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Abstract
Background Mobile phone text message interventions have the potential to improve the health of people
with type 2 diabetes at a population level. This study aimed to determine the effectiveness and
acceptability of a mobile phone text message intervention (DTEXT) on diabetes control and self-
management behaviours for Australian adults with type 2 diabetes.   Methods A two-armed parallel non-
blinded randomised control trial was conducted with 395 community dwelling adults with type 2 diabetes
and HbA1c ≥7.0% (53 mmol/mol). Block randomisation occurred after completion of baseline measures.
The control group received usual care, the intervention group received usual care and the automated six
month text message intervention (daily messages for months 1-3, four messages per week for months 4-
6). Pathology measures and self-report telephone surveys were assessed using intention to treat analysis.
Generalised estimating equations determined between group changes in HbA1c at 3 and 6 months.
Secondary outcomes included change in nutrition, physical activity, blood lipid pro�le, body mass index,
quality of life, self-e�cacy, medication adherence and program acceptability.   Results No signi�cant
difference was observed between the intervention (n=197) or control group (n=198) for HbA1c at 3
months (-0.11%; CI -0.28, 0.07; d= -0.05, p=0.23) or 6 months (-0.13%; CI -0.33, 0.08; d= -0.05, p=0.22). A
signi�cant improvement in nutrition was seen with consumption of vegetables at 3 months (0.74
serves/day; 95%CI 0.34, 1.12; d =0.31, p<0.01) and 6 months (0.42 serves/day; 95% CI 0.03, 0.82; d =0.18,
p=0.04); fruit at 3 months (0.21 serves/day; 95% CI 0.00, 0.41; d =0.09, p<0.05) and discretionary sweet
foods at 3 months (-1.10 times/week; 95% CI -2.03, -0.16; d =-0.47, p=0.02). No other signi�cant effects
were seen at 3 months and 6 months. The intervention demonstrated high rates of acceptability (94.0%)
and minimal withdrawal (1.5%).   Conclusions A mobile phone text message intervention can improve
some nutritional behaviours in people with type 2 diabetes, but does not signi�cantly improve HbA1c or
other health outcomes. DTEXT provides a highly accepted and potentially scalable form of self-
management support that can complement existing diabetes care.   Trial Registration Australian New
Zealand Clinical Trials Registry, Trial ID: ACTRN12617000416392. Registered: 23 March 2017.

Background
In Australia, diabetes is one of the fastest growing chronic diseases, with prevalence increasing threefold
since 1990 (1). It is the 7th leading cause of death in Australia (1), one of the largest contributors to
preventable hospitalisations (2), and contributes $14.6 billion annually in direct and indirect costs (3).
Type 2 diabetes accounts for 85% of diabetes, with around 1.1 million (5%) Australians currently
diagnosed with the disease, and half a million undiagnosed cases (4). Driving the development and
progression of type 2 diabetes are increasing rates of overweight and obesity, largely attributed to
modi�able lifestyle factors such as poor diet and physical inactivity (5). Type 2 diabetes mellitus can
result in microvascular and macrovascular complications, and premature mortality (6), leading to a
decreased quality of life and increased burden of the disease for the individual and the health system (3,
4). Diabetes education and self-management have been shown to improve glycaemic control and health
outcomes for people with type 2 diabetes (7, 8), however in Australia, programs are often underfunded (8)



Page 4/26

with low attendance (9, 10), and self-management behaviours are often not followed (11). An important
need therefore exists for the Australian health system to develop new models of diabetes care that
improve outcomes in a �nancially sustainable way (12).

Lifestyle interventions delivered via mobile phone text message interventions have been shown to bene�t
a range of chronic conditions and health behaviours (13). Automated and unidirectional text message
interventions for people with type 2 diabetes have demonstrated the potential for scalability to a
population level, without requiring large amounts of funding or clinical information (14). However
evidence on the optimal characteristics of text message interventions to improve the health and self-
management of people with type 2 diabetes is limited and inconclusive (14–16). Our study aimed to
determine the effectiveness and acceptability of a six-month mobile phone text message intervention
(DTEXT) on diabetes control and self-management behaviours for Australian adults with type 2 diabetes
and HbA1c ≥ 7.0% (53 mmol/mol).

Methods
Study Design

This study was a pragmatic randomised controlled trial (RCT) with two parallel arms.   Ethical approval
was obtained from the University of Wollongong & Illawarra Shoalhaven Local Health District Human
Research Ethics Committee (Health and Medical) (2016/343) and the study was registered with the
Australian New Zealand Clinical Trials Registry (ACTRN 12617000416392). The study protocol was
published, outlining the methodology in detail (17). The study is reported in accordance with the
Consolidated Standards of Reporting (CONSORT) (18) and the CONSORT eHealth Checklist (19), see
Additional File 1.

