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ABSTRACT

Introduction International guidelines recommend
structured and continuous educational programmes to
expand diabetes knowledge and self-efficacy in youth.

To address these recommendations within a paediatric
diabetes clinic, we conducted a three-phase quality
improvement project aimed at improving adolescents’
confidence in diabetes self-management skills.

Methods In phase 1, the Diabetes Learning Centre (DLC), an
educational programme for adolescents with type 1 diabetes
(T1D) ages 13—17 years, was developed and implemented.
Programme feasibility was evaluated through programme
attendance rates. Phase 2 aimed to guide ongoing
programme development and optimisation. DLC attendees
rated their baseline confidence in overall and individual T1D
self-management skills on a 5-point Likert scale. Patient
characteristics were summarised using descriptive statistics
and the association between patient characteristics and
overall confidence in T1D self-management was evaluated.
Phase 3 used patient surveys to evaluate patient satisfaction
and reported change in confidence in self-management skills
following DLC attendance.

Results In phase 1, 232 (81%) of eligible adolescents
attended the DLC during the study period. In phase 2, median
overall confidence in diabetes management on a Likert
scale (0—4) was 3, representing ‘quite confident’, although
confidence was low in some essential self-management
skills. Higher confidence was associated with lower HbA1c
(p<0.001). In phase 3, 77 (85%) of participants reported high
levels of satisfaction with the DLC. 106 (82%) of completed
worksheets were associated with improved confidence in the
diabetes self-management skill addressed.

Conclusions Implementation of a longitudinal T1D
educational model was feasible with good uptake in an
existing T1D programme. While confidence at baseline
was quite high for overall T1D self-management, it was
low in some essential self-management skills, highlighting
the need for this programme and specific educational
gaps. Adolescents reported improvements in confidence
and high levels of satisfaction following DLC attendance.
Our model provides a replicable programme template to
address longitudinal education needs.

INTRODUCTION
Management of type one diabetes (T1D) is
lifelong and complex, requiring individuals
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Education for adolescents with type 1 diabetes is
essential and can improve diabetes knowledge and
self-efficacy; however, it is challenging to system-
atically integrate this into routine diabetes care as
recommended by international guidelines.

WHAT THIS STUDY ADDS

= Alongitudinal educational programme can be asso-
ciated with high attendance rates and can be im-
plemented with high levels of patient satisfaction.
The need for such a programme is highlighted by
the low confidence in some essential diabetes self-
management skills reported by our population.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study describes the implementation of a model
for longitudinal diabetes education that can be used
at other centres.

to develop and practice numerous self-
management skills to maintain optimal
glycaemic control and prevent acute and
long-term complications." Given its child-
hood onset, most individuals with T1D are
not initially responsible for their own diabetes
management.” The transition into adoles-
cence, and then early adulthood, is associ-
ated with increased responsibility for self-care
and ultimately, independent T1D manage-
ment. This transition may be associated with
deterioration in glycaemic control.”” Factors
contributing to this worsening of glycaemic
control include lifestyle changes and subop-
timal adherence to diabetes treatment regi-
mens.”®

Self-efficacy—an individual’s confidence in
their ability to perform specific tasks required
to reach a desired goal—is an important
factor in predicting self-care behaviours and
glycaemic control in adolescents and young
adults with T1D.? ' Adolescents with lower
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self-efficacy have been found to have lower self-reported
adherence to their diabetes regimen and higher haemo-
globin Alc (HbAlc) compared with those with higher
self-efficacy, suggesting that the degree to which an
adolescent adheres to their diabetes self-management
tasks may be influenced by their confidence in their
ability to do so.” '’ Higher self-efficacy in adults with T1D,
has been associated with better self-perceived health and
social functioning."

Provision of support during the transition period of
adolescence may improve confidence in diabetes self-
management, and thereby, adherence to treatment and
glycaemic control. One obvious and effective strategy
to accomplish this is diabetes education tailored to an
adolescent’s emerging autonomy. Studies have shown
that educational interventions targeted at children and
adolescents with T1D result in improved diabetes knowl-
edge, self-management skills, self-efficacy and glycaemic
control."*™"?

In response to the growing recognition of the impor-
tance of education, the International Society for Pedi-
atric and Adolescent Diabetes (ISPAD) published a
series of recommendations for diabetes education in
children and adolescents.'® These guidelines outline
universal principles for diabetes education, stating that
every person with diabetes has a right to comprehen-
sive expert-structured education that is continuous and
repeated, easily accessible, adaptable and able to be
personalised.'® A 2016 review of 36 diabetes education
programmes assessed how closely various educational
interventions followed ISPAD clinical practice guide-
lines."”” Only 14 of the 36 programmes met >50% of
ISPAD education recommendations, with deficiencies
noted in both programme duration and accessibility."”
Therefore, while there are clear recommendations for
comprehensive and structured education for adolescents
with T1D, most clinical programmes have not been able
to develop and implement interventions to fulfil these.
The failure to follow these recommendations is likely at
least in part related to the lack of published feasible and
effective longitudinal diabetes education models that
address this need.

