell S, Schulz KF, Montori V, Getzsche PC, Devereaux PJ,

et al. CONSORT 2010 Explanation and Elaboration: updated guidelines for
reporting parallel group randomised trials. BMJ. 2010;340:c869.
Statistisches Bundesamt. Demographische Standards fir persénlich-
mundliche und schriftliche Befragungen. Fragebogen und Listen. 6. Giber-
arbeitete Auflage ed. Wiesbaden: Statistisches Bundesamt; 2016.

Robert Koch-Institut. Fragebogen zur Studie "Gesundheit in Deutschland
aktuell" GEDA 2014/2015-EHIS. J Health Monit. 2017;2(1):105-35.

Bos K, Abel T, Woll A, Niemann S, Tittlbach S, Schott N. Der Fragebogen
zur Erfassung des motorischen Funktionsstatus (FFB-MOT). Diagnostica.
2002;48(2):101-11.

Fuchs R, Klaperski S, Gerber M, Seelig H. Messung der Bewegungs- und
Sportaktivitdt mit dem BSA-Fragebogen: Eine methodische Zwischenbi-
lanz. Zeitschrift fir Gesundheitspsychologie. 2015;23(3):60-76.

Marcus BH, Selby VC, Niaura RS, Rossi JS. Self-efficacy and the stages of
exercise behavior change. Res Q Exerc Sport. 1992;63(1):60-6.

Schwarzer R. Modeling Health Behavior Change: How to Predict and
Modify the Adoption and Maintenance of Health Behaviors. Appl Psychol.
2008;57(1):1-29.

Elsborg P, Wikman JM, Nielsen G, Tolver A, Elbe AM. Development and
initial validation of the Volition in Exercise Questionnaire (VEQ). Measure
Phys Educ Exerc Sci. 2017;21(2):57-68.

Brehm W, Duan Y, Mair T, Strobl H, Tittlbach S. Kérperlich-sportliche
Aktivitat als Gesundheitsverhalten - Methodenband: Bayreuther Beitrage
zur Sportwissenschaft, Heft 12. Bayreuth: Universitat Bayreuth: Institut fur
Sportwissenschaft; 2010.

Lehnert K. BMZI - Berner Motiv- und Zielinventar im Freizeit- und Gesund-
heitssport. Diagnostica. 2011;57(3):146-59.

Brand R. Die affektive Einstellungskomponente und ihr Beitrag zur
Erklarung von Sportpartizipation. Zeitschrift Fur Sportpsychologie Z
Sportpsychol. 2006;13(4):147-55.

Brehm W, Pahmeier |, Tiemann M, Gesundheitsforderung durch sportliche
Aktivierung. Qualitdtsmerkmale und Qualitatskontrollen sportlicher
Aktivierungsprogramme zum Erhalt und zur Wiederherstellung von
Gesundheit und Wohlbefinden. Bayreuth: Universitat Bayreuth; 1994.
Gerber M, Fuchs R, Pihse U. Einfluss eines Kurz-Interventionsprogramms
auf das Bewegungsverhalten und seine psychologischen Voraussetzun-
gen bei Ubergewichtigen und Adipdsen: Die Basler MoVo-LISA-Studie.
Zeitschrift fir Gesundheitspsychologie. 2010;18(4):159-69.

Rammstedt B, Kemper C, Klein MC, Beierlein C, Kovaleva A. Eine kurze
Skala zur Messung der funf Dimensionen der Persénlichkeit: Big-Five-
Inventory-10 (BFI-10) [A Short Scale for Assessing the Big Five Dimensions
of Personality - 10 Item Big Five Inventory (BFI-10)]. Methoden Daten
Analysen. 2013;7(2):233-49.

Beierlein C, Kemper C, Kovaleva A, Rammstedt B. Kurzskala zur Erfas-
sung allgemeiner Selbstwirksamkeitserwartungen (ASKU) [Short Scale
for Measuring General Self-efficacy Beliefs (ASKU)]. Methoden Daten
Analysen. 2013;7(2):251-78.


https://www.espruino.com/Bangle.js
http://www.consort-statement.org/

Mabhs et al. Trials (2022) 23:617

65. Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App
Usability Questionnaire (MAUQ): Development and Validation Study. JMIR
Mhealth Uhealth. 2019;7(4):e11500.

