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Abstract

Background: Type 2 diabetes mellitus (T2DM) is increasing in prevalence worldwide. Physical activity (PA) is an important
aspect of self-care and first-line management for T2DM. Mobile text messages (SMS) can be used to support self-management in
people with T2DM, but the effectiveness of mobile text messages-based interventions in increasing physical activity is till
unclear.

Objective: The study aimed to assess the effectiveness of mobile phone messaging on PA in people with T2DM by summarizing
and pooling the findings of previous literature.

Methods: A systematic review was conducted to accomplish this objective. Search sources included 5 bibliographic databases
(MEDLINE, Cochrane Library, CINAHL, Web of Science, EMBASE), the search engine “Google Scholar”, and backward and
forward reference list checking of the included studies and relevant reviews. Two reviewers independently carried out the study
selection, data extraction, risk of bias assessment, and quality of evidence evaluation. Results of included studies were
synthesized narratively and statistically, as appropriate.

Results: We included 6 of 541 retrieved studies. Four of the studies showed a statistically significant effect of text messages on
physical activity. Although a meta-analysis of results of two studies showed a statistically significant effect (P=.05) of text
messages on physical activity, the effect was not clinically important. A meta-analysis of findings of 2 studies showed a non-
significant effect (P=.14) of text messages on glycaemic control. Two studies found a non-significant effect of text messages on
anthropometric measures (weight and BMI).

Conclusions; Text messaging interventions show promise for increasing physical activity. However, it is not possible to
conclude from this review whether text messages have a significant effect on physical activity, glycaemic control, or
anthropometric measures among patients with T2DM. Thisis due to the limited number of studies, the high overall risk of biasin
most of the included studies and the low quality of meta-analysed evidence. There is a need for more high-quality primary
studies.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is increasing in prevalence worldwide. Physical
activity (PA) is an important aspect of self-care and first-line management for T2DM. Mobile text
messages (SMS) can be used to support self-management in people with T2DM, but the
effectiveness of mobile text messages-based interventions in increasing physical activity is still
unclear.

Objective: The study aimed to assess the effectiveness of mobile phone messaging on PA in people
with T2DM by summarizing and pooling the findings of previous literature.

Methods: A systematic review was conducted to accomplish this objective. Search sources included 5
bibliographic databases (MEDLINE, Cochrane Library, CINAHL, Web of Science, EMBASE), the
search engine “Google Scholar”, and backward and forward reference list checking of the included
studies and relevant reviews. Two reviewers independently carried out the study selection, data
extraction, risk of bias assessment, and quality of evidence evaluation. Results of included studies
were synthesized narratively and statistically, as appropriate.

Results: We included 6 of 541 retrieved studies. Results of individual studies were contradictory
regarding the effectiveness of mobile text messaging on physical activity. However, a meta-analysis
of results of five studies showed no statistically significant effect (P=.16) of text messages on
physical activity in comparison with no intervention. A meta-analysis of findings of 2 studies showed
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a non-significant effect (P=.14) of text messages on glycaemic control. Two studies found a non-
significant effect of text messages on anthropometric measures (weight and BMI).

Conclusions: We could not draw a definitive conclusion regarding the effectiveness of text
messaging on physical activity, glycaemic control, weight, or BMI among patients with T2MD given
the limited number of the included studies and their high risk of bias. Therefore, there is a need for
more high-quality primary studies.

Keywords: Type 2 diabetes mellitus; physical activity; mobile phone messaging; systematic review;
meta-analysis.

Introduction

Background

The burden of diabetes is growing, the number of people with type 2 diabetes mellitus (T2DM)
across the world has reached 387 million and is expected to increase to 592 million by 2035 [1]. This
prevalence imposes a high and rising burden of life-long multi-organ complications, leading to an
increased disability and risk of premature deaths mainly in low and middle-income countries [2]. A
considerable amount of literature suggests that better management of T2DM would delay the onset
of short-and long-term complications among people diagnosed with T2DM [3-5]. Over the past
decades, physical activity (PA) has been part of the first line T2DM care management [6]. PA
includes all movement that increases energy use, however, there are three main kinds of exercise—
aerobic, strength training, and flexibility work [7]. PA can help people with T2DM to achieve a
variety of goals, including increased vigour, improved glycaemic haemoglobin control, decreased
insulin resistance, increased cardiorespiratory fitness, improved lipid profile, blood pressure (BP)
reduction, and maintenance of weight loss [8]. Unfortunately, patients with T2DM are less likely to
engage in regular PA, with recent estimates demonstrating a lower participation rate compared to the
national average [9]. There have been many attempts to explore alternative approaches to improve
PA in people with T2DM, mobile phone messaging revolution has brought entirely new opportunities
and increased access to self-management education [1]. The literature shows that text messaging-
based interventions can be effective in improving health change related behaviours and bridging the
gaps between patients and healthcare services for people living with chronic diseases [10, 11]. Text
messaging may be one-way (unidirectional) or two-way (bidirectional), they can be standardised or
tailored to specific patients and sent at varied frequencies based on the intervention
design[12].Multiple meta-analyses have demonstrated the overall success of mobile phone
messaging in promoting various aspects of behaviour change for PA and mental health related
disorders [1, 13, 14].

