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ABSTRACT

Our team examined the characteristics of patient
engagement (PE) practices in exercise-based randomized
trials in type 1 diabetes (T1D), and facilitated T1D
stakeholders in determining the top 10 list of priorities for
exercise research. Two methodological approaches were
employed: a scoping review and a modified James Lind
Alliance priority-setting partnership. Published (Medline,
Embase, CINAHL and Central databases) and grey
literature (www.clinicaltrials.gov) were searched to identify
randomized controlled trials of exercise interventions
lasting minimum 4 weeks and available in English. We
extracted information on PE and patient-reported outcomes
(PROs) to identify if patient perspectives had been
implemented. Based on results, we set out to determine
exercise research priorities as a first step towards a
patient-engaged research agenda. An online survey was
distributed across Canada to collect research questions
from patients, caregivers and healthcare providers. We
qualitatively analyzed submitted questions and compiled a
long list that a 12-person stakeholder steering committee
used to identify the top 10 priority research questions.

0f 9962 identified sources, 19 published trials and 4

trial registrations fulfilled inclusion criteria. No evidence

of PE existed in any included study. Most commonly
measured PROs were frequency of hypoglycemia (n=7)
and quality of life (n=4). The priority-setting survey yielded
194 submitted research questions. Steering committee
rankings identified 10 priorities focused on lifestyle
factors and exercise modifications to maintain short-term
glycemic control. Recent exercise-based randomized trials
in T1D have not included PE and PROs. Patient priorities
for exercise research have yet to be addressed with
adequately designed clinical trials.

INTRODUCTION

Exercise provides numerous health benefits
for individuals with type 1 diabetes (T1D)'
and is an important component of diabetes
self-management.” Despite vast health bene-
fits, only one-third of people with T1D meet
minimum recommendations for regular exer-
cise to achieve health benefits.” The unique
barriers to exercise for people with T1D*® are
severe, particularly loss of glycemic control
and hypoglycemia. With few evidence-based

strategies available to overcome these barriers,
novel approaches are needed to improve the
efficacy of future exercise trials to address
patient-relevant concerns.

Including patients in designing and deliv-
ering research studies can help address
patient-relevant gaps in clinical research’ !
such as understanding barriers to uptake of
exercise among people with TID. Patient-
oriented research, being ‘a continuum of
research that engages patients as partners,
focuses on patient-identified priorities and
improves patient outcomes’,8 is becoming a
priority for clinical trial funding and design,
but has had little traction in exercise and T1D
science.” Patients with T1D have previously
been involved in a range of patient engage-
ment (PE)'""* or prioritysetting activities"
to optimize blood glucose self-management
and overall health. Notably, these studies
have not centred on exercise research. The
current status of PE in setting priorities for
and conducting research within exercise
science for patients with T1D remains rela-
tively unknown.

This study addresses these gaps in the liter-
ature. First, we conducted a scoping review
of exercise training randomized trials for
patients with T1D to map patient engage-
ment within recent trials. Informed by
these results, we then engaged patients with
T1D, caregivers and healthcare providers in
conducting a modified James Lind Alliance
(JLA) model' of research prioritization to
identify the most important questions about
exercise and health.

STUDY DESIGNS AND RESEARCH METHODS

Study 1: Scoping review of physical activity/
exercise randomized trials and type 1 diabetes
We conducted a scoping review of published
and grey literature available from the past
20 years to determine in a single narrative
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analysis: (1) the characteristics of exercise training inter-
ventions delivered to people with T1D and (2) the extent
patient partners or patientreported outcomes (PROs)
were involved in study development. The primary ques-
tion guiding this review was ‘Is there evidence of patient
perspectives being incorporated in developing or imple-
menting long-term exercise training trials for individuals
with T1D?’

This review was conducted following the five-stage
Arksey and O’Malley framework” and formatted in
accordance with Preferred Reporting Items for System-
atic Reviews and Meta-Analyses Scoping Review reporting
guidelines.'® A review protocol was not published prior
to its conduct. Our team operationalized PE as per the
Canadian Institutes of Health Research definition as
being ‘meaningful and active collaboration in gover-
nance, priority-setting, conducting research and knowl-
edge translation’.’ In contrast, PROs are defined as
‘a measurement based on a report that comes directly
from the patient (ie, study subject) about the status of
a patient’s health condition without amendment or
interpretation of the patient’s response by a clinician or
anyone else’.'” Therefore, measurement of PROs does
not necessarily directly involve engaging patients in the
research process, but these outcomes typically reflect
those preferred by the patient population.'®

Data sources

Information for this review was collected from published
and grey literature. A trained university librarian (NA)
developed and implemented search strategies (online
supplementary 1). The published literature search
strategy was developed for Medline and adapted to
Embase, CINAHL and Central databases, respectively.
Database searches were conducted on 22 August 2018,
updated on 16 May 2019, and restricted to articles
published in the preceding 20 years (January 1998 to
May 2019, inclusive). Citations and abstracts for identi-
fied publications were uploaded to Rayyan QCRI review
management software'? for screening.

Additionally, the Clinical Trials online registry (www.
clinicaltrials.gov) was searched to identify ongoing trials
(grey literature). Included trial registrations satisfied the
same inclusion criteria as published literature according
to information provided. Registrations with related publi-
cations were added to the published literature analysis;
otherwise, detailed aims and protocols were recorded.

Inclusion/Exclusion screening

We included randomized controlled trials of exercise
training for individuals with T1D, limited to interven-
tions lasting 4 weeks or longer. We excluded short-term
trials and laboratory-based acute exercise studies, which
are common in exercise science as they are largely mech-
anistic studies with few patients, focused on physiological
responses to exercise and not long-term adaptations to
exercise. Interventions providing education to support
behavior change without directly implementing an

exercise program were also excluded. Full-text sources
had to be available in the English language. These inclu-
sion/exclusion criteria were applied because our purpose
was to assess the influence of patient perspectives within
high-quality, controlled studies which may inform exer-
cise guidelines or clinical recommendations ultimately
provided to patients.