Participants

Participants were community dwelling adults residing across the state of New South Wales (NSW),
Australia, with a diagnosis of type 2 diabetes and an HbA1c ≥7.0% (53mmol/mol). Participants were
aged 18 years or older, able to read and speak English, owned a mobile phone and were not pregnant.
Due to slower than anticipated recruitment, eligibility criteria was updated from the original: age of 18-75
years, HbA1c 7.5-11% (58-97mmol/mol) and residing in the Illawarra and Shoalhaven regions of NSW
only. Recruitment occurred through referrals from health service providers; mail outs through the
Australian Government National Diabetes Services Scheme and local diabetes and renal services; and
advertisements in newspaper, radio, community noticeboard and social media (Facebook). Participants
provided written informed consent and medical clearance was obtained from their doctor. The study
sample size was calculated based on an expected 0.7% (8 mmol/mol) reduction in HbA1c. With 20% loss
to follow up, a sample size of 340 (170 per group) was required to achieve 80% power (alpha=0.05). 

Randomisation and blinding
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The randomisation schedule was created by a statistician not involved in the study, using PROC PLAN in
SAS version 9.4 (SAS Institute Inc,. Cary, NC, USA). Block randomisation of four was used to ensure a
balanced sample across the intervention and control groups. Couples in the study (n=5) were treated as a
single unit. Treatment allocation was concealed from the researchers and participants until
randomisation occurred. A staff member not involved in the study randomised participants and assigned
them to their group after baseline measures had been completed. Participants were then enrolled into the
study by the researchers. . Blinding of the researchers and participants was not possible due to the nature
of the intervention and telephone questionnaires. Pathology collectors assessing objective measures and
the participant’s doctor were not informed of treatment allocation.

Intervention

DTEXT was a six month mobile phone text message intervention that provided self-management support,
guidance and motivation for people with type 2 diabetes. A bank of 151 text messages was developed by
an expert panel of health promotion staff, clinicians and academics. The messages used language
appropriate for Australian adults with type 2 diabetes (20) and had a readability level of age 10-11 years
(21). The use of theory from the Behaviour Change Wheel (22) and 12 behaviour change techniques from
the Behaviour Change Technique Taxonomy (23) were used to enhance participant capability, opportunity
and motivation for lifestyle behaviour change. The messages were tested in a pilot study to determine
message acceptability. 

The text messages were sent daily during months one to three, and four times per week for months four
to six. The messages were delivered between the hours of 8am and 5pm using an automated
unidirectional system with the software company Message Media. Unilateral interventions have shown to
have a comparatively greater effect than bi-directional text message interventions, but at a much lower
cost and complexity (15, 24). Each message was a maximum of 160 characters in length, with message
delivery costing AU$0.12 per message. Message content included modules on: nutrition (35%); physical
activity and sedentary behaviour (35%); diabetes care and compliance with the diabetes Annual Cycle of
Care (20%); and weight management (10%). Additional messages were sent to participants on
medication adherence and smoking cessation, if appropriate. No message was repeated. To semi-
personalise the messages, occasional use of the participant’s and researcher’s �rst name was used.
Participants could opt-out of the study at any time by texting STOP. Examples of the messages are
presented in Box 1.
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Box 1: Examples of DTEXT text messages

Outcome measures

The primary outcome measure was change in HbA1c from baseline to 3 months and baseline to 6
months, measured by non-fasting blood test (NGSP method reporting units as a percentage (%); IFCC
method reporting units mmol/mol). Secondary outcome measures included objective and self-report
measures, recorded at baseline, 3 months and 6 months. Objective secondary outcome measures were
obtained following non-fasting blood test (enzymatic method and 4th generation HDL Cholesterol Plus
method, reporting units mmol/L). These included blood lipid pro�le (total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), triglycerides (TG)).
Measurements of height and weight for the calculation of body mass index (BMI), were also taken by
pathology collectors. Participants received an AU$25 store voucher upon receipt of pathology results and
a copy was sent to the participant’s doctor. Self-report secondary outcome measures were collected via
telephone survey and included physical activity, nutrition; smoking status; quality of life; self-e�cacy
(physical activity, nutrition, diabetes self-management); medication adherence; and program satisfaction
and acceptability. Nutrition was measured using questions from the NSW Population Health Survey (25)
and one developed speci�cally for this study. A detailed description of all outcomes measures is
described in the study’s protocol paper (17).