At the Children’s Hospital of Eastern Ontario (CHEO),
our previous diabetes education model involved inten-
sive family-centred didactic sessions immediately after
diagnosis and then ‘ad hoc’ education when areas of
deficiency were identified. For adolescents who were
diagnosed with diabetes during childhood, their parents
would have been the focus of initial education given
the child’s age and developmental stage at diagnosis. As
such, many adolescents were not systematically taught
the self-management skills required for independent
T1D management and transition to adult care, as recom-
mended by ISPAD. Recognising this shortcoming, the
CHEO Diabetes Team sought to develop a structured,
longitudinal educational programme for all adolescents
with TID to support continued education following
diagnosis that would align with ISPAD guidelines, with

the goal of improving adolescents’ diabetes related self-
efficacy—their confidence in diabetes self-management
skills.

We undertook a quality improvement initiative to
conceive, implement and evaluate a new educational
programme, the Diabetes Learning Centre (DLC), that
provides accessible, continuous and personalised diabetes
education in the clinic setting. To understand our popu-
lation’s self-efficacy and learning needs at baseline, we
also evaluated adolescents’ self-reported confidence in
T1D self-management skills prior to DLC participation
and explored potential predictors of confidence. Here,
we present this three-phase quality improvement project.
In phase 1, we describe the conception and process of
implementing the DLC at CHEO. In phase 2, we describe
the evaluation of our population’s baseline self-efficacy.
In phase 3, we describe the evaluation of patient satis-
faction with the programme and self-reported change in
confidence related to participation in the DLC.

METHODS: PHASE 1

Needs assessment

In 2017, a CHEO Diabetes Team retreat, facilitated by our
hospital quality improvement team, was held to identify
areas for improvement within the T1D programme. We
identified the need to better prepare adolescents for tran-
sition to adult care and the absence of a structured, longi-
tudinal educational programme consistent with ISPAD
guidelines.'® We also identified the need to address
long waiting room times within our T1D clinic between
check-in and face-to-face contact with the physician as an
opportunistic window to provide educational program-
ming. A multidisciplinary working group was formed with
the goal of developing an educational programme to
address both the transition and educational needs of our
population while better capitalising on time that patients
are typically waiting to be seen in clinic. The working
group included a paediatric endocrinologist, two certi-
fied diabetes educators—registered nurse and registered
dietitian—and a diabetes social worker.

Programme development
In the context of limited physical space, personnel and
financial resources available, the working group sought
to establish an educational programme that could be
delivered year-round at the time of routine T1D clinic
visits with multiple patients able to attend at once, while
still supporting the personalised learning needs of each
individual. In addition, it was observed that any delay
within the T1D clinic (eg, patients arriving late, delays in
uploading technology, urgent issues arising during a visit)
often resulted in adolescents waiting to see the physician.
The working group therefore sought to capitalise on this
‘wasted’ clinic time spent waiting to see the physician
within our programme design.

A longitudinal educational programme, facilitated
by diabetes educators and with educational materials
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that could easily be individualised, was conceived by the
working group and presented to the CHEO Diabetes
Team to receive their input. In order to facilitate person-
alised learning and to support active rather than passive
learning, it was decided that the DLC curriculum would
be delivered through worksheets (available in both
English and French) that are focused on providing infor-
mation and evaluating the adolescent’s understanding of
key diabetes self-management topics (eg, diabetic keto-
acidosis prevention, management of hypoglycaemia,
insulin dose adjustments, illness management, driving
with diabetes, alcohol and diabetes, travelling with
diabetes, management of physical activity, carbohydrate
counting). Within the DLC, the diabetes educator would
act as a resource for the adolescents completing the work-
sheets, answering their questions, supporting comple-
tion of the worksheet as needed, and reviewing the
worksheet to ensure that the material was understood.
Through the support of the diabetes educator, adoles-
cents of different ages and developmental stages would
be able to learn using the same resources. As most adoles-
cents can work independently on their worksheets, only
requiring diabetes educator involvement at the comple-
tion of the worksheet to consolidate the information,
this would also facilitate the attendance of more than
one adolescent at a time in the DLC despite having only
one supervising diabetes educator present. This model
would also allow adolescents to complete worksheets on
different topics during the DLC in order to meet their
independent learning needs. Following approval of this
education model by the CHEO Diabetes Team, and with
the support of the hospital quality improvement team,
clinic workflows were evaluated and a plan for integra-
tion of the DLC into routine care was created and opti-
mised through a second CHEO Diabetes Team retreat.
The plan for integration involved attendance of the DLC
either while patients were waiting in the diabetes clinic to
see the physician, eliminating ‘wasted time’ in the waiting
room, or following completion of their physician visit
with timing of attendance determined by clinic flow on
the given day.

