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Background: Optimal blood glucose management is essential for
optimal managing type 1 diabetes (T1D). Exercise is an efficacious,
non-pharmacological, and cost-efficient adjunctive treatment that
provides additional health benefits. Nevertheless, many adoles-
cents with T1D are not meeting recommended physical activity
levels and struggle with implementing appropriate management
strategies around exercise.
Aims: To investigate in adolescents with T1D: 1) physical activity
levels; 2) management strategies utilised around physical activity;
and 3) barriers and facilitators to physical activity engagement.
Methods: Physical activity levels were assessed using the PAQ-C
and PAQ-A questionnaires. A cut-off score of 2.75 was adopted to
classify participants as meeting the recommended �60 minutes of
moderate-to-vigorous daily physical activity. Semi-structured in-
terviews with 16 adolescents were conducted, followed by NVivo-
assisted thematic analysis.
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Results: The mean PAQ-score was 2.7(SD±0.77), with 25% adhering
to the recommended physical activity guidelines. Themes related
to management strategies were explored, including blood glucose
monitoring, insulin-related, exercise-related, and nutrition-related
strategies. Identified barriers included limited T1D management
knowledge, negative social impact, difficulty with technology, poor
planning and organisation, individual physiological responses, and
the burden of T1D management. Facilitators included the ability to
optimally manage the condition, having supportive people who
understand and service supports.
Conclusions: This study identified barriers and facilitators to
managing blood glucose levels around and during physical activity
in adolescents with T1D. This provides clinical insights into the
management strategies utilised around physical activity and fac-
tors affecting participation that can inform the future promotion of
physical activity in this population. In this cohort, two-thirds did
not meet the recommended physical activity levels. Physical ac-
tivity participation was primarily influenced by adolescents' con-
fidence and ability to manage their condition around exercise.
Exercise promotion strategies should focus on supporting optimal
exercise management patterns for adolescents with T1D.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY license (http://creativecommo

ns.org/licenses/by/4.0/).
Introduction

T1D is characterised by the autoimmune destruction of pancreatic beta-cells, resulting in insulin
deficiency and subsequent dysglycaemia [1]. The global number of prevalent cases of T1D is estimated
to be ~9 million, representing 10e15% of all diabetes cases [2,3]. In Ireland, there are ~20,000 prevalent
cases, with ~3000 cases established in the paediatric population [4]. While the exact cause of T1D
remains unknown, a combination of genetic and environmental factors likely contributes to its
development [5].

Optimal blood glucose management is a target for optimal management of T1D, as dysglycaemia
can cause both microvascular and macrovascular complications [6]. Hyperglycaemia, or high blood
glucose levels (BGLs), increases the risk of diabetic ketoacidosis and coma. Prolonged hyperglycaemia
can lead to complications such as nephropathy, neuropathy, retinopathy and an increased risk of
cardiovascular disease and cancer cell proliferation [7,8]. Hypoglycaemia refers to low BGLs, potentially
inducing neurological consequences, including confusion, irrational behaviour, drowsiness, coma, and
seizures, as well as cardiac consequences such as cardiac arrhythmias. Amiel [9] proposed that pro-
longed or severe hypoglycaemic episodes may induce long-term health complications, such as reduced
cognitive function, increased mortality, and significant economic and societal consequences. The pri-
mary aim of T1D treatment involves the maintenance of BGLs within normal range [1]. The most
common treatment for T1D involves the manual testing of BGLs followed by subcutaneous insulin
injections. Recent advancements in technology have led to increased usage of flash and continuous
glucose monitors, insulin pumps and closed-looped systems [10].

Exercise is an efficient and cost-effective non-pharmacological adjunctive treatment in manage-
ment of T1D [11]. Exercise induces several benefits in T1D by decreasing systemic inflammation and
enhancing antioxidant defences [7]. Regular engagement in exercise is associated with improved in-
sulin sensitivity, blood lipid levels, and endothelial function [12,13]. Besides the benefits for T1D, being
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physically active is associated with additional beneficial health outcomes for adolescents, including
cardiorespiratory fitness, muscular strength, bone density, cardiometabolic markers, and mental
health, while simultaneously having positive effects on cognitive function and adiposity [14].

Research demonstrates that many children and adolescents with T1D struggle with appropriate
insulin modification and carbohydrate intake management strategies around exercise [15]. This can
lead to suboptimal blood glucose management during and after physical activities, increasing the
likelihood of dysglycaemia and subsequently forcing individuals to stop exercising [13,16]. More-
over, exercise is the most frequent specific cause of severe hypoglycaemia in paediatric populations
[17]. Severe cases of hypoglycaemia can precipitate elevated distress, decreased emotional well-
being and fear of hypoglycaemic episodes, creating a cycle of diminished exercise participation
and excessive glucose levels [9]. Adolescence is a period of transition, with diabetes management
becoming the adolescent's responsibility. Concerningly, 60% of adolescents display suboptimal
diabetes management and out-of-range BGLs [18]. Therefore, aiming for optimal T1D management
around physical activity as adolescents advance to adulthood is paramount [19]. Increasing un-
derstanding and awareness of management strategies utilised around physical activity is necessary
to optimise management, improve safety, and encourage physical activity participation for ado-
lescents with T1D [15].

The transition from adolescence to young adulthood is associated with substantial changes in
physical activity behaviour, which may have important implications for health [20]. However, current
evidence indicates that physical activity levels decline during adolescence across the general popu-
lation [21]. Many adolescents with T1D are not reaching the advised physical activity standards of �60
minutes of moderate-to-vigorous physical activity daily [22,23]. Czenczek-Lewandowska et al. [24]
found that physical activity levels in children and adolescents with T1D are lower than in their healthy
peers, independent of the insulin therapy utilised. Several barriers to exercise have been identified in
adult cohorts with T1D, including fear of hypoglycaemia, psychosocial factors, and a lack of knowledge
[25]. Despite limited research existing, Jabbour et al. [26] found that fear of hypoglycaemia, external
temperatures, loss of control, and low fitness levels were the main barriers to active lifestyles in older
children with T1D. However, the ‘Barriers to Physical Activity in Type-one Diabetes’ (BAPAD1) scale
utilised in the study has not been validated for younger populations with T1D [27]. Previous research in
a cohort of adolescents with T1D established that these patients are not meeting physical activity
recommendations, presenting with a high rate of obesity and not meeting therapeutic blood glucose
targets [28]. Giblin et al. [29] which sought to understand factors affecting physical activity patterns
amongst this cohort, highlighted that parental attitudes shape children's behaviours in the manage-
ment of their condition. Other research examining adults with T1D has demonstrated that patient
education, positive psychosocial factors, and technology can promote increased physical activity levels
[25]. An enhanced understanding of the factors impacting physical activity participation in adolescents
with T1D will inform clinical practitioners on effective counselling as well as strengthen the design of
future physical activity promotion initiatives in this population.