Screening of published literature occurred in dupli-
cate. Two reviewers independently screened titles and
abstracts from the initial (NMDK and AM) and updated
searches (NMDK and NB). Conflicts following inde-
pendent screening were resolved through discussions
between reviewers. Full-text versions of potentially eligible
articles were searched and uploaded to Rayyan software.
Full-text screening was undertaken by both reviewers
concurrently. The principal investigator (JMMG) was
consulted throughout screening where disagreement
remained after reviewer discussions.

Data extraction

Publications were randomly divided between two coau-
thors to independently extract data (NMDK and AM).
Where further information was required,” *' corre-
sponding authors were contacted electronically. A data
extraction form was developed for all published and grey
literature data to identify: publication information, partic-
ipant characteristics, intervention details (frequency,
intensity, type, time and intervention duration) and
measured outcomes (extracted as per reporting within
each study). Reviewers noted evidence of patient engage-
ment if authors declared involvement of people with
T1D in research question selection, study design, recruit-
ment, data collection, data analysis and interpretation
or manuscript preparation. Finally, reviewers recorded
whether PROs were measured, including quality of life,
diabetes distress, perceived competence, problem areas,
self-management behaviors, frequency of glycemic symp-
toms and several core outcomes identified by the Irish
D1 Now Study.'” These PROs were collected as a proxy
for reflecting patientrelevant research interests, which
the Cochrane Collaboration discussed as an appropriate
approach since PROs reflect patient health-related
experiences.'® Measures included in the D1 Now core
outcome set were considered PROs throughout this
review, as patients and other stakeholders were involved
in their selection.'?

Study 2: Priority-setting partnership for research in type 1
diabetes and exercise
Following the scoping review, our team conducted a
priority-setting partnership with patients, caregivers
and healthcare providers living or working with T1D.
We adapted the JLA model of priority-setting, which is
supported by the Cochrane Collaboration.? This study is
reported in accordance with GRIPP2 reporting standards
for patient and public involvement in research.*

The JLA approach to priority-setting is a multistage,
mixed-methods research design,'* ** which we modified
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to identify priorities for exercise and T1D. The role of
the first author was similar to that of a JLA independent
advisor.

Phase |

We created an online survey using REDCap Surveys
server hosted at the University of Manitoba® * to collect
responses to the item, “What questions about phys-
ical activity and T1D would you like to see answered by
research?” Four open-text response boxes were avail-
able for respondent submissions. Demographic (age,
province of residence and relationship to diabetes) and
related patient information (current age, age of diag-
nosis, gender and ethnic identity) were also collected.
The survey was distributed across Canada for 6 months.
Survey respondents were recruited through communi-
cations from partnered diabetes advocacy organizations
(JDREF, Diabetes Canada and Diabetes Action Canada),
a paid social media advertising campaign and posters
in diabetes clinics or wellness centers in several urban
centers throughout Canada. Concurrently, 12 individuals
(8 patients, 3 caregivers and 4 healthcare providers) were
recruited to participate in a steering committee. Steering
committee members were recruited via maximum varia-
tion sampling methods®’ from across Manitoba to repre-
sent variance across age, sex, ethnicity and rural versus
urban residence. Potential members were identified
through posters, local chapters of diabetes advocacy
organizations and lab contact information provided on
submission of the online survey. Typically, a JLA steering
committee will include members from advocacy organi-
zations or charities supporting the appropriate health
condition. Our goal was to emphasize the control of
those directly affected by T1D in setting research prior-
ities; therefore, our steering committee did not include
representatives from these organizations. This steering
committee was responsible for prioritizing submitted
questions.

Phase |

On survey closure (February 2019), demographic infor-
mation was extracted directly from the REDCap data-
base. Submitted questions were uploaded to NVivo V.12
analysis software. A graduate student trained in qualita-
tive research methods (NMDK) analyzed submissions by
conventional content analysis methodology.”® This qual-
itative methodology can be used when there is limited
knowledge supporting a given topic, as is the case in
patient-oriented research questions about T1D and exer-
cise. Data analysis is inductive and uninformed by precon-
ceptions of possible themes or categories. Conventional
content methodology was primarily used in this project
in creating themes of submitted questions to facilitate
filtering out repeated questions and create a concise long
list of submitted research questions. Four senior inves-
tigators (JMMG, TAD, SDM and KMS) were consulted
throughout analysis to review results and provide guid-
ance for complicated decisions. A long list of 38 research

questions was developed following phase II, in line with
JLA recommendations.'* An additional literature search
was conducted to identify if any of the long-listed ques-
tions had been addressed by a systematic review or meta-
analysis in the past 3 or 10 years (noted separately).
The JLA traditionally removes questions that have been
recently addressed by a high-level synthesis. However, our
team noted which questions had synthesized data avail-
able but maintained these questions within the long list,
to distinguish between lack of available data and knowl-
edge translation deficiencies.

Phase Il

Long-listed questions were distributed to the steering
committee in a randomized order. Each committee
member reviewed the list and ranked their top 10 ques-
tions in order of 1 (most important) to 10 (10th most
important). Rankings were returned after the 2-week
review period by email in word documents encrypted
with personalized passwords for each member. Rankings
were collated through an inverted points-based system
whereby top-ranked questions of each member were
denoted 10 points, and each successive ranking received
one less point. Total points for each question were
summed and each question receiving 10 or more points
(in keeping with the JLA T1D partnership) was short-
listed for further prioritization. The process followed in
this project slightly contrasts that of the JLA, where the
long list is distributed to the general public rather than
the steering committee. This modification was made for
two reasons: 1) our team was unable to recontact partic-
ipants from the initial anonymous survey to rank the
synthesized questions and 2) due to the modification of
the steering committee composition, our team wanted
to facilitate deeper, meaningful involvement of patients,
caregivers and healthcare providers on our committee.

