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Abstract

Background: Poorly controlled diabetes leads to debilitating complications at a significant cost to health systems. Text
messaging is an ideal platform for the delivery of self-management interventions to patients with poorly controlled diabetes
due to the ubiquity of mobile phones, and the ability of text messaging to reach people in their everyday lives when self-
management of the condition is vital. This systematic review aimed to assess the effectiveness of short message service-
based diabetes self-management interventions on glycaemic control in adults with poorly controlled diabetes.

Methods/design: MEDLINE, PubMed, EMBASE, The Cochrane Library and PsychINFO were searched from inception through
to 23 January 2017 for randomised controlled trials investigating the use of text messaging based self-management inter-
ventions on haemoglobin Alc for patients with poorly controlled diabetes.

Results: Seven studies met the inclusion criteria and were included in the review. Three of the studies reported a significant
decrease in haemoglobin Alc from baseline to follow-up in the intervention group compared to the control group. No clear
relationship between positive outcomes and intervention dose, content and functionality was seen.

Discussion: Evidence supporting text messaging for improvements in glycaemic control in people with poorly controlled
diabetes is mixed. Previous reviews have reported positive impacts on glycaemic control for short message service inter-
ventions in patients with diabetes; however, when limited to those with poorly controlled diabetes the evidence is less clear.
Large-scale studies with robust methodology and longer-term follow-up are needed to further understand the impact of
text-messaging-based self-management interventions for people with poorly controlled diabetes.
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Introduction

Addressing the growing global burden of diabetes is a
priority for health services. There is considerable evidence
that good glycaemic control in patients with both type 1 or
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type 2 diabetes results in significant reductions in the risk
of developing complications, such as renal failure, diabetic
retinopathy, lower limb amputation, stroke and heart dis-
ease.'” These complications not only have an detrimental
impact on a patient’s quality of life, but also the clinical
management of these is a significant source of health ser-
vice expenditure.® A haemoglobin Alc (HbAlc) target
of <7% (<53 mmol/mol) is the widely recommended
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target for good control.”'® When glycaemic control is
sub-optimal (>7%; 53mmol/mol) or poor (>8%;
64 mmol/mol) increased intervention is recommended."'
Estimates indicate that approximately 25—30% of people
with diabetes have HbA Ic levels over 8% (64 mmol/mol)
indicating poor control, and higher rates are seen in
ethnic minorities.'>"? Given the costly and debilitating
nature of both the microvascular and macrovascular
complications of poorly controlled diabetes, considerable
support and input is needed to achieve and maintain this
target of good glycaemic control.

Individual behaviours play an integral role in
diabetes control including blood glucose monitoring,
medication adherence, healthy eating and physical
activity, and therefore diabetes self-management
education and support is a fundamental part of dia-
betes care. There is a wide range of interventions
designed to support people to self-manage their dia-
betes; from passive interventions (e.g. provision of
information) to more active interventions (e.g. interven-
tions to change behaviour or increase self-efficacy).'*
Supporting a person’s self-management of their condi-
tion may involve providing encouragement and infor-
mation to help that person obtain greater control of
their condition. Support may increase a person’s under-
standing of their condition, encouraging them to be
active participants in the decision making around
their condition and motivating them to engage in
healthy behaviours.'* Interventions designed to support
diabetes management have traditionally been delivered
via written materials or in face to face or group sessions
such as Diabetes Self-Management Education (DSME)
programmes. DSME is designed to address the seven
key self-management behaviours identified by the
Association of American Diabetes Education; (a)
healthy eating, (b) being active, (¢) monitoring, (d)
taking medication, (e) problem solving, (f) reducing
risks, and (g) healthy coping.'®> For patients with poor
control, however, support may need to extend beyond
traditional healthcare settings to sustain the behaviours
needed to manage diabetes in the context of a patient’s
daily life. There is growing evidence for the use of
mobile phones for this purpose.

