
The EXTOD education programme
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Barriers to exercise in new onset adult T1D

Kennedy A et al BMJ Open 2018:8



New onset T1D Established T1D

• Hypoglycaemia (both actual and fear of)

• Lack of knowledge/confidence in managing 

diabetes 

• Advice from healthcare professionals to stop 

exercising 

• Planning (e.g. checking blood glucose) 

• Feeling overwhelmed by diagnosis.

• Loss of control of diabetes

• Lack of knowledge on the 

management of diabetes for 

exercise

Kennedy 2018, Lascar 2014

Diabetes specific barriers in adults with new-onset and established T1D 



HCP confidence in giving advice
(162 responses. 44% Dieticians, 30% Drs, 25% nurses)

85% of HCPs reported they were very confident or confident 
at providing exercise education on all key topics

L Rich et al, Poster presentation at IDF 2015.



Knowledge levels of HCPs

Knowledge levels were poor
89% of respondents wanted more formal education for managing T1D for 

exercise. L Rich et al, Poster presentation at IDF 2015.



EXTOD 101

Aim was to set world record 
for most people 

with Type 1 diabetes
to run a half marathon



Aims of study
• To record what happens with blood glucose in patients with T1D 

training for and competing in a half marathon

• To document what strategies they used to control glucose during 
training and during the race

• To see if all this could be done remotely 



Methods
Glucose control 

8 weeks before, day of race
2 weeks after



Demographics
Characteristic

Age (years) 44 + 12

Sex (F:M) 21:16

Treatment (Pumps: MDI) 15:22

Diabetes Duration (years) 22 + 5

BMI 23.2 + 4.7

HbA1c (%) 7.3 + 0.6



Training before

Number of days recorded 36 + 9

Number days trained 16 + 2 (44%)

% of training days that was run 71 + 23

Intensity (borg) 14 + 1.4

Length (minutes) 70 + 33

Average glucose before 183 + 49

Average glucose after 143 + 40



Number of Hypos during exercise 
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Average hypos rate is 14% + 14 



Number of Hypers during exercise 
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Summary 1 - training

• Hypo and Hyperglycaemia are common when running in 
people with T1D training for a half marathon

• 27% of the time the patient will have a problem with one of 
these



Race day



Night before the race

Took extra carbohydrate 54% (19)

Reduced background insulin 11% (4)

Number who had hypo 14% (5)

No one needed help to manage 



During the race
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After the race – evening

Snack before bed 37% (13)

Reduced background insulin 34% (12)

Hypo over night 17% (6)

One person needed help with hypo



Conclusion

• Patients have a lot of problems with hypos and hyperglycaemia
when training for and completing a half marathon.

• Research is needed as to how best to support them. 



Overarching aim of the study
To develop and pilot an education programme for such people (with 
accompanying training for HCPs to deliver this programme) to guide 
insulin and carbohydrate adjustment for safe exercise. 

The results will be used to design a definitive trial to assess the effect of 
this education programme on exercise levels in people with T1DM.



Phase 1 - aim
The primary aim is to develop an education programme for patients with 
T1DM and accompanying training for HCPs who regularly work with 
patients with T1DM to guide insulin and carbohydrate adjustment for safe 
exercise.





Phase 1 – needs assessmentLitchfield et al. Perspectives on T1D Exercise Education

Box 2 | Staff topic guide

Current provision of information around exercise and T1D
1. What aspects of exercise do you usually discuss with patients?

Prompts: The impact of different sports,

length/intensity/frequency aerobic vs.

anaerobic

2. When do you introduce this topic

Prompts: At diagnosis, at each consultation, every so

often, in a separate or targeted session (e.g.

DAFNE)

3. Are there any particular types of patients with whom you find it

easier/more difficult to talk about exercise with?

Prompts: Age, ethnicity, gender, preferred exercise

4. What are the barriers if any to your discussing exercise?

Prompts: Time, lack of knowledge

5. Which healthcare professionals should talk to patients about exercise?

Prompts: Consultant, other hospital doctor, GP, nurse,

dietician, other

6. What sorts of issues do you discuss?

Prompts: Condition related - insulin, glucose levels, what

to do about hypos; Other health related -

exercising when feeling unwell (colds etc.)

Exercise related - different types of exercise

and how much, Preparation for exercise –

including steps taken during and recovering

Diet - different foods, liquid and alcohol intake

Environmental factors - the influence of

hot/cold weather

of the various discussions to inform the content and format of
a novel education package3. However, by the end of the four
focus groups and interviews no new themes or sub-themes
were emerging.