Curriculum and resource development

Topics for worksheets were derived from the Endocrine
Society Provider Assessment of Patient Skill Set list, which
includes topics that have been identified as important to
review prior to an adolescent’s transition to adult care.'”
It was decided that each worksheet would contain back-
ground information about the specific diabetes self-
management topic, followed by related short answer or
multiple-choice questions to engage the adolescent and
to consolidate and assess their knowledge. As tablets
would be available to use in the DLC, each worksheet
was complemented by additional resources that could be
accessed by adolescents while in the DLC, such as hand-
outs or website links (online supplemental file 1—Exer-
cise and injections worksheet; online supplemental file
2—Driving and diabetes worksheet).

Each worksheet was developed by members of the
working group or CHEO Diabetes Team, shared with the
broader CHEO Diabetes Team for feedback, and then
piloted with both English and French speaking adoles-
cents with T1D who evaluated the worksheets for clarity
as well as usefulness of the information and related ques-
tions. Each worksheet was piloted by three to five adoles-
cents and worksheets were modified in response to their
feedback. Twenty-three worksheets were created. This
model allows for more worksheets addressing new topics
to be added over time. The worksheet format also allows
for easy transition to a virtual format.

Programme implementation

Starting in May 2019, at each routine T1D clinic visit at
CHEO, patients ages 13-17 years were also scheduled
to attend the DLC. The DLC was physically located in
a conference room within the T1D clinic, facilitated
by a diabetes educator and could be attended by up to
five adolescents at a time. Each visit to the DLC lasted
approximately 30 min and was attended independently
by the adolescent while they were awaiting, or directly
following, their physician appointment. The DLC was run
on most T1D clinic days with rare closures during times
of staffing absences. The DLC was run within our existing
staffing and resources and facilitated by a shift in diabetes
educator focus on clinic days.

The diabetes educator’s role within the DLC was to
support each adolescent’s learning by identifying educa-
tion topics, answering their questions, providing content
clarification when needed and by discussing learning
points with them after completion of the worksheets. This
structure was chosen to foster active and personalised
learning, as well as assessment of knowledge or skill at
each DLC visit. The completed worksheets and answer
key were provided to the adolescent at the end of each
DLC visit serving as a resource for future reference.

Adolescents completed one to three worksheets per
visit. Worksheet topics for each DLC session were selected
based on each adolescent’s learning needs as identi-
fied by the adolescent, diabetes educator or physician.
A concurrent quality improvement initiative within our
clinic, pretransition visits, provides formalised assess-
ment of learning needs for adolescents around their 16th
birthday. This initiative allows for systematic evaluation of
knowledge and skill, and identification and documenta-
tion of topics in need of attention through the DLC for
adolescents approaching transition."”® Within the T1D
clinic electronic medical record (EMR), there is a custom-
ised diabetes flowsheet where identified learning needs
and worksheet completion and proficiency are captured,
tracked and used to help inform the focus of future DLC
visits. Completion proficiency of the worksheet was rated
as ‘can do this alone’, ‘some help needed’, ‘lots of help
needed’ or ‘unable to complete’ within the flowsheet.
Adolescents who were unable to complete a worksheet
alone are encouraged to repeat the worksheet at future
visits.
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As a result of the COVID-19 pandemic, the programme
was paused from March 2020 until March 2022 due to a
change to a virtual platform for patient care and a tempo-
rary loss of clinic resources. The programme was resumed
in April 2022, initially through a virtual platform, and
then in-person once most of our clinics returned to
in-person care.

DLC attendance

To evaluate programme feasibility, DLC attendance rates
prior to the COVID-19 pandemic were assessed. DLC
attendance was documented within the EMR—Epic (Epic
Systems Corporation, Wisconsin). An Epic report was
obtained to determine the total number of patients 13-17
years of age, who attended the DLC between 1 May 2019
and 1 February 2020, and the total number of patients
between the ages of 13 and 17 years who were seen within
the CHEO T1D clinic within the study dates.

METHODS: PHASE 2

Participants

All adolescents with T1D ages 13-17 years old who
attended their first DLC visit at CHEO between 1 May
2019 and 1 March 2020, were approached for participa-
tion in phase 2 of the quality improvement project. 11
March 2020, marked the beginning of the pandemic
related clinic changes at our centre. Adolescents were
excluded if they did not speak English or French or
were unable to independently participate in the DLC or
complete questionnaires (eg, those with an underlying
comorbidity such as severe intellectual disability). Adoles-
cents with learning disorders were supported in the DLC
by the diabetes educator and were invited to participate
in this phase of the project.

Assessment design

To understand our population’s current self-efficacy and
learning needs and to guide ongoing programme devel-
opment and improvement, we developed a questionnaire
to assess participants’ self-reported confidence in T1D
self-management skills prior to the DLC. The New World
Kirkpatrick Model," a framework which guides the evalu-
ation of the effectiveness of educational programmes on
four levels, was used to inform the design of the question-
naire. Specifically, we considered Level 2: Learning, where
one seeks to measure how effectively the information of
a programme was absorbed by its participants, and which
can be measured by the degree to which participants
acquire confidence—or self-efficacy.' In this regard, we
reviewed existing tools that have been validated for evalu-
ation of diabetes related self-efficacy. Though none were
suitable to address the specific self-management skills
addressed in the DLC, these validated tools informed
the development of the questionnaire.”” We revised the
content of the questionnaire based on feedback from a
methodologist at the CHEO Research Institute. It was
then piloted with adolescents within our T1D clinic and
further revised for clarity and language.