Research problem and aim

Several studies have assessed the effect of mobile text messaging on physical activity in patients with
T2DM. It is crucial to summarise and aggregate findings of such studies to produce a more
generalisable and definitive conclusions about the effectiveness of such interventions. Four previous
systematic reviews did not bring together the evidence from studies with text messaging
interventions that specifically targeted physical activity. Specifically, the first review focused on the
impact of education about T2DM delivered via mobile text messaging [15]. The second review
assessed the effectiveness of text-messaging interventions on HbA1c in patients with T2DM and that
included all self-management strategies [1]. The third review identified randomized trials conducted
to improve glycaemic control in T2DM which involved the delivery of behaviour change content
through a range of digital platforms and approaches (e.g. short-message service: SMS, multimedia
message services: MMS, or instant messaging such as WhatsApp [12]. The fourth review assessed
the effectiveness of technology-based interventions to promote physical activity in T2DM,; for this
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review, technology included mobile phones and text messages, websites, CD-ROMs and computer-
learning-based based technology [16]. This review was conducted approximately seven years ago but
studies involving technology-based interventions are rapidly emerging and there may be new
published evidence. Therefore, this study aimed to assess the effectiveness of mobile phone
messaging on PA in patients with T2DM by summarising and pooling the findings of previous
literature.

Methods

A systematic review was conducted and reported in keeping with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement (Appendix 1) [17]. The protocol for
this review is registered at PROSPERO (ID: CRD42020156465).

Search strategy

Search sources

We used the following electronic databases in our search: MEDLINE, Cochrane Library, CINAHL,
Web of Science, EMBASE. These databases were searched on April 19, 2020 by the lead author.
Auto Alerts were set after searching the databases to conduct an automatic search weekly for 16
weeks (ending on August 9, 2020), and send us the retrieved studies. We also searched the search
engine “Google Scholar” to identify grey literature. To identify further studies of relevance to the
review, we screened the reference lists of included studies (i.e., backward reference list checking)
and identified and screened studies that cited the included studies (i.e., forward reference list
checking).

Search terms

The search terms were identified by consulting 2 experts in e-health intervention for patients with
diabetes and by checking systematic reviews of relevance to the review. These terms were chosen
based on the target population (e.g., type 2 diabetes, diabetes type 2, and type II diabetes), target
intervention, (e.g., text messaging, text messages, and short messages), target outcome (e.g., physical
activity, physical exercise, HbA1C, weight), and target study design (e.g., trial, experiment, RCT).
Appendix 2 shows the detailed search query used for searching MEDLINE.

Study eligibility criteria

The population of interest was adult patients (>18 years) with T2DM regardless of their gender and
ethnicity. We excluded patients with T1DM, gestational diabetes, and pre-diabetes. The target
intervention in this review is mobile phone text messages (SMS and MMS), but not mobile
applications, web-delivered interventions, wearables, or emails. The aim of the text messages had to
improve solely physical activity, but not diet, lifestyle, diabetic literacy, or other aspects of self-care.
The primary outcomes of interest are subjectively and/or objectively measured physical activity (e.g.,
step counts), glycaemic control (e.g., hemoglobin A1C (HbAlc), fasting glucose), and
anthropometric measures (e.g. change in weight, body mass index (BMI), etc.). Only randomized
controlled trials (RCTs) were eligible for inclusion in this review. We considered studies published
only in the English language. No restrictions were applied to year of publication, country of
publication, comparator, type of publication, or study settings.

Study selection

We followed two steps in the study selection process. In the first step, two reviewers (MJ and AA)
independently sifted the titles and abstracts of all retrieved studies. In the second step, the two
reviewers independently scrutinised the full texts of studies included from the first step. In both
steps, any disagreements between the reviewers were resolved through discussion and consensus.
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Cohen « in this review indicated a very good level of interrater agreement in the first (0.88) and
second step (0.95) of the selection process [18].

Data extraction

Appendix 3 shows the data extraction form that was used in this review to precisely and
systematically extract the data from the included studies. The two reviewers (MJ and AA)
independently conducted data extraction from the included studies, and they resolved any
disagreements through discussion and consensus. Cohen k showed a very good level of interrater
agreement between the reviewers (0.85) [18].

Risk of bias assessment

To assess the risk of bias in the included studies, we used Risk-of-Bias 2 (RoB 2) tool, which is
recommended by Cochrane Collaboration [19]. This tool assesses RCTs in terms of 5 domains:
randomization process, deviations from intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported result [19]. Then, the overall risk of bias is determined
for each study based on the risk of bias judgments in the 5 domains [19]. Two reviewers (MJ and
AA) independently assessed the risk of bias in the included studies, and any disagreements were
resolved through discussion and consensus. Interrater agreement between the reviewers was very
good (Cohen k=0.86) [18]. We presented results of the risk of bias assessment using a graph showing
the reviewers’ judgments about each “risk of bias” domain in the result section. We also showed
reviewers’ judgments about each “risk of bias” domain for each included study using a figure in
Appendix 4.

Data synthesis

We synthesised the extracted data using narrative and statistical approaches. Specifically, meta-
analysis was carried out when at least two studies assessed the same outcome of interest and reported
enough data for the analysis (e.g., mean difference, standard deviation (SD), number of participants
in each intervention group). When the above-mentioned conditions were not met, we narratively
synthesised findings of the included studies. We grouped and synthesised the findings according to
the measured outcome (i.e., physical activity, glycaemic control, and weight change).

We conducted a meta-analysis using Review Manager (RevMan 5.4), which is a software developed
by Cochrane. We used the mean difference (MD) to assess the effect of each trial and the overall
effect when the outcome data were continuous, and outcome measure of each outcome was identical
in the meta-analysed studies. However, we used the standardized mean difference (SMD) when,
between studies, the outcome was measured using different tools. We selected a random-effects
model in the analysis due to the clinical heterogeneity between the meta-analysed studies in terms of
intervention characteristics (e.g., its directionality, purpose, and frequency) and population
characteristics (e.g., sample size and mean age).