Phase IV

A 1 day in-person workshop for steering committee
members was facilitated by the research team (NMDK,
JMMG, NB and JLH) to create the final top 10 list of
research priorities in exercise and T1D. The goal of the
workshop was to reach consensus on priority research
questions, defined as every member having at least 80%
agreement with the resulting top 10 list. The workshop
began with an independent prioritization activity, where
committee members were asked to individually select, in
no particular order, their top and bottom three questions
from the short list.

Steering committee members were divided into three
smaller groups, where each group ranked all shortlisted
questions in order of importance using printed cards.
Anonymous notes were provided to each small group,
reflecting the results of their independent selections.
Small group exercises were repeated three times with
different group members, and the research team collated
rankings from all groups after each round and presented
results to the full committee. After rounds two and three,
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Original Search
(August 22, 2018)

8,039
search results

——1

1,890 6,149
deleted duplicates non-duplicates

I—I_I

6,115 34
excluded after included after
title/abstract screen title/abstract screen

———

17 17
excluded after included after
full-text screen full-text screen

Updated Search
(May 16, 2019)

1,431
search results

——

901 530
non-duplicates deleted duplicates

I_I_I

892
excluded after
title/abstract screen

included after
title/abstract screen
1
[ I |
1 2
included after added to grey
full-text screen literature search

excluded after
full-text screen

Total Analysis:
19 published trials
4 registered clinical trials

I—A_I

4
excluded (in included trial
published data) registrations

1
added to
published data

included after
registration review

485
excluded after
registration review

I_I__I

492
search results

Grey Literature Search

(May 16th, 2019)

Figure 1 Study flow diagram.

each member anonymously rated their level of agree-
ment from 1 to 10 to determine the level of consensus
across all committee members.

Patient and public involvement

As per the IAP2 Spectrum of Public Participation,*
patients and public stakeholders were consulted to
prioritize research questions throughout three of four
priority-setting project phases. All research question
data were developed and prioritized by patients, care-
givers and healthcare providers of individuals with T1D.
These research questions will inform our future research
agenda, for which we plan to collaborate with stakeholder
partners.

RESULTS

Study 1: Scoping review

The published literature search yielded 9470 citations
(figure 1). Following independent deletion of duplicates
and title and abstract screening, 43 citations remained
for full-text review. Twenty citations remained after full-
text review, 2 of which were clinical trial registrations and
added to the grey literature, leaving 18 published articles.
Grey literature searches identified 492 possibly relevant

registrations. After eligibility screening, seven fulfilled
inclusion criteria; however, four were excluded as rele-
vant articles were already included in the published
literature analysis. One registration provided a full-text
publication, and was thus added to the published litera-
ture. Therefore after screening, 19 published articles and
4 registered trials were included for analysis.

Published literature

Data were available for 890 individuals living with T1D
(n=18 trials reporting sample sizes). Among studies
providing demographic information, 53% of participants
were female (n=17 trials), 61% were youth under the age
of 18 years (n=16 trials) with a mean hemoglobin Alc
of 8.43% (95% CI: 7.26% to 9.61%, n=13 trials). Most
participants were categorized as sedentary or uncondi-
tioned at enrollment by the relevant authors (n=12 trials)
and had lived with T1D for a mean of 5.5 years (median:
5.4; range: 2.9-24.4 years, n=14 studies).

Intervention summaries are provided in online
supplementary 2. The majority of trials compared
aerobic or combined aerobic and resistance training to
a non-exercise control group. Interventions were deliv-
ered under supervised conditions by a kinesiologist or
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equivalent, for a median of 60 min/session (range: 10-90
min), three times/week (range: 1-5 times) for 20 weeks
(range: 6 weeks—4 years). Twenty-three outcomes were
reported across the 19 trials (online supplementary 3),
of which nearly all focused on physiological factors, with
glucose control and predictors of cardiovascular health
being most common.

There was no evidence that any trials conducted to
date engaged individuals with lived experience of T1D.
Number of hypoglycemic events was the most commonly
discussed PRO (n=7 studies).?’ 2! 305 Additionally,
episodes of diabetic ketoacidosis were indirectly observed
in two studies™** (number of adverse events) and quality
of life was measured in three studies but only reported
in two® ** % (specified different scales: validated French
version of Diabetes Quality of Life Scale and the Dutch
version of General Health Survey Short Form-36).

Clinical trials registrations

Across the four identified registered clinical trials
(online supplementary 4), there are plans to collect
data from 187 participants. Three trials are exclusively
enrolling youth participants (under 18 years of age).
Planned exercise sessions frequency is a median of 3
times/week (range: 2 times/week-3 times/day, n=3
trials) for 45 min/session (range: 3-50 min, n=3 trials)
lasting 15.1 weeks (range: 12-32 weeks, n=4 trials). One
trial® has reached target enrollment and anticipates
publishing by the end of 2019. No trial registration
described partnerships with stakeholders in developing
or implementing the study. Quality of life is the only PRO
explicitly disclosed in one trial*’ (scale is not specified).

37-40

Study 2: Priority-setting exercise

The online survey was available and advertised to
the public between July 2018 and January 2019. We
collected responses from 115 individuals across nine
Canadian provinces. Respondents were a mean age of
40.9 (+15.1) years, and the majority (73.9%) identified
as a patient with T1D. The remainder identified as care-
givers (15.7%), friends (7.0%) or healthcare providers
(12.2%), with some respondents identifying as more
than one category (8.7%). More females completed the

54
remaining

Figure 2 Qualitative analysis process.

survey (63.4%) than males, and no participants identi-
fied as a non-binary gender. Most patients identified as
having Canadian ethnic origins (74%), with the next
largest samples having European Canadian (15%), Métis
(4%) and Caribbean Canadian (3%) roots. Participants
selected the category that best fit their ethnic self-identity,
with the ‘Canadian’ category reflecting individuals who
did not identify with historical familial roots from other
nationalities.