Statistical Analysis

Baseline demographic and outcome differences between groups were analysed using t-tests for
continuous variables and chi-square tests for categorical variables. Intention-to-treat principle and
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generalised estimating equation (GEE) models were used to test the effect of the intervention on change
in HbA1c between the intervention group and control group. The effect of the intervention on change in
BMI, TC, LDL-C, HDL-C, TG, physical activity, dietary behaviour, smoking status, quality of life and self-
e�cacy was also analysed. GEE models adjusted for baseline levels of HbA1c and BMI, age, gender,
smoking status, education level, fruit and vegetable consumption, physical activity and self-e�cacy. For
each group comparison, an effect size was calculated using Cohen’s d. Multiple imputation was used to
account for missing data. Due to the small proportion of missing data with an arbitrary missing pattern,
the Markov chain Monte Carlo (MCMC) method was used to create multiple imputations by drawing
simulations from a Bayesian prediction distribution (26). As part of the imputation, �ve datasets were
created, with all analyses conducted on each individual dataset before combining them.

Sensitivity analyses were conducted to assess differential impact of the intervention based on BMI
(included only participants with a BMI ≥30 kg/m2), initial HbA1c levels (included only participants with
sub-optimal (HbA1c>7.0%) and poor (HbA1c≥8.0%) diabetes control), an initial level of measurement
timing (included only participants with measurements within 4 weeks of the scheduled date) and missing
data (included only those without missing outcome data). All analyses were conducted in the software
programs Statistical Package for the Social Sciences (SPSS-25) and SAS v9.4. Datasets are available
from the corresponding author upon reasonable request.

Results
A total of 1231 people expressed interest in the study and were assessed for eligibility. The majority of
people were excluded due to good control of their diabetes, with HbA1c < 7.0% (53 mmol/L).
Randomisation of 395 people resulted in 197 participants in the intervention group and 198 participants
in the control group. Data collection occurred between May 2017 and March 2019. There was minimal
withdrawal and loss to follow up for both groups, with 95% of participants completing the study (Fig. 1).
There were no signi�cant baseline differences in demographic or clinical characteristics between the two
groups (Table 1). There were no adverse events during the study.
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Table 1
Baseline characteristics of participants

Demographics Control (n = 
198)

n (%)

Intervention (n = 
197)

n (%)

Males 101 (51.0) 101(51.3)

Age (years) (mean ± SD) 61.8 ± 10.4 62.1 ± 9.8

Born in Australia 148 (74.7) 143 (72.6)

Aboriginal or Torres Strait Islander origin* 11 (5.6) 10 (5.1)

Education level of year 12 or less* 60 (30.4) 67 (34.5)

Paid employment 80 (40.4) 67 (34.0)

Smoker 15 (7.6) 15 (7.6)

Health status perceived as fair or poor 81 (40.9) 68 (34.5)

Taking medication for diabetes* 194 (98.0) 188 (95.9)

Stroke or transient ischaemic attack 18 (9.1) 17 (8.6)

Heart attack 23 (11.6) 27 (13.7)

Congestive heart failure 4 (2.0) 8 (4.1)

Kidney failure 4 (2.0) 13 (6.6)

Objective clinical measures (mean ± SD)

Glycated haemoglobin (HbA1c) (%) 8.2 ± 1.2 8.2 ± 1.3

Total cholesterol (mmol/L)* 4.1 ± 1.1 4.2 ± 1.2

High density lipoprotein cholesterol (mmol/L)* 1.2 ± 0.3 1.2 ± 0.4

Low density lipoprotein cholesterol (mmol/L)* 1.9 ± 0.9 1.9 ± 0.8

Triglycerides (mmol/L)* 2.6 ± 1.8 2.8 ± 2.8

Body mass index (kg/m2)* 34.3 ± 7.4 32.9 ± 6.4

Health behaviours

Vegetable serves per day 3.6 ± 2.2 3.5 ± 2.1

Fruit serves per day 1.7 ± 1.1 1.7 ± 1.1

Physical activity sessions per week 2.3 ± 2.1 2.2 ± 2.1

*complete cases of data n < 395.
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Demographics Control (n = 
198)

n (%)

Intervention (n = 
197)

n (%)

Drinks ≥ 1 cups of sugary drinks per day* 68 (34.5) 66 (33.7)

Drinks ≥ 4 cups of water per day* 106 (54.1) 118 (60.2)

Consumes discretionary sweet foods >2 times per week 118 (59.6) 117 (59.4)

Consumes salty snacks > 2 times per week 50 (25.3) 63 (32.0)

Consumes takeaway > 2 times per week 79 (39.9) 68 (34.5)

Consumes low glycaemic index carbohydrates ≥ 2 times per
day*

47 (24.1) 41 (20.9)

Meets guidelines for health behaviours n (%) n (%)

Physically active (≥ 150 min per week) 6 (34.3) 65 (33.0)

Vegetables (≥ 5 serves per day) 48 (24.2) 45 (22.8)

Fruit (≥ 2 serves per day) 99 (50.0) 97 (49.2)

Total cholesterol (≤ 4 mmol/L)* 100 (51.3) 102 (52.6)

High density lipoprotein cholesterol (≥ 1 mmol/L)* 130 (67.4) 134 (70.2)

Low density lipoprotein cholesterol (< 2 mmol/L)* 108 (60.7) 92 (53.5)

Triglycerides (< 2 mmol/L)* 77 (39.7) 78 (40.2)

Body mass index ≤ 25 kg/m2* 7 (4.7) 11 (7.4)

*complete cases of data n < 395.