Use of the short message service (SMS), or text mes-
sages, has the advantage of instant transmission at a
low cost to end users and, given the ubiquity of mobile
phones, could be an ideal platform for the delivery of
diabetes self-management support. Previous systematic
reviews have provided support for the effectiveness of
mobile health (mHealth) for diabetes self-manage-
ment,'®"'® although these reviews have included studies
of patients without specifying a level of glycaemic con-
trol (i.e. including those who are already maintaining
good control of their diabetes). It is our understanding
that no previous review has specifically looked at the

use of SMS in patients with the greatest need (i.e. not
meeting the recommended HbA Ic target). The purpose
of this systematic review was to evaluate the current
evidence for the use of SMS to deliver diabetes self-
management interventions to improve glycaemic
control in adults with poorly controlled diabetes.
Specific aims included; (a) to examine the effectiveness
of SMS-based diabetes self-management interventions
on change in HbAlc, (b) to explore the theoretical basis
of these interventions and commonly utilised behaviour
change techniques (BCTs),'” and (c) to understand the
features/components of these SMS interventions that
are associated with better outcomes in this population.

Methods

This systematic review was conducted according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist®® (see
Supplementary Material, Appendix 1 for the completed
checklist). The protocol was not published.

Eligibility criteria

Eligible studies were randomised controlled trials
(RCTs) utilising SMS messages to deliver diabetes
self-management interventions to adults with poorly
controlled diabetes. Participants of eligible studies
were adults aged 16 years and over with poorly con-
trolled diabetes (type 1 or 2), defined as HbAlc over
7% (53 mmol/mol). Although the definition of poor
control is generally considered to be >8% (64 mmol/
mol), few studies have specifically targeted this group.
Therefore, for the purpose of this review, it was decided
that studies targeting only those patients not meeting
the widely accepted standard for good diabetes control
be included.”!'® Studies that examined mixed chronic
disease populations or pregnant patients were excluded.

Studies in which SMS was the platform for deliver-
ing diabetes self-management interventions (education,
reminders, monitoring, self-care i.e. nutrition, exercise)
were included. Studies with multifaceted interventions
where SMS was just one component of the intervention
were included in the review if SMS was a primary com-
ponent that all intervention participants received.
Studies were excluded if they examined the use of mes-
sages created by a clinician/investigator based on indi-
vidual clinical judgement or where SMS was used only
as a means of real-time communication between pro-
vider and patient (i.e. not an automated programme).
Studies were included if the comparator or control
group involved either no intervention (usual care) or
an intervention variant that did not include SMS.
Included studies needed to report HbAlc as a measure
of diabetic control as a primary or secondary outcome.
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Table 1. MEDLINE search strategy.

1. mobile phone/ 7613

2. (((mobile or smart) and phone*) or 10,704
smartphone*).tw.

3. (cell* and (phone* or telephone*)).tw. 4543

4. (mhealth or m-health or mobile-health).tw. 2297

5. ((text or sms or short or instant) and 5906
messag*).tw.

6. (texting or texted).tw. 612

7s lor2or3or&4or5oré6 22,042

8. diabetes mellitus/ 114,517

9. diabet*.tw. 565,564

10. (IDDM or NIDDM or MODY or TIDM or T2DM or 41,514
TiD or T2D).tw.

11. 8 or9or 10 591,081

12. 7 and 11 1007

The review was restricted to full-text articles pub-
lished in peer reviewed journals. Studies were excluded
if published in languages other than English or were
published only in the form of conference abstracts.

Search strategy

Comprehensive searches were conducted from
inception through to 23 January 2017 using
MEDLINE, PubMED, EMBASE, The Cochrane
Library and PsychINFO. Details of the MEDLINE
search strategy can be seen in Table 1 (amended for
other databases). Reference lists of relevant previous
reviews and included studies were searched for add-
itional papers.

Selection of studies

The searches were carried out by the first author and
results merged into EndNote X7 Referencing
Software where duplicates were removed. Titles and
abstracts were screened and unrelated articles
excluded. Articles identified for full text review were
reviewed against the criteria above by the first author
and any uncertainty around inclusion was resolved by
consensus with the other authors. Reasons for exclu-
sion were recorded.