Of the 115 respondents, 100 submitted at least one
research question, producing a total of 194 submissions.
After qualitative analysis (figure 2), 38 research questions
were included in the phase III long list and distributed
to steering committee members for review. We received
100% of our steering committee rankings between 21
February and 8 March 2019. Twenty-four questions were
short-listed after receiving 10 or more points in collated
rankings.

Eleven of 12 steering committee members attended
the phase IV workshop on 6 April 2019. The workshop
lasted approximately 6 hours, throughout which three
rounds of small group discussions occurred. Consensus
on an aggregated top 10 list was not achieved following
the small group sessions. Therefore, we conducted a post-
workshop analysis using third round rankings from small
groups as votes to supplement the list from the second
round. Prioritized questions were removed, added or
shuffled based on the majority of votes from third round
small group discussions. This analysis resulted in the final
top 10 list of research priorities for T1D and exercise
(table 1).

DISCUSSION

This study examined the characteristics of randomized
trials and patient priorities for exercise science research
for people with T1D. In our scoping review, we deter-
mined that patient engagement methods and PROs have
not been historically used to inform exercise-based inter-
ventions. Guided by these results, we facilitated a priority-
setting project with T1D stakeholders to identify priority
research questions pertaining to exercise and health.
We identified that patients and caregivers are interested
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Table 1 Research priorities for exercise and type 1 diabetes
Position # Research question
1 What explains the variation in responses that the same person can experience doing the same exercise between
different days?
2 Which is the best for maintaining glycemic stability and glucose tolerance: aerobic training, strength training or a
combination of both? If a combination, does the order matter?
3 What modes of exercise (ie, activity types, such as walking, cycling, weightlifting, rock climbing, etc) produce
the best health benefits while maintaining tight glycemic control?
4 What dietary plans can safely and effectively be followed for an active lifestyle in type 1 diabetes without
compromising pre-exerise and postexercise glycemic control?
5 What is the optimal time of day and exercise prescription (example: how often, what type, how intense) in order
to maintain ideal glycemic control and insulin sensitivity?
6 What is the best method of preventing postexercise hypoglycemia or hyperglycemia?
7 Will certain glycemic ranges before starting exercise consistently result in hypoglycemia or hyperglycemia?
8 What effect can various levels of hydration have on blood sugar levels during and after exercise?
9 How does hypoglycemia or hyperglycemia affect muscle growth and strength training progress, or vice versa?
10 What is the effect of climate/temperature on blood sugar control during exercise and what causes this effect?

in modalities and strategies to exercise safely and main-
tain glucose control. Collectively, these findings provide
a novel patient-centered rationale for designing future
randomized trials of exercise interventions for people
with T1D.

Previous literature

This is the first scoping review of exercise randomized
trials for individuals with T1D designed to determine if
patient engagement exists in exercise and T1D literature.
This topic was not addressed in recent systematic reviews
of exercise training and health outcomes in people
with TID.*™* We found that exercise randomized trials
published or being delivered for individuals with T1D
did not focus on stakeholder engagement. This gap is not
exclusive to trials of T1D and exercise. A scoping review
of priority-setting practices in all health research found
only 27 studies engaged patients in identifying research
topics, and 12 in identifying specific research questions.**
Many studies simply inferred stakeholder priorities from
qualitative data. Additionally, most trials engaging stake-
holders do not integrate multiple stakeholders’ perspec-
tives (ie, patients, clinicians, caregivers, etc) in the
prioritization process. This is an important consideration
when engaging stakeholders in research, as stakeholders
with different experiences of a health condition may have
different priorities for research topics or outcomes.”
Engaging T1D stakeholders is a significant gap in exer-
cise science literature and should be considered within
future randomized trials.

As of yet, PRO reporting has been minimal across T1D
and exercise randomized controlled trials. This may be
due to the lack of agreement on a core list of PROs to
be measured in this field. Unfortunately, the core list
of PROs determined by the D1 Now study in Ireland'®
includes outcomes that are not relevant to exercise
interventions (eg, level of clinic engagement). It may be

prudent for researchers and stakeholders to co-produce a
core list of PROs for T1D and exercise in the near future.
Some exercise trials have measured PROs as primary
or secondary outcomes,” ***® a practice we hope to see
translated into more randomized controlled trial designs
as well. However, it is important to recognize that PRO
measurement may not be suitable for all exercise trials,
particularly those with small sample sizes, and qualitative
interviews investigating intervention acceptability may be
more appropriate.

The stakeholders engaged as steering committee
members were recruited to reflect variance across age,
sex, ethnicity and rural versus urban residence catego-
ries. These four variables were identified from previous
studies that used these sampling methods* ™ and
were selected by consensus from five members of the
research team (NMDK, SDM, KMS, TAD and JMMG). It
is important to recognize that other social determinants
outside of these selected variables could have impacted
the resulting list of prioritized questions (ie, household
income, religion, duration of diabetes, etc). However, in
keeping with recommendations from the JLA regarding
steering committee size, only a select number of factors
could be used in recruitment to adequately reflect differ-
ences within each. Despite the inability to recruit steering
committee members across additional social determi-
nants, our survey sample spanning nine provinces in
Canada provides some confidence in the representative-
ness of the resulting priorities.

As with any research involving group-based activities, it
was important for our team to consider the possible effects
of perceived power dynamics in small group discussions
and ranking exercises. This was particularly important
since youth and multiple stakeholder types (both patients
and healthcare providers) were involved in this project.
As per the JLA guidebook,'* an adapted nominal group
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technique™ guided the final workshop procedures. This
permitted anonymous voting on individual’s level of
agreement with aggregated lists in between each small
group discussion session, to ameliorate the risk of individ-
uals simply agreeing with decisions made by fellow group
members. Additionally, a research team member was
assigned to each small group (NB, JLH, JMMG) during
discussions as a moderator to support fair engagement
among all group members. The research coordinator
(NMDK) floated between all groups to help facilitate
discussions and affirm rankings were reflective of stake-
holder discussions.