Despite the clear benefit of exercise, research demonstrates that adolescents with T1D are not
meeting recommended physical activity guidelines [24]. However, the physical activity levels of
adolescents with T1D in an Irish context has not been assessed. Research investigating management
strategies utilised around physical activity in adolescents has been limited to examining those using
insulin pumps [15], and no known research has been conducted in European countries, including
Ireland. Minimal research exists exploring the factors impacting physical activity engagement in
adolescents with T1D, with limitations present in the existing literature. Therefore, this study aims to
investigate in Irish adolescents (aged 13e18 years) with T1D: 1) current physical activity levels; 2)
strategies for management of BGLs around physical activity; and 3) barriers and facilitators to
physical activity engagement. Thus, the objectives include: 1) using a physical activity questionnaire
with subsequent quantitative analysis to determine the physical activity levels; and 2) conducting
semi-structured interviews and successive thematic analysis to establish the management strategies
utilised around physical activity and explore the barriers and facilitators to physical activity
engagement.
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Methods

Procedure

This cross-sectional study was conducted at the University Hospital Limerick (UHL) and adhered to
the SRQR reporting guideline [30]. Ethical approval was granted by the HSE Research Ethics Committee
(REC Ref: 082/2022). A purposive sampling strategy was used to recruit from a pool of 85 adolescents
with T1D currently attending the Paediatric Diabetes Clinic service at UHL to provide the most perti-
nent data relevant to the research question [31]. Recruitment occurred via email from the paediatric
diabetes team at UHL from 16th July 2022 to 28th August 2022. Inclusion criteria comprised adoles-
cents (aged 13e18 years) fluent in the English language with a clinical diagnosis of T1D for more than
one year with no comorbidities affecting cognitive or physical ability. Participants were not offered any
incentives to participate and were not known to the researchers before the study. Data saturation was
achieved at 16 participants [32]. Reflexivity was maintained throughout data analysis and write-up by
noting, discussing and challenging established assumptions [33].

Participant characteristics were collated through accessing the patient's medical records in UHL.
Physical activity levels were assessed using the PAQ-C (aged 13) and PAQ-A (aged 14e18), both
consistently deemed reliable and valid across multiple settings [34e36]. The PAQ-C and PAQ-A were
supervised and completed in person at UHL or facilitated online. Individual semi-structured interviews
were designed to establish the T1D management strategies practiced around physical activity besides
the barriers and facilitators of physical activity [37]. The principal researchers conducted semi-
structured interviews lasting approximately 20 minutes via Microsoft Teams (Microsoft Corp., IL,
USA) from 18th July to 8th September 2022. Prior to all interviews, participants and their parent/
guardian completed assent and consent forms, respectively. Interviews began by obtaining verbal
consent, outlining the participant ID and stating the date and time of the interview. The semi-
structured interviews were then guided by the designated interview guide and digitally recorded
using Microsoft Teams (Table 1). An iterative process to data collection and analysis was established
with adjustments made to the interview guide according to early experience and collected information
(i.e., incorporated language more accessible to a paediatric population, questions reworded to improve
flow and clarity, and additional probes included).
Table 1
Semi-structured interview guide adapted from Adu et al. [38]

Facilitators
1. Could you tell us what strategies that you find help or support you in managing your diabetes?
2. Are there things, like people or services, that have made it easier for you to manage your diabetes?
3. What are the factors that have helped you successfully manage your diabetes?
4. Anything else to add?
Barriers
5. What areas of your diabetes management do you find difficult?
6. On a day-to-day basis, is there anything you struggle with or find difficult in your diabetes management?
7. Has there been any obstacles or challenges in managing your diabetes?
8. What are the barriers or challenges to your diabetes self-management?
9. Anything else to add?
Exercise and Activity-Related
10. What are your goals or targets around exercise and blood sugar levels?
11. Tell us about the exercise you usually do?What type of exercise you do? How long do you usually do it for? How intense

or difficult is to complete?
12. How long after your last insulin bolus dose do you exercise normally?
13. When you exercise, is it usually planned or spontaneous?
14. Have there been any episodes of hypoglycaemia prior to exercise? What about during and after exercise? Have there

been any episodes of hyperglycaemia prior to exercise? What about during and after exercise?

All questions were asked in the context of physical activity.
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Data analysis

Data analysis took place between the period of 25th July 2022 to 20th January 2023. The collected
data was pseudonymised, with the coding sheet stored in a locked cabinet in UHL and data stored on a
password-protected file on Microsoft OneDrive (Microsoft Corp., IL, USA). Data was exported and
analysed using SPSS Version 28.0 (IBM Corp., Armonk, NY, USA) and Microsoft Excel (Microsoft Corp.,
IL, USA). Descriptive statistics were used to characterise study participants. General levels of physical
activity were scored using the PAQ-C and PAQ-A manuals, with nine individual items scored using an
ordinal scale (1e5 scale) and the outcomemeasure computed as a simple mean of the individual items
[34]. A cut-off score of 2.75 was adopted to classify adolescents as active or inactive based on whether
individuals were meeting the international physical activity guidelines of �60 minutes per day
[23,39,40].