Data extraction

Data were extracted using structured forms informed
by the PRISMA checklist®® and Cochrane Systematic
Review Handbook,?! including; study design (design,
duration), population characteristics (sample size,
diabetes type, age, country), intervention (description,
tailoring), comparator (description), theoretical model
and outcomes. In addition, each study was assessed for
use of BCTs and the diabetes self-management behav-
iours targeted. BCTs were coded using the BCT
taxonomy (vl) of 93 hierarchically clustered
techniques.'” During data extraction, we also evaluated
whether the authors reported on an adequate
randomization  process, allocation concealment,
whether outcomes assessors were blinded, attrition
rate and whether there was evidence of selective report-
ing. Data extraction was performed by the first author
and any uncertainty resolved by consensus following
independent assessment by other authors. A narrative
synthesis methodology was used to synthesise the data
extracted.

Risk of bias assessment

Risk of bias was assessed using methods outlined in the
Cochrane Handbook for Systematic Reviews of
Interventions for assessing the risk of bias®' for the
following domains: selection bias (including method
of randomization and allocation concealment), detec-
tion bias, attrition bias and reporting bias. If available,
published study protocols and trial registry data were
accessed to inform risk of bias assessment. Trial registry
sites were searched if trial registration was not stated in
manuscript. Risk was judged as high, low, or unclear.
Unclear risk was given if there was a lack of informa-
tion or uncertainty.

Results

A total of 3922 records were identified from the com-
bined database searches and other sources. Once dupli-
cates were removed, 2368 records were screened for
eligibility using title and abstract. One hundred and
seventy-two full-text articles were assessed for eligibil-
ity, of which seven studies met the inclusion criteria and
are included in this review. Figure 1 shows the data
collection process.

Assessment of risk of bias

Figure 2 presents the risk of bias summary and graph (see
Supplementary Material, Appendix 2 for further detail of
the judgements for risk of bias in the included studies).
Inadequate reporting meant that presence of bias was




4 DIGITAL HEALTH
)
=
.g Records identified through Additional records identified
i database searching through other sources
£ (n =3,920) (n=2)
]
3
— A 4
PR Records after duplicates removed
(n=2,368)
0o
£
c
g A 4
o
“ Records screened Records excluded
(n=2,368) (n=2,196)
)
Full-text articles excluded
2z T (n = 165)
3 Full-text articles assessed Not poorly controlled diabetes (12)
Eﬂ for eligibility Design not RCT (21)
w 172 Participants <16 years (13)
(n= ) Not published full-text article (53)
Outcome not HbA1c (16)
Intervention: Not primarily SMS/
SMS from clinicians/ SMS for data
— collection only (50)
A 4
- Studies included in
3 qualitative synthesis
2 (n=7)
[=]
&

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection.

RCT: randomised controlled trial.

unclear in all but one of the studies and therefore it could
not be judged that any study was free of bias. Two studies
were low risk for selection bias (low risk for sequence
allocation and allocation concealment).”>** Due to the
nature of mHealth interventions, meaning participant
blinding is not feasible, detection bias was determined
on blinding of the outcome assessors only. Blinding was
not described in six of the studies, with one study con-
sidered as high risk due to the absence of blinding.** Two
studies were considered as high risk for attrition bias with
the remaining five studies considered as low risk.*>~>® No
study referenced a published protocol but all were regis-
tered with a clinical trials registry with the exception of
one.?” For those registered, three studies were considered
as low risk for reporting bias.?*>>®

Characteristics of studies

The characteristics of the included studies can be seen
in Table 2.2272%

Study design and participants. All of the included studies
were two-arm parallel group randomised controlled
trials. The study durations were three months,>® six
months,?> %% or 12 months.?’ In four studies the com-
parator was usual care alone,”?*?"*® and in the
remaining studies there was usual care with the add-
ition of either a glucometer,” pedometer,?* or both.*
Three of the studies took place in the USA,**7* two in
Korea,”>?° one in India®’ and one in Iran.®