Patient engagement and priority-setting projects iden-
tifying important research topics from stakeholders’
perspectives are becoming more common within clinical
research.** ® % This project revealed that stakeholders
are largely concerned with short-term outcomes, strate-
gies to prevent hypoglycemia and stabilizing shortterm
glucose control. This contrasts the JLA TID treatments
project,”® where prioritized questions focused on long-
term outcomes including adverse effects of various insulin
analogues or potential cognitive impacts of living with T1D.
This difference may indicate some uncertainty felt by stake-
holders regarding the safety of exercise given their indi-
vidual situation. Fear of short-term health complications is
a common barrier to regular exercise among people with
TID.” This fear itself has a range of health implications
including reduced physical activity,” increased glycemic
variability,”> poorer sleep patterns™ and reduced quality
of life.”* Although guidelines and consensus statements
about prevention of postexercise hypoglycemia exist,” *°
the literature on which these recommendations are based
has limitations. As this is the first investigation into patient
priorities in T1D and exercise, previous research may
not have been intentionally directed towards established
patientidentified questions. Future randomized trials
should focus on stakeholder priorities to provide optimally
relevant recommendations to individuals with T1D.

Strengths and weaknesses

This study was strengthened by using two complimentary
methods to identify and address the gap of patient priority-
setting and engagement in exercise science for individ-
uals with T1D. The scoping review approach supported a
rigorous and systematic search of published and unpub-
lished literature sources. This search strategy provided the
richest base possible to analyze the narrative of previously
conducted studies using a patient-oriented research lens.
The narrative approach of scoping reviews enabled discus-
sion of the existing literature beyond summaries and quan-
titative meta-analyses that have recently been conducted by
other authors in the field.**” The priority-setting project
followed a modified JLA approach to priority-setting, and
the recognition and support for this model® is a strength
for our study. The steering committee recruited for this
project were highly engaged (100% phase III participation
rate), which served as assurance that a patient-oriented
approach to research moving forward would be valued by

this stakeholder population. Despite these strengths, several
limitations should be addressed. Although scoping reviews
do not require a critical analysis of included studies,'®
this is not a limitation of this review as our purpose was
simply to identify instances where stakeholders may have
been involved in research decision-making. However, the
scoping review was limited to trials published in the English
language over the past two decades, therefore some trials
engaging patients or other stakeholders may have been
missed. Additionally, the authors recognize that reporting
of patient engagement is only recently growing within the
literature, although still not captured in the Consolidated
Standards of Reporting Trials guidelines for reporting
randomized controlled trials. As a result, patient engage-
ment practices may have occurred but not described in
every publication, particularly within journals having a
lower word limit. The EXTOD (EXercise for Type One
Diabetes) study serves as one example of various publica-
tions addressed different aspects of the research design and
outcomes, including qualitative patient engagement prac-
tices in the early design phase.”® * However, data for this
review were extracted strictly as reported within articles.
First authors were not contacted and related publications
were not searched for to confirm whether patient engage-
ment played a role within the studies. Future reviews with
a similar purpose may want to explore possibilities for this
additional data collection. In terms of the priority-setting
project, one limitation is that consensus was not achieved
in person at the final workshop. Although the JLA Guide-
book'* mentions that it is not uncommon for consensus to
be difficult to achieve and a majority vote can be obtained
in these situations, this process had to be conducted in a
postworkshop analysis since several members had other
commitments.

Impact of patient engagement

Consulting end users as participants was integral to this
study. The developed list of research questions was based
on submissions collected directly from and prioritized
by end users of research. Our team was able to facilitate
meaningful discussions and share perspectives between
researchers, patients, caregivers and healthcare providers,
without which a very different set of prioritized ques-
tions would likely have resulted. The connections formed
between our research team and stakeholder partners in
this first stage has provided a basis of trust and inclusive-
ness between the research community and those with lived
experience. We will continue to foster these relationships
when moving forward in designing clinical trials alongside
patient partners that address these research priorities.

CONCLUSION

We have outlined the current status of patient engage-
ment in exercise research for individuals with T1D and
engaged stakeholders in developing a list of priori-
ties in T1D and exercise research. This list of priorities
will be used to guide our future research agenda, and
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we recognize the need to continue working with stake-
holders in designing future research. It will also be crit-
ical to re-evaluate priorities as new information becomes
available.

Author affiliations

"Diabetes Research Envisioned and Accomplished in Manitoba (DREAM) Theme,
University of Manitoba, Children’s Hospital Research Institute of Manitoba,
Winnipeg, Manitoba, Canada

%Rady Faculty of Health Sciences, University of Manitoba, Winnipeg, Manitoba,
Canada

®Neil John Maclean Library, University of Manitoba, Winnipeg, Manitoba, Canada
*Albrechtsen Research Centre, St Boniface Hospital Research, Winnipeg, Manitoba,
Canada

SFaculty of Kinesiology, Sport and Recreation, University of Alberta—Augustana
Campus, Camrose, Alberta, Canada

®Alberta Diabetes Institute, Edmonton, Alberta, Canada

"Diabetes Education Resource for Children and Adolescents, Winnipeg, Manitoba,
Canada

®George and Fay Yee Centre for Healthcare Innovation, Winnipeg, Manitoba, Canada
®Faculty of Kinesiology and Recreation Management, University of Manitoba,
Winnipeg, Manitoba, Canada

'ODiabetes Action Canada SPOR Network, Toronto, Ontario, Canada

Contributors NMDK, JMMG, NA, AM and NB all contributed to the conduct of the
scoping review. NMDK, JMMG, TAD, KMS, SDM, JEY, JLH and NB contributed to
the priority-setting project, in varying capacities including project planning, data
collection and recruitment and data analysis. All authors contributed to writing or
editing this manuscript.

Funding This study was supported by funding from the Canadian Institutes
of Health Research Strategy for Patient-Oriented Research (SCA-145101) and
an Applied Public Health Chair in Resilience and Obesity in Youth held by Dr
McGavock.

