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Abstract

 

Aims

 

To assess Sweet Talk, a text-messaging support system designed to enh-
ance self-efficacy, facilitate uptake of intensive insulin therapy and improve
glycaemic control in paediatric patients with Type 1 diabetes.

 

Methods

 

One hundred and twenty-six patients fulfilled the eligibility criteria;
Type 1 diabetes for > 1 year, on conventional insulin therapy, aged 8–18 years.
Ninety-two patients were randomized to conventional insulin therapy (

 

n

 

 = 28),
conventional therapy and Sweet Talk (

 

n

 

 = 33) or intensive insulin therapy
and Sweet Talk (

 

n

 

 = 31). Goal-setting at clinic visits was reinforced by daily
text-messages from the Sweet Talk software system, containing personalized
goal-specific prompts and messages tailored to patients’ age, sex and insulin
regimen.

 

Results

 

HbA

 

1c

 

 did not change in patients on conventional therapy without or
with Sweet Talk (10.3 

 

±

 

 1.7 vs. 10.1 

 

±

 

 1.7%), but improved in patients rand-
omized to intensive therapy and Sweet Talk (9.2 

 

±

 

 2.2%, 95% CI 

 

−

 

1.9, 

 

−

 

0.5,

 

P

 

 < 0.001). Sweet Talk was associated with improvement in diabetes self-efficacy
(conventional therapy 56.0 

 

±

 

 13.7, conventional therapy plus Sweet Talk 62.1 

 

±

 

6.6, 95% CI +2.6, +7.5, 

 

P

 

 = 0.003) and self-reported adherence (conventional
therapy 70.4 

 

±

 

 20.0, conventional therapy plus Sweet Talk 77.2 

 

±

 

 16.1, 95% CI
+0.4, +17.4, 

 

P

 

 = 0.042). When surveyed, 82% of patients felt that Sweet Talk
had improved their diabetes self-management and 90% wanted to continue
receiving messages.

 

Conclusions

 

Sweet Talk was associated with improved self-efficacy and ad-
herence; engaging a classically difficult to reach group of young people. While
Sweet Talk alone did not improve glycaemic control, it may have had a role in
supporting the introduction of intensive insulin therapy. Scheduled, tailored text
messaging offers an innovative means of supporting adolescents with diabetes and
could be adapted for other health-care settings and chronic diseases.
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Introduction

 

Glycaemic control in young people with Type 1 diabetes mellitus
(Type 1 DM) in Scotland and Europe is poor [1,2], placing
many at high risk of complications associated with diabetes
[3]. Intensifying insulin therapy [IIT; multiple daily injections
or pump therapy (continuous subcutaneous insulin infusion)]
improves glycaemic control when coupled with increased
health professional support (frequent clinic visits and telephone
contact) [3]. This is possible in well-resourced studies, but
difficult to translate into routine clinical practice [4]. Simply
intensifying insulin treatment without extra support does
not appear to improve metabolic control significantly in the
majority of patients [5,6], and this is reflected in current guide-
lines which advocate that IIT should be delivered as part of a
comprehensive support package [7–9]. While conventional
behavioural support interventions have been shown to effect
the uptake of IIT, they frequently do not attract young people
[10,11], require significant resources and patient commitment,
and are not incorporated routinely into clinical practice [12].
There is therefore a need to find ways of supporting, educating
and motivating young people with Type 1 DM [13]. The chal-
lenge is to develop validated, innovative support systems that
appeal to young people, encourage uptake of IIT, and which
are practical and feasible to deliver within existing health
resources.