 

 

The effects of DTEXT on the intervention group compared to the control group are shown in Tables 2 and
3, as adjusted mean differences between the two groups at 3 months and 6 months. DTEXT did not show
a signi�cant difference in HbA1c between the intervention group and control group at 3 months (d=-0.05,
p = 0.23) or 6 months (d=-0.05, p = 0.22). DTEXT had a signi�cant effect on nutrition, with increased
vegetable consumption at 3 months (d = 0.31, p < 0.01) and 6 months (d = 0.18, p = 0.04), increased fruit
consumption at 3 months (d = 0.09, P < 0.05), and reduced discretionary sweet food consumption at 3
months (d=-0.47, p = 0.02). The DTEXT intervention had no signi�cant effect on other nutritional
outcomes, blood lipids, BMI, physical activity, self-e�cacy (physical activity, nutrition, diabetes self-
management), smoking cessation, medication adherence or quality of life. The study did not apply a
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correction for Bonferroni (27), however if one was used it would result in a p-value of < 0.002 and the
intervention effect remaining signi�cant for improved vegetable consumption at 3 months only.
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Table 2
Intervention effects on the primary and objective secondary outcomes, as adjusted means in outcome

variable over time
Characteristic Control

Adjusted Mean
(95% CI)

Intervention

Adjusted Mean
(95% CI)

Adjusted Mean
difference (95% CI)

P-
value

Cohen’s
d

Primary Outcome - HbA1c (%)

Baseline 8.22 (7.98, 8.45) 8.22 (7.98, 8.45) 0.00 (-0.05, 0.06) 0.95  

3 months 8.15 (7.89, 8.41) 8.04 (7.77, 8.32) -0.11 (-0.28, 0.07) 0.23 -0.05

6 months 8.20 (7.90, 8.49) 8.07 (7.79, 8.35) -0.13 (-0.33, 0.08) 0.22 -0.05

Secondary Outcomes – Objective measures taken by pathology collectors

Total cholesterol (mmol/L)

Baseline 4.07 (3.75, 4.38) 4.14 (3.84, 4.44) 0.07 (-0.13, 0.28) 0.46  

3 months 4.08 (3.77, 4.39) 4.10 (3.8, 4.4) 0.02 (-0.19, 0.23) 0.85 0.01

6 months 4.07 (3.75, 4.38) 4.05 (3.75, 4.35) -0.02 (-0.22, 0.19) 0.89 -0.01

High density lipoprotein cholesterol (mmol/L)

Baseline 1.11 (1.03, 1.18) 1.12 (1.05, 1.19) 0.01 (-0.05, 0.08) 0.69  

3 months 1.11 (1.03, 1.18) 1.10 (1.03, 1.17) -0.01 (-0.07, 0.06) 0.87 0.00

6 months 1.11 (1.04, 1.18) 1.11 (1.04, 1.18) 0.00 (-0.07, 0.07) 0.94 0.00

Low density lipoprotein cholesterol (mmol/L)

Baseline 1.84 (1.58, 2.10) 1.83 (1.58, 2.08) -0.01 (-0.17, 0.16) 0.92  

3 months 1.84 (1.58, 2.11) 1.82 (1.57, 2.07) -0.02 (-0.20, 0.15) 0.77 -0.01

6 months 1.82 (154, 2.09) 1.79 (1.53, 2.06) -0.03 (-0.20, 0.15) 0.80 -0.01

Triglycerides (mmol/L)

Baseline 2.85 (2.39, 3.31) 3.06 (2.58, 3.54) 0.21 (-0.26, 0.68) 0.38  

3 months 2.76 (2.31, 3.20) 3.10 (2.55, 3.65) 0.34 (-0.12, 0.81) 0.15 0.15

6 months 2.79 (2.32, 3.25) 2.98 (2.52, 3.44) 0.19 (-0.20, 0.58) 0.33 0.08

Body mass index (kg/m2)

*Signi�cant outcome

Nb: The analysis adjusted for baseline levels of HbA1c, BMI, age, gender, smoking status, education
level, fruit and vegetable consumption, physical activity and self-e�cacy.
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Characteristic Control

Adjusted Mean
(95% CI)

Intervention

Adjusted Mean
(95% CI)

Adjusted Mean
difference (95% CI)