Competing interests JLH was supported by a CIHR Vanier Scholarship. KMS holds
a Canada Research Chair in Integrated Knowledge Translation in Rehabilitation
Sciences. JEY received personal fees and/or non-financial support from Dexcom
Canada, Abbott Nutrition Canada and LifeScan Canada, outside the submitted work.
NMDK was supported by a University of Manitoba Graduate Fellowship award.

Patient consent for publication Not required.

Ethics approval Ethics approval was not required for the scoping review. The
priority-setting study was approved by the University of Manitoba Health Research
Ethics Board (H2018:187).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
deidentified datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iD
Nika M D Klaprat http://orcid.org/0000-0001-6472-0857

REFERENCES

1 Chimen M, Kennedy A, Nirantharakumar K, et al. What are the health
benefits of physical activity in type 1 diabetes mellitus? A literature
review. Diabetologia 2012;55:542-51.

2 Joslin E. Diabetes. In: Fishbein M, ed. Modern home medical advice:
your health and how to preserve it. Garden City, New York: Country
Life Press, 1935: 563-606.

3 McCarthy MM, Funk M, Grey M. Cardiovascular health in adults with
type 1 diabetes. Prev Med 2016;91:138-43.

4 Lascar N, Kennedy A, Hancock B, et al. Attitudes and barriers to
exercise in adults with type 1 diabetes (T1DM) and how best to
address them: a qualitative study. PLoS One 2014;9:e108019.

5

20

21

22

23

24

25

26

27

28

29

30

Brazeau A-S, Rabasa-Lhoret R, Strychar |, et al. Barriers to physical
activity among patients with type 1 diabetes. Diabetes Care
2008;31:2108-9.

Concannon TW, Fuster M, Saunders T, et al. A systematic review of
Stakeholder engagement in comparative effectiveness and patient-
centered outcomes research. J Gen Intern Med 2014;29:1692-701.
Brett J, Staniszewska S, Mockford C, et al. A systematic review

of the impact of patient and public involvement on service users,
researchers and communities. Patient 2014;7:387-95.

Canadian Institutes of Health Research. Strategy for patient-oriented
research: patient engagement framework, 2019. Available: http://
www.cihr-irsc.gc.ca/e/documents/spor_framework-en.pdf

Klaprat N, Maclntosh A, McGavock JM. Gaps in knowledge and the
need for Patient-Partners in research related to physical activity and
type 1 diabetes: a narrative review. Front Endocrinol 2019;10:1-12.
Price KJ, Knowles JA, Fox M, et al. Effectiveness of the kids in
control of food (KICk-OFF) structured education course for 11-16
year olds with type 1 diabetes. Diabet Med 2016;33:192-208.
Cafazzo JA, Casselman M, Hamming N, et al. Design of an mHealth
APP for the self-management of adolescent type 1 diabetes: a pilot
study. J Med Internet Res 2012;14:e70.

Byrne M, O’Connell A, Egan AM, et al. A core outcomes set for
clinical trials of interventions for young adults with type 1 diabetes:
an international, multi-perspective Delphi consensus study. Trials
2017;18:1-8.

Gadsby R, Snow R, Daly AC, et al. Setting research priorities for
type 1 diabetes. Diabet Med 2012;29:1321-6.

National Institute for Health Research. The James Lind alliance
Guidebook, 2018. Available: www.jla.nihr.ac.uk

Arksey H, O'Malley L. Scoping studies: towards a methodological
framework. Int J Soc Res Methodol 2005;8:19-32.

Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping
reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med
2018;169:467-73.

US Department of Health and Human Services Food and Drug
Administration. Guidance for industry patient-reported outcome
measures: use in medical product development to support labeling
claims, 2009. Available: https://www.fda.gov/media/77832/download
Johnston B, Patrick D, Devji T. Chapter 18: Patient-reported
outcomes. In: Higgins J, Thomas J, Chandler J, eds. Cochrane
Handbook for systematic reviews of interventions. Version 6.
Cochrane, 2019. https://training.cochrane.org/handbook

Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan—a web and
mobile APP for systematic reviews. Syst Rev 2016;5.

Brazeau A-S, Gingras V, Leroux C, et al. A pilot program for physical
exercise promotion in adults with type 1 diabetes: the Pep-1
program. Appl Physiol Nutr Metab 2014;39:465-71.

Aouadi R, Khalifa R, Aouidet A, et al. Aerobic training programs and
glycemic control in diabetic children in relation to exercise frequency.
J Sports Med Phys Fitness 2011;51:393-400.

Khan N, Bacon SL, Khan S, et al. Hypertension management
research priorities from patients, caregivers, and healthcare
providers: a report from the hypertension Canada priority setting
partnership group. J Clin Hypertens 2017;19:1063-9.

Staniszewska S, Brett J, Simera |, et al. GRIPP2 reporting checklists:
tools to improve reporting of patient and public involvement in
research. BMJ 2017;358:j3453.

Lophatananon A, Tyndale-Biscoe S, Malcolm E, et al. The James
Lind alliance approach to priority setting for prostate cancer
research: an integrative methodology based on patient and clinician
participation. BJU Int 2011;108:1040-3.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)—A metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium:
building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

Markula P, Silk M. Practice and the Politics of Interpretation:
Interviewing. In: Qualitative research for physical culture. New York,
NY: Palgrave MacMillan, 2011: 81-111.

Hsieh H-F, Shannon SE. Three approaches to qualitative content
analysis. Qual Health Res 2005;15:1277-88.

International Association for Public Participation. lap2 spectrum of
public participation, 2018. Available: https://cdn.ymaws.com/www.
iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf

Boff W, da Silva AM, Farinha JB, et al. Superior effects of high-
intensity interval vs. moderate-intensity continuous training on
endothelial function and cardiorespiratory fitness in patients

with type 1 diabetes: a randomized controlled trial. Front Physiol
2019;10:1-10.