We assessed clinical heterogeneity of the meta-analysed studies by inspecting characteristics of their
interventions, outcomes, participants, and comparator. Further, we evaluated statistical heterogeneity
of the meta-analysed studies. To do so, we calculated a chi-square P value and I* to evaluate the
statistical significance of heterogeneity and the degree of heterogeneity, respectively. We judged the
meta-analysed studies as heterogeneous when chi-square P value is 0.05 or lower [20]. The degree of
heterogeneity was considered unimportant, moderate, substantial, or considerable when I* ranged
between 0%-40%, 30%-60%, 50%-90%, or 75%-100%, respectively [20].

The overall quality of meta-analysed evidence was examined using Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach [21, 22]. This approach assessed the
quality of evidence based on five main criteria: risk of bias, inconsistency (i.e. heterogeneity),

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

indirectness, imprecision, and publication bias [21]. Two reviewers (MJ and AA) independently
assessed the overall quality of meta-analysed evidence, and any disagreements were resolved
through discussion and consensus. Interrater agreement between the reviewers was very good
(Cohen k=0.81) [18].

Results

Search results

We retrieved 541 citations by searching the 6 bibliographic databases (Figure 1). Out of those
citations, 83 duplicates were identified and excluded. We screened titles and abstracts of the
remaining 458 citations and excluded 423 citations due to reasons shown in Figure 1. By checking
the full texts of the remaining 35 studies, 31 studies were not eligible for this review for several
reasons (Figure 1). We identified 2 additional studies by backward reference list checking. Overall,
we included 6 studies in this review [23-28]. At all steps, consensus was agreed between the two
reviewers, and referral to third reviewer was not required.

? 541 citations retrieved through
*5 searching databases
=
E > 83 duplicates removed
E 4
e 458 unique titles and abstracts
423 titles and abstracts
excluded after scanning titles
o and abstracts:
.E - Irrelevant: n=265
$ »| - Population: n=21
CCE - Intervention: n=85
- Outcome: n=3
- Study design: n=32
- Type of publication: n=17
A
p— 35 unique full-text studies
31 publications excluded
2 after scanning full texts:
E o - Population: n=18
B - Intervention: n=12
= - Study design: n=3
- Langauge: n=2
v
— 4 studies
9 : 2 studies included through
E ! reference list checking
&~
= 6 studies included in the narrative
) and statistical synthesis
https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]
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Characteristics of included studies

As detailed in Table 1, all included studies were randomized controlled trials (RCTs). The included
studies were conducted in 3 countries: United States of America (USA) (n=3), Iran (n=2), and
Indonesia (n=1); 4 of the studies were published in 2018. The sample size in the included studies
ranged between 28 and 138 with an average of 81. The mean age of participants in the included
studies varied from 44.6 to 65.5 years, with an average of 51.6 years. Percentage of males in the
included studies ranged from 23.3% to 57.9%, with an average of 42.2%. All studies recruited
patients with T2DM. The included studies recruited participants from healthcare (n=5) and
community (n=1).
Table 1: Characteristics of studies and population.

Study Sample Mean Sex Health
design size age  (male) condition

Agboola® 2016  USA RCT 126 51.4  48.4% T2DM Health centers

Author™  Year Country Setting

Arovah® 2018 Indonesia RCT 43 65.5 37.2% T2DM Public hospital
Lari® | 2018 Iran RCT 73 476  53.4%  T2DM QAR
clinics
Lari® 2018  Iran RCT 76 482 579%  T2DM Diabetes
clinics

Polgreen” 2018 USA RCT 138 44.6  23.3% T2DM Community

Ramirez® 2017 USA  RCT 28 52 33%  TepM | mbulawory

care clinic
The intervention in the included studies were text messages only (n=1), text messages and
educational CD about physical activity (n=1), and text messages and pedometers (n=4) (Table 2).
Text messages were unidirectional (n=1), bidirectional (n=4), and both (i.e., most messages were
unidirectional, and some messages were bidirectional) (n=1). The purposes of the text messages in
the included studies were to educate participants about physical activity (n=4), remind them to wear
the pedometer, review goals, and/or self-monitor and record their steps (n=4), provide them with
feedback about their previous day's activity (n=3), motivate them to walk and exercise more (n=2),
and set step goals (n=1). The frequency of text messages sent to participants ranged between 2 per
week and 3 per day. The intervention was delivered for 12 weeks in 4 studies and 24 weeks in 2
studies. The intervention in 5 studies was theoretically informed. Specifically, the following theories/
models were used to develop the intervention: Social Cognitive Theory (n=2), Health Promotion
Models (n=2), and Transtheoretical Model and Grounded Theory (n=1).

Table 2: Characteristics of interventions.