The questionnaire asked participants to rate their
confidence in overall diabetes management and with
respect to eleven specific diabetes self-management skills
(addressed in the DLC) on a 5-point Likert scale (online
supplemental file 3—DLC questionnaire). The five
points on the scale were: ‘not at all confident’, ‘slightly
confident’, ‘moderately confident’, ‘quite confident’ and
‘extremely confident’. This Likert scale was modelled
after those used in other studies that have evaluated self-
efficacy in patients with T1D.*

To evaluate possible predictors of confidence, demo-
graphic and diagnosis-related characteristics were
extracted for each participant from the EMR, including
age, sex, duration of diabetes, type of insulin regimen
(injection, pump), use of continuous glucose monitoring
(CGM) and HbAlc. Parental involvement in diabetes
management was also self-reported by participants on
their questionnaire.

Data analysis

Baseline characteristics were summarised using frequency
and percentage for discrete variables and median and
IQR for continuous variables. For each participant,
mean confidence was calculated by taking the mean of
all available Likert scale values for individual diabetes
self-management skills. Association of confidence with
participant demographic and diagnosis-related character-
istics was assessed using Spearman correlation to evaluate
possible predictors of confidence. Statistical significance
was defined by a two-sided p value less than 0.05. A cross-
sectional census of characteristics of the adolescent T1D
clinic population (ages 13-18 years) was compared with
the study sample to determine whether it was represent-
ative. However, because the study sample was a subset of
the adolescent T1D clinic population, standard statistical
tests (which assume independence of samples) could not
be applied. Instead, qualitative comparisons are drawn.
All analyses were performed using R V.4.0.5.*'

METHODS: PHASE 3

Context

Due to the COVID-19 pandemic, which resulted in a tran-
sition to virtual care and a loss of diabetes team resources,
the DLC was paused from March 2020 to March 2022.
It initially resumed on a virtual platform in April 2022,
which limited the number of adolescents able to attend
as the diabetes educator could support only one adoles-
cent at a time virtually, before returning to the group
in-person model described above in February 2023. To
evaluate the DLC following this pause in delivery, phase
three involved a patient survey administered following
each DLC visit from April 2022 until June 2023.

Participants

All adolescents in the T1D clinic ages 16-18 years were
invited to participate in the DLC from April 2022 to
June 2023, including completion of patient surveys as
part of phase 3 of the quality improvement study. The
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age group was limited to 16-18 years due to a loss of
diabetes resources that persisted beyond the pandemic,
with a plan to gradually extend the programme to again
include younger adolescents as resources returned to
baseline.

Assessment design

Prior to DLC initiation, the New World Kirkpatrick
Model" was used to design a longitudinal survey to
evaluate the DLC at Level 2: Learning—change in confi-
dence (as described in phase 2 above)—and Level I:
Reaction—the degree to which participants are satis-
fied with a programme. The original plan (prior to the
COVID-19 pandemic), was to assess change in confi-
dence by asking participants to rate their confidence in
diabetes self-management skills after 1, 2 and 3 years of
DLC participation using the 5-point Likert scale from
the baseline questionnaire, while participant satisfac-
tion would be evaluated on a 5-point Likert scale on
each annual survey. However, to account for the 2-year
pause in the DLC programme, the survey was modified
during phase 3 to be administered at the end of each
DLC visit and to specifically ask about change in confi-
dence in the self-management skill(s) addressed by the
worksheets completed during that visit. To describe the
population, self-reported demographic and diagnosis-
related characteristics were also collected through the
survey for each participant including age, sex, type of
insulin regimen (injection, pump), use of CGM, HbAlc
and glucose management indicator (GMI). The modi-
fied survey was piloted with two patients prior to imple-
mentation (online supplemental file 4—DLC follow-up
survey).

The survey was administered to all adolescents
attending the DLC at the end of their visit through
REDCap (Vanderbilt University, Tennessee). The diabetes
educator provided the adolescents with their diabetes
data including HbAlc and GMI to facilitate survey
completion. Attendance of the DLC was documented in
the EMR—Epic. An Epic report was obtained to deter-
mine the number of attended DLC visits from April 2022
to June 2023.

Data analysis

Participant characteristics were summarised using
frequency and percentage for categorical variables and
median with IQR for continuous variables. Worksheets
completed, patient satisfaction and patient confidence in
each topic for which they completed a worksheet were
summarised using frequency and percentage.

Patient involvement

Patients were involved in all phases of the study. In phase
1, patients were asked to pilot the worksheets used in the
DLC and to provide feedback on their clarity and rele-
vance. In phases 2 and 3, patients piloted and provided
feedback on the clarity of the questionnaires.

RESULTS

Phase 1

DLC attendance

Two hundred and eighty-eight adolescents between the
ages of 13 and 17 years were seen in the T1D clinic from
May 2019 to February 2020. Of those, 232 (80.5%) adoles-
cents completed a first DLC visit.