All of the studies included adults with type 2
diabetes. In the majority of the studies participants
were required to have a Dbaseline HbAlc Ilevel
over 7%,**>72% with only two stating that they
were targeting those with poorly controlled diabetes
requiring HbAlc over 8% (64mmol/mol).>***
Baseline sample sizes ranged from 100—225 and
included a total of 935 participants. Participants were
relatively homogenous in terms of mean age (late-40s to
mid-50s) with the exception of one study in which the
target population was older adults aged 60 years and
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@ | Biinding of outcome assessment (detection bias)

‘ . ' ‘ . . . Incomplete outcome data (attrition bias)

. Allocation concealment (selection bias)

Agboola 2016

~)
~)

Arora 2014

o
-

Capozza 2015

. . . . . Random sequence generation (selection bias)

~ @ ® O @@ | ® | sclctve reporting (reporting bias)

Goodarzi 2012 ?2 (2
Kim 2010 ?2 |2
Lim2016 | (2 |2 |2

Shetty 2011 | @ | 2 | 2

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

1 1 1 ]
25% 50% 75%  100%

0%

. Low risk of bias

|:| Unclear risk of bias

[l High risk of bias

Figure 2. Risk of bias summary and graph: review authors’ judgements about each risk of bias item for each included study and

presented as percentages across all included studies.

over.”® High attrition was seen in four of the seven
studies.?> 2427

Intervention. Only three of the studies utilised SMS as the
sole intervention,>*?’*® the remaining studies included
pedometers/activity ~ monitors,”>*®*  glucometers,*>*
web-based tools?>?**2® and home gateway systems.?
All but one of the interventions were tailored to the par-
ticipant to some degree. In two studies the message con-
tent and frequency was tailored by individual

preferences,”>?’ three allowed participants to choose the

language of the messages,”>>* and three provided feed-
back on patient-specific data received from devices (gluc-
ometer or pedometer).>>*>2® One study tailored the
content based on the participant’s stage of change (trans-
theoretical model of behaviour change).?

SMS functionality varied in the studies. In two stu-
dies, SMS was used for providing education/informa-
tion only,>”*® and in another two studies only feedback
and treatment instructions were provided.”-*® In one
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Table 2. Continued.

and

feedback and instructions including life-

2 arms

pedometer

style changes and medication adjust-

6 months

ments. In addition a website for recording

diet and receiving dietary feedback.

Usual care None reported

Content and

2-4 SMS per three days providing instructions

225/144 adults with T2D

(HbA1c 7-10%)

RCT

Shetty (2011)%’

frequency

on nutrition, physical activity, healthy

Parallel

living and reminders to follow medication

prescription.

=50.5 years (8.3)

50.1 years (9.9) CG

Country: India

Age: 1G

2 arms

12months

BP: blood pressure; CDSS: clinical decision support system; CG: control group; HbAlc: haemoglobin Alc; IG: intervention group; RCT: randomised controlled trial; SD: standard deviation; SMS: short message

service.

Table 3. Diabetes self-management behaviours targeted by
interventions.

Healthy eating 523.:24,26-28

Physical activity 22—24,26—28

Blood glucose monitoring 523:24.26,28

Taking medication 62728

Problem solving 0

Reducing risks 1%

123

Healthy coping

Self-management behaviours identified by the Association of American
Diabetes Education.”

study, SMS functioned as a tool to provide feedback,
motivation and education,?? in another the SMS deliv-
ered education and reminders,”* and in the final study
SMS functionality included education, reminders, data
collection and feedback.?

The dose of SMS in the studies varied with two
delivering less than one SMS per day,””*® one study
delivering one SMS per day,? and two studies deliver-
ing two SMS per day.?** The dose was variable in two
studies. In one, SMS were sent in response to incoming
data which was requested a minimum of eight times per
week,?® and in the other study participants selected the
dose and could receive between 1—7 messages per day.”?

There was considerable variation in the content of
the SMS messages. Table 3 shows the frequency of
studies addressing specific self-management behaviours
identified by the Association of American Diabetes
Educators.!® Two studies targeted single behaviours —
physical activity”> or medication adherence.”> One
study targeted three behaviours, two studies targeted
four behaviours and two studies targeted five behav-
iours (see Table 3).