66. Lin J, Wurst R, Paganini S, Hohberg V, Kinkel S, Gohner W, et al. A group-
and smartphone-based psychological intervention to increase and
maintain physical activity in patients with musculoskeletal conditions:
study protocol for a randomized controlled trial ("MoVo-App”). Trials.
2020;21(1):502.

67. Schulz KF, Grimes DA. Reihe Epidemiologie 6: Generierung von Ran-
domisierungslisten in randomisierten Studien: Zufall, nicht Auswahl.
ZaeFQ.2007;101(1):419-26.

68. R Core Team. R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing. 2020 [18.06.2020]. Avail-
able from: https://www.R-project.org/.

69. Snow G. Package 'blockrand' Vienna: R Foundation for Statistical Comput-
ing; 2020 [17.06.2020]. Available from: https://cran.r-project.org/web/
packages/blockrand/blockrand.pdf.

70. Bellach B. Leitlinien und Empfehlungen zur Sicherung von Guter Epide-
miologischer Praxis (GEP). Eine Mitteilung der Arbeitsgruppe Epidemi-
ologische Methoden der Deutschen Arbeitsgemeinschaft Epidemiologie
(DAE). Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitss-
chutz. 2000;43(6):468-75.

71. Gabrys L, Schmidt C, Heidemann C, Baumert J, Du Y, Paprott R, et al.
Diabetes Surveillance in Germany — Background, concept and prospects:
Robert Koch-Institut, Epidemiologie und Gesundheitsberichterstattung;
2017.

72. Gabrys L, Heidemann C, Baumert J, Teti A, Du Y, Paprott R, et al. Selecting
and defining indicators for diabetes surveillance in Germany. J Health
Monitor. 2018;53:3-21.

73. Robert Koch-Institut. Health monitoring and health indicators in Europe.
J Health Monit. 2017;2(1):3-20.

74. Crites SL, Fabrigar LR, Petty RE. Measuring the Affective and Cognitive
Properties of Attitudes: Conceptual and Methodological Issues. Personal
Soc Psychol Bull. 1994;20(6):619-34.

75. Knight J, Baber C. ATool to Assess the Comfort of Wearable Computers.
Human Factors. 2005;47:77-91.

76. Karas M, Bai J, Straczkiewicz M, Harezlak J, Glynn NW, Harris T, et al. Accel-
erometry data in health research: challenges and opportunities. Stat
Biosci. 2019;11(2):210-37.

77. Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet.
1986;1(8476):307-10.

78. Langer W. In: Langer W, editor. Die Analyse von Paneldaten als Mehre-
benenmodell. Wiesbaden: VS Verlag fiir Sozialwissenschaften; 2009. p.
223-99.

79. Burnham KP, Anderson DR. Multimodel Inference: Understanding AIC and
BIC in Model Selection. Sociol Methods Res. 2004;33(2):261-304.

80. VanderWeele TJ, Mathur MB. Some desirable properties of the Bonferroni
Correction: Is the Bonferroni Correction really so bad? Am J Epidemiol.
2019;188(3):617-8.

81. Ranganathan P, Pramesh CS, Aggarwal R. Common pitfalls in statistical
analysis: Intention-to-treat versus per-protocol analysis. Perspect Clin Res.
2016;7(3):144-6.

82. Kabisch M, Ruckes C, Seibert-Grafe M, Blettner M. Randomisierte kontrol-
lierte Studien. Dtsch Arztebl Int. 2011;108(39):663-8.

83. Van Domelen DR. Package ‘accelerometry’ Vienna: R Foundation for Sta-
tistical Computing; 2018 [11.11.2021]. Available from: https://cran.r-proje
ct.org/web/packages/accelerometry/indexhtml.

84. Eysenbach G. CONSORT-EHEALTH: Improving and Standardizing Evalu-
ation Reports of Web-based and Mobile Health Interventions. J Med
Internet Res. 2011;13(4):e126.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.r-project.org/
https://cran.r-project.org/web/packages/blockrand/blockrand.pdf
https://cran.r-project.org/web/packages/blockrand/blockrand.pdf
https://cran.r-project.org/web/packages/accelerometry/index.html
https://cran.r-project.org/web/packages/accelerometry/index.html

	Activity tracker-based intervention to increase physical activity in patients with type 2 diabetes and healthy individuals: study protocol for a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial Registration: 

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: Participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Inclusion criteria:
	Exclusion criteria:

	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: Blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level-data and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Acknowledgements
	References