Twenty per cent of eligible adolescents did not attend
the DLC during the study period. All adolescents who
were eligible for the DLC were also eligible for concurrent
mental health screening and a proportion were eligible
for transition preparation programming, both of which
would have taken place in lieu of the DLC, impacting
DLC attendance. The specific proportion of potential
attendees impacted by this was not measured.

Phase 2

Participant characteristics

Of the 232 eligible adolescents, 216 (93.1%) consented to
participate in phase 2 of the quality improvement project,
with 215 (92.7%) included in the study due to one unus-
able questionnaire. Table 1 describes the demographic
and diagnosis-related characteristics of our cohort.

Table 2 shows that the study sample is similar to the
cross-sectional census of the adolescent T1D clinic popu-
lation (all patients 13-18 years). Small differences are
apparent in the distribution of age, insulin regimen and
use of CGM (statistical comparison not performed due to
non-independence of samples).

Confidence in self-management skills

Median overall confidence in diabetes management on a
5-point (0—4) Likert scale was 3, representing ‘quite confi-
dent’. This was moderately correlated with mean ratings
of individual diabetes self-management skills (r=0.54,
p<0.001). The majority of participants reported being
‘quite confident’ in most individual self-management
skills. For ‘treating a low blood sugar’, ‘counting carbohy-
drates in ameal or snack’ and ‘driving safely with diabetes’
(participants 16 years and older), the majority of partic-
ipants reported being ‘extremely confident’ whereas the
majority of participants reported being ‘not at all confi-
dent’ with ‘managing diabetes safely if drinking alcohol’
and ‘using mini dose glucagon’ (figure 1).

Predictors of confidence

The correlation of patient characteristics with confi-
dence was evaluated to determine any possible predic-
tors of confidence. Higher confidence in overall diabetes
management was weakly associated with lower HbAlc
(Spearman’s correlation coefficient -0.25; p<0.001)
(table 1). Confidence in overall diabetes management
was not significantly associated with other patient char-
acteristics.

Phase 3

Participant characteristics and DLC attendance

Between April 2022 and June 2023, 84 completed
DLC visits were reported in Epic and 91 surveys were
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Spearman correlation with overall confidence

0.06 (p=0.42)

Table 1 Participant characteristics and association with overall confidence
Participant characteristics Number (per cent) or median (IQR)
Sex

Female 97 (45.1%)
Age (years) 14.9 (13.9, 15.9)

Duration of diabetes (years) 5.8 (2.9, 8.9)

Insulin regimen

Injection 105 (48.8%)
Pump 110 (51.2%)
CGM
Yes 112 (562.1%)
No 103 (47.9%)
Parental involvement 4 (1.9%)
Never 25 (11.6%)
Rarely 59 (27.4%)
Sometimes 77 (35.8%)
Very often 47 (21.9%)
Always
HbA1c (%) 7.9 (7.1, 8.8)

0.00 (p=0.98)
-0.07 (p=0.32)
0.00 (p=1.00)

0.12 (p=0.09)

-0.07 (p=0.28)

-0.25 (p<0.001)

Characteristics of study participants and association with overall confidence in diabetes self-management skills. n=215.

CGM, continuous glucose monitoring; HbA1c, haemoglobin A1c.

completed. There were seven surveys completed for visits
not documented in Epic. Forty-two (46%) visits occurred
virtually and 49 (54%) visits occurred in-person. Thirty-
five (38.5%) participants had attended 1 DLC visit, 21
(23.1%) attended 2 visits, 27 (29.7%) attended 3 or more
times and 8 (8.8%) did not respond to the question.
Forty-one (45.1%) were female, median age 16.0 years
(16.0, 17.0), 51 (56.0%) used insulin pumps, 81 (89.0%)
used CGM, median HbAlc 7.1% (6.5, 8.1) and median
GMI 7.3% (6.5, 8.1). HbAlc data were available for 50
(564.9%) participants and GMI for 56 (61.5%) partici-
pants.

Worksheets completed

Adolescents completed a mean of 1.57 worksheets at
each visit. The most frequently completed worksheet was
‘driving safely with diabetes’, completed by 30 (33.0%)
adolescents. The second and third most frequently
completed worksheets were ‘going to university/college
with diabetes’, completed by 18 (19.8%) adolescents,
and ‘managing diabetes safely if drinking alcohol’ and
‘managing physical activity with diabetes’, both completed
by 13 (14.3%) adolescents.

Confidence in self-management skills

A total of 130 worksheets were completed by participants.
When asked to report on change in confidence for the
self-management skill addressed by the worksheet, 106
(81.5%) responses demonstrated improvement in confi-
dence—60 (46.2%) ‘a bit more confident’ and 46 (35.4%)
‘a lot more confident’. Twenty-four (18.5%) responses

indicated no change in confidence and no worksheets
were associated with a decrease in confidence. Figure 2
shows self-reported change in confidence for each self-
management skill.