P-
value

Cohen’s
d

Baseline 34.64 (33.35,
35.93)

33.77 (32.31,
35.23)

-0.87 (-2.10, 0.36) 0.16  

3 months 34.62 (33.38,
35.87)

33.65 (32.18,
35.13)

-0.97 (-2.26, 0.32) 0.18 -0.08

6 months 34.37 (33.72,
35.02)

33.90 (32.41,
35.39)

-0.47 (-1.79, 0.84) 0.51 -0.04

*Signi�cant outcome

Nb: The analysis adjusted for baseline levels of HbA1c, BMI, age, gender, smoking status, education
level, fruit and vegetable consumption, physical activity and self-e�cacy.
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Table 3
Intervention effects on self-report secondary outcomes, as adjusted means in outcome variable over time

Characteristic Control

Adjusted Mean
(95% CI)

Intervention

Adjusted Mean
(95% CI)

Adjusted Mean
difference (95% CI)

P-
value

Cohen’s
d

Secondary Outcomes – Self-report behavioural measures

Physical activity, sessions per week

Baseline 1.93 (1.52, 2.35) 1.75 (1.34, 2.17) -0.18 (-0.58, 0.22) 0.38  

3 months 1.99 (1.56, 2.42) 2.26 (1.84, 2.68) 0.27 (-0.13, 0.67) 0.19 0.12

6 months 2.00 (1.56, 2.45) 2.29 (1.87, 2.71) 0.29 (-0.14, 0.71) 0.19 0.12

Vegetable intake, serves per day

Baseline 2.88 (2.5, 3.27) 2.81 (2.45, 3.16) -0.07 (-0.49, 0.34) 0.72  

3 months 2.4 (2.02, 2.78) 3.14 (2.76, 3.51) 0.74 (0.34, 1.12) 0.00* 0.31

6 months 2.62 (2.23, 3.01) 3.04 (2.67, 3.42) 0.42 (0.03, 0.82) 0.04* 0.18

Fruit intake, serves per day

Baseline 1.65 (1.36, 1.95) 1.60 (1.32, 1.87) -0.05 (-0.26, 0.15) 0.57  

3 months 1.53 (1.24, 1.83) 1.74 (1.44, 2.03) 0.21 (0.00, 0.41) 0.05* 0.09

6 months 1.55 (1.24, 1.85) 1.69 (1.42, 1.97) 0.14 (-0.06, 0.35) 0.17 0.06

Low glycaemic carbohydrate intake, times eaten per day

Baseline 1.07 (0.90, 1.24) 1.04 (0.88, 1.2) -0.03 (-0.2, 0.14) 0.70  

3 months 1.06 (0.90, 1.23) 1.10 (0.94, 1.25) 0.04 (-0.13, 0.2) 0.67 0.02

6 months 1.02 (0.85, 1.2) 1.12 (0.96, 1.29) 0.10 (-0.07, 0.27) 0.26 0.04

Take away food intake, times eaten per week

Baseline 0.77 (0.51, 1.02) 0.79 (0.53, 1.04) 0.02 (-0.20, 0.24) 0.86  

3 months 0.67 (0.42, 0.93) 0.63 (0.44, 0.82) -0.04 (-0.29, 0.21) 0.74 -0.02

6 months 0.74 (0.45, 1.03) 0.66 (0.41, 0.9) -0.08 (-0.36, 0.19) 0.54 -0.04

Salty snack intake, times eaten per week

Baseline 1.81 (1.31, 2.3) 2.16 (1.69, 2.64) 0.35 (-0.17, 0.88) 0.18  

*Signi�cant outcome

Nb: The analysis adjusted for baseline levels of HbA1c, BMI, age, gender, smoking status, education
level, fruit and vegetable consumption, physical activity and self-e�cacy.
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Characteristic Control

Adjusted Mean
(95% CI)

Intervention

Adjusted Mean
(95% CI)

Adjusted Mean
difference (95% CI)