Audio-recorded interviews were transcribed via the Microsoft Teams transcription feature and
subsequently manually reviewed for accuracy by both principal researchers. Thematic analysis was
elected to assess management strategies, facilitators and barriers as it is a highly flexible and appro-
priate systematic qualitative approach in seeking to understand a set of experiences, thoughts, or
behaviours across a data set [41,42]. An inductive approach to data coding and analysis was maintained
with a latent focus, critical orientation, and constructionist perspective to the data (Braun and Clarke
2016). Thematic analysis followed the steps outlined by Braun and Clarke [41]. The six phases of
analysis include 1) familiarisation with the data, 2) generating codes, 3) searching for themes, 4)
reviewing themes, 5) defining themes and 6) write-up. Transcripts were uploaded to NVivo Version 12
(QSR International Pty Ltd, Doncaster, Vic, Australia) to assist with the thematic analysis process. Two
researchers initially read and re-read the transcripts to become familiar with the data. NVivo software
was used to create codes in the transcripts relating to the research aim that were subsequently
organised to develop themes based on similarity. Themes were evaluated and modified to ensure
coherency and distinctiveness, with subthemes identified. Subthemes and their relationship with
themes were reviewed and refined. Finally, both researchers conducted the write-up collaboratively.
Analytical rigour was sought by having both principal researchers work together on all stages of data
analysis. Any disagreements were discussed and resolved, with assistance sought from a thirdmember
when necessary.

Results

Twenty-seven participants consented to be contacted for interviews with sixteen participating. The
reasons for non-participation included inability to reach participants and not meeting eligibility
criteria (Figure 1). Table 2 presents the descriptive characteristics of the sample.
Physical activity levels

Sixteen participants provided valid and complete PAQ responses (n¼1 PAQ-C, and n¼15 PAQ-A). No
individual reported anything that prevented them from engaging in habitual physical activities during
the previous seven days. The mean PAQ-score (PAQ-A and PAQ-C combined) was 2.7 (SD±0.77). Those
meeting the cut-off score of 2.75 to classify adolescents as active comprised 37.5% of the sample [39,40].
Management strategies

Four themes captured the management strategies utilised around physical activity, including blood
glucose monitoring, insulin-related, exercise-related and nutrition-related management strategies.
Table 3 provides a summary of the themes and sub-themes with representative quotes that add insight
or meaningfulness.
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Figure 1. Flow chart of participants in the study.
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Blood glucose monitoring strategies
Participants adopted continuous glucose monitors (62.5%) and flash glucose monitors (37.5%) as the

dominant systems to assess BGLs, with the finger-prick system maintained as a secondary aid. The
majority specified monitoring BGLs around physical activity, with highly individualised approaches to
the frequency and timing of testing. Participants cited having their phones nearby while exercising to
270



Table 2
Descriptive characteristics of the participating cohort

Descriptive characteristics Sample (n ¼ 16)

Age, y [median (Q1-Q3)] 15 (13e19)
Female sex, N (% sample) 8 (50%)
Caucasian ethnicity, N (% sample) 16 (100%)
HbA1c, mmols/mol [median (Q1-Q3)] 59.5 (48.5e70.25)
Insulin delivery regime
Insulin pump, N (% sample) 8 (50%)
Multiple daily injections, N (% sample) 8 (50%)

Dominant blood glucose monitoring strategy
CGM, N (% sample) 10 (62.5%)
FGM, N (% sample) 6 (37.5%)

Physical Activity Levels 6 (37.5%)
Combined PAQ-C and PAQ-A score, [mean (SD)] 2.7 (0.77)
Meeting physical activity guidelines, N (% sample) 6 (37.5%)

y ¼ Years; N ¼ number of participants; Q1-Q3 ¼ Interquartile Range; CGM ¼ Continuous Glucose
Monitor; FGM ¼ Flash Glucose Monitor; PAQ-C ¼ Physical Activity Questionnaire - Children; PAQ-A ¼
Physical Activity Questionnaire - Adolescents; SD ¼ Standard Deviation.

C. Custy, M. Mitchell, T. Dunne et al. Clinical Nutrition Open Science 56 (2024) 265e286
readily assess BGLs. The investigation of blood glucose patterns was acknowledged, with adjustments
subsequently applied to future practices to optimise glycaemic control. Many participants set blood
glucose targets before physical activity, with capillary blood glucose targets ranging from 5 to 13mmol/
L. A strategy observed involved intentionally elevating BGLs before physical activity, often above
hyperglycaemia thresholds, in response to having anxiety around precipitating a hypoglycaemic event
while exercising and consequently having to cease participation.

Insulin-related management strategies
All participants utilised either an insulin pump (50%) or multiple daily injections (50%) as their

insulin regimen. Many lowered the insulin dose before physical activity, often decreasing the basal
insulin rate to prevent rapid declines in BGLs. Several noted the importance of leaving a set time be-
tween taking an insulin bolus and beginning any physical activity, with the majority administering the
bolus 1½ - 2 hours before exercising. Others outlined that they began exercising immediately after
taking the bolus, while some waited for up to four hours. Participants often lowered insulin during
exercise to prevent hypoglycaemia, primarily through using a decreased temporary basal rate or a
complete cessation of insulin provision by suspending or removing the insulin pump. A strategy
adopted by one participant involved suspending the insulin pump in cases of forgetting T1D treatments
to maintain their BGLs within range. Participants frequently adjusted insulin administration after
exercise. Post-exercise hyperglycaemia was commonly managed with an appropriate insulin bolus
dose to promote a gradual reduction in BGLs. Others utilised a decreased temporary basal rate,
including to manage nocturnal hypoglycaemia following exercise. Some cited adjusting insulin-
carbohydrate ratios around meals for improved glycaemic control.

Nutrition-related strategies
Several participants adhered to dietary patterns targeted at optimising glycaemic control. Partici-

pants identified diet quality as significant, noting that diabetes management improved when un-
healthy treat foods were replaced with healthier alternatives. Participants cited that complying with a
regular daily eating pattern was an adopted strategy aiming to keep BGLs stable throughout the day.
Some utilised carbohydrate counting, outlining that monitoring the quantity of carbohydrate intake
assisted with effective management. The majority consumed snacks as a strategy to prevent a decline
in BGLs and treat hypoglycaemia surrounding exercise. The snacks consumed included carbohydrate-
containing drinks and bars that provided fast-acting carbohydrates. Several considered the quantity of
carbohydrate within the snacks, with some aiming for 10e20 grams and others 20e25 grams per
snack.
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Table 3
Strategies for management of BGLs in adolescents with T1D around physical activity identified through thematic analysis