Patient satisfaction

Seventy-seven (84.6%) adolescents reported being quite
or extremely satisfied with their DLC visit and only 1
(1.1%) was ‘not at all satisfied’ (table 3). Sixty-four
(70.3%) adolescents reported being quite or extremely
satisfied with their DLC worksheets and no adolescents
were ‘not at all satisfied’ (table 3).

DISCUSSION

We describe the conception, implementation and evalua-
tion of a longitudinal educational programme for adoles-
cents with TID designed to improve self-efficacy and to
meetinternational clinical practice guidelines for diabetes
education. To our knowledge, this is the first educational
programme described in the literature that involves struc-
tured and individualised learning throughout adoles-
cence as part of routine diabetes care. Given the clear
need to support transition readiness for adolescents with
T1D and a lack of recommendations around how to facil-
itate their longitudinal learning, we have presented our
programme structure as an example of an educational
programme that requires minimal resources to imple-
ment and that uses existing checklists for transition read-
iness as a first step to knowledge translation. We have also
demonstrated the feasibility of the programme within our

6 Pabedinskas KL, et al. BMJ Open Quality 2023;12:€002361. doi:10.1136/bmjog-2023-002361



Table 2 Comparison of study population and overall T1D
clinic adolescent population

T1D clinic
Study population
Variable population (n=386)
(n=215)

Age (years)
Median (IQR) 14.9 (13.9, 15.9) 15.0(14.0, 17.0)
Mean (SD) 15.0 (1.2) 15.2 (1.4)
Missing 0 0

Gender, n (%)
Male 118 (54.9) 207 (53.6%)
Female 97 (45.1) 179 (46.4%)
Missing 0 0

Duration of diabetes

(years)
Median (IQR) 5.8 (2.9, 8.9) 5.8 (2.8, 9.3)
Mean (SD) 6.1 (3.9) 6.3 (4.2)
Missing 0 9

HbA1c (%)
Median (IQR) 7.9 (7.1, 8.8) 7.9 (7.0, 9.0)
Mean (SD) 8.1 (1.6) 8.2 (1.7)
Missing 0 18

Insulin regimen, n (%)
Injection 105 (48.8) 206 (53.5)
Pump 110 (561.2) 179 (46.5)
Missing 0 1

CGM, n (%) 112 (562.1) 210 (59.2)
Missing 0 31

Characteristics of study participants and a cross-sectional census
of the adolescent T1D clinic population.
CGM, continuous glucose monitoring; HbA1c, haemoglobin A1c.

T1D clinic. The programme was implemented within our
existing resources and staffing and through the outcome
of attendance rates during phase 2, we demonstrated
high patient engagement during the study period. Finally,
while our programme and its evaluation were disrupted
by the pandemic, we were able to resume the DLC in
April 2022 and in phase 3 we demonstrated high rates of
patient satisfaction and of patient reported improvement
in diabetes related confidence.

In the second phase of our study, we sought to under-
stand our population’s learning needs. Our evaluation
demonstrated that prior to implementation of the DLC,
adolescents’ median overall confidence in diabetes
management on a Likert scale (0—4) was 3, representing
‘quite confident’. This correlated with the mean confi-
dence rating of the individual self-management skills
for each adolescent, such that adolescents who reported
higher overall confidence in diabetes self-management
also reported themselves to be more confident in

individual self-management skills. This is consistent with
the diabetes self-efficacy literature with Iannotti and
colleagues previously having demonstrated high correla-
tion between individual items on a self-efficacy rating
instrument as well as between scores on the self-efficacy
instrument and overall diabetes self-management.” The
finding of fairly high overall diabetes management self-
efficacy is also in keeping with previous literature.?***
While it is possible that confidence level is reflective of
actual knowledge, it is also possible that participants do
not recognise their own knowledge gaps. Importantly,
nearly 60% of adolescents reported that their parents
were ‘very often’ or ‘always involved’ with their diabetes,
suggesting that many of the adolescents have not yet had
to test their knowledge or skill through independent
management of their diabetes.

Despite the overall higher confidence in diabetes related
management, ‘managing diabetes safely if drinking
alcohol’ and ‘using mini dose glucagon’ were identified
as areas of low confidence. Additionally, ‘making insulin
dose adjustments’ and ‘managing ketones’, two essential
diabetes related skills, were identified as areas of low or
moderate confidence for many adolescents. This demon-
strates the importance and necessity of a structured longi-
tudinal educational programme, such as the DLC, to fill
these educational gaps and give adolescents the opportu-
nity to self-identify and address areas of low confidence.
Despite participants reporting that they were ‘quite confi-
dent’ in their overall diabetes related skills, there remains
room for improvement, with previous studies generally
demonstrating poor metabolic outcomes in adolescent
and transitioning T1D populations.* > * Phase 3 of our
study supports this, with adolescents reporting improved
confidence in diabetes self-management skills addressed
within the DLC despite their high baseline confidence.

