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Introduction

The high prevalence of type 2 diabetes mellitus (T2DM) has 
put a financial burden on healthcare systems in countries 
around the world, including in Indonesia.1 In 2014, 40% of the 
health expenditure for all non-communicable diseases in 
Indonesia was allocated for managing T2DM and its compli-
cations.2,3 Therefore, the prevention and control of T2DM 
complications should be an Indonesian public health priority.

Physical activity reduces the risk of T2DM complications 
by improving glycaemic control and lipid profiles, as well as 
decreasing blood pressure and body fat.4–6 It also reduces 
both total and cardiovascular mortality risks among T2DM 
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patients.7 However, physical activity promotion is under-
utilised in Indonesia. This is likely due in part to the lack of 
evidence about the most appropriate ways to promote physi-
cal activity to T2DM patients in this population.

One of the most recommended, safe, and cost-effective 
forms of physical activity for T2DM patients is walking.8 
For obtaining optimal health benefits, public health guide-
lines recommend 30 min of moderately paced walking that 
generates 3000–4000 steps in addition to daily activity of 
6000–7000 steps.9 Likewise, for clinical improvements in 
T2DM control, particularly in HbA1c levels, previous 
research suggests that patients must obtain 4000 steps per 
day in addition to their usual activity.10

To help T2DM patients without physical limitations meet 
the recommendation, theory-based supports and prompts are 
suggested.11 For example, pedometers help patients self-
monitor behaviour and set behavioural goals.12 The use of 
pedometers with T2DM patients has resulted in increases in 
daily steps,13,14 although these increases have been small 
(below 4000 steps), which could explain why their use has 
not led to clinical improvements. In practice, use of more 
than one theory-based technique (e.g. a pedometer) is likely 
to be required to help T2DM patients attain 4000 additional 
steps. Indeed, findings of a systematic review suggest that 
the physical activity programmes most likely to achieve clin-
ically significant improvements in T2DM patients imple-
ment at least 10 behaviour change techniques, for a minimum 
of 6 months.11

One of the most widely used theories for increasing phys-
ical activity levels is social cognitive theory (SCT).15 The 
underlining concept of this theory is reciprocal determinism, 
which assumes that behaviour (e.g. physical activity), per-
sonal factors (e.g. cognitive factors), and environmental fac-
tors (e.g. social interactions) are interrelated. Therefore, 
behaviour changes (i.e. increases in physical activity) are 
expected when cognitive factors and social interactions 
improve. Several behaviour change techniques have been 
used successfully to increase physical activity levels via their 
influence on four key SCT constructs: self-efficacy, outcome 
expectations, self-regulation, and social support.16–18 
However, to date, no physical activity interventions with 
T2DM patients have included techniques to influence all 
four constructs. Moreover, SCT-based techniques as well as 
pedometers have not been used in physical activity interven-
tions conducted in Indonesia. In short, the feasibility and 
effectiveness of implementing physical activity interven-
tions that use SCT-based techniques and pedometers in this 
population have not been investigated, and given their prom-
ise for increasing physical activity levels, their feasibility 
and effectiveness in this population should be investigated.

The overall aim of this study was to test the feasibility and 
effectiveness of an SCT- and pedometer-based physical 
activity programme, which targeted self-efficacy, outcome 
expectations, self-regulation, and social support, in 
Indonesian T2DM patients. The first objective was to exam-
ine the feasibility of recruiting and retaining members of the 

target population and of assuring their adherence to the pro-
gramme protocol. The second objective was to examine the 
effectiveness of the programme in increasing pedometer-
measured daily step counts. The third objective was to exam-
ine whether the programme could also improve self-reported 
physical activity levels, social cognitive processes, clinical 
outcomes (glycaemic parameters), and health-related quality 
of life (HRQoL) in these patients. The findings from this 
study will be used for designing and implementing a larger 
randomised controlled trial (RCT) study in this population.