Sweet Talk is a novel motivational support network, using
text messages through a mobile phone, to deliver a theoreti-
cally guided behavioural intervention to support young people
with Type 1 DM. Our hypothesis was that automatically
delivered daily scheduled text messages to reinforce diabetes
self-management goals set in the clinic would increase diabetes
self-efficacy, promote adherence with IIT and improve glycaemic
control [14,15] without significantly increasing traditional
patient contact and health professional resources. The Sweet
Talk intervention is informed by ‘social cognitive theory’ [16],
which holds that health behaviours will be motivated by
enhancing self-efficacy [17], which is encouraged by the
setting and achievement of personal goals [14,18] and by social
support [19,20]. The central component of Sweet Talk is
an automated, scheduled text-messaging system designed to
offer regular support to patients with diabetes to optimize
their self-management and control. Patients ‘contract’ personal
diabetes self-management goals during the diabetes consulta-
tion [14] and, based on these goals and patients’ age, sex and
diabetes regimen, Sweet Talk schedules the automated delivery
of a series of appropriately tailored messages, including a
weekly reminder of the goal set in clinic, and a daily message
providing tips, information or reminders to reinforce this goal.
The system draws on a database of over 400 messages that
encompass the four main diabetes self-management tasks
(insulin injections, blood-glucose testing, healthy eating and
exercise). Examples of such messages are shown in Table 1. In
addition, patients receive occasional text ‘newsletters’ regard-
ing topical diabetes issues. The development of the Sweet Talk

software package has been described previously [21]. We have
assessed Sweet Talk in a randomized controlled trial to assess
its impact on clinical and psychological outcome measures.

 

Patients and methods

 

Paediatric patients attending clinics in Tayside, Scotland, were
invited to participate if they were aged between 8 and 18 years,
had had Type 1 DM for more than 1 year and were on conven-
tional insulin therapy (CIT; two or three daily injections of
premixed insulin). Patients with serious social problems, severe
learning difficulties and needle phobia were excluded. Patients
were recruited between October 2002 and February 2003 to a
12-month study. The Tayside Committee on Medical Research
Ethics approved the study and a standardized form was used to
obtain informed consent from patients and their families. A
computer-generated concealed allocation sequence (with block
randomization that balanced at 6, 12 and 30, and simple rand-
omization after 30) was used to assign participants to one of
three groups: CIT, CIT and the Sweet Talk intervention, and
IIT (patients’ choice of basal bolus or pump therapy) and the
Sweet Talk intervention. All patients allocated to intensive insulin
therapy received carbohydrate-counting education. Their total
daily dose of insulin was reduced by 20% and half administered
as a basal rate, and the remaining to cover the carbohydrate content
of meals. Patients opting for pump therapy used the Medtronic 508
(Minimed) pump with the rapid-acting insulin analogue aspart
(Novorapid™ Novonordisk, Copenhagen, Denmark). Pump
therapy was initiated as an outpatient in half-day group pump start
sessions run by the diabetes team. Patients choosing basal bolus
therapy used glargine (Lantus™ Aventis, Paris, France) as the basal
insulin and insulin aspart as the bolus insulin. All patients con-
tinued with conventional care delivered by a multidisciplinary team,
including 3–4-monthly clinic visits and access to an emergency
hotline. Members of the diabetes team received training on goal
setting from the team psychologist, and all patients allocated to
the Sweet Talk intervention participated in goal setting at clinic
visits. They were also given a card detailing the functions of the
text-messaging service, emphasizing that it was not for emergency
use. All participating patients were given a mobile telephone for
the duration of the study and a £10 phone card.

Table 1 Examples of Sweet Talk text messages

Message categories Example messages

Insulin injections Don’t 4get 2 inject!
Blood glucose testing Why not try another BG meter—check out 

with the team next time ur in clinic
Healthy eating Fruit, celery or carrot sticks, pretzels, plain 

popcorn make healthy snax
Exercise Boost ur daily activity—play ur favourite 

music and dnz!
Carbohydrate counting Do you have any ‘carb counting’ questions 

for the DiaBTs doctors or dietician?
Pump therapy Y not check out a website 4 kids who use 

pumps—www.kidsrpumping.com n
if u see any good ideas—txt us and we’ll 
pass them on
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The primary outcome measures were glycaemic control assessed
by HbA

 

1c

 