We also assessed the relationship between several
patient characteristics and confidence to evaluate for any
possible predictors of confidence in diabetes manage-
ment and found that only lower HbAlc was weakly associ-
ated with higher overall confidence. This is consistent with
previous studies that have shown an association between
confidence in self-managementskills and better glycaemic
control.”* %" This may be mediated by improved adher-
ence as several studies have demonstrated an association
between greater self-efficacy and better adherence to
diabetes management.*'? # ¥ Additionally, the lack of
association of confidence with other characteristics is in
keeping with the literature which reports variable associ-
ations of self-efficacy with age, duration of diabetes, sex
and insulin regimen.” ** *** Altogether, given that no
patient characteristics except HbAlc were associated with
confidence in diabetes management (and as this associ-
ation was weak), this supports providing diabetes educa-
tion via the DLC to all adolescents within the clinic as they
could all possibly benefit.

Interestingly, the median HbAlc and GMI for partici-
pants in phase three was lower than the HbAlc at baseline
in phase 2. Given that this information was self-reported
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manage your own diabetes?

recognize when you need to make an insulin dose adjustment?

know how to adjust your insulin?

recognize when to test for ketones?

know what to do if you had positive ketones?

make adjustments for activity to prevent low blood sugars?

treat a low blood sugar?

use mini dose glucagon if you had a low blood sugar?

manage diabetes safety if drinking alcohol?

count carbohydrates in a meal or a snack?

prepare to travel with diabetes safely?

drive safely with diabetes? (16 and older only)

B extremely configent [l Quite Confid

Figure 1

0 25 50 75 100
Percentage
ly Confi Slightly Confident Mot At All Confident

Confidence in diabetes related skills. Likert responses to ‘How confident are you in your ability to ...". Response rate

for mini dose glucagon 95%, managing diabetes safely if drinking alcohol 76% and driving safely with diabetes 20% of the total

study population. Response rate for all other skills 97%-100%.

(though supported by a diabetes educator for accuracy),
this might reflect biased reporting with individuals with
better glycaemic control being more likely to report their
glycaemic data. This may also reflect the period of time
where DLC visits were conducted virtually as in contrast
to high attendance rates using an in-person platform,
there were many patients who would not attend their
virtual DLC visits. Those who did attend may have been
more likely to be engaged in their diabetes management
which might contribute to better glycaemic control.

A limitation of our evaluation of DLC feasibility in
phase 1 was the fact that we did not capture statistics about
reasons for not attending the DLC among the 19.5%
of eligible patients that did not attend. However, while
specific data were not collected, we know that a propor-
tion did not attend because they were completing concur-
rent age-related programming in lieu of the DLC, with
a smaller proportion attributed to missed diabetes clinic
visits and to occasional DLC closures rather than patients
choosing not to participate. Furthermore, given that the
study was designed to look at long-term impact, adoles-
cents between the ages of 17 and 18 years of age were
not included in phases 1 and 2; however, when compared
with our entire adolescent T1D population (13-18 years),

our study population was similar. An additional limitation
of the evaluation of the feasibility of the DLC was the
single outcome measure of programme attendance used,
though as outlined above, the implementation without
additional resources or staffing also supports the feasi-
bility of the DLC.

The DLC programming and evaluation was interrupted
due to the COVID-19 pandemic, which was associated
with staffing changes and a shift to virtual care. This
setback affected the delivery of the DLC and weakened
our ability to show long-term sustainability and impact of
the educational programme. However, over the 9-month
study period in phase 2, we were able to demonstrate
both evidence of clear learning gaps prior to programme
implementation, supporting the need for an individual-
ised learning programme, and successful implementation
of such a programme, with participation from the majority
of our adolescent patients. Additionally, with some modi-
fications, the DLC structure was amenable to delivery via
a virtual platform before in-person care resumed at our
centre, highlighting programme versatility and adapt-
ability. However, should there be a need to provide the
DLC on avirtual platform in the future, more work would
need to be done to determine if improvements could be
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Driving safely with diabetes (n = 30)

How to test for ketones (n
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Going to University/College with diabetes (n = 18) 6%
How to manage diabetes safely while drinking alcohol (n = 13)
How to manage physical activity with diabetes (n = 13) 8%

When to make insulin dose adjustments (n = 9)
lllness management (n = 8)
Travelling with diabetes (n=7)
How to use mini dose glucagon (n = 6)
Managing prescriptions and supplies with diabetes (n = 5)
How to make insulin dose adjustments (injections) (n = 3)
How to make insulin dose adjustments (pump) (n = 3)
How to treat a low blood sugar (n = 3)
Carbohydrate counting (n = 2)
Dexcom setup (n=2)
How to prevent DKA (n = 2)
Using insulin pens (n = 2)
When to test for ketones (n = 2)

(

(

1)
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Figure 2 Change in self-reported confidence in diabetes self-management skills by worksheet. Likert responses to ‘After
completing the worksheet, how has your confidence in the topic/skill changed?’. n=number of worksheets completed.

made to allow for multiple adolescents to attend and be
supported by a single diabetes educator at the same time.
Similarly, we observed that virtual DLC visits—which
needed to be scheduled separately from routine clinic
appointments—were frequently not attended, and so
we would aim for the visits to be integrated with physi-
cian visits given the higher rates of attendance with the
in-person platform when adolescents attend the DLC
during their routine clinic visit. Despite losing diabetes
educator resources within our clinic in phase 3, we were
able to continue to provide the programme to adoles-
cents who were approaching transition to adult care.
Moreover, though the longitudinal evaluation of the DLC
was impacted by the COVID-19 pandemic, with resump-
tion of the programme in April 2022, we were able to
demonstrate high patient satisfaction with the DLC
and the associated worksheets in phase 3 of our study,
supporting the continued use of this model for patient
education. We also demonstrated that most adolescents

reported improved confidence in self-management skills
addressed within the DLC, supporting the programme as
a useful tool for learning.