Methods

Setting and study population

The recruitment setting was a public hospital in Yogyakarta, 
the Indonesian city with the highest number of diagnosed 
T2DM cases in the country.19 Participants were recruited 
from the cohort of clinically diagnosed T2DM patients 
attending the diabetes clinic or weekly exercise sessions at 
the hospital.

The Walking with Diabetes (WW-DIAB) 
programme framework and structure

The WW-DIAB programme was developed based on a review 
of previous theory-based physical activity programmes and a 
guide for developing theory-based materials.20 It was also 
guided by findings from a needs assessment in the target pop-
ulation. The complete theoretical framework of WW-DIAB 
programme is illustrated in Figure 1.

The WW-DIAB programme was designed to improve 
patients’ self-efficacy through several techniques (i.e. mas-
tery experience, social modelling, psychological feedback, 
and verbal persuasion), resulting from the use of physical 
activity prompts (i.e. pedometer and step logs), educational 
materials (activity-based workbook), and text message sup-
port. Patients’ outcome expectations were expected to 
improve through active learning stimulated from reading 
educational materials and follow-up text messages. Patients’ 
social support was to improve through staff encouragement 
to enlist social support. Finally, patients’ self-regulation was 
to improve through the use of step goal-setting and self- 
monitoring with pedometers and step logbooks. Increases in 
social cognitive processes were expected to result in 
increases in physical activity, which would then lead to gly-
caemic control improvements, decreases in complication 
risks, and improvement in HRQoL.

The programme was delivered in 24 weeks (two 12-week 
phases). In the first phase, the intensive phase, participants 
wore a pedometer and completed a workbook consisting of 
SCT-based activities that included daily step logs. Participants 
also received text messages (1–3 times/day). These mes-
sages summarised in brief theory-based material presented 
in the workbook to encourage them to walk more, and they 
included prompts to engage in workbook activities as well as 
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to self-monitor and record their steps. Participants were also 
to submit their daily step counts to the lead author through 
text messaging once per week. Table 1 illustrates the weekly 
SCT-based activities that were prompted by workbook and 
text messages. The workbook and the text message material 
are available from the author upon request.

In the second phase, the maintenance phase (weeks 13–
24), participants no longer received text messages or engaged 
in structured activities. They were encouraged to apply skills 
acquired during the first phase and to maintain or increase 
their walking. During both phases, participants received 
their usual hospital care. Table 1 describes the weekly work-
book activities and text message script themes and links 
these with the SCT constructs underlying the activities.

Study design

The study was a pilot RCT. Changes in study outcomes over 
12 and 24 weeks were compared between an intervention 
group that received the WW-DIAB intervention (PED+ 
group) and a control group that received only pedometers 
and log sheets for recording steps (PED-only group). Because 
pedometers are a well-known strategy for increasing walk-
ing and because the focus of the research was not to examine 
the effectiveness of providing pedometers, but to assess the 
effectiveness of an SCT-based physical activity intervention 
added to the provision of pedometers, no no-treatment con-
trol group was included. The provision of pedometers to the 
control groups has been done previously.17,21

Sample size calculation

The primary outcome was daily pedometer step counts. To 
examine the treatment and time effects, the sample size calcu-
lation was based on expected step count differences between 
groups at the end of the intervention and expected pre–post 
differences in each group. The calculation used an estimated 
effect size of 0.87, generated from a recent meta-analysis of 
previous pedometer-based studies.14 At a significance level of 
0.05, a power level of 80%, with a one-tail hypothesis 
assumption, the study required 36 participants. Anticipating a 
dropout rate of 20%, a sample size of 43 participants was 
required. A one-tail assumption was used because we hypoth-
esised that study outcomes would improve more in the PED+ 
group compared to the PED-only group based on evidence 
from previous physical activity studies.17,18

Inclusion, exclusion, and discontinuation criteria

The inclusion criteria were as follows: having a clinically con-
firmed T2DM diagnosis, receiving services from the diabetes 
clinic at the selected hospital, reporting an ability to walk for 
at least 15 min at one time, owning a mobile phone, familiarity 
with text messaging, and an ability to read and write in the 
local language. Patients with medical conditions that pre-
vented participation in physical activity were excluded. The 
discontinuation criterion was developing a medical condition 
that prevents further participation in physical activity during 
the course of the study.