 (analysed by Bayer DCA 2000; normal range 4.2–
6.5%) (Bayer, New York, NY, USA) and behavioural change
measured by a series of validated psychological measures in-
cluding: self-efficacy for diabetes score (SED; alpha-reliability
0.9) [22], diabetes knowledge score (DKN; alpha-reliability
0.83) [23], and the diabetes social support interview (DSSI;
alpha-reliability 0.72–0.97, adapted to include support from the
diabetes team) [24], at baseline and end of the study. The SED
score was developed to measure adolescents’ views of their diabetes
self-management competence. The SED scale comprises 10
statements and patients’ agreement with these was assessed using
a standard Likert scale. A higher score indicates greater self-
efficacy and predicts metabolic control [22]. The DSSI has a
quantitative coding system to assess adolescents’ perception of
the quality and frequency of support for the four main diabetes
self-management tasks (blood-glucose testing, insulin administra-
tion, healthy eating and exercise). A higher score indicates greater
support. Patients also completed a visual analogue adherence score.
Secondary outcome measures included episodes of diabetic ke-
toacidosis (DKA), severe hypoglycaemia (an episode in which
the patient required assistance from another person to recover),
body mass index, and health service utilization (number of clinic
visits and emergency hotline contacts). Patients receiving Sweet
Talk intervention completed a semistructured interview at the
end of the study to determine their perceptions of the text-
messaging service. The results of the study were analysed in
accordance with the intention-to-treat principle.

The primary comparison for this study was between the
conventionally managed groups, with and without Sweet Talk,

examining the effect of Sweet Talk when added to CIT, but the
CIT and IIT groups using Sweet Talk were also compared as a
secondary analysis. The comparison of the CIT group with the
IIT group using Sweet Talk was not considered to be of interest.
For quantitative outcomes, these group comparisons were
made by 

 

ANCOVA

 

 adjusting for the corresponding baseline level,
except in the case of numbers of clinic visits where no baseline was
available and two-sample 

 

t

 

-tests were used. Numbers of DKAs,
hypoglycaemic episodes and hotline calls were compared using
chi-squared tests for linear trend, and Wilson’s method was
used to give confidence limits for the difference in percentage
of subjects with at least one event. No formal adjustments for
multiple testing were used. Power calculations indicated that 23
patients per group would detect a difference of 1.7% in mean
HbA

 

1c

 

 (80% power, two-sided 

 

P

 

-value = 0.05), mimicking the
change seen in the adolescent cohort of the DCCT from an
HbA

 

1c

 

 of 9.8–8.1%.

 

Results

 

Progress of participants through the trial is shown in Fig. 1.
There were no differences in clinical or psychosocial character-
istics identified between groups at baseline (Table 2). Mean
glycaemic control did not change in patients remaining on CIT
(CIT alone 10.3 

 

±

 

 1.7%, CIT plus Sweet Talk 10.1 

 

±

 

 1.7%), but
improved in patients allocated to intensive therapy plus Sweet
Talk (9.2 

 

±

 

 2.2%, 95% CI 

 

−

 

1.9, 

 

−

 

0.5, 

 

P

 

 < 0.001).
Patients on CIT who received the Sweet Talk intervention

scored significantly higher on self-efficacy for diabetes than

Figure 1 Flow chart of patients through the 
trial. *81 patients did not fill the inclusion 
criteria because they were less than 8 years old, 
had Type 2 diabetes, maturity-onset diabetes of 
the young or cystic fibrosis-related diabetes, or 
had been diagnosed for less than 1 year; †five 
patients were excluded from the study—two in 
temporary foster placements, one moving 
home, one with a needle phobia and one with 
severe learning difficulties; ‡one patient 
withdrew from the study after randomization 
(therefore no baseline data available); §22 
patients chose pump therapy and nine patients 
chose bolus therapy; ¶two patients remained on 
conventional insulin therapy; **eight patients 
changed to basal bolus therapy for clinical 
reasons—three from group 1 and five from 
group 2; ††one patient moved away from the 
Tayside area during the study (therefore no 
end-of-study data available); ‡‡five patients 
discontinued pump therapy—two changed to 
basal bolus therapy and three to conventional 
therapy.
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patients using CIT without Sweet Talk (CIT alone 56.0 

 

±

 

 13.7,
CIT with Sweet Talk 62.1 

 

±

 

 6.6, 95% CI +2.6, +7.5, 

 

P

 

 = 0.003)
and improved self-reported adherence score (CIT alone
70.4 

 

±

 

 20.0, CIT with Sweet Talk 77.2 

 

±

 

 16.1, 95% CI +0.4,
+17.4, 

 

P

 

 = 0.042). Sweet Talk increased patients’ perception
of the quantity of support they received from the diabetes team
(Fig. 2), but had no impact on diabetes knowledge score and
did not influence patients’ perceptions of support from family
and friends.