Themes Sub-themes Example quotes

Blood glucose
monitoring
strategies

Monitoring BGLs. “I check my sugars an hour before I go to boxing … then
check them half an hour before and then I check them right
before”. (P19)
“I have the phone on the side line. Or, if I didn't have the
phone, I'd have the fingerpicker and just be making sure that
they're at a good level the whole way through, halftime and
at the end of that”. (P4)
“Monitoring myself throughout exercise and seeing other
trends withmy blood sugar. And, if I should takemore or less
insulin for future reference”. (P20)

Setting blood glucose targets. “Anywhere between 5 and 10 for before and during
exercise”. (P22)
“So, I'd be trying to get myself with snacks between the 10
and 13 range … you don't really give yourself that bit of a
cushion there's a higher chance of going low …. you could
push yourself up too much sometimes”. (P1)

Insulin-related
management
strategies

Adjusting insulin dose before exercising. “It's mostly insulin, lowering it when you're near activities,
just so that you don't go too low”. (P1)
“I would be on a temporary basal rate on my pump before I
start a match and then I take my pump off for the match”.
(P23)
“I would put my temporary basal on to have 30% less insulin
an hour before any exercise”. (P23)

Leaving a set time between taking an
insulin bolus and beginning the exercise
session.

“After I take insulin, I normally try to keep an hour and a half
free because after an hour and a half you get a drop and that's
where the blood sugars will steady out at”. (P1)

Adjusting insulin dose during exercise. “I put on a temporary basal to reduce my insulin an hour
before exercise, and then during, and an hour afterwards”.
(P23)
“Sometimes in the odd event that I go low and I don't have
any way to treat my blood sugars … I suspend my pump”.
(P18)

Adjusting insulin dose after exercise. “If I was high, I would give half a bolus to try get it down so
that it doesn't crash it like gradually comes down”. (P14)
“After sports I might go low during the night, but we have
sorted that out now by… reducing the basal overnight”. (P4)

Adjusting insulin-carbohydrate ratios. “I can adjust my ratios according to eating the same breakfast
and supper each day. Then knowing the day before what I've
to get to reduce my long-acting insulin to prevent a hypo”.
(P16)

Nutrition-related
strategies

Dietary pattern optimising glycaemic
control.

“If you just want to constantly eat unhealthy stuff that are
not good for you … it's tougher to keep control of the blood
sugars compared to if you are eating healthier stuff”. (P1)
“Trying to eat three meals a day with the right amount of
insulin”. (P6)

Carbohydrate counting. Carbohydrate counting definitely has had a big influence on
helping with my diabetes”. (P23)

Snacking. “Snacks are a big help because they always stop you from
going lower when you are on the way down”. (P1)
“I sometimes have a snack before exercise just to pushme up
a small bit in case I drop too fast during exercise”. (P1)
“I always have a treatment for lows with me when going for
activities … I treat the hypos with either Lucozade or Club
Orange” (P22)

C. Custy, M. Mitchell, T. Dunne et al. Clinical Nutrition Open Science 56 (2024) 265e286
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Table 3 (continued )

Themes Sub-themes Example quotes

Exercise-related
strategies

Exercise as a therapy. “Exercise just keeps you in range andmakes it much easier to
manage the diabetes”. (P1)
“Sometimes the blood sugars would be too high. And then
when you go exercise, it will go down again straight away”.
(P23)

Assessing exercise participation based on
BGLs before exercise.

“I wouldn't do the exercise if I was low before”. (P18)
“If it is a low blood sugar, I just don't start playing for 10e15
minutes”. (P9)

Managing physical activity load to sustain
BGLs during exercise.

“If you feel your dropping then you could take a break”. (P1)
“[After low blood sugars] I can get the blood sugars up fast
and then I would not go as hard in the gym”. (P6)

Informing a supervising adult about
dysglycaemic event.

“I just tell my coaches and then I would sit down for a while
and drink Lift and get a bar and wait until the blood sugars
come up.” (P15)

(PX) ¼ participant number.

C. Custy, M. Mitchell, T. Dunne et al. Clinical Nutrition Open Science 56 (2024) 265e286
Exercise-related strategies
Participants report that exercise was utilised to aid in T1D management. Several cited choosing to

engage in regular exercise for enhanced glycaemic control and easier T1D management. Several par-
ticipants indicated partaking in exercise to reduce acutely elevated BGLs. Participants frequently uti-
lised their blood glucose readings to inform their judgement about whether to engage in physical
activity. Strategies adopted following unfavourable readings before exercise included awaiting suitable
levels before commencing the activity and avoiding the activity entirely if BGLs were too low. Strategies
implemented following unfavourable readings during exercise included taking a temporary break from
the activity and decreasing the exercise intensity to help maintain BGLs within range and avoid having
to cease participation. Another strategy adopted around exercise involved informing a supervising
adult, such as a coach, about any apprehensions around BGLs.

Barriers and facilitators of physical activity engagement

Figure 2 below illustrates the barriers and facilitators to physical activity engagement identified
through thematic analysis. A summary of the themes and sub-themes with frequency and represen-
tative quotes that add insight or meaningfulness for barriers (Table 4) and facilitators (Table 5) are
presented.

Barriers

Difficulties with T1D technology
Challenges with technology was highlighted as making diabetes management more onerous. The

infrequency of readings, inability to readily assess patterns, and burden of testing transpired to be
criticisms of manual glucose testing. Although several benefits of technology were established, diffi-
culties with technology also existed and presented as barriers to physical activity engagement. The
requirement to remove the insulin pump for water and contact sports for device safety was frequently
determined. This often resulted in elevated BGLs, particularly in exercise bouts of a long duration.
Additional technological limitations include the inability to use a phone to monitor BGLs while doing
water sports besides failing to wake to nocturnal hypoglycaemia alarms.

Poor planning and organisation
Difficulties with planning and organisation related to diabetes management were identified,

including a lack of treatment planning around physical activity. Participants regularly cited forgetting
to monitor their BGLs, administer insulin, and bring treatments for dysglycemia when exercising. An
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Figure 2. Barriers and facilitators of physical activity engagement for adolescents with T1D identified through thematic analysis. The size of the circle is representative of the frequency of the
theme. X ¼ the frequency or number of participants that were coded under the theme.
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Table 4
Barriers to physical activity engagement for adolescents with T1D identified through thematic analysis. Themes and subthemes
are presented with representative quotes from participants to add insight and meaningfulness. Frequency is defined as the
number of participants that were coded under the theme. (PX) ¼ participant number

Themes Frequency Sub-themes Frequency Example quotes

Difficulty with
T1D
technology

9 Limitations of manual
glucose testing.

5 “If you just had the finger pricker, you can't see all the
history”. (P18)
“I used to always be doing finger pricks and it was
annoying. Now, I can see it on my phone, and it is
handier”. (P5)

Difficulties with
technology.