Study™ Intervention Directionality Purpose Frequency Period Theory used
o Education, motivation, Transtheoretical Model &
Agboola SMS & pedometers 1 & 2-way reminder, feedback 2/day 24 weeks Gt sy
Arovah? SMS & pedometers 2-way Motivation & reminder 1-3/day 12 weeks Social Cognitive Theory
Phase 1: 2
Lari® SMS 2-way Education LR 1', eEletyy weeks; Phase Health Promotion Models
Phase 2: 2/week
2: 10 weeks
Lari* SMS + Educational CD 1-way Education 2/week 12 weeks | Health Promotion Models
Int 1: SMS (reminder) +
. SIS (ppon mitingy Reminders, feedback, Int 1:2/day
Polgreen pedometer. 2-way I Int 2: 1/da 24 weeks
Int 2: SMS (reminder) + £8 : y
pedometer
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Education reminders,

) 26 . -
Ramirez Intl: SMS + pedometer 2-way feedback

>4 per week 12 weeks Social Cognitive Theory

The comparison group received pedometers in 4 of the studies or no intervention in 2 studies. The
pedometers were used by participants for 12 weeks (n=2) or 24 weeks (n=2). The follow-up period
ranged from 4 weeks to 24 weeks. The following outcomes of interest were assessed in the included
studies: physical activity (n=6), glycaemic control indicators (n=3), weight (n=1), and BMI (n=1).
Step count was the most common outcome measure used in the included studies (n=4), then HbA1lc
(n=2), weight scale (n=2), metabolic equivalent of task (MET) questionnaire (n=2).

Table 3: Characteristics of comparators and outcomes

Period = Follow-up

Outcome Outcome measure
(week) (week)

Study™ | Comparator

Physical activity,

Agboola® = Pedometers 24 24 glycaemic control, = Step count, weight scale, HbA1C
weight
Step count, Physical Activity
» Physical activity, Rating (PAR) questionnaire,
Arovah Pedometers 12 12 & 24 glycaemic control HbAc, fasting glucose, 2-h
glucose
. No . . Metabolic equivalent of task
23 _
Lari intervention 4&12 R activity (MET) questionnaire
24 No ) . .. Metabolic equivalent of task
Lart intervention 4&12 PhysiC{gab 1Y (MET) questionnaire
Polgreen”®  Pedometers 24 12 & 24  Physical activity, BMI Step count, icie
stadiometer
Ramirez”*  Pedometers 12 6& 12 Physical activity Step count

Risk of bias results

Although all studies used an appropriate random allocation sequence for the randomisation process
and had comparable groups, only 2 studies concealed the allocation sequence until participants were
enrolled and assigned to interventions. Accordingly, only these 2 studies were rated as low risk of
bias in the randomization process (Figure 2). In all studies, participants, their healthcare professional,
researchers, and/or individuals delivering the interventions were aware of assigned intervention
during the trial. The study also did not report any information about whether a deviation from the
intended intervention occurred due to the experimental contexts. Thus, none of the studies were rated
as low risk of bias in deviations from the intended interventions (Figure 2).

Outcome data were not available for all participants in the included studies, and there was no
evidence that the findings were not biased by missing outcome data. However, the reasons for
missing outcome data were not related to the true value of the outcome in all studies. Thus, all
studies were judged as low risk of bias in the domain of missing outcome data.

In 4 studies, the outcomes of interest were assessed using appropriate measures (e.g., pedometer and
HbA1C), which were comparable between intervention groups. For this reason, these studies were
rated as low risk of bias in measuring the outcome. Yet, the remaining 2 studies were judged as high
risk of bias in this domain because they used subjective outcome measures that depend on
participants’ recall, and participants and outcome assessors were not blinded in the 2 studies (Figure
2).

Only one study was judged as low risk of bias in the selection of the reported studies (Figure 2). This
judgment is attributed to the fact that the remaining studies did not publish a pre-specified analysis
plan or reported outcome measurements and analyses different from those specified in the analysis
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plan. Given that 5 studies were judged as high risk of bias in at least one domain, they were rated as
high risk in the domain of overall bias. The remaining study was judged to raise some concerns in
the domain of overall bias as it had some concerns in one of the domains. Reviewers’ judgements
about each ‘risk of bias’ domain for each included study are presented in Appendix 4.

Overall bias

Selection of the reported result
Measurement of the outcome
Missing outcome data

Deviations from intended interventions

Randomization process

N
971
D

0 1 2 3

Numbeigof sekdieSome concerns ™ Low risk
Figure 1: Review authors’ judgements about each ‘Risk of bias’ domain.

Results of studies
Physical activity

All included studies assessed the effect of using text messages on physical activity among T2DM
patients. Three studies showed a statistically significant effect of text messages on physical activity
[24-26, 28]. To be more precise, Arovah et al. compared the effect of text messages plus pedometers
to only pedometers on physical activity as measured by daily step count, self-reported walking (min/
week), and self-reported moderate-to-vigorous-intensity physical activity (MVPA) (min/ week) [24].
The study showed a statistically significant effect of 12-week text messages plus pedometers to only
pedometers on daily steps (P<.001), self-reported walking (P=.001), and MVPA (P<.001) [24]. In
two further studies, where data were analysed from different arms of a single RCT in each ‘study’,
Lari et al. compared the effect of text messages only [25] and text messages plus educational CD
[26] to no intervention on physical activity as measured by MET questionnaire. Both studies found a
statistically significant effect of text messages only (P<.001) [25] and text messages plus educational
CD (P<.001) [26] on physical activity compared with no intervention.