Only two of the seven studies explicitly stated that
they had a theoretical basis: the transtheoretical
model?? and health belief model.** The most commonly
utilised BCTs in the interventions were ‘4.1. Instruction
on how to perform the behaviour’ and ‘5.1.
Information about health consequences’. Other com-
monly utilised techniques included ‘2.4. Self-monitoring
of outcome(s) of behaviour’, 2.7. Feedback on out-
come(s) of behaviour’, and ‘7.1 Prompts/cues’. A sum-
mary of the frequency of BCTs utilised in the
interventions can be seen in Table 4. In two of the
studies, the control group were asked to perform self-
monitoring of the outcome(s) of behaviour (BCT 2.4)
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Table &. Behaviour change techniques utilised.

1.1 Goal setting (behaviour)
1.5 Review behavioural goal(s)

2.4. Self-monitoring of outcome(s)

of behaviour

2.7. Feedback on outcome(s)

of behaviour

4.1. Instruction on how to

123
122

22,23,25,26
Ix

22,23,25,26
IR

2428
5

perform the behaviour

5.1. Information about health

consequences

7.1 Prompts/cues

8.1 Behavioural practice/rehearsal

22-24,27,28
5

22—-24,26
Ix

22-24
3

Table 5. Main findings of the included studies.

Agboola (2016)*

Arora (2014)%

Capozza (2015)*

Goodarzi (2012)%®

Kim (2010)%

Significant decrease in HbA1lc the IG by
—0.43% (95% Cl —0.75 to —0.12,
p=0.01), non-significant decrease in
the CG. No significant difference in the
change in HbAlc from baseline to
follow up in the IG when compared to
the CG. (0.07%; 95% Cl —0.47 to 0.34,
p=10.75).

Non-significant decreased in HbAlc by
1.05% in the IG compared with 0.60%
in the CG (D0.45; 95% Cl —0.27 to 1.17).

Both groups average HbA1C decreased
from baseline to follow up. No statis-
tically significant difference between
the IC and CG in terms of change in
HbA1C at follow up (p > 0.05).

The 1G compared with CG improved sig-
nificantly in HbA1C (p=0.02).

A significantly greater decrease in HbAlc
from baseline to follow up was seen in
the |G compared to the CG (p=0.02).

No statistically significant difference in
overall monthly step counts between
the 1G and CG at follow up.

but were not provided any feedback on this. The con-
trol arms of all other studies did not incorporate BCTs.

Outcomes. A significant decrease in HbAlc from base-
line to follow-up in the intervention group compared to
the control group was seen in only three of the seven
studies.”>?**® The remaining studies all showed a
decrease in mean HbAlc in the intervention group
from baseline to follow-up and this difference was sig-
nificant in one study but not when compared to the
control group.?

A summary of the key findings of the included studies
can be seen in Table 5. There was very little consistency in
other outcome measures reported in the studies. Four
studies®>**?%27 reported on changes in physical activity
with only one study reporting a significant increase in the
frequency of activity in the intervention group.?® Three
studies reported on changes to diet, with one study report-
ing no significant changes in adherence to diet prescrip-
tion,”” one study reported no significant change in diet
behaviours,”* and the other showed a significant decrease
in the mean caloric intake of the intervention group.*

High ratings of usefulness, 94%
would recommend it, and 72%
wanted to continue the
programme.

Non-statistically significant improvements
in medication adherence, knowledge,
self-efficacy, and self-care activities
(healthy eating, BG monitoring, foot
care, exercise) in the |G compared to
CG.

Not reported.

Statistically significant improvements in
diet, physical activity, self-efficacy,
practice and knowledge in the 1G. No
significant improvement in attitudes.

Significantly higher BG monitoring during
the study period in the IG group
compared to the CG.

Very high satisfaction, 100%
would recommend it and 79%
wanted to continue the
programme.

High satisfaction. 94% would
recommend the programme to
others.

Not reported.

Not reported.

(continued)
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Table 5. Continued.

Lim (2016)% A significant decrease in HbA1c from
baseline to follow up was seen in the
IG compared to the CG (p < 0.01).