RESULTS

Patients
Two focus groups were conducted consisting of a total of 14
patients. They were aged from 22 to 71 of which eight were males
and six female. The group in the SouthWest (SW) contained four
male and four female participants and the time since diagnosis
varied from 3 to 50 years. Those that exercised or competed
regularly were predominantly found in the SW group, where
five of the eight regularly exercised a minimum of four times a
week. The discussion here lasted 80min. In the West Midlands
(WM) group there were four male participants and two female
with a slightly broader range in the time since diagnosis than the
SW group of between two and 60 years. They tended to exercise
less in this group with only one participant undertaking exercise
more than three times a week. The discussion lasted 86min.
The characteristics of all patient participants are summarized
in Table 1.

Health Care Professionals
A total of 11 sta! were interviewed in the two focus groups; of
the five participants in SW three were dieticians and two were
specialist diabetes nurses with between 6 and 21 years experience,
four of them had taught on DAFNE or equivalent courses. The

TABLE 1 | Patient participants.

Study ID Time since

diagnosis (years)

Exercise regime (Sessions per week)

SOUTH WEST (SW)

P1 3.5 Gym x2, Karate x2

P2 20 Dance x4, Perform x1

P3 5 Hockey training x4, Play at the weekend

P4 3 Football x1, Cycle commute and run

regularly

P5 50+ Gym x2, Keep fit class x1

P6 5.5 Horse riding x7 (Competes on weekends)

P7 3 Gym x3

P8 4 Cycling x2, Gym x1

WEST MIDLANDS (WM)

P9 17.5 Gardening, Aikido x3

P10 2 Swim x1, Keep fit x1

P11 56 Gardening, Walking, Infrequent cycling

P12 36 Walking short distances x7

P13 6 Badminton x3

P14 6 Squash x1, Cycling x5

discussion lasted 69min. The group from the West Midlands
consisted of three specialist nurses, two dieticians and a speciality
doctor, their experience ranged from between 4 and 15 years,
four had experience of teaching on DAFNE or equivalent courses
and the group ran for 75min. Two semi-structured interviews
were conducted both with consultant diabetologists from the
South West (HCP6 and HCP7) who were unable to attend
the focus groups as originally intended. The interviews lasted
between 45 and 55min. The characteristics of sta! participants
are summarized in Table 2.

Analysis
Themes were combined across patient and sta! groups and
four emerged which are presented together below. The first
concerns the nature of the exercise regime undertaken by each
individual relating to both its complexity in terms of the types
and combination of exercise and the consistency in the pattern
of exercise. The second theme centers on patient engagement,
specifically how their ability to manage health is a!ected by the
knowledge, skills and confidence they possess as reflected in their
preferences, the use of self-management techniques and level
of health literacy. The third theme is related to organizational
factors concerning sta! training, limits of capacity, consistency
of care, and existing education strategies. These themes and
sub-themes are summarized in Table 3 and below we present
exemplar quotes for each alongside the key characteristics of the
participant that provided them. Additional and extended quotes
can be found in Supplementary Table 1.

Exercise Regime
The types of exercise individuals enjoyed, the consistency of their
exercise regime and the intensity of the activity all impacted

Frontiers in Endocrinology | www.frontiersin.org 4 February 2019 | Volume 10 | Article 76
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Phase 1 – needs assessment
Litchfield et al. Perspectives on T1D Exercise Education

TABLE 2 | Staff participants.

Study ID Job title Time in

post

(years)

Exercise education

provided

SOUTH WEST

HCP1 Diabetes dietician 21 Teach on carbohydrate

counting course (plus 4 h

a week research)

HCP2 Diabetes dietician 8 Teaches on carbohydrate

counting course,

specialist interest in sport

HCP3 Diabetes dietician Pediatrician (previously

adult) Teaches on

carbohydrate counting

course

HCP4 Diabetes

specialist nurse

6 Teaches on carbohydrate

counting course

HCP5 Diabetes

specialist nurse

12 1 day a week “pumps

adviser”

HCP 6 Consultant in

diabetes

endocrinology,

acute and general

internal medicine

13 Proactive enquiry around

exercise during

consultation. Advises on

range of exercise and

activity

HCP 7 Consultant

diabetes

endocrinologist,

and the clinical

lead for patient

specialities

8 Advises patients on

recreational exercise and

events such as marathons

WEST MIDLANDS

HCP8 Speciality Doctor 8 Educates patients on

exercise in response to

their enquiries

HCP9 Diabetes dietician 2 Deliver the exercise

section of the

carbohydrate counting

course.