The three remaining studies did not find a statistically significant effect of text messages on physical
activity [23, 27, 28]. Specifically, Agboola et al. [23] compared the effect of text messages plus
pedometers to pedometers only on physical activity as measured by monthly step count. Although
the study found that step counts over 6 months were higher in the intervention group than the control
group, this difference was not statistically significant (P=.17) [23]. Another study assessed the effect
of text messages plus pedometers and only pedometers on physical activity as assessed by daily steps
[28]. The study did not show any statistically significant difference (P=.78) in the physical activity
between the two groups [28]. In the last study, Polgreen et al. compared the effect of two
interventions to only pedometers on physical activity as measured by daily step count [27]. The first
intervention was pedometers plus text-message reminders to wear the pedometers (reminders &
pedometers) whereas the second intervention was the same as the first intervention plus text
messages asking participants to set a step goal (goal setting, reminders & pedometers) [27]. The
study found no statistically significant difference in physical activity between the three groups [27].
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Five studies were included in the statistical analysis (i.e., meta-analysis) as they reported enough and
appropriate data for the analysis [24-28]. The meta-analysis contained 6 comparisons as we included
a comparison from each of 4 studies [24-26, 28] and 2 comparisons from the remaining study [27],
which compared 2 types of text messages to no intervention. The meta-analysis showed no
statistically significant difference in the physical activity (P=0.16) between text messages group and
control group (SMD 0.16, 95% CI -0.06 to 0.39) (Figure 3). The heterogeneity of the evidence was
not a concern (P=0.29; I°= 19%). The quality of the evidence was very low due to the high risk of
bias and impression (Appendix5).

Glycaemic control

Text messaging Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Folgreen 2018 6,854 3,944 44 7123 4,287 48 222% -0.06 [F0.47,0.34]
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Two studies examined the effect of text messages on glycaemic control as assessed by HbA1C [23,
24]. The results of both studies were meta-analysed. The meta-analysis showed no statistically
significant difference (P=.14) between intervention and control groups, with no difference observed
between text messages plus pedometers and only pedometers on HbA1C (MD -0.16, 95% CI -0.36 to
0.05) (Figure 4). There was moderate heterogeneity of the evidence (I’= 44%), but it was not
statistically significant (P=.18) (Figure 4). The quality of evidence was low as it was downgraded by
1 level due to high risk of bias (Appendix 5). It is worth mentioning that one of the two studies
compared the effect of text messages plus pedometers to only pedometers on glycaemic control as
measured by fasting plasma glucose and 2-h plasma glucose [24]. The study did not find a
statistically significant difference between the groups in terms of fasting plasma glucose (P=.18) and
2-h plasma glucose (P=.90) [24].

Text messaging Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghoola 2016 -043 029 64 -021 027 62 736% -022[032-012 5
Arovah 2018 -042 056 21 -044 057 22 264% 002032 0.36)
Total (95% Cl) 85 84 100.0% -0.16 [-0.36, 0.05]

Heterogeneity Tau*= 0.01; Chi*=1.79, df=1 (P=0.18); F= 44% l

1 0§ 0 05 1
Testfor oversil effect Z=1.48 (P= 0.14) Favours messaging Favours control

Figure 3: Forest plot of two studies assessing the effect of the text messaging on HbA1C

Anthropometric measures

Two studies assessed anthropometric measures as outcomes (weight and/or BMI) [23, 27]. Results of
the two studies could not be statistically synthesised as they assessed different outcomes. The first
study showed no statistically significant difference between intervention and control groups, with no
effect of text messages plus pedometers on weight (P=.77) in comparison with only pedometers
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[23] . In the second study, Polgreen et al. compared the effect of two interventions to only
pedometers on BMI [27]. The first intervention was pedometers plus text-message reminders to wear
the pedometers (reminders & pedometers) whereas the second intervention was the same as the first
intervention plus text messages asking participants to set a step goal (goal setting, reminders &
pedometers) [27]. The study found no statistically significant difference in BMI between the three
groups [27].

Other outcomes

Secondary outcome measures reported in the examined studies included the following variables and
parameters: reports of the usability, satisfaction and adherence to the intervention in [23], quality of
life and/or psychological outcomes (e.g. self-efficacy, outcome expectations, self-regulation, and
social support) in [24]. Lari et al. assessed the Health Promotion Model (HPM) constructs (e.g.
perceived benefits, perceived barriers, perceived social support and self-efficacy) [10, 26]. Ramirez
et al. also investigated the feasibility, perceived usefulness, and potential effectiveness [28]

Discussion

Principal findings

This systematic review assessed the effectiveness of mobile text messaging as a method to promote
solely physical activity in people with T2DM. The meta-analysis of results of 5 studies (6
comparisons) showed no statistically significant effect of mobile text messaging on physical activity
in comparison with no intervention. The insignificant effect may be attributed to the fact that three
studies showed a statistically significant effect of mobile text messaging on physical activity whereas
two studies did not find any significant effect of text messages on physical activity. There are a
number of potential reasons for the significant increase in physical activity in three studies. Firstly,
the intervention in one study [24] was combined with pedometers, and some studies have found
greater effects when using objective measures compared with subjective measures [29]. It is possible
that participants in these studies were more active as a result of knowledge that they are wearing the
pedometer [30]. The remaining two RCTs [25, 26] were rated high risk of bias because they used
self-recall questionnaires to measure physical activity. However, these measures can present
limitations in capturing physical activity due to poor reliability and validity, participant recall bias
and differences in the interpretation of questions [31]. Our findings are consistent with previous
reviews that assessed the effect of text messaging on physical activity in participants with different
chronic conditions [32]. Some studies observed only small improvements in daily steps and self-
reported physical activity, other studies did not observe any statistically significant changes in
physical activity despite the use of different physical activity measurement strategies [32].

Our review found no statistically significant effect of mobile text messaging on glycaemic control as
assessed by HbA1C, fasting plasma glucose, and 2-h plasma glucose. Our findings are consistent
with previous studies which showed no significant difference in HbA1c levels in people with T2DM
following text messaging interventions [33]. This could be contributed to the duration effect, our
meta-analysis had short interventions and follow-up durations (median, 12 weeks), thus, outcomes
such HbAlc are less likely to change over a short timescale (three months), in other words, it might
take longer for the intervention effects to become apparent [34].