Shetty (2011)*’ There was no significant difference in the
mean HbA1C values in both groups.
The percentage of patients with
HbAlc < 8% at one year increased

significantly in the IG.

Significantly greater decrease in caloric
intake and increase in exercise epi-
sodes in the IG compared to CG.

No significant improvement in diet or
physical activity.

Not reported.

High acceptability based on the
requested frequency of mes-
sages by participants.

BG: blood glucose; CG: control group; Cl: confidence interval; HbAlc: haemoglobin Alc; IG: intervention group.

Two studies®*?® reported on changes in diabetes-related

self-efficacy, with both showing improvements in the
intervention group but only one reporting a significant
change in this construct in the intervention group com-
pared with the control group.?® Diabetes knowledge was
also reported in these two studies, again both studies
showed improvements in the intervention group but
only one reported a significant change compared with
the control group.” Two studies reported improvements
in blood glucose monitoring in the intervention
group,’*? but in only one of these studies was the differ-
ence significant.>> Satisfaction and acceptability with the
interventions was reported in four of the studies — all
reported high satisfaction levels and acceptability of the
interventions.** 2%’

Discussion

To our knowledge, this is the first systematic review to
examine the use of SMS for delivery of diabetes self-
management interventions specifically to those with
poorly controlled diabetes. Seven RCTs met our cri-
teria and were included in the review, with three of
the studies reporting a significant decrease in HbAlc
from baseline to follow-up in the intervention group
compared with the control group.

Due to the small number and heterogeneity of the
included studies, as well as the variable methodological
quality of the trials, a meta-analysis of the data was not
conducted and it is difficult to draw conclusions on the
effectiveness of SMS interventions on glycaemic control
in poorly controlled diabetes. Similarly, it is not pos-
sible to tease out the features/components of the SMS
interventions that are associated with better outcomes.
Unlike previous reviews reporting consistently positive
impacts on glycaemic control for SMS interventions in
patients with diabetes, when this review is limited to
those with poorly controlled diabetes the evidence
appears to be mixed. This review was also limited to
the use of SMS messages that were automated rather
than including those sent individually by a researcher

or clinician. Use of individually sent (non-automated)
SMS requires considerable cost and time, limiting its
applicability for the wider population, and it could be
argued that this is no different to individual clinician
guidance provided via other mediums. As our review
found mixed results, it could be further investigated
whether individual clinician/researcher written feed-
back messages added to automated SMS interventions
are needed to increase the effectiveness of the interven-
tions for those with poorly controlled diabetes.

It has been reported that Internet and mobile-based
interventions with a theoretical basis are more effective
than those that have no theoretical basis.*>** Two of
the included studies reported a theoretical basis and
neither of these studies found significant effects on
their primary outcomes. Although the majority of stu-
dies did not explicitly state a theoretical basis, BCTs
were utilised in all of the studies.

Interestingly, all four studies that reported no signifi-
cant difference in the change in HbA Ic between groups
did report decreases in HbA lc in the intervention group
over the study period. In addition, all four of these studies
reported high acceptability and satisfaction with the inter-
ventions. This may indicate that this type of intervention
is well received in the target population and provides
some rationale for further development and investigation
of SMS interventions in this group.

Characteristics of effective interventions

The three interventions that found a significant
decrease in HbAlc from baseline to follow-up were
heterogeneous in their design. The first provided
education and utilised SMS only, the second provided
insulin adjustments based on patient-specific data gath-
ered using a glucometer, and the final study provided
medication and lifestyle guidance based on patient-
specific data gathered using a glucometer and pedom-
eter. A key similarity between two of the successful
interventions was the use of devices to gather data to
provide automated clinical guidance/feedback through
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SMS utilising BCTs, 2.4. Self-monitoring of outcome(s)
of behaviour, and 2.7. Feedback on outcome(s) of
behaviour. This monitoring functionality as well as
individual feedback could be a key factor for success of
mHealth interventions in this area.’'3> However, the
inclusion of additional devices used for monitoring
(e.g. glucometers and pedometers) adds further cost
to the intervention which needs to be considered.