HCP10 Specialist

dietician

4 Teaches exercise as part

of education programmes

for both Type 1 and Type

2 diabetes.

HCP11 Diabetes

specialist nurse

15 Teaches on carbohydrate

counting course

HCP12 Diabetes

specialist nurse

15 Teaches on carbohydrate

counting course

HCP13 Diabetes

specialist nurse

14.5 Teaches on carbohydrate

counting course

on the ability of sta! to advise them how to safely conduct
this exercise.

Type of Exercise
Predictable Intensity
The nature of the exercise being undertaken was a key indicator
of how confident sta! felt in delivering appropriate advice.
Sta! described feeling most comfortable presenting advice to
individuals who took part in relatively consistent bouts of aerobic
exercise such as long-distance running or cycling.

TABLE 3 | Influences on the successful delivery of exercise education: themes

and sub-themes.

Theme Sub theme 1 Sub theme 2

1.0 Exercise

regime

1.1 Type of

exercise

Predictable intensity

Anaerobic exercise

Specialized sport

1.2 Patterns of

exercise

Routine vs. sporadic

1.3 Intensity Competitive vs. non-competitive

2.0 Patient

engagement

2.1 Patient

preference

Priority of exercise

2.2

Self-management

Monitoring

Carbohydrate counting

2.3 Health Literacy Understanding advice

3.0 Organizational

factors

3.1 Staff training Limited knowledge of the effects of

exercise

Deskilling

3.2 Capacity Limited access to education

packages

Limited access to specialist

providers

Length of consultation

3.3 Coherence of

care

Consistency of message

Continuity of care

4.0 Existing

education

strategies

4.1 Structured

education

package

Criteria for inclusion

4.2 Format and

content

Patient stories

Generic written information

“. . . the longer distance runners, triathletes, and cyclists I tend
to find a bit easier to work with, . . .maybe because their activity
is a bit more predictable? They tend to have. . .more structured
training, and more obvious responses to their activity.”
- HCP6 Consultant

Patients reflected on how di"cult it was to accurately predict
the varying intensity of an individual bout of exercise and the
di"culty this presented in managing their body’s response.

“. . .with the intensity, because that varies depending on just even
how you’re feeling on the day. . . you might not feel like you want
to go too far. . . and therefore you get di!erent readings than what
you might have done a week ago doing the same distance, or
length in time of exercise, or whatever.”
– Patient 8

Anaerobic Exercise
A notable area of uncertainty was instructing patients about
anaerobic exercise such as weight-training. One diabetic
specialist nurse (DSN) described how it felt counter-intuitive that
blood sugar levels should rise after lifting weights and the struggle
they had in coming to terms with the concept.

“I still find it a bit hard around the anaerobic sport, when they’re
doing weights and things like that, and actually their blood sugars
go up, so one guy I mentioned he does that first thing in the
morning, so he has no breakfast and three units of insulin and
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on the ability of sta! to advise them how to safely conduct
this exercise.

Type of Exercise
Predictable Intensity
The nature of the exercise being undertaken was a key indicator
of how confident sta! felt in delivering appropriate advice.
Sta! described feeling most comfortable presenting advice to
individuals who took part in relatively consistent bouts of aerobic
exercise such as long-distance running or cycling.

TABLE 3 | Influences on the successful delivery of exercise education: themes

and sub-themes.

Theme Sub theme 1 Sub theme 2

1.0 Exercise

regime

1.1 Type of

exercise

Predictable intensity

Anaerobic exercise

Specialized sport

1.2 Patterns of

exercise

Routine vs. sporadic

1.3 Intensity Competitive vs. non-competitive

2.0 Patient

engagement

2.1 Patient

preference

Priority of exercise

2.2

Self-management

Monitoring

Carbohydrate counting

2.3 Health Literacy Understanding advice

3.0 Organizational

factors

3.1 Staff training Limited knowledge of the effects of

exercise

Deskilling

3.2 Capacity Limited access to education

packages

Limited access to specialist

providers

Length of consultation

3.3 Coherence of

care

Consistency of message

Continuity of care

4.0 Existing

education

strategies

4.1 Structured

education

package

Criteria for inclusion

4.2 Format and

content

Patient stories

Generic written information

“. . . the longer distance runners, triathletes, and cyclists I tend
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Anaerobic Exercise
A notable area of uncertainty was instructing patients about
anaerobic exercise such as weight-training. One diabetic
specialist nurse (DSN) described how it felt counter-intuitive that
blood sugar levels should rise after lifting weights and the struggle
they had in coming to terms with the concept.