Figure 1. The theoretical framework of the WW-DIAB programme.
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Participant recruitment

To recruit participants, the lead author placed recruitment 
brochures in the hospital diabetes clinic and stood at a 
recruitment table in the diabetes clinic during office hours 
for five weekdays. She also placed brochures in the hospi-
tal exercise class for T2DM patients. Patients who attended 
the exercise class were in need of further physical activity 
programming because this weekly 1-h class was insuffi-
cient to provide them with the weekly dose of physical 
activity required to meet physical activity guidelines.

Most patients who asked to participate met the lead author 
in the diabetes clinic to discuss the study and undergo initial 
screening against inclusion and exclusion criteria. Those who 
received the brochure when she was not available were 
instructed to phone the lead author to arrange to meet her in the 
diabetes clinic for the initial screening. Patients who met the 
initial criteria were asked to give permission for the second 
stage of screening, which included the lead author’s review of 
the patient’s medical records to confirm the diagnosis. Those 
with a confirmed T2DM diagnosis were allowed into the study.

Randomisation and blinding

At baseline, participants were randomised into either PED+ 
or PED-only group with an allocation ratio of 1:1. A list of 
participants was created, and then the sequence for the alloca-
tion was generated using a random number generator applica-
tion for mobile application.22 In view of the inherent difficulties 
in blinding a behaviour change programme within one com-
munity, the allocation was not concealed from participants. 
The lead author generated the allocation sequence, assigned 

participants to the study groups, and delivered the programme; 
she was not, therefore, blinded to group allocation. Other 
researchers, phlebotomists, laboratory technicians, and 
research assistants involved in data collection, as well as stat-
isticians, were blinded to group assignment.

Feasibility study outcomes

The outcomes of interest were recruitment, retention, and adher-
ence success. Specifically, the outcomes and criteria of success 
were (1) of all patients who expressed an interest in participat-
ing, the proportion who met all eligibility requirements, includ-
ing a confirmed T2DM diagnosis (first criterion of success for 
recruitment: >70%), (2) the proportion of eligible patients who 
enrolled in the study (second criterion of success for recruit-
ment: >70%), (3) the proportion of patients who enrolled in the 
study who attended the 12- and 24-week data collection (crite-
rion of success for retention: >80%), and (4) the proportion of 
PED+ participants who submitted their weekly daily step logs 
(criterion of success for adherence: >70%).

Except for the retention rate, the criteria of success were 
arbitrary due to the lack of recommended values from the 
literature. It was expected that recruitment, retention, and 
adherence rates would be high because pedometers were still 
considered novel in this population and thus would encour-
age participation.

Effectiveness study outcomes, instrument, and 
assessment schedules

The primary outcome was pedometer-measured daily steps 
using the Yamax SW200, which has been validated against 

Table 1. The WW-DIAB intervention structure.

Period Workbook and text message support Targeted social 
cognitive constructs

Phase 1 The intensive phase
Week 1 Creating walking step goals Self-regulation
Week 2 Reviewing physical activity benefits Outcome expectations
Week 3 Fitting walking sessions into weekly schedule Self-efficacy
Week 4 Practising relaxation technique to decrease stress Self-efficacy
Week 5 Enlisting support from family and friends to become physically active Social support
Week 6 Providing oneself with a reward when step goal is achieved Self-regulation
Week 7 Practising positive self-talk to encourage walking Self-regulation
Week 8 Expanding walking activities in four physical activity domains: 

transport, household related, occupational, and leisure
Self-regulation

Week 9 Using physical activity prompts (e.g. placing a walking schedule in a 
visible place at home)

Self-regulation

Week 10 Evaluating and reviewing challenges in following the programme and 
finding solutions

Self-regulation

Week 11 Improving walking techniques to maximise physical activity benefits Self-regulation
Phase 2 The maintenance phase
Weeks 13–24 Continue to apply skills learned at the first 12 weeks on one’s own. 