There were no statistically significant increases in acute
complications (DKA or hypoglycaemia) or weight gain during

the year of the study (Table 3). Health service utilization
increased in the group using IIT and Sweet Talk, with a step-
wise increase in mean clinic visits during the year of the study
across the three groups (3.0, 3.3 and 3.9), and a statistically
significant difference between those using CIT or IIT plus
Sweet Talk (95% CI +0.1, +0.6, 

 

P

 

 = 0.016). Emergency hotline
contacts during the year of the study were also more frequent
in the group using IIT with Sweet Talk than the group using
CIT with Sweet Talk (95% CI +3%, +44%, 

 

P

 

 = 0.02).
Of patients receiving Sweet Talk, 81% felt that it had helped

their diabetes self-management during the year of the study. At

Table 2 Baseline clinical and psychosocial demographics of patients in the Sweet Talk study groups

Variable

Conventional 
insulin therapy 
(n = 27)

Conventional 
insulin therapy 
and Sweet Talk 
(n = 33)

Intensive 
insulin therapy 
and Sweet Talk 
(n = 31)

Male sex 17 15 17
Age (years) 12.7 (10.5–14.8) 14.1 (11.7–15.6) 12.6 (11.2–15.4)
Carstairs Deprivation Score* −2.13 (−3.73 to 0.73) −1.48 (−3.01 to 1.03) −1.76 (−3.23 to 0.93)
Ethnicity (non-white) 1 1 1
Duration of diabetes (years) 3.2 (1.7 to 6.7) 4.8 (2.6 to 8.6) 5.4 (2.9 to 7.7)
BMI SDS 0.38 (−0.44 to 0.83) 0.13 (−0.55 to 1.0) 0.44 (0.04 to 1.04)
HbA1c (%) at study start 10.1 (9.2 to 11.2) 9.8 (8.6 to 11.5) 10.0 (9.0 to 11.4)
Hotline calls 18 7 12

Data are absolute numbers or median (interquartile range).
Hotline calls represent total number of calls received from each group in year prior to study enrolment.
*Postcodes were used to obtain Carstairs Deprivation Scores, which were based on results from the 2001 census. Higher score represents higher level 
of deprivation.
No significant differences in categorical variables using χ2 test or continuous variables using two-sample t-tests were identified.
BMI SDS, body mass index standard deviation scores from 1991 reference values.

Figure 2 Mean change in diabetes 
psychological outcome measures. Error bars 
indicate standard error of the mean; *P < 0.05 
P-values for effect sizes comparing groups 1 and 
2, ANCOVA; **P < 0.05 P-values for effect sizes 
comparing groups 2 and 3, ANCOVA.
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the end of the study, 90% of patients wanted to continue
receiving messages. Ninety-seven per cent of patients liked the
frequency of messages received (one or two daily), but 20%
complained about receiving the same message repeatedly.

 

Discussion

 

This study successfully trialled a new e-health intervention for
adolescents with diabetes in a realistic clinical setting and was
found to have positive effects on clinical and psychosocial
outcomes and high acceptability and uptake. While there was
no difference in glycaemic control between patients on conven-
tional insulin therapy alone and those receiving conventional
therapy plus Sweet Talk support, there was an overall differ-
ence in HbA

 