P-
value

Cohen’s
d

3 months 1.58 (1.11, 2.04) 1.58 (1.06, 2.09) 0.00 (-0.48, 0.48) 0.98 0.00

6 months 1.52 (1.04, 2.00) 1.58 (1.14, 2.02) 0.06 (-0.34, 0.46) 0.77 0.03

Discretionary sweet food intake, times eaten per week

Baseline 4.57 (3.61, 5.52) 5.13 (4.14, 6.12) 0.56 (-0.53, 1.66) 0.31  

3 months 4.13 (3.14, 5.11) 3.03 (2.23, 3.84) -1.10 (-2.03, -0.16) 0.02* -0.47

6 months 4.22 (3.27, 5.17) 4.22 (3.07, 5.37) 0.00 (-1.30, 1.30) 0.99 0.00

Water intake, cups per day

Baseline 4.78 (4.02, 5.54) 4.82 (4.21, 5.42) 0.04 (-0.68, 0.77) 0.90  

3 months 4.68 (3.98, 5.39) 4.92 (4.20, 5.64) 0.24 (-0.47, 0.95) 0.51 0.10

6 months 4.84 (4.08, 5.60) 5.02 (4.32, 5.71) 0.18 (-0.58, 0.95) 0.64 0.08

Sugary beverage intake, cups per day

Baseline 0.87 (0.50, 1.23) 1.1 (0.68, 1.52) 0.23 (-0.21, 0.67) 0.30  

3 months 0.68 (0.38, 0.97) 0.9 (0.58, 1.21) 0.22 (-0.21, 0.66) 0.32 0.09

6 months 0.89 (0.55, 1.24) 1.06 (0.7, 1.41) 0.16 (-0.32, 0.64) 0.51 0.07

Smoking status

Baseline 0.07 (0.03, 0.10) 0.07 (0.03, 0.11) 0.00 (-0.03, 0.04) 0.92  

3 months 0.06 (0.03, 0.09) 0.06 (0.03, 0.09) 0.00 (-0.03, 0.03) 0.97 0.00

6 months 0.05 (0.02, 0.08) 0.08 (0.04, 0.12) 0.03 (-0.01, 0.06) 0.28 0.11

Physical activity self-e�cacy, (scale of 1 – not con�dent to 10 – very con�dent)

Baseline 5.53 (4.95, 6.10) 5.52 (5.00, 6.03) -0.01 (-0.52, 0.50) 0.95  

3 months 5.91 (5.34, 6.49) 5.70 (5.17, 6.23) -0.21 (-0.74, 0.31) 0.43 -0.05

6 months 6.07 (5.46, 6.68) 6.08 (5.55, 6.6) 0.01 (-0.53, 0.54) 0.89 0.00

Nutrition self-e�cacy, (scale of 1 – not con�dent to 10 – very con�dent)

Baseline 7.40 (7.02, 7.78) 7.29 (6.90, 7.68) -0.11 (-0.48, 0.25) 0.55  

*Signi�cant outcome

Nb: The analysis adjusted for baseline levels of HbA1c, BMI, age, gender, smoking status, education
level, fruit and vegetable consumption, physical activity and self-e�cacy.
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Characteristic Control

Adjusted Mean
(95% CI)

Intervention

Adjusted Mean
(95% CI)

Adjusted Mean
difference (95% CI)

P-
value

Cohen’s
d

3 months 7.53 (7.15, 7.91) 7.43 (7.03, 7.83) -0.10 (-0.46, 0.26) 0.62 -0.04

6 months 7.47 (7.06, 7.89) 7.55 (7.19, 7.92) 0.08 (-0.27, 0.43) 0.66 0.03

Diabetes management self-e�cacy, (scale of 1 – not con�dent to 10 – very con�dent)

Baseline 6.26 (5.82, 6.70) 6.35 (5.94, 6.76) 0.09 (-0.33, 0.50) 0.68  

3 months 6.55 (6.12, 6.98) 6.47 (6.04, 6.89) -0.08 (-0.50, 0.33) 0.69 -0.03

6 months 6.80 (6.62, 6.97) 6.72 (6.31, 7.14) -0.08 (-0.48, 0.34) 0.73 -0.03

Quality of life – mental (SF12v2 score)

Baseline 41.77 (40.28,
43.27)

42.26 (40.72,
43.80)

0.49 (-0.92, 1.89) 0.50  

3 months 42.65 (41.17,
44.13)

42.66 (41.13,
44.18)

0.01 (-1.39, 1.41) 0.97 0.00

6 months 42.18 (40.61,
43.75)

42.37 (40.87,
43.86)

0.19 (-1.29, 1.66) 0.81 0.01

Quality of life - physical (SF12v2 score)

Baseline 41.28 (38.91,
43.64)

41.39 (39.15,
43.62)

0.11 (-1.73, 1.95) 0.91  

3 months 42.31 (39.77,
44.85)

42.03 (39.67,
44.39)

-0.28 (-2.22, 1.65) 0.77 -0.01

6 months 43.02 (40.67,
45.37)

42.03 (39.75,
44.3)

-0.99 (-2.98, 1.00) 0.33 -0.05

Adherence to diabetes medications

Baseline 0.79 (0.73, 0.85) 0.75 (0.69, 0.81) -0.04 (-0.10, 0.02) 0.37  

3 months 0.78 (0.72, 0.85) 0.75 (0.69, 0.81) -0.03 (-0.09, 0.03) 0.46 -0.07

6 months 0.76 (0.69, 0.82) 0.73 (0.66, 0.79) -0.03 (-0.10, 0.03) 0.51 -0.07

*Signi�cant outcome

Nb: The analysis adjusted for baseline levels of HbA1c, BMI, age, gender, smoking status, education
level, fruit and vegetable consumption, physical activity and self-e�cacy.