BMJ Open Diab Res Care 2020;8:€001023. doi:10.1136/bmjdrc-2019-001023

“ybuAdoa Aq parosioid 1sanb Aq 202 ‘6 |udy uo jwod fwg-alpy/:dny wouy papeojumod 020z Y2JBIA ¥ U0 £20T00-6T0Z-24plwag/9TT 0T Se paysiignd 1s1y) :a1ed say geig uado cING


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6472-0857
http://dx.doi.org/10.1007/s00125-011-2403-2
http://dx.doi.org/10.1016/j.ypmed.2016.08.019
http://dx.doi.org/10.1371/journal.pone.0108019
http://dx.doi.org/10.2337/dc08-0720
http://dx.doi.org/10.1007/s11606-014-2878-x
http://dx.doi.org/10.1007/s40271-014-0065-0
http://www.cihr-irsc.gc.ca/e/documents/spor_framework-en.pdf
http://www.cihr-irsc.gc.ca/e/documents/spor_framework-en.pdf
http://dx.doi.org/10.3389/fendo.2019.00042
http://dx.doi.org/10.1111/dme.12881
http://dx.doi.org/10.2196/jmir.2058
http://dx.doi.org/10.1186/s13063-017-2364-y
http://dx.doi.org/10.1111/j.1464-5491.2012.03755.x
www.jla.nihr.ac.uk
http://dx.doi.org/10.1080/1364557032000119616
http://dx.doi.org/10.7326/M18-0850
https://www.fda.gov/media/77832/download
https://training.cochrane.org/handbook
http://dx.doi.org/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1139/apnm-2013-0287
http://www.ncbi.nlm.nih.gov/pubmed/21904277
http://dx.doi.org/10.1111/jch.13091
http://dx.doi.org/10.1136/bmj.j3453
http://dx.doi.org/10.1111/j.1464-410X.2011.10609.x
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1177/1049732305276687
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf
http://dx.doi.org/10.3389/fphys.2019.00450
http://drc.bmj.com/

a Metabolism

31 D’hooge R, Hellinckx T, Van Laethem C, et al. Influence of combined
aerobic and resistance training on metabolic control, cardiovascular

fitness and quality of life in adolescents with type 1 diabetes: a
randomized controlled trial. Clin Rehabil 2011;25:349-59.

32 Quirk H, Glazebrook C, Blake H. A physical activity intervention for
children with type 1 diabetes- steps to active kids with diabetes
(STAK-D): a feasibility study. BMC Pediatr 2018;18:1-12.

33 Salem MA, AboElAsrar MA, Elbarbary NS, et al. Is exercise a
therapeutic tool for improvement of cardiovascular risk factors in

adolescents with type 1 diabetes mellitus? a randomised controlled

trial. Diabetol Metab Syndr 2010;2:1-10.
34 Tomar R, Hamdan M, Al-Qahtani MH. Effect of low to moderate

intensity walking and cycling on glycaemic and metabolic control in
type 1 diabetes mellitus adolescent males: a randomized controlled

trial. Isokinet Exerc Sci 2014;22:237-43.
35 Heyman E, Toutain C, Delamarche P, et al. Exercise training and

cardiovascular risk factors in type 1 diabetic adolescent girls. Pediatr

Exerc Sci 2007;19:408-19.

36 Wong C-H, Chiang Y-C, Wai JPM, et al. Effects of a home-based
aerobic exercise programme in children with type 1 diabetes
mellitus. J Clin Nurs 2011;20:681-91.

37 Daurman D. Exercise snacks and glutamine to improve glucose
control in adolescents with type 1 diabetes. NCT03199638.
Available: https://clinicaltrials.gov/ct2/show/NCT03199638%0D
[Accessed Published 2017].

38 Fontaine P. Exercise training and endothelial function in type 1

diabetes (EVaDia). NCT03528226. Available: https://clinicaltrials.gov/

ct2/show/NCT03528226 [Accessed Published 2018].
39 Baron R. Regular resistance training in children with type 1
diabetes improves glycaemic control and physical fitness.

ISRCTN12066515Published 2019. Available: http://www.isrctn.com/

ISRCTN12066515

40 Purohit PK. Management of Jataja Prameha (juvenile diabetes) with
modified Nisha Amalaki yoga. ctri/2018/03/012270. Available: http://

apps.who.int/trialsearch/Trial2.aspx?TriallD=CTRI/2018/03/012270
[Accessed Published 2018].

41 Aljawarneh YM, Wardell DW, Wood GL, et al. A systematic review
of physical activity and exercise on physiological and biochemical
outcomes in children and adolescents with type 1 diabetes. J Nurs
Scholarsh 2019;51:337-45.

42 Yardley JE, Hay J, Abou-Setta AM, et al. A systematic review
and meta-analysis of exercise interventions in adults with type 1
diabetes. Diabetes Res Clin Pract 2014;106:393-400.

43 Quirk H, Blake H, Tennyson R, et al. Physical activity
interventions in children and young people with type 1 diabetes
mellitus: a systematic review with meta-analysis. Diabet. Med.
2014;31:1163-73.

44 Stewart RJ, Caird J, Oliver K, et al. Patients’ and clinicians’ research

priorities. Heal Expect 2011;14:439-48.

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Boote J, Baird W, Beecroft C. Public involvement at the design stage
of primary health research: a narrative review of case examples.
Health Policy 2010;95:10-23.

Scott SN, Shepherd SO, Andrews RC, et al. A multidisciplinary
evaluation of a virtually supervised home-based high-intensity
interval training intervention in people with type 1 diabetes. Diabetes
Care 2019;42:dc190871

Rostami S, Parsa-Yekta Z, Najafi-Ghezeljeh T, et al. Self-perception
in Iranian adolescents with diabetes: a qualitative study. J Diabetes
Metab Disord 2015;14:1-9.