7 “I dropped out of rugby, mostly because of the Libre here
on my arm, it kept getting ripped off”. (P19)
“I couldn't have my phone on in the water and I also was
too far away frommy phone to get blood sugar readings.
So, it was a bit of a struggle with that”. (P8)

Poor planning
and
organisation

11 Lack of treatment
planning around
physical activity.

5 “On the off chance that I would forget to bring my low
treatment … it's just rushing around trying to find
something and it doesn't always work out best”.
“I'd say remembering to take insulin before meals is
difficult. I just forget to do it all the time and I end up
doing it after and then my blood sugar goes high. I'd say
that's the most difficult thing”. (P18)

Unstructured routine. 4 “I don't have a routine. I'm the type of person who stays
up all night and then gets up too late so it's hard to
manage when I can't get up properly or sleep properly.
So, then I can't have the three meals a day or give the
right amount of insulin”. (P6)
“Trying to keep in target and trying to keep a steady
rhythm rid is what I find hard. Especially during the
summer when you don't have a routine”. (P14)

Exercise characteristics
impacting T1D
management.

4 “Kayaking is not as much exercise as mountain biking,
so it's hard to get the right temporary basal and know
which to use for both. Mountain biking is a lot of
exercise at the start, when you're going up themountain
it's hard, and then when you're going down you don't
need to have as much of the basal. So, it's hard to know
when to take the insulin and when you might need
more”. (P23)

Limited T1D
management
knowledge

4 Learning about T1D
being difficult.

1 “Learning about how to manage diabetes has been an
obstacle”. (P14)

Difficulty understanding
insulin management
strategies.

2 “I'm not great as making adjustments to my carb ratios
and basal rates, I find them difficult to judge”. (P23)
“The fear of not getting it right, or not doing something
right and then being high or not bolusing for the right
amounts. Trying to work it out is hard for me”. (P14)

Limited nutrition
knowledge.

1 “When I got to the top of a bad hill, I was pretty winded
after it and I felt the urge to lie down so I got off my bike
….I think I fainted so mam came and collected me. I
think a bit of that was brought on by the low, but it was
mostly I think overexerting myself and I'd also been
drinking lots of oat milk. So, I don't think the oat milk
agreed with me”. (P18)

Negative social
impact

6 Lack of social support. 2 “Sometimes there's not a lot of people around that know
enough about the condition to help me”. (P22)
“This has gone wrong, what am I going to do? So,
sometimes to access that person that you need for help
is hard”. (P22)

Difficulty managing T1D
in social situations.

5 “Definitely with school, you weren't meant to have your
phone out or eating in class and stuff like that. So, it
wasn't acceptable to be doing that in class and it just
stressed me out a bit”. (P20)

(continued on next page)
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Table 4 (continued )

Themes Frequency Sub-themes Frequency Example quotes

Social stigma. 3

“I think trying to manage my sugars when I am out with
friends or when I'm out doing something is difficult”.
(P19)
“When some people don't really understand the
condition, it gets very frustrating because they just
assume that it’s your fault that this has happened and all
that. They don't really understand”. (P22)
“I'd say probably having to do injections in school with
people staring, being curious about what you're doing, it
feels uncomfortable … it's not really the greatest thing”.
(P7)

Individual
physiological
responses

11 Inconsistent blood
glucose responses.

6 “If I am doing exercise you have to think if you should
give a correction or you shouldn't because the exercise
could bring it down or it might not”. (P19)
“I'm going through a stage of having high blood sugars
or low blood sugars. It's hard to judge things because I
could be like ohmy blood sugars have been very high all
the time, it's fine, I don't need to take a snack for it. But
then, my blood sugars could just plummet”. (P22)

Impact of external stress
on BGLs.

6 “If I've had a bad day at school or if something has gone
wrong during school, I can have a high blood sugar
before I play hockey”. (P7)
“Then in soccer matches, I find my adrenaline goes up
which causes my [blood sugar] levels to go up”. (P14)

Burden of T1D
management

8 Fear of mismanagement. 4 “The fear of not getting it right, or not doing something
right and then like being high or not bolusing for the
right amounts”. (P14)
“Whenmy blood sugars are low, it restricts me. I can't do
the activities safely without thinking that I could go
low”. (P22)

Constant demand from
T1D management.

7 “I find trying to stay in targets hard especially around
meeting your friends or doing something like that. You
have to try to keep monitoring it” (P14)
“Having to do the amount of injections every day is hard
…. it just takes longer than it would have had before”.
(P15)

Restraints on dietary
choices.

3 “Not being able to eat when I want to”. (P16)
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unstructured daily routine made management more strenuous was described, with school holidays
found to challenge the usual routine and make implementing management practises more difficult.
Even for those displaying competent planning and organisation, difficulties with management pre-
sented around spontaneous activity, large volumes of activity and exercise with varying intensities
within the same session.

Limited T1D management knowledge
Participants established difficulty understanding insulin management principles, including diffi-

culty adjusting insulin basal, insulin bolus, and carbohydrate-insulin ratios before physical activity.
Occasionally, uncertainty about selecting a suitable insulin strategy led to a fear of mismanagement
and consequent hyperglycaemia. One participant remarked that initially learning about how tomanage
the diseasewas very challenging, citing this as a primary obstacle to optimal T1Dmanagement. Limited
nutritional knowledge presented as a barrier. Some participants consumed nutritional products before
physical activity without understanding their impact on BGLs, contributing to hypoglycaemia and the
subsequent requirement to stop exercising.
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Table 5
Facilitators to physical activity engagement for adolescents with T1D identified through thematic analysis. Themes and sub-
themes are presented with representative quotes from participants to add insight and meaningfulness. Frequency is defined as
the number of participants that were coded under the theme. (PX) ¼ participant number

Themes Frequency Sub-themes Frequency Quotes

Ability to optimally
manage T1D

16 Organisation and
planning.

4 “Try to eat the three meals a day with the certain amount
of insulin and to keep checking your numbers”. (P6)
“I suppose you just always have to be really prepared.
Like my friends, can just pick up their food and just leave
the house, were I have to make sure that I have my
phone, my insulin, my low treatment, everything”. (P22)

Understanding
management
strategies.