1c

 

 of approximately 1% between these groups and
patients who received intensive insulin therapy and Sweet Talk.
This is clinically important, as it confers a 43% reduction in
risk of retinopathy progression [25]. The literature indicates
that intensive insulin is unsuccessful [5,6] and may even be
detrimental when therapy is instituted without additional support
[26,27], or when such support is withdrawn [28]. Introducing
intensive insulin therapy in combination with coping-skills
training programmes appears particularly successful [29]. Our
data did not show any increase in adverse outcomes (DKA,
hypoglycaemia and weight gain) in patients assigned to IIT in
combination with Sweet Talk, suggesting that this is an effective
method of improving patient’s adjustment to this complex
regime. However, patients randomized to IIT with Sweet Talk
had more episodes of DKA than the other groups: one episode

occurred in a patient on basal bolus therapy and six episodes
occurred in five patients opting for pump therapy, mostly oc-
curring within the first month of initiation and associated with
viral illness. Two of these patients subsequently discontinued
pump therapy. These results are in line with more recent studies
in which there was no increase in adverse outcomes (DKA,
hypoglycaemia and weight gain) [30,31] with early use of
intensive therapy [3,32–35]. There was a step-wise increase in
clinic visits across the three study groups over the year of the
study, but this remained within the clinic protocol of seeing
patients 3–4 monthly and may be seen as a positive result of
the text-message clinic reminders sent to patients allocated to
Sweet Talk before each clinic visit. There was an increase in
hotline contacts in those using IIT with Sweet Talk compared
with those using CIT with Sweet Talk (

 

P =

 

 0.01, Table 3), but
overall calls from study patients were lower than recorded in
the previous year (Table 2).

As predicted, both groups receiving Sweet Talk support
showed improvement in diabetes self-efficacy (

 

P =

 

 0.003), self-
reported adherence (

 

P =

 

 0.04) and diabetes social support
from the diabetes team (

 

P <

 

 0.001). Adjustment for multiple
testing was not performed and, while this may cast doubt on
the borderline significant results, it is unlikely to have affected
the very significant results. Furthermore, the majority of
patients felt that Sweet Talk had helped their diabetes self-
management and wanted to continue receiving text-messages
at the end of the study period.

As a result of ethical constraints, the study was designed
without a group receiving intensive insulin therapy in the

Table 3 Clinical and psychological outcomes and health service utilization

Group 1 
CIT

Group 2 
CIT + ST

Group 3 
IIT + ST

Group 2–group 1 Group 3–group 2

95% CI P-value 95% CI P-value

HbA1c (%) 10.3 ± 1.7 10.1 ± 1.7 9.2 ± 2.2 −0.7, +0.7  0.99 −1.9, −0.5 < 0.001
DKA* 3 2 7 −22%, +11%  0.58 −4%, +31%  0.10
Hypoglycaemia* 4 1 2 −25%, +7%  0.63 −13%, +13%  0.37
BMI SDS 0.34 ± 0.81 0.42 ± 0.87 0.55 ± 0.95 −0.40, +0.20  0.51 −0.39, +0.13  0.34
Self-efficacy for diabetes scale 56.0 ± 13.7 62.1 ± 6.6 63.1 ± 7.2 +2.6, +7.5  0.003 −2.1, +4.2  0.50
Visual analogue adherence score 70.4 ± 20.0 77.2 ± 16.1 78.8 ± 16.2 +0.4, +17.4  0.042 −7.0, +8.0  0.90
Diabetes knowledge scales 11.2 ± 1.9 10.7 ± 2.4 11.3 ± 2.0 −1.5, +1.4  0.3 −0.7, +1.2  0.58
DSSI

Insulin 2.0 ± 1.1 4.3 ± 5.4 6.4 ± 5.8 −0.4, +4.0  0.11 −0.5, +5.7  0.10
Blood-glucose testing 1.3 ± 1.3 6.0 ± 5.6 7.0 ± 4.9 +2.5, +7.2 < 0.001 −2.3, +3.6  0.67
Diet 1.9 ± 1.1 8.1 ± 5.6 4.4 ± 4.5 +3.9, +8.5 < 0.001 −6.3, −0.6  0.02
Exercise 0.6 ± 1.0 5.0 ± 4.8 3.3 ± 4.7 +2.6, +6.4 < 0.001 −4.5, +0.3  0.08

Hotline contact* 8 3 18 −33%, +7%  0.11 +33%, +44%  0.011
Clinic visits† 3.0 ± 0.92 3.3 ± 1.1 3.9 ± 1.0 −0.3, +0.8  0.36 +0.1, +0.6  0.016