They no longer received text message reminders during these weeks
All

WW-DIAB: Walking with Diabetes.
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the observed step counts.23 There were four secondary out-
comes, which were (1) self-reported walking and moderate-
to-vigorous-intensity physical activity (MVPA) minutes per 
week, using the interviewer-administered 7-day Physical 
Activity Rating (PAR),24 (2) glycaemic control parameters 
(HbA1c, using the chromatography method; fasting plasma 
glucose, and 2-h plasma glucose, using the hexokinase 
method), (3) SCT constructs, which were measured using 
well-established scales that were culturally adapted from 
English for use in the Indonesian context: a self-efficacy scale 
developed by Marcus et al.,25 an outcome expectations scale 
developed by Rovniak et al.,26 a self-regulation scale devel-
oped by Rovniak et al.,26 and a social support scale by Sallis 
et al.,27 and (4) HRQoL, using the instrument developed by 
the EuroQol Group,28 which was available in the Indonesian 
language. In total, there were 63 SCT and 6 HRQoL items. 
For the SCT construct scales, negatively worded questions 
were inversely coded, and then mean scores of scale items 
were computed to serve as scale scores, with higher mean 
scores representing higher levels or more of an attribute (e.g. 
higher self-efficacy). All measures were analysed and inter-
preted according to their scoring guidelines. The outcomes 
were assessed at baseline and at weeks 12 and 24.

Data collection

Data collection was conducted by the lead and second 
authors with the support of nine research assistants, two 
phlebotomists, and one laboratory technician in a private 
clinical laboratory in Yogyakarta. The research assistants 
were students of a university sports science course in 
Indonesia who were trained prior to data collection.

For each data collection period, participants attended an 
in-person appointment in the laboratory. During the appoint-
ment, the lead author administered the PAR, and participants 
self-completed the SCT scales and the HRQoL measure. A 
phlebotomist drew their blood for measuring glycaemic 
parameters. Research assistants measured blood pressure, 
height, weight, and waist/hip ratio. At the end of the first 
appointment, they gave each participant a pedometer and 
instructions on how to use it. They also instructed partici-
pants on completing 7-day step logs. The lead author con-
tacted the participants by telephone 7 days after the first data 
collection so that they could report their baseline daily steps.

One week before each follow-up appointment, partici-
pants received a text message reminder to attend the next 
data collection and to bring completed step log sheets for the 
7-day period immediately before the appointment. At each 
appointment, participants received a monetary incentive, 
equal to $US 9.00, as reimbursement for transportation costs.

Statistical analysis

All data were summarised using means and standard devia-
tion (SD) for normally distributed data and frequencies and 

proportions for categorical data. The longitudinal data were 
analysed based on an intention-to-treat analysis. Generalised 
estimating equation (GEE) models were used to predict the 
primary and secondary outcomes by treatment (PED+ and 
PED-only), time (baseline, week 12, and week 24), and 
treatment-by-time interactions. It was confirmed that miss-
ing data were completely missing at random and, therefore, 
met the assumptions for conducting the GEE analysis. All 
analyses were conducted in SPSS 22 (IBM, Chicago, IL, 
USA).

The statistical analysis was conducted by the lead author 
in consultation with senior statisticians. During consulta-
tions, the statisticians were blinded. However, the lead author 
was not blinded because she delivered the intervention and 
participated in data collection. The research assistants, the 
laboratory personnel, and other researchers, including the 
second author, who supervised the data collection, however, 
were blinded to minimise detection bias by ensuring that the 
data collection for all participants was performed following 
the same standardised protocol.

Results

Feasibility study outcomes (recruitment, retention, 
and adherence)

During the recruitment week early in December 2015, 58 
participants expressed an interest in participating in the 
study. All had a confirmed T2DM diagnosis based on the 
medical record review. Therefore, 100% of potential partici-
pants were confirmed to be eligible. However, 15 partici-
pants (53% were male) did not enrol in the study. A total of 4 
potential participants could not be contacted and 11 decided 
not to participate, most because they were not available to 
attend baseline data collection the week following the 
recruitment week. The 43 (74%) participants who agreed to 
join the study were randomised and then participated in 
baseline data collection. Only one of the 43 did not attend the 
follow-up data collection appointments at weeks 12 and 24 
(retention rate = 97.6%). Figure 2 shows a flowchart of par-
ticipants’ progression through enrolment, allocation, and 
follow-ups.