7 “Monitoringmyself throughout exercise and seeing other
trends with my blood sugar. And, if I should take more or
less insulin for future reference”. (P20)

Technology
optimising
management.

12 “I think the insulin pump and the Dexcom really help. It's
easier to monitor the blood sugar and it's good to like
predict low blood sugars before they happen, so you're
not treating your blood sugar while it's low. You can stop
the low from happening. I think that's good and like the
alarm systems that wake us up in the night to check our
blood sugars, they're good too”. (P09)
“My insulin pump has significantly changed my HbA1c.
I've only had the pump for a year, but it's definitely had a
big impact”. (P23)

Physical activity
promoting
glycaemic control.

3 “I always want to do as much as I can. Exercise always
helps your blood sugar because it brings it down, which is
good for you so that you won't run high and it's a better
lifestyle for you because it's just keeps you in range and
makes it much easier to manage the diabetes”. (P1)

Having people
around who
understand T1D

15 Having others
around who have
T1D.

4 “The support from having other diabetics in my family
has also really helped me with my diabetes”. (P8)

Parents supporting
management.

13 “I think my parents help me out a lot with my diabetes
and make it a lot easier to manage it”. (P9)
“They always help with the amount of insulin you take
before and with the meals and then also give you the
snacks”. (P1)
“My mom's very good at adjusting my basal and bolus
rates and helping me with that”. (P23)

Friends supporting
management.

6 “I'd say probably my close friends because like they know
certain stuff. So, if something happened with me, they
would know how to react and what to do in those kind of
situations”. (P7)

Coaches supporting
management.

4 “If you're low, the coach always give you some time off to
just gets back up and then in the matches they take you
off if you're low then”. (P1)

Service supports 12 Healthcare supports. 11 “I suppose the diabetic nurses and my whole team going
to hospital have helpedme to work out times when I'd be
more prone to lows due to activities and they would help
me figure out should I lower my insulin or take a snack or
whatever before I do an activity”. (P22)
“The nurses at the hospital are very good. They're always
online. We can call them at any time. If I'm ever having a
problem, we can call them no matter what time it is and
they pick up”. (P19)

T1D support groups. 2 “There's the Diabetes Ireland groups that are also really
helpful. They've organized like camps and days out and
stuff for other diabetics my age and it's just great to meet
people and just interact with them really”. (P8)
“Diabetes Ireland, like them organizing stuff to meet up
with other diabetics my age, I think that's really good
because I get to like share experiences with people the
same as me”. (P9)

(continued on next page)
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Table 5 (continued )

Themes Frequency Sub-themes Frequency Quotes

T1D technology
supports lines.

1 “The people who do the Dexcom…. it has only happened
once when I had to ring them by myself and I did not
have a clue what to do and they were there to go through
bit by bit the whole time. It was a good bit of help”. (P6)
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Negative social impact
Several participants revealed the obstacle of managing T1D in an environment where those around

them did not understand their condition. Participants cited encountering uncertainty with manage-
ment when knowledgeable social supports were lacking, including difficulty with problem-solving in
high-risk scenarios. These concerns were evident in social situations where participants performed
T1D management activities around peers and friends, including during social events and at school. A
lack of awareness among school staff and students meant that vital monitoring and treatment practises
were occasionally discouraged, leaving participants distressed and at risk of suboptimal practices.
Participants reported being exposed to social stigma regarding their condition. One participant felt
blamed and judged for having diabetes, while another remarked feeling uncomfortable when per-
forming diabetes management activities in public.

Individual physiological responses
Several mentioned that variations in their blood glucose response to different exercise bouts

resulted in uncertainty when selecting management strategies. For one participant, the anticipation of
hyperglycaemia during physical activity resulted in their avoiding a carbohydrate snack, culminating in
a rapid decline in BGLs and an increased risk of hypoglycaemia. Participants frequently expressed that
their reaction to external stresses was a contributing factor to their BGLs. For some, a difficult day at
school resulted in impaired glycaemic control before physical activity. For others, illness was cited.
Adrenaline surrounding competitive exercise events was suggested to elevate BGLs for several par-
ticipants, making management more difficult.

Burden of T1D management
The burden associated with themanagement of T1Dwas found tomake physical activity a daunting

prospect, hence reducing engagement. The most significant contributor to the burden stemmed from
the demand required for diabetes management, including having to constantly bring treatments and
technology, andmanage the condition around physical activities. Some participants specified the time-
consuming nature of management. The burden was further enhanced by the fear of mismanagement,
particularly the fear of not getting habitual management right and anxiety around hypoglycaemia
occurring around physical activity. Several participants illustrated this through causing intentional
hyperglycaemia before an activity in response to their anxiety about a hypoglycaemic event happening
while exercising and then consequentlymissing out on the activity. Participants cited restraints on food
choices and timing of food intake, further contributing to the overall burden of T1D management.

Facilitators

Ability to optimally manage T1D
Technology was identified to help optimise glycaemic control and reduce the burden of T1D

management, including around physical activity. The insulin pump was valued by those in possession,
particularly when paired with a flash or continuous glucose monitor. Regarding the flash and
continuous glucose monitor, participants cited the presentation of BGLs trends, ability to track history,
and ease of use as the most beneficial features. A good understanding of T1D management principles,
including a comprehensive ability to identify patterns and implement carbohydrate/insulin ratios, was
identified to facilitate optimal management and physical activity engagement. Regular physical activity
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was established to be a facilitator of physical activity by contributing to better glycaemic control.
Participants acknowledged that regular physical activity helped to stabilise BGLs, improve insulin
sensitivity, and reduce the overall medication burden.