Values are mean ± SD or number of episodes per group.
Ninety-five per cent confidence limits and P-values are shown for effect sizes comparing groups 1 and 2, and groups 2 and 3. Analysis of covariance 
adjusting for baseline levels was used except where indicated.
*Groups compared by χ2 tests for trend, and confidence limits for difference in percentage of subjects with at least one event calculated by Wilson’s 
method.
†Groups compared by two-sample t-tests.
BMI SDS, body mass index standard deviation scores from 1991 reference values; ST, Sweet Talk text-messaging system.
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absence of Sweet Talk support. The expected step-wise improve-
ment in glycaemic control across the three study groups was
not seen, and the improvements in psychological measures
conferred by Sweet Talk were not translated into improve-
ments in glycaemic control. Although these limitations preclude
separation of the relative contributions of intensive insulin
therapy and Sweet Talk in improving glycaemic control; our
results indicate that the combination of IIT and Sweet Talk
improved this outcome. We therefore postulate that Sweet
Talk facilitated uptake of IIT, improving metabolic control,
without increasing complications associated with diabetes or
substantially increasing health service utilization. In patients
on conventional insulin therapy, improvements in psycho-
logical measures were not translated into improved metabolic
control. It is possible, as has been suggested in the literature,
that this may be because of the time delay before improved
adherence is translated into improved glycaemic control [36].
These results are also encouraging as this study may be unique
in randomizing close to a normal clinic population to intensive
therapy: 73% of eligible patients participated, and patients
may have been primarily attracted by the idea of the text-
messaging intervention, rather than a desire to optimize their
glycaemic control. Subjects were randomly allocated to IIT
and included patients who would not have fulfilled current
selection criteria for pump therapy [8].

The challenge was to develop a diabetes support system to
facilitate uptake of IIT, which was feasible and economical
within health service resources. Sweet Talk delivers a unique
form of individualized ‘push support’ [21], by delivering auto-
mated text-messages related to patients’ goals and profiles. It
has the potential to overcome the major limitations to current
approaches to diabetes education and support: cost and time
to patient and professional, limited reach and availability of
programmes, and the need for ongoing support to maintain
behaviour change in the long term [37], by fulfilling the RE-
AIM criteria, devised for behavioural support programmes for
young people with Type 1 DM [12]. Sweet Talk demonstrated
reach, with more than 70% of the eligible clinic population
participating (comparing favourably with randomized control
trials of either IIT or behavioural interventions) [12], and
appeared to engage a difficult-to-reach group of young people.
Sweet Talk also demonstrated efficacy with improved psycho-
logical measures. However, its greatest strength lies in the
nature of the intervention, which could be easily adopted,
implemented and maintained by any interested diabetes team
because it is intuitive to use, costs for text messages to patients
are low (approximately 2 pence/text) and the system requires
little health professional time for ongoing maintenance and
use. It is envisaged that the database of text messages created
for this study could be personalized by each diabetes clinic, to
control content at a local level and reflect individual clinic
protocols, philosophies and approach.

In summary, this study has not provided evidence that Sweet
Talk alone improves glycaemic control, but demonstrates it is
associated with improvements in psychological measures

predictive of adherence. Moreover, there was no evidence of
the reported association between IIT and adverse events in our
cohort also receiving Sweet Talk, suggesting that it may be an
effective means of providing support. These improvements
have great potential if they can be widely disseminated [12]
and Sweet Talk fulfils the identified need for a socially accept-
able, low-cost behavioural support intervention that can be
integrated into routine clinic care [38]. Longer-term studies are
needed to establish whether an intervention such as Sweet Talk
may serve to keep young people engaged with their diabetes care
during the difficult period of adolescence and the transition to
adulthood, and whether enhancing diabetes self-efficacy con-
fers long-term improvement in glycaemic control. Sweet Talk
delivers a unique form of ‘push support’, engaging young people
by using a medium integral to their lifestyle. The results of this
study should be of interest to health-care professionals and policy
makers, as the text-message database could be easily adapted to
suit other chronic disease models and engage other age groups.
Further research should attempt to integrate such text-messaging
interventions into other health informatics systems [39] and
incorporate detailed cost-effectiveness assessments [40].
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