The narrative synthesis in this review showed no statistically significant effect of mobile text
messaging on either weight or BMI. We could not synthesise these measures in our meta-analysis
due to high heterogeneity in the included studies. Our findings are consistent with previous reviews,
a meta-analysis showed no statistically significant in BMI and weight following mobile messaging
interventions in people with T2DM [35]. However, it is important to be realistic about the period of
interventions, a longer period is required to determine the desired improvements in such clinical
outcomes [36]. Aforementioned studies had short interventions (median, 12 weeks), thus, outcomes
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such weight and BMI are less likely to change on a short time scale [34].

Strengths and limitations
Strengths

Our study is the first review and meta-analysis that focused on the effectiveness of text messages
targeting only physical activity among T2DM patients. This enables us to ensure that the effect of
text messaging on physical activity outcomes is attributed to physical activity-related message
content, and no other contents such as diet, lifestyle, and general diabetic education. Our study is
considered a robust and high-quality review given that we followed well-recommended guidelines
(i.e., PRISMA) in developing, executing, and reporting it.

To run as sensitive a search as possible, we searched the most popular databases in health and
information technology fields using a very comprehensive list of search terms. The risk of
publication bias is minimal in this review because we searched grey literature databases (i.e., Web of
Science and Google Scholar) and conducted backward and forward reference list checking. We did
not restrict our search to specific countries of publication, year of publication, comparators, nor
settings; thus, this resulted in a more comprehensive review.

The risk of selection bias is minimal in the current review as two authors independently selected
studies, extracted data, and assessed the risk of bias and quality of evidence, and they had a very
good interrater agreement in all processes. When possible, we meta-analysed results of the included
studies, and this improved the power of studies and the estimates of the likely size of effect of text
messaging on different outcomes.

Limitations

The intervention of interest in this review was restricted to physical activity-related text messaging,
so we have not examined the impact of other digital interventions, such as mobile applications,
wearables, or other e-health tools. We also focused on patients with T2DM rather than other types of
diabetes. Accordingly, our results may not be generalisable to other e-health interventions nor
patients with T1IDM or gestational DM. In this review, we included only RCTs published in the
English language, thus, it is possible that we missed results from some non-English RCTs. We
applied these restrictions due to the high internal validity of RCTs over other study designs [37] and
lack of resources to translate non-English studies. The included studies were conducted in only 3
countries (USA, Iran, and Indonesia); therefore, the generalisability of our findings to other countries
may be limited. The findings are based on a small number of studies that met review criteria.
Although six studies were included in this review, two of the studies were from a single RCT where
two separate analyses and had been undertaken with data taken from different arms. Only two studies
were included in each of the two meta-analyses conducted in this review. This is attributed to the
lack of reported data that were appropriate for the analysis, and incomparable outcome measures and
comparators between studies. As such, it is not possible draw firm conclusions about effectiveness.
Implications for research

The current review found relatively few studies assessing the effectiveness of text messages in
promoting physical activity in T2DM, thus, RTCs with larger sample sizes are needed. Future studies
should seek to include objective outcome measures (e.g. physical activity, glycaemic control and
anthropometric measures), be consistent in terms of selected outcome measures, and measure
outcomes after longer follow-up periods in order to be able to compare study findings and make firm
conclusions about intervention effectiveness. More research is needed to determine what type of text
message content, frequency of messaging and duration of intervention is most likely to have positive
outcomes. Additional research needs to include an estimation of the cost-effectiveness of text
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messages and an examination of their long-term impact.

Conclusion

We could not draw a definitive conclusion regarding the effectiveness of text messaging on physical
activity, glycaemic control, weight, or BMI among patients with T2MD given the low number of the
included studies and their high risk of bias. Thus, the findings of this study suggest that texting
messaging should not substitute, but rather supplement clinical support. In addition, there is a
pressing need for further RCTs with large sample sizes, low risk of bias, and more consistency in
terms of intervention duration, outcome measures, the follow-up period, and comparator.

Conflicts of interest

None declared

Funding

This review was supported by a doctoral scholarship from the ministry of higher education, Saudi Arabia.

Abbreviations

AA: Alaa Abd-Alrazaq

BMI: Body mass index

DM: Diabetes mellitus

DM: Diabetes mellitus

GRADE: Grading of recommendations assessment and development and evaluation
MCID: Minimal clinically important difference
MET: Metabolic equivalent of task

MJ: Mohammed Jamaan

PA: Physical activity

RCTs: Randomized controlled trial

SD: standard deviation

T1DM: Type 1 diabetes mellitus

T2DM: Type 2 diabetes mellitus

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

References

1. Haider R, Sudini L, Chow CK, Cheung NW. Mobile phone text messaging in improving glycaemic
control for patients with type 2 diabetes mellitus: A systematic review and meta-analysis. Diabetes Research
and Clinical Practice. 2019;150:27-37. doi: 10.1016/j.diabres.2019.02.022.

2. NICE Nifhace. Type 2 diabetes in adults: management. NICE: NICE; 2019 [updated 2019; cited 2019
05-03-2020].

3. ADA ADA. Standards of Medical Care in Diabetes. 2018 2018-01-01 00:00:00. Report No.

4, Gordon J, McEwan P, Idris |, Evans M, Puelles J. Treatment choice, medication adherence and
glycemic efficacy in people with type 2 diabetes: a UK clinical practice database study. 2018.