Having people around who understand T1D
Several participants noted that support from others diagnosed with T1D was significant, feeling

they could better relate to, understand the situation and provide helpful advice based on experience. A
majority suggested that support from parents was important, outlining that parents helped make
suitable insulin basal and bolus adjustments in addition to providing suitable snacks around physical
activity. Several noted that friends played a supportive role, possessing the knowledge to react and
respond with suitable treatment in the case of an adverse event. Some participants identified that
coaches played a supportive role, providing breaks for the individual during activities to allow for
suitable treatment. These breaks helped prevent hypoglycaemia and allowed for the continuation of
physical activity once BGLs were restored to a preferred range.

Service supports
Various service supports were determined to be facilitators through helping improve T1D man-

agement and glycaemic control. Participants acknowledged the healthcare system, including the
diabetes multidisciplinary team and the paediatric diabetes service and its phone line, hospital staff,
and pharmacy. Participants explained how the diabetes team would assist in adjusting management
strategies to promote optimal BGLs and avoid dysglycaemic events occurring while exercising. Addi-
tional services were specified, including social events hosted by diabetes charities and technology
helplines. One participant recognised attending counselling as amotivator for improving her glycaemic
control and increasing her participation in physical activity.

Discussion

This study explored the blood glucose management strategies, barriers and facilitators associated
with exercise within an Irish adolescent population with T1D. Despite counselling by the MDT on
physical activity being part of routine clinical practice, only 37.5% of the examined cohort met rec-
ommended physical activity guidelines [39,40]. Management strategies included monitoring BGLs and
subsequent insulin, nutrition and exercise adjustment. Barriers to exercise included poor planning and
organisation, individual physiological responses, issues with technology, burden of management,
negative social impact and limited management knowledge. Facilitators to exercise included ability to
optimally manage, having others around that understand the condition and service supports.
Physical activity levels

Physical activity levels in the current study were consistent with the 28e38% of children and ad-
olescents with T1D meeting the physical activity guidelines in previous literature [43,44]. However,
this was notably higher than the 19% deemed sufficiently active in the general adolescent population
[45]. Previous studies have suggested lower activity levels in adolescents with T1D in comparison to
healthy populations [24]. The higher activity levels in the present study may have been influenced by
the small sample size and potential non-response bias from candidates with lower physical activity
levels among the participant pool [46,47]. The low physical activity levels among adolescents with and
without T1D may be influenced by the age-group, with declining physical activity levels reported
during adolescence [21]. Declines in physical activity level among this group have been associated with
negative social validation, poor social support and barriers related to access [48]. Concerningly, youth
with T1D that do not engage in regular physical activity will not avail of associated improvements in
HbA1c, blood lipid profile, physical fitness, quality of life, body size and body composition [49,50].
Furthermore, low physical activity levels may contribute to an increased risk of premature all-cause
and cardiovascular mortality [51,52].
279



C. Custy, M. Mitchell, T. Dunne et al. Clinical Nutrition Open Science 56 (2024) 265e286
Management strategies

The management strategies identified in the present study are aligned with those utilised by adult
populations with T1D [53,54]. Frequent monitoring of BGLs around exercise is vital to inform the most
appropriatemanagement strategy [55,56]. Participants in the current study set blood glucose targets of
5e13 mmol/L prior to exercise, in line with recommendations of 5e13.9 mmol/L from the American
Diabetes Association but outside of the 7e10 mmol/L range suggested in a recent consensus statement
[13,53]. Fear of hypoglycaemia may explain blood glucose targets above the hyperglycaemic threshold,
resulting in behaviours including excessive insulin dose reductions and extra carbohydrate intake to
avoid hypoglycaemia during exercise [57,58]. For those participating in regular physical activity, pro-
longed hyperglycaemia may negatively impact on glycaemic management targets [59].

In the present study, participants adjusted the insulin dose around exercise in response to BGLs. To
avoid hypoglycaemia before, during and after exercise, participants often reduced the insulin dose [60].
Participants generally reported basal rate rather than bolus adjustments, which might be explained by
the increased basal rate flexibility afforded by insulin pumps [61]. While participants considered the
timing of the insulin bolus dose prior to exercise, study limitations prevented us from determining
whether this involved a suitable reduction in dose in line with best practice [13]. To avoid hyper-
glycaemia after exercise, some participants administered an additional conservative bolus dose of 50%.
This is in line with best practice in treating hyperglycaemia while reducing the risk for nocturnal
hypoglycaemia [62,63].

Participants also reported adopting a regular healthy eating pattern and carbohydrate counting that
follow best practice guidelines for general management of T1D [56]. To raise BGLs around exercise,
participants consumed 10e25 grams of high glycaemic index carbohydrate snacks. While this dose
may be suitable for low-moderate exercise lasting <60 minutes in a fasted state, it may not meet the
requirements for exercise lasting >60 minutes or in those with hyperinsulinaemia [13].

Participants selected exercise as a strategy to reduce BGLs and promote enhanced glycaemic control
[64]. While aerobic exercise may elicit a reduction in BGLs, anaerobic and mixed exercise may com-
pound the issue of hyperglycaemia [13]. One notable finding was that some participants decreased
exercise intensity to reduce the risk of hypoglycaemia. However, as lower intensity exercise can in-
crease the risk of hypoglycaemia, this may compound the problem [65].

Possible explanations for the overall presence of suboptimal management patterns in the cohort
may be linked to the deterioration in management that has been identified among the adolescent age-
group [18]. This may result from the adjustment to increased responsibility in management and
manifest as poor management methods and blood glucose control [15,66].
Barriers

The barriers in this study were similar to barriers to exercise in a systematic review of adults with
T1D [25]. Our findings were also consistent with the fear of hypoglycaemia and loss of diabetes control
reported as barriers in children �12 years old with T1D reported by Jabbour et al. [26]. However,
participants in our study did not identify environmental temperature and low fitness levels as barriers.
The difference in findings may be explained by the use of thematic analysis in the current study rather
than the BAPAD1 scale utilised by Jabbour et al. [26].