During the course of the study, 17 participants in the 
PED+ group (81.8%) registered their complete daily step 
record every week.

Baseline data

Participants’ baseline characteristics are summarised in 
Table 2. Participants in both groups were aged 53–76 years. 
Most were female, married, with no educational certificates 
beyond a high school diploma. Over half were retired. Most 
had been diagnosed with T2DM at least 5 years prior to 
enrolling in the study, and almost all were taking oral anti-
diabetic medications. On average, participants had normal 
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blood pressure readings and were categorised as overweight 
according to Barba et al.,29 based on the body mass index 
(BMI) criteria for Asian populations (>23 kg/m2). None of 
the participants walked more than 10,000 steps per day; 
however, four participants in each group reported that they 
were doing at least 150 min of moderate-intensity physical 
activity per week and thus were meeting international rec-
ommendations for physical activity.

Descriptive statistics of the study outcomes and the results 
of the GEE analysis are presented in Table 3.

Effectiveness study outcomes

Physical activity level. A significant treatment-by-time effect 
was found for the primary effectiveness outcome, daily step 

counts. Daily step counts changed over time in the two 
groups between baseline, week 12, and week 24 (p < 0.001) 
with increases in step counts from baseline to week 12 and 
from week 12 to week 24 in the PED+ group and from base-
line to week 12 in the PED-only group. Average daily steps 
were significantly higher in the PED+ group than in the 
PED-only group (p = 0.03).

There was no treatment-by-time effect for any self-
reported physical activity outcome. However, there was a 
time effect that indicated increases in self-reported walking 
and MVPA in both groups between baseline and week 12, 
and in the PED+ group between weeks 12 and 24. Although 
there was no treatment effect, the mean walking minutes/
week increased by 126 min (SD = 174) in the PED+ group 
and by 61 min (SD = 129) in the PED-only group, while 

Figure 2. The flowchart of participants’ progression through enrolment, allocation, and follow-ups.
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mean MVPA minutes/week increased by 115 min (SD = 182) 
in the PED+ group and by 50 min (SD = 106) in the PED-
only group.

Glycaemic control. No treatment or treatment-by-time effect 
was found for glycaemic control parameters. However, there 
was a time effect: the three glycaemic control parameters 
improved in the two groups between baseline and week 24 
(p < 0.05).

Social cognitive scores. For all but one SCT scale, there was a 
significant treatment-by-time effect. The mean scores on 
these scales increased more between baseline and weeks 12 
and 24 in the PED+ group than in the PED-only group 

(p < 0.05), which suggested improvements in these attrib-
utes. There was no treatment-by-time effect on the negative 
outcome expectations subscale, but there were treatment and 
time effects. The mean score on this subscale increased over 
time in the two groups (p = 0.001), which suggested that par-
ticipants expected fewer negative outcomes from participat-
ing in physical activity at follow-up than at baseline, and the 
mean score was higher in the PED+ group than in the PED-
only group across data collection weeks (p = 0.008).

HRQoL. There were no treatment, time, or interaction effects 
for any HRQoL parameters, except for a time effect (p = 0.04) 
for the daily life activity scale, which measures ability in 
doing activities such as hobbies and sports. The mean score 
on the scale improved from baseline to weeks 12 and 24 in 
both groups.

Discussion

This study is the first evaluation of a pedometer-based inter-
vention in Indonesia. The recruitment, retention, and adher-
ence data indicated that the intervention to promote physical 
activity levels among Indonesian T2DM is feasible. The 
study findings also showed meaningful increases over the 
intervention period in daily step counts, with greater 
increases in the PED+ versus the PED-only group. PED+ 
participants also spent more times per week walking and 
doing MVPA compared to participants in the PED-only 
group, although the study was not powered to detect between-
group differences in these activities. Overall results, there-
fore, provide preliminary evidence that the WW-DIAB was 
more effective than the provision of a pedometer in increas-
ing physical activity levels in this target population.