“I still find it a bit hard around the anaerobic sport, when they’re
doing weights and things like that, and actually their blood sugars
go up, so one guy I mentioned he does that first thing in the
morning, so he has no breakfast and three units of insulin and
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Phase 1 – needs assessmentLitchfield et al. Perspectives on T1D Exercise Education

TABLE 2 | Staff participants.

Study ID Job title Time in

post
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provided
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on the ability of sta! to advise them how to safely conduct
this exercise.

Type of Exercise
Predictable Intensity
The nature of the exercise being undertaken was a key indicator
of how confident sta! felt in delivering appropriate advice.
Sta! described feeling most comfortable presenting advice to
individuals who took part in relatively consistent bouts of aerobic
exercise such as long-distance running or cycling.

TABLE 3 | Influences on the successful delivery of exercise education: themes

and sub-themes.

Theme Sub theme 1 Sub theme 2

1.0 Exercise

regime

1.1 Type of

exercise

Predictable intensity

Anaerobic exercise

Specialized sport

1.2 Patterns of

exercise

Routine vs. sporadic

1.3 Intensity Competitive vs. non-competitive

2.0 Patient

engagement

2.1 Patient

preference

Priority of exercise

2.2

Self-management

Monitoring

Carbohydrate counting

2.3 Health Literacy Understanding advice

3.0 Organizational

factors

3.1 Staff training Limited knowledge of the effects of

exercise

Deskilling

3.2 Capacity Limited access to education

packages

Limited access to specialist

providers

Length of consultation

3.3 Coherence of

care

Consistency of message

Continuity of care

4.0 Existing

education

strategies

4.1 Structured

education

package

Criteria for inclusion

4.2 Format and

content

Patient stories

Generic written information

“. . . the longer distance runners, triathletes, and cyclists I tend
to find a bit easier to work with, . . .maybe because their activity
is a bit more predictable? They tend to have. . .more structured
training, and more obvious responses to their activity.”
- HCP6 Consultant

Patients reflected on how di"cult it was to accurately predict
the varying intensity of an individual bout of exercise and the
di"culty this presented in managing their body’s response.

“. . .with the intensity, because that varies depending on just even
how you’re feeling on the day. . . you might not feel like you want
to go too far. . . and therefore you get di!erent readings than what
you might have done a week ago doing the same distance, or
length in time of exercise, or whatever.”
– Patient 8

Anaerobic Exercise
A notable area of uncertainty was instructing patients about
anaerobic exercise such as weight-training. One diabetic
specialist nurse (DSN) described how it felt counter-intuitive that
blood sugar levels should rise after lifting weights and the struggle
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Phase 1 - Theoretical framework 



Phase 1 - Theoretical framework 

Problem behaviours 
Potential behavioural 

outcome (Target 
behaviours) 

Theory Mapping to behavioural 
taxonomy (24, 25) 

Sample activity within 
EXTOD programme 

Continuing to exercise 

following a low/high BG 

reading. 

Taking necessary 

precautions if BG readings 

are outside of safe zone – 

delaying exercise or making 

corrections and retesting 

before commencing 

exercise. 

Social cognitive theory (16) 
 

• Behavioural substitution  

• Habit reversal 

Supporting the exploration 

of barriers and enablers to 

exercising when BG are too 

high or too low 

Facilitation of individualised 

problem solving strategies 

Not considering the longer-

term influence of exercise 

on BG levels and therefore 

not taking steps to avoid 

hypos up to 14 hours after 

exercise.  

Having a plan to ensure BG 

does not drop too low – 

meals, snacks, bedtime 

snack to protect against 

hypo. 

 Social cognitive theory (16) 
  

 

• Problem solving 

• Goal setting  

• action planning  

• Anticipated regret  

Supporting the exploration 

of barriers and enablers to 

longer term BG monitoring 

Facilitation of individualised 

problem solving strategies 

 

 

 



Characteristics of participants attending EXTOD Education course 
Taunton 

Women 12 18-64 

Men 7 24-68 

Birmingham 

Women 3 52-69 

Men 6 28-60 

Total 

Women 15 19-69 

Men 13 24-68 

 
 

Testing and refining



Phase 1 – final programme

Litchfield 2019
Narendran 2019



Week 0 1 week later 4 weeks later



Phase 2 - aims
• Determine the number of people with T1DM who would be eligible to 

participate in an RCT of such an education programme. 
• Determine the proportion of these people who would be willing to participate 

in this trial (that is, recruitment rate), and their characteristics. 
• Define the rates of adherence to the intervention and participant drop-out from 

the study, particularly to determine whether retention differs between the 
usual care and intervention arms.