Dosages in the effective interventions varied from
four messages per week through to eight messages per
week. The self-management behaviours targeted also
varied — one study only targeted taking medication
whereas as the other two studies targeted taking medi-
cation, healthy eating, physical activity and monitoring.
The effective interventions were all of short duration
(three months or six months) with none providing
long-term follow-up. Longer studies in this review did
not show significant results, leading to questions about
the sustainability of any significant findings.

With a lack of similarity between the three successful
interventions, similarities between ineffective interven-
tions was also explored. All four studies saw some
degree of improvement in HbAlc in the intervention
group. These studies were of longer duration, tailored,
and had higher dose SMS. Interestingly, although the
interventions in these studies were all well-received, all
four studies had high rates of attrition which could be a
contributing factor to the results. High attrition is
common in mHealth studies,*>* and ways to address
this issue need to be considered.

Limitations of review

This review has several limitations which must be con-
sidered. Key limitations include the small number of
eligible studies and the methodological limitations of
many of these studies. In addition only published full-
text papers in English were included, resulting in poten-
tial for publication and language bias.

For this review, poorly controlled was defined as
above the recommended target of 7% (53 mmol/mol).
It is generally considered that a higher cut-off should be
adopted for the definition of poorly controlled such as
8% (64 mmol/mol), therefore the findings in relation to
‘poor control’ must be interpreted with caution.
However, if a higher cut-off had been utilised, only
two studies would have met the criteria for the
review, hence the benefit of the lower threshold.

A strength of this review is that it synthesises evi-
dence from studies with RCT designs. Unfortunately,
although all of the included studies were published
from 2010 onwards (and four in the last three years),
many of the articles failed to report key methodological
features and detailed descriptions of the interventions.
This is disappointing considering widely available

guidance such as the Consolidated Standards of
Reporting Trials (CONSORT) statement on how
RCTs should be published.’ Therefore assessment of
some types of bias in the included studies was unclear.

Implications for future research

The findings from this review show potential for the util-
isation of SMS in improving glycaemic control for those
with poorly controlled diabetes, although more research
is needed before recommendations can be made regarding
adoption by healthcare services. Improving glycaemic
control in those with poorly controlled diabetes is chal-
lenging but the benefits to success in this group are poten-
tially great, both at an individual level and at a health
system level. From this review it is unclear which charac-
teristics and components of SMS interventions are more
efficacious. This aligns with previous reviews highlighting
that more work is needed to understand the successful
components of this type of intervention.***® There is a
need for better quality trials and more robust reporting
on long-term follow-up.

Although this review excluded paediatric popula-
tions younger than 16 years (due to the unique charac-
teristics of this group in managing diabetes) there was a
lack of studies involving young adults (16—24 years).
With both increasing prevalence of type 2 diabetes in
young adults and the period of adolescence being a
critical time for the formation of life-long habits
around diabetes self-management in type 1 diabetes,
there appears to be a need for more investigation of
the use of mHealth in this group.

The content of the text messaging interventions is key
to their success;’”** mobile phones provide a platform,
and SMS provides a delivery mechanism, for behaviour
change interventions. However, this platform and mech-
anism are not a solution in themselves. This review was
unable to demonstrate a relationship between positive
outcomes and intervention content and functionality,
and so more investigation needs to be made into what
content and features are likely to be helpful. This investi-
gation should include consideration of specific character-
istics of people with poor control to ensure that
interventions are personalised and tailored appropriately.
Making them more relevant may also help to decrease
attrition which is common in mHealth studies.

Conclusions

The findings from the seven studies included in this
review demonstrated that the evidence for improve-
ments of SMS on glycaemic control in people with
poorly controlled diabetes is mixed. Contrary to previ-
ous reviews reporting positive impacts on glycaemic
control for SMS interventions in patients with diabetes,
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the evidence is less clear when review is limited to those
with poorly controlled diabetes. The review is also lim-
ited by the small number of trials. Considering that
diabetes management is one of the most investigated
areas for the use of mHealth, this study highlights the
lack of focus on those with poorly controlled diabetes,
a group most in need of intervention.
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