5. Yan Z, Sylvia HL, Frank BH. Global aetiology and epidemiology of type 2 diabetes mellitus and its
complications. Nature Reviews Endocrinology. 2017;14(2):88. doi: 10.1038/nrendo.2017.151.

6. Edwards J, Hosseinzadeh H. The impact of structured physical activity on glycaemic control in

diabetes prevention programmes: A systematic review. Proceedings of Singapore Healthcare. 2018;27(3):193-
204. doi: 10.1177/2010105817739924.

7. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. Physical Activity/Exercise
and Diabetes: A Position Statement of the American Diabetes Association. Diabetes care. 2016;39(11):2065-
79. doi: 10.2337/dc16-1728.

8. Sigal RJ, Armstrong MJ, Bacon SL, Boulé NG, Dasgupta K, Kenny GP, et al. Physical Activity and
Diabetes. Canadian Journal of Diabetes. 2018;42:554-563. doi: 10.1016/j.jcjd.2017.10.008.
9. Sibai AM, Costanian C, Tohme R, Assaad S, Hwalla N. Physical activity in adults with and without

diabetes: from the 'high-risk' approach to the 'population-based' approach of prevention. BMC public health.
2013;13(1):1002. doi: 10.1186/1471-2458-13-1002.

10. Hamideh Lari, Azita Noroozi, Rahim Tahmasebi. Impact of Short Message Service (SMS) Education
Based on a Health Promotion Model on the Physical Activity of Patients with Type Il Diabetes. 2018.

11. Kannisto K, Koivunen M, Valimaki MA. Use of Mobile Phone Text Message Reminders in Health Care
Services: A Narrative Literature Review. Journal Of Medical Internet Research. 2014;16(10):100-13. doi:
10.2196/jmir.3442.

12. Sahin C, Courtney KL, Naylor P, E Rhodes R. Tailored mobile text messaging interventions targeting
type 2 diabetes self-management: A systematic review and a meta-analysis. Digital Health. 2019;5. doi:
10.1177/2055207619845279.

13. Thakkar J, Kurup R, Laba T-L, Santo K, Thiagalingam A, Rodgers A, et al. Mobile Telephone Text
Messaging for Medication Adherence in Chronic Disease: A Meta-analysis. JAMA Internal Medicine.
2016;176(3):340-9. doi: 10.1001/jamainternmed.2015.7667.

14. Berrouiguet S, Baca-Garcia E, Brandt S, Walter M, Courtet P. Fundamentals for Future Mobile-Health
(mHealth): A Systematic Review of Mobile Phone and Web-Based Text Messaging in Mental Health. Journal
Of Medical Internet Research. 2016;18(6):60-74. doi: 10.2196/jmir.5066.

15. Saffari M, Ghanizadeh G, Koenig HG. Health education via mobile text messaging for glycemic control
in adults with type 2 diabetes: a systematic review and meta-analysis. Prim Care Diabetes. 2014
Dec;8(4):275-85. PMID: 24793589. doi: 10.1016/j.pcd.2014.03.004.

16. Connelly J, Kirk A, Masthoff J, Macrury S. The use of technology to promote physical activity in Type 2
diabetes management: a systematic review. 2013. p. 1420-32.

17. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ. 2009;339:b2700. doi: 10.1136/bmj.b2700.

18. Altman DG. Practical statistics for medical research: CRC press; 1990. ISBN: 0412276305.

19. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019;366:14898. doi: 10.1136/bm;].14898.

20. Deeks JJ, Higgins JP, Altman DG. Chatper 9: Analysing data and undertaking meta-analyses. In:
Higgins J, Green S, editors. Cochrane handbook for systematic reviews of interventions. Sussex, UK: John
Wiley & Sons; 2008. p. 243-96.

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

21. Schunemann HJ, Oxman AD, Vist GE, Higgins JP, Deeks JJ, Glasziou P. Chapter 12: Interpreting results
and drawing conclusions. In: Higgins J, Green S, editors. Cochrane handbook for systematic reviews of
interventions Sussex, UK: John Wiley & Sons; 2008. p. 359-87.

22. Walshaw MJ. Cystic fibrosis: Diagnosis and management - NICE guideline 78. Paediatric respiratory
reviews. 2019;31:12-4. doi: 10.1016/j.prrv.2019.02.006.

23. Agboola S, Jethwani K, Lopez L, Searl M, O'Keefe S, Kvedar J. Text to Move: A Randomized Controlled
Trial of a Text-Messaging Program to Improve Physical Activity Behaviors in Patients With Type 2 Diabetes
Mellitus. ) Med Internet Res. 2016 Nov 18;18(11):e307. PMID: 27864165. doi: 10.2196/jmir.6439.

24, Arovah NI, Kushartanti BMW, Washington TL, Heesch KC. Walking with Diabetes (WW-DIAB)
programme a walking programme for Indonesian type 2 diabetes mellitus patients: A pilot randomised
controlled trial. SAGE Open Medicine. 2018;6. doi: 10.1177/2050312118814391.

25. Lari H, Noroozi A, Tahmasebi R. Impact of Short Message Service (SMS) Education Based on a Health
Promotion Model on the Physical Activity of Patients with Type Il Diabetes. Malays J Med Sci. 2018
May;25(3):67-77. PMID: 30899188. doi: 10.21315/mjms2018.25.3.7.

26. Lari H, Tahmasebi R, Noroozi A. Effect of electronic education based on health promotion model on
physical activity in diabetic patients. Diabetes Metab Syndr. 2018 Jan - Mar;12(1):45-50. PMID: 28869152.
doi: 10.1016/j.dsx.2017.08.013.