• Generate estimates of statistical properties of potential outcome measures (e.g. 
variances) that are needed for sample size calculations for the definitive trial. 
The outcomes measures that will be assessed are exercise, fear of 
hypoglycaemia, frequency of hypoglycaemia, self-reported barriers to exercise, 
and well-being.





Consort



Number eligible
Birmingham Taunton Overall

No of participants 
approached 163 223 387

N % 95% cl N % 95% cl N % 95% cl

No of participants eligible 
to be randomised 137 0.84

0.76 to 
0.89

171 0.76
0.70 to 

0.82
308 0.80

0.75 to 
0.983

80% of participants approached are eligible to be 
randomised



Number willing to enter study

Birmingham Taunton Overall

No of participants 
approached 137 171 308

N % 95% cl N % 95% cl N % 95% cl

Number and proportion 
(of those eligible) of 
participants randomised

42 0.31
0.23 to 

0.39
51 0.30

0.23 to 
0.37

93 0.30
0.25 to 

0.36

30% of participants of eligible patient 
were willing to be randomized



Consort



Participant characteristics - 1
Usual Care (n=46) Intervention (n=47) Overall (n=93)

Age (years) 47 + 12 46 + 14 46 + 13

Gender (M:F) 27:19 29:18 56:37

Height (cm) 172 + 9 174 + 9 173 + 9

Weight (kg) 80.0 + 14.3 76.1 + 13.6 78.1 + 14.0

Waist circumference (cm) 93 + 13 89 + 13 91 + 13

Body Fat content (BPM) 24.3 + 13.5 23.2 + 11.3 23.8 + 12.4

Systolic BP (mmhg) 127 + 15 126 + 15 126 + 14

Diastolic BP (mmhg) 78 + 8 77 + 7 77 + 8

Heart rate (bpm) 71 + 11 70 + 9 70 + 10

HbA1c (mmol/mol) 63 + 12 61 + 11 62 + 11



Participant characteristics - 2
Usual Care (n=46) Intervention (n=47) Overall (n=93)

Duration Diabetes (years) 18.2 + 13.7 17.6 + 13.9 17.9 + 13.7
Number (%) retinopathy 8 (17.4%) 6 (12.8%) 14 (15.1%)
Number (%) neuropathy 2 (4.3%) 0 (0%) 2 (2.2%)

Number (%) Nephropathy 3 (6.5%) 4 (8.5%) 7 (7.5%)
Number (%) Hypertension 7 (15.2%) 14 (29.8%) 21 (22.6%)

Number (%) Hyperlipideamia 17 (37%) 20 (42.5%) 37 (39.5%)
Number (%) hypothyroid 7  (15.2%) 6 (12.8%) 13 (14.0%)

Number (%) PVD 1 (2.2%) 1 (2.1%) 2 (2.1 %)
Number (%) IHD 1 (2.2%) 2(4.3%) 3 (3.2%)



Phase 2 – adherence rates - 1

Usual Care (n=46) Intervention (n=47) Overall (n=93)

N % 95% cl N % 95% cl N % 95% cl

Number and proportion (of 
those randomised) of 
participants assessed at 6 
month follow-up visit

43 0.93
0.82 to 

0.99
44 0.94

0.82 to 
0.99

87 0.94
0.86 to 

0.98

Overall retention rate 94%
No difference in retention rate between 

usual care and intervention



Summary 1

• Eligibility to the study is good (80%).

• Uptake is very good (30% most Type studies 8-10%)

• Adherence to treatment is good and no different between the 2 arms
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Activity – change over 6 months

Mean Change Median change
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Hypos at each time point
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Hypos– change over 6 months
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BAPAD- 1 at each time point
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BAPAD-1– change over 6 months
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PAID at each time point
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PAID score – change over 6 months
Mean change Median change
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T1DSS at each time point
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T1DSS Score – change over 6 months

Mean change Median change
C

ha
ng

e 
in

 to
ta

l s
co

re

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

Usu
al ca

re

Interve
ntio

n



Conclusion
There is a suggestion that the programme
- Helps to reduce hypoglycaemia
- Improves well being

Further analysis of glucose variability around exercise is 
ongoing

A full trial is needed