Reitblat L, Whittemore R, Weinzimer SA, et al. Life with type 1
diabetes: views of Hispanic adolescents and their clinicians.
Diabetes Educ 2016;42:408-17.

J. Howe C, Ayala J, Dumser S, et al. Parental expectations in the
care of their children and adolescents with diabetes. J Pediatr Nurs
2012;27:119-26.

Harvey N, Holmes CA. Nominal group technique: an effective
method for obtaining group consensus. Int J Nurs Pract
2012;18:188-94.

Manafo E, Petermann L, Vandall-Walker V, et al. Patient and public
engagement in priority setting: a systematic rapid review of the
literature. PLoS One 2018;13:e0193579-18.

Barello S, Graffigna G, Vegni E. Patient engagement as an emerging
challenge for healthcare services: mapping the literature. Nurs Res
Pract 2012;2012:1-7.

Martyn-Nemeth P, Quinn L, Penckofer S, et al. Fear of hypoglycemia:
influence on glycemic variability and self-management behavior

in young adults with type 1 diabetes. J Diabetes Complications
2017;31:735-41.

Martyn-Nemeth P, Schwarz Farabi S, Mihailescu D, et al. Fear of
hypoglycemia in adults with type 1 diabetes: impact of therapeutic
advances and strategies for prevention - a review. J Diabetes
Complications 2016;30:167-77.

Riddell MC, Gallen IW, Smart CE, et al. Exercise management in
type 1 diabetes: a consensus statement. Lancet Diabetes Endocrinol
2017;5:377-90.

Yardley JE, Sigal RJ. Exercise strategies for hypoglycemia
prevention in individuals with type 1 diabetes. Diabetes Spectr
2015;28:32-8.

Kennedy A, Nirantharakumar K, Chimen M, et al. Does exercise
improve glycaemic control in type 1 diabetes? A systematic review
and meta-analysis. PLoS One 2013;8:€58861.

Narendran P, Jackson N, Daley A, et al. Exercise to preserve p-cell
function in recent-onset Type 1 diabetes mellitus (EXTOD) - a
randomized controlled pilot trial. Diabet Med 2017;34:1521-31.
Kennedy A, Narendran P, Andrews RC, et al. Attitudes and barriers
to exercise in adults with a recent diagnosis of type 1 diabetes: a
qualitative study of participants in the exercise for type 1 diabetes
(EXTOD) study. BMJ Open 2018;8:¢017813-9.

BMJ Open Diab Res Care 2020;8:€001023. doi:10.1136/bmjdrc-2019-001023

“ybuAdoa Aq parosioid 1sanb Aq 202 ‘6 |udy uo jwod fwg-alpy/:dny wouy papeojumod 020z Y2JBIA ¥ U0 £20T00-6T0Z-24plwag/9TT 0T Se paysiignd 1s1y) :a1ed say geig uado cING


http://dx.doi.org/10.1177/0269215510386254
http://dx.doi.org/10.1186/s12887-018-1036-8
http://dx.doi.org/10.1186/1758-5996-2-47
http://dx.doi.org/10.3233/IES-140544
http://dx.doi.org/10.1123/pes.19.4.408
http://dx.doi.org/10.1123/pes.19.4.408
http://dx.doi.org/10.1111/j.1365-2702.2010.03533.x
https://clinicaltrials.gov/ct2/show/NCT03199638%0D
https://clinicaltrials.gov/ct2/show/NCT03528226
https://clinicaltrials.gov/ct2/show/NCT03528226
http://www.isrctn.com/ISRCTN12066515
http://www.isrctn.com/ISRCTN12066515
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=CTRI/2018/03/012270
http://apps.who.int/trialsearch/Trial2.aspx?TrialID=CTRI/2018/03/012270
http://dx.doi.org/10.1111/jnu.12472
http://dx.doi.org/10.1111/jnu.12472
http://dx.doi.org/10.1016/j.diabres.2014.09.038
http://dx.doi.org/10.1111/dme.12531
http://dx.doi.org/10.1111/j.1369-7625.2010.00648.x
http://dx.doi.org/10.1016/j.healthpol.2009.11.007
http://dx.doi.org/10.2337/dc19-0871
http://dx.doi.org/10.2337/dc19-0871
http://dx.doi.org/10.1186/s40200-015-0163-0
http://dx.doi.org/10.1186/s40200-015-0163-0
http://dx.doi.org/10.1177/0145721716647489
http://dx.doi.org/10.1016/j.pedn.2010.10.006
http://dx.doi.org/10.1111/j.1440-172X.2012.02017.x
http://dx.doi.org/10.1371/journal.pone.0193579
http://dx.doi.org/10.1155/2012/905934
http://dx.doi.org/10.1155/2012/905934
http://dx.doi.org/10.1016/j.jdiacomp.2016.12.015
http://dx.doi.org/10.1016/j.jdiacomp.2015.09.003
http://dx.doi.org/10.1016/j.jdiacomp.2015.09.003
http://dx.doi.org/10.1016/S2213-8587(17)30014-1
http://dx.doi.org/10.2337/diaspect.28.1.32
http://dx.doi.org/10.1371/journal.pone.0058861
http://dx.doi.org/10.1111/dme.13439
http://dx.doi.org/10.1136/bmjopen-2017-017813
http://drc.bmj.com/

	Filling gaps in type 1 diabetes and exercise research: a scoping review and priority-­setting project
	Abstract
	Introduction
	Study designs and research methods
	Study 1: Scoping review of physical activity/exercise randomized trials and type 1 diabetes
	Data sources
	Inclusion/Exclusion screening
	Data extraction

	Study 2: Priority-setting partnership for research in type 1 diabetes and exercise
	Phase I
	Phase II
	Phase III
	Phase IV

	Patient and public involvement

	Results
	Study 1: Scoping review
	Published literature
	Clinical trials registrations

	Study 2: Priority-setting exercise

	Discussion
	Previous literature
	Strengths and weaknesses
	Impact of patient engagement

	Conclusion
	References