Strengths of the second phase of our study include
our relatively large sample size and high participation
rate, allowing for outcomes that are generalisable to
our overall adolescent T1D population. While 19.5%
of eligible adolescents did not attend the DLC during
the study period, we were able to demonstrate that our
study population is representative of our total adolescent
patient population and therefore would not anticipate
our results would change should those additional adoles-
cents be included. Additionally, by designing our own
questionnaire, we were able to directly assess confidence
in essential self-management skills specifically addressed
within our educational model, some of which are not
included on previously validated self-efficacy surveys such
as the Self-Efficacy for Diabetes Scale® and Self-Efficacy
for Diabetes Self-Management tool.** A limitation of the

Table 3 Patient satisfaction

Degree of satisfaction

Extremely satisfied Quite satisfied Moderately satisfied Slightly satisfied Not at all satisfied

DLC visit
DLC worksheets

27 (29.7%)
15 (16.5%)

50 (54.9%)
49 (53.8%)

10 (11.0%)
14 (15.4%)

0 (0%)
0 (0%)

1(1.1%)
0 (0%)

Patient satisfaction with the DLC visit and the DLC worksheets. Likert responses to ‘How satisfied are you with ...". n=91. DLC visit data not
available for three participants and DLC worksheet data not available for 13 participants.

DLC, Diabetes Learning Centre.
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second phase of our study includes the lack of evaluation
of adherence to diabetes regimen which may have had
an impact on the association between HbAlc and confi-
dence. However, at least one previous study has shown
that both self-efficacy and adherence to diabetes manage-
ment are each independently associated with HbAlc.?’
Moreover, it has been suggested that self-efficacy is in fact
mediating the relationship between adherence and meta-
bolic control—in which case an independent assessment
of adherence would be unnecessary.”

A strength of phase 3 of our study is the evaluation of
factors directly relevant to our patient population when
considering the efficacy of the DLC, including patient
satisfaction and self-reported change in confidence. This
evaluation demonstrated high patient satisfaction with
the DLC, with patient satisfaction increasingly being
recognised as an essential component of effective clinical
interventions.” It also demonstrated high levels of self-
reported change in confidence, over 80% across all work-
sheets. Interestingly, only the ‘treating a low blood sugar’
worksheet was associated with less than 50% improve-
ment in confidence. However, in phase 2, the majority of
patients reported feeling ‘extremely confident’ at base-
line for this skill. As such, the lack of improvement may
be related to the high baseline confidence. Limitations
of phase 3 are as follows. First, our data for clinic atten-
dance depended on documentation within our EMR;
there were seven more surveys completed than reported
DLC visits suggesting over 100% survey completion rate.
This discrepancy can be explained by missed documen-
tation of DLC attendance within the EMR. Given that
documentation of the DLC is part of our routine work-
flow, we are confident that the majority of DLC visits were
captured and, as such, survey completion rate was at or
close to 100%. Another limitation is that the entire phase
2 population was not included in the programme eval-
uation as this was conducted after a pause in the DLC
due to the pandemic. However, given the surveyed partic-
ipants’ ages and because at least 48 (53%) of adoles-
cents attended the DLC more than once, this suggests
that many of the adolescents who participated in phase
3 would have attended the DLC prepandemic as part of
the original phase 2 cohort. An additional limitation is
that only adolescents ages 16-18 years were included in
phase 3 due to limited resources. However, we were still
able to highlight that this educational model is accept-
able to patients and positively impacted confidence in
diabetes self-management skills. Moreover, the plan is to
extend the programme to include all patients 13 years
and older when resources return to their pre-pandemic
baseline, allowing an opportunity to evaluate the impact
in this younger cohort. During phase 3, change in confi-
dence was only assessed immediately following worksheet
completion. Moving forward, it would be important to
see if the improvement in confidence was sustained over
time. Finally, given the pandemic related pause in DLC
delivery, we were unable to comment on its impact on
clinical markers such as metabolic control.

CONCLUSION

We present a longitudinal educational programme for
adolescents with T1D that integrates diabetes education
into routine care and strives to meet international clinical
practice guidelines for structured, continuous, personal-
ised, accessible and adaptable diabetes education.'® We
demonstrate high rates of patient satisfaction and self-
reported improvements in confidence in diabetes self-
management skills addressed within the programme,
suggesting that over time, this programme will help to
bridge gaps in knowledge in areas important for inde-
pendent diabetes management, and to improve adoles-
cents’ self-efficacy, which is associated with better adher-
ence and glycaemic control.
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