 

The �ve sensitivity analyses results are presented in Supplementary Tables S1-S5, showing the
intervention effects when con�ned to participants who i) had obesity; ii) had sub-optimal diabetes control
(HbA1c > 7.0%); iii) had poor diabetes control (HbA1c ≥ 8.0%), iv) did not have any missing data; v) or
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completed follow up measures within study protocol timeframes. The results for i), ii), iv) and v) were
consistent, and showed similarity to the main intervention outcomes, with no signi�cant difference for
HbA1c at 3 and 6 months, a signi�cant increase in vegetable consumption at 3 and 6 months, and a
signi�cant decrease in discretionary sweet food consumption at 3 months. The results for iii) people with
poor diabetes control, differed in that vegetable consumption only increased signi�cantly at 6 months
(but not 3 months), and additionally intake of low glycaemic carbohydrates increased signi�cantly at 6
months; and self-e�cacy for physical activity decreased signi�cantly at 3 months.

Program satisfaction and acceptability is shown in Table 4, showing high levels across all outcomes.
Intervention group withdrawal from the study (1.5%) and loss to follow up (3.5%) was very low.

Table 4
DTEXT Program satisfaction and acceptability

Question n (%) of yes
responses

Did you enjoy receiving the text messages? 168 (94)

Would you recommend the text message program to people with type 2
diabetes?

174 (98)

Have the text messages helped you to change your behaviour? 142 (79)

Do you think the information provided was at the right level for you? 174 (95)

Do you think receiving messages daily for months 1–3 was the right amount? 166 (91)

Do you think receiving messages 4 times per week for months 4–6 was the
right amount?

If no, how many messages would you have liked to receive?

21 (65%) of respondents would like 5–7 messages per week

137 (77)

Do you think that receiving the text messages for 6 months was long enough?

If no, how long would you like to receive the messages for?

57 (98%) of respondents said 9 months or longer

103 (58)

Discussion
Our study suggests that a 6 month diabetes self-management support program delivered via mobile
phone text messages can lead to small improvements in some nutritional outcomes, but does not have a
statistically signi�cant effect on improving HbA1c, BMI, blood lipids or other diabetes self-management
behaviours. Overall however, the intervention did show small positive trends for improvement across
most outcomes, and was highly accepted by participants, suggesting that a text message support
program for people with type 2 diabetes may be a useful tool to complement existing diabetes education
and self-management support programs and usual care.
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A few factors may have contributed to the small effect of the DTEXT intervention. Clinical outcome
measures may have been impacted by high rates of medication management, as 97% of study
participants reported their diabetes was medically treated at baseline, and the rate of participants
meeting total cholesterol recommendations was three times higher than the national average (4). If
HbA1c and cholesterol levels were already managed by medication, it may have been unlikely for a
further signi�cant reductions to occur from secondary behaviour change related to DTEXT. It may be that
DTEXT is more likely to demonstrate bene�cial outcomes among people with pre-diabetes or newly
diagnosed type 2 diabetes, where diet and exercise is recommended as the �rst line of treatment before
medication therapy commences (6). Additionally, healthy measures at baseline and small trends for
improvement from baseline to 3 and 6 months were demonstrated by the control group, which has been
reported in another similar trial (28), and reduces the potential to observe signi�cant intervention effects.

The DTEXT intervention resulted in a non-signi�cant reduction in BMI at 3 months, which is similar to
�ndings from a recent meta-analysis for type 2 diabetes text message interventions (15). The only type 2
diabetes text message intervention reporting a signi�cant BMI reduction, was of 12 week duration; with
message frequency of 7 days per week; focused on diet, exercise, medication adjustment and self-
monitoring of blood glucose levels (29). This study is similar in intervention design to the �rst 12 weeks
of DTEXT, but differs by having a greater focus on medication adjustment and blood glucose self-
monitoring, combined with weekly phone calls, suggesting that this additional accountability and support
may be required to affect BMI change.

A signi�cant improvement in the self-reported consumption of vegetables, fruit and discretionary sweets
(i.e. biscuits, cakes, mu�ns, pastries, donuts, muesli bars and confectionary) was observed from DTEXT.
These outcomes may be attributed to the strong focus DTEXT had on nutritional behaviour change, with
around one third of the messages having this theme. The intervention group had small improvements
from baseline scores of all nutritional outcomes, but were not signi�cant when compared to the control
group who also showed small improvements in several measures. Overall, the nutritional effects of
DTEXT were greater at 3 months than 6 months, suggesting that participants may either have an
increased motivation to change in the �rst three months, or nutritional behaviour change may be best
supported with daily text messages, instead of 4 days per week. More research however is required to
determine this, as the pool of evidence is limited and varied. To the best of our knowledge, DTEXT is the
�rst text message intervention for people with type 2 diabetes to measure and show these nutritional
outcomes. The only other two text message studies reporting nutritional change for people with type 2
diabetes show that improvements in the number of meals eaten per day (30) and the availability of
having fresh fruit and vegetables available in the home (31) can be improved when receiving 3 messages
per week.