27. Polgreen LA, Anthony C, Carr L, Simmering JE, Evans NJ, Foster ED, et al. The effect of automated text
messaging and goal setting on pedometer adherence and physical activity in patients with diabetes: A
randomized  controlled tria. PLoS One. 2018;13(5):e0195797. PMID: 29718931. doi:
10.1371/journal.pone.0195797.

28. Ramirez M, Wu S. Phone Messaging to Prompt Physical Activity and Social Support Among Low-
Income Latino Patients With Type 2 Diabetes: A Randomized Pilot Study. JMIR Diabetes. 2017 Jun 6;2(1):e8.
PMID: 30291094. doi: 10.2196/diabetes.7063.

29. Silfee VJ, Haughton CF, Jake-Schoffman DE, Lopez-Cepero A, May CN, Sreedhara M, et al. Objective
measurement of physical activity outcomes in lifestyle interventions among adults: A systematic review.
Preventive Medicine Reports. 2018;11:74-80. doi: 10.1016/j.pmedr.2018.05.003.

30. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R, et al. Using Pedometers to
Increase Physical Activity and Improve HealthA Systematic Review. JAMA. 2007;298(19):2296-304. doi:
10.1001/jama.298.19.2296.

31. Ainsworth B, Cahalin L, Buman M, Ross R. The Current State of Physical Activity Assessment Tools.
Progress in Cardiovascular Diseases. 2015;57(4):387-95. doi: 10.1016/j.pcad.2014.10.005.

32. Monroe CM, Thompson DL, Bassett DR, Fitzhugh EC, Raynor HA. Usability of Mobile Phones in
Physical Activity-Related Research: A Systematic Review. American journal of health education.
2015;46(4):196-206. doi: 10.1080/19325037.2015.1044141.

33. Valles-Ortiz P, miranda-Felix P, Sosa E. Text messaging interventions to glycemic control in type 2
diabetes adults: Systematic review. Enfermeria Global. 2015 01/01;14:435-44.

34. Polonsky WH, Fisher L, Schikman CH, Hinnen DA, Parkin CG, Jelsovsky Z, et al. Structured self-
monitoring of blood glucose significantly reduces A1C levels in poorly controlled, noninsulin-treated type 2
diabetes: results from the Structured Testing Program study. Diabetes care. 2011;34(2):262-7. doi:
10.2337/dc10-1732.

35. Arambepola C, Ricci-Cabello I, Manikavasagam P, Roberts N, French DP, Farmer A. The Impact of
Automated Brief Messages Promoting Lifestyle Changes Delivered Via Mobile Devices to People with Type 2
Diabetes: A Systematic Literature Review and Meta-Analysis of Controlled Trials. Journal of medical Internet
research. 2016;18(4):e86. doi: 10.2196/jmir.5425.

36. Bin Abbas B, Al Fares A, Jabbari M, El Dali A, Al Orifi F. Effect of Mobile Phone Short Text Messages on
Glycemic Control in Type 2 Diabetes. International Journal of Endocrinology and Metabolism. 2015;13(1). doi:
10.5812/ijem.18791.

37. Bhattacherjee A. Social science research: Principles, methods, and practices: Creative Commons
Attribution; 2012. Available from: http://scholarcommons.usf.edu/.

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

Supplementary Files

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

Figures

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints

Flow chart of the study selection process.
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Forest plot of six studies assessing the effect of the text messaging on physical activity.
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Forest plot of two studies assessing the effect of the text messaging on HbA1C.

Alsahli et &

Texi messaging Control Wean Diiference Mean Diiference
Study or Subgroup  Mean 5D Tolal Mean 50 Total Weight [V, Random, 85% CI W, Random, 95% C1
Agboola 2016 043 029 64 0N 02T B TIE® -022F032-0013 E 2
Arcvah 2018 042 056 11 -044 D57 21 J64% 002 F0.33, 0038
Totad (95% CI) L] 84 10 0.6 00346, 0.05]
Helerogenedy. Tau"= 0.01; Chi®=1.79, di="1 (F = 0.18); = 44% -[Ilﬁ b I]=5 ”
Test for overall effect Z= 1.48 (F = 0.14) Favours messaging Favours control

https://preprints.jmir.org/preprint/29663

[unpublished, peer-reviewed preprint]



JMIR Preprints Alsahli et a

Multimedia Appendixes

https://preprints.jmir.org/preprint/29663 [unpublished, peer-reviewed preprint]



JMIR Preprints

PRISMA checklist.
URL.: http://asset.jmir.pub/assets/4e0c93d899c8ef 5ff 1dde2ef ebear2be.docx

Search query used for searching MEDLINE.
URL.: http://asset.jmir.pub/assets/bab3bec8458f42ad70981792fd7a75bb.docx

Data extraction form.
URL: http://asset.jmir.pub/assets/1697618ed0dbd51521879ff8b37eac0c.docx

Reviewers' judgements about each “risk of bias’ domain for each included RCT.

URL: http://asset.jmir.pub/assets/fc9857ef5219d44a16a225ccee3252bd.docx

GRADE profile.
URL.: http://asset.jmir.pub/assets/f 7a267ed334300118f 328f 9f df d6a093.docx

https://preprints.jmir.org/preprint/29663

Alsahli et &

[unpublished, peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Figures
	Figure 1
	Figure 2
	Figure 3
	Figure 4

	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2
	Multimedia Appendix 3
	Multimedia Appendix 4
	Multimedia Appendix 5