In this study poor planning and organisation, and individual physiological responses were the most
frequent barriers to exercise. Research suggests that adolescents with T1D struggle to plan andmanage
their diabetes self-care, often forgetting to treat the condition [67]. This may stem from the transition
to greater independence and autonomy in management during this life stage [68]. Irregular schedules
during school holidays can result in disorganised treatment patterns that prove detrimental to gly-
caemic control [69]. This is important in that those with structured routines who find it easier to
integrate exercise into their daily lives [70]. Individual physiological responses may be influenced by
stress as well as the modes of exercise practiced [13,71]. This may serve as a barrier to exercise due to
the lack of predictability of BGLs making management difficult around physical activity [55].
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Issues with technology was the second most frequently mentioned barrier. This may be linked to
the wider availability of T1D technology in recent years [72]. While technology may provide several
benefits over manual treatment methods, it can also pose additional barriers to exercise including the
need for device removal during certain forms of exercise [54,73]. Prolonged disconnection of an insulin
pump can also increase the risk of hyperglycaemia, a known barrier to exercise in children with T1D
[74,75].

Burden of management was the third most frequently described barrier. Individuals with T1D may
find it daunting to manage the condition around exercise due to additional time and energy demands
and the need to carry equipment [25]. Fear of mismanagement, and in particular hypoglycaemia was
reported in the literature as the most common barrier to physical activity among children with T1D
[29]]. Our findings indicated that while fear of hypoglycaemia was a barrier, it was not the primary
barrier to physical activity. One possible explanation is that low physical activity levels in the current
cohort reduced the frequency of exposure to hypoglycaemic events and subsequently limited aware-
ness and fear of hypoglycaemia [58,76].

Negative social impact was the fourth most frequent barrier. A lack of knowledge and vigilance
among teachers, peers and the general community can prevent young people with T1D from under-
taking the trial and error necessary to establishmanagement practices [75]. The impact of social stigma
also mirrored findings in previous studies where young people had a fear of equipment being seen by
others [29]. This can transpire from individuals not wanting to be seen as different by their peers, a
factor compounded by the increased importance of peer influence during the adolescent years that can
lead to exercise avoidance [77].

The final barrier mentioned was limited management knowledge of the condition around exercise.
Previous research has indicated that poor management knowledge can increase the risk of hypo-
glycaemic events during and after exercise due to an inability to employ effective preventative stra-
tegies [16]. In addition to the need to cease exercise to treat hypoglycaemia, repeated exposure to such
events has been shown to increase fear of hypoglycaemia and reduce engagement in exercise [9].

Facilitators

Facilitators were in line with those previously reported among children and adolescents with T1D,
including the importance of ability to manage around exercise and the role of supportive personnel
[29,75]. However, in comparison to the study by Giblin et al. [29], participants in this study did not
identify motivation to exercise and exercise enjoyment as facilitators. One possible explanation for this
may have been the focus on optimal management strategies and social supports in the facilitator
section of our semi-structured interview guide. This may have reduced emphasis on factors such as
motivation and enjoyment.

The most frequently cited facilitator was the ability to optimally manage the condition around
exercise. Research has indicated that a better understanding of management practices can improve
exercise engagement in those with T1D [78]. This may be explained by improved personal knowledge
reducing the unpredictability of management and its associated stress [79]. Technology appears to be a
key tool for optimal management during exercise, promoting increased confidence through enhanced
BGL monitoring and insulin adjustment [80].

The second most frequent facilitator was having others around that understand the condition.
Parental encouragement and support, and suitable knowledge among friends have previously sup-
ported physical activity engagement among this population [77,81]. Our findings suggest coaches may
also support exercise engagement, with recent literature identifying a dearth of research in this area
[82]. Suitable assistance from others in managing BGLs can promote self-efficacy and encourage
physical activity among youth with T1D [83]. This outlines the need for adequate knowledge among
personnel supervising exercise for young people with T1D [84].

The final facilitator to exercise was service supports including support from healthcare staff.
Research has shown that healthcare staff may discourage exercise for those with T1D, potentially due
to a lack of knowledge regarding management of the condition around exercise [18,53]. However, the
current findings highlighted that healthcare staff are key in facilitating exercise participation through
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provision of education and support. This is important in that suitable patient education and support for
exercise can improve confidence and lead to increased participation [85]. Overall, this highlights the
need for adequate education among healthcare staff, to promote optimal management and physical
activity [86].

Strengths and limitations

The primary strength was the use of thematic analysis that allowed for in-depth perspectives on
barriers, facilitators and management strategies and the generation of unanticipated insights. Limi-
tations included that participants were all Caucasians, and the type of insulin therapy employed by
these patients. These factors limit the generalizability of results to other populations. Purposive
sampling may have resulted in inadvertent bias toward individuals that were more physically active. In
addition, weight status may play a role in influencing the results. The use of thematic analysis to
identify management strategies resulted in a collated view of management practices that may not
reflect the practices of any one individual. This limits the ability to interpret overall practices as being
optimal or suboptimal among the group.

Practice implications

The low physical activity levels among adolescents with T1D highlights the need for targeted ex-
ercise promotion strategies for this group. This should include education on how to effectively manage
the condition during exercise. It should also include education of family members, peers and coaches to
ensure suitable supervision and support is available during exercise. Healthcare staff that provide
education should have sufficient understanding of management practices for T1D around exercise to
ensure consistent evidence-based advice. Where possible, technology should also be provided to
enhance management and promote physical activity engagement.

Implications for future work

Future research should identify effective strategies for increasing exercise related T1Dmanagement
knowledge for adolescents with T1D and their social support network. It should also identify methods
of improving knowledge among healthcare staff to ensure suitable advice giving. Furthermore, barriers
and facilitators to exercise should be examined across largermore ethnically diverse groups, to patients
that utilise other methods of insulin therapy and those with various weight status. This will ensure to
broaden the broader generalizability of results. Futurework should employ study designs that allow for
assessment of individual exercise management strategies, to identify the proportion of individuals
displaying optimal practices.

Conclusion

Findings from the current study suggest that while adolescents with T1D generally appeared to
follow best practice guidelines for management of T1D around exercise, some suboptimal practices
were identified that may place individuals at risk of adverse events. Engagement in physical activity
appeared to be related to the individual's confidence and ability to manage the condition around ex-
ercise. This relationship was mediated by several factors including ability to plan and organise effec-
tively, understand management principles, integrate suitable technology, and receive adequate
supervision and advice from social and service supports. Overall, this highlights the need for strategies
that promote adolescents' confidence and ability to manage the condition around exercise. This may
include targeted education for the adolescent and their social support network as well as provision of
suitable technology. Future research should aim to identify effective education strategies, examine
more diverse population groups and employ study designs that can provide further insight into the
proportion of those using optimal management strategies.
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