An equally strong focus of DTEXT was on the promotion of physical activity, however this resulted in a
trend for improvement only, and did not have a statistically signi�cant effect. Again, control group
participants also showed physical activity improvements. The pool of evidence for physical activity
outcomes from type 2 diabetes text message programs is small and inconclusive, with one study



Page 18/26

reporting similar �ndings to DTEXT (32), and another reporting a signi�cant improvement (30). The study
with signi�cance sent text message 3 times per week for 6 months, with additional support provided
through monthly follow up with a diabetes educator and a calendar to record daily compliance with
exercise guidelines. This suggests that text messages alone may not be su�cient to change physical
activity for people with type 2 diabetes. This may also be true for other DTEXT behaviour change
secondary outcomes that did not achieve signi�cant outcomes.

DTEXT achieved high levels of satisfaction and acceptability amongst intervention group participants,
and this was re�ected by a very low withdrawal rate and minimal loss to follow up. Similar outcomes
have been reported in other text message studies for people with type 2 diabetes (14, 15, 24), supporting
text messages as a suitable method to deliver health education and diabetes self-management support
to this population group. The control group also had very low loss to follow up and no withdrawal,
con�rming their high level of interest and motivation in the study. These outcomes may be in�uenced by
selection bias (33) as the majority of participants self-referred into DTEXT, and may therefore over-
represent the general population’s interest in undertaking a type 2 diabetes text message support
program. Similarly, social desirability bias (34) may have positively in�uenced the results as the
researchers delivering the intervention also conducted the participant telephone surveys.

To date, DTEXT is the largest randomised controlled trial to examine a health intervention delivered by
mobile phone text messages for people with type 2 diabetes, and adds to the growing body of evidence in
this �eld. The overall evidence for effectiveness however remains mixed with the most e�cacious
characteristics of interventions unknown, and research on text message frequency, duration, use of theory
and tailoring of messages (14–16, 28, 29) being varied and inconclusive. A recent systematic review and
meta-analysis of unidirectional text message interventions in 1710 people with type 2 diabetes by Haider
et al (14) showed that 5 of 11 studies had signi�cant reductions in HbA1c (30, 32, 35–37), and the
remaining studies, similar to DTEXT �ndings, had positive trends for reduction (28, 29, 38–42). The
studies that had signi�cant outcomes were heterogeneous in design, however the majority sent
messages 3–4 days per week, focused on diet, exercise, self-monitoring blood glucose levels and
reducing cardiovascular risk factors. The overall results of Haider’s meta-analysis reported a signi�cant
0.38% (4 mmol/mol) reduction in HbA1c from the pooled data, concluding that overall, low cost text
messaging, delivered in addition to usual care, has the potential to result in a small improvement in
glycaemic control (14). More research is required to determine the most effective text message
intervention characteristics for people with type 2 diabetes.

Among the strengths of our study was the large sample size and high retention of participants.
Limitations of our study included inability to blind participants and the researchers who delivered the
intervention after randomisation. The software company delivering the text messages was not able to
identify the proportion of participants that opened each text messages, however the message content
was concise enough to be viewed as a noti�cation directly on the mobile phone’s home screen, negating
the need to open the actual message. The participant’s doctor received pathology results (i.e. HbA1c, lipid
pro�le and BMI) three times during the 6 month intervention, which may have increased consultation



Page 19/26

rates and medication changes, and also contributed to the control groups improved outcomes. LDL-C
levels provided by pathology collection centres may have been underestimated for participants with high
TG levels, a known factor of Friedewald equation estimations (43). Recruitment was limited to people
who could read and speak English only, and further, self-selection may have led to a trial with motivated
participants in both groups. Study resources only permitted 6 months intervention follow-up, so effects of
a longer intervention are unknown.

Conclusions
DTEXT is a mobile phone text message intervention that improves some nutritional outcomes in
Australian adults with type 2 diabetes. Whilst improvements in HbA1c were not signi�cant between the
two groups who both received medical management, the intervention was highly accepted, suggesting
that DTEXT may complement usual diabetes care. It remains to be determined whether a newly
diagnosed patient group, or one with less access to medical care, would demonstrate greater bene�ts.
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Figure 1

Flow of participants through the study
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