Improvements by the PED+ and PED-only groups in 
daily steps are consistent with those found in previous 
pedometer-based programmes in T2DM patients, although 
these were conducted in Western populations.6,16–18,30,31 The 
findings of this study also support the conclusion of a recent 
systematic review conducted by De Vries et al.32 that showed 
physical activity programmes with activity monitoring 
increase physical activity in individuals who were over-
weight, as were participants in this study.

Physical activity outcomes continued to improve during 
the maintenance phase of the intervention (weeks 12–24) in 
the PED+ group but not in the PED-only group, which expe-
rienced slight reductions during that phase. This trend could 
reflect differences between groups in changes over time in 
social cognitive processing, as measured by the SCT scales. 
Scale scores improved significantly in the PED+ group across 
the intervention period but worsened in the PED-only group, 
suggesting a mediating effect of social cognitive processes. A 
larger sample, however, is required to confirm whether 
changes in SCT constructs mediate changes in walking and 
physical activity more generally. Overall findings, however, 
indicate the potential benefit of the WW-DIAB intervention 

Table 2. Baseline characteristics of participants.

Variables PED-only (n = 22) PED+ (n = 21)

Age (years), mean ± SD 65.9 ± 6.5 65.1 ± 5.2
Sex, n (%)
 Women 14 (63.6) 13 (61.9)
 Men 8 (36.4) 8 (68.1)
Marital status, n (%)
 Married 15 (68.2) 16 (76.2)
 Not married 7 (31.8) 5 (23.8)
Education level, n (%)
 Up to high school diploma 15 (68.2) 10 (47.6)
 Diploma or higher 7 (31.8) 11 (52.4)
Employment status, n (%)
 Paid work 4 (18.2) 3 (14.3)
 No paid work 7 (31.8) 6 (28.6)
 Retired 11 (50.0) 12 (57.1)
Smoking status, n (%)
 Smoker 1 (4.5) 0 (0)
 Non-smoker 18 (81.8) 20 (95.2)
 Ex-smoker 3 (13.6) 1 (4.8)
T2DM duration (years), n (%)
 <5 6 (27.3) 6 (28.6)
 5–10 11 (61.1) 7 (33.3)
 >10 5 (51.25) 8 (38.1)
Treatment status, n (%)
 Oral 20 (90.9) 19 (90.5)
 Insulin 2 (9.1) 2 (9.5)
Anthropometry status
 Body mass index 24.6 ± 3.5 25.5 ± 3.5
 Waist/hip ratio 0.90 ± 0.05 0.88 ± 0.05
Blood pressure parameters
 Systole 129 ± 12 123 ± 11
 Diastole  78 ± 6 76 ± 7
Baseline physical activity level, n (%)
  Meeting the recommended 

10,000 steps/day
0 (0) 0 (0)

  Meeting the recommended 
150-min moderate physical 
activity/day

4 (18) 4 (19)

SD: standard deviation; T2DM: type 2 diabetes mellitus.
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over the provision of only a pedometer in influencing SCT 
constructs and increasing and maintaining physical activity 
behaviour.

The increases in physical activity levels in the two groups 
may have been responsible for the clinically meaningful gly-
caemic control improvements seen in both groups, as studies 
suggest that physical activity strongly correlates with 
improvements in glycaemic regulation.4 Pedometers are 

novel in Indonesia, and their introduction to participants may 
have been adequate for increasing physical activity levels 
sufficiently to result in improved glycaemic control.

The glycaemic control improvements in this study did not 
require a 4000-step improvement, which, as previous research 
has suggested, is required for glycaemic control improve-
ments to occur.10 The discrepancy between our results and 
previous findings may be due to factors not measured in this 

Table 3. Summary of the mean predicted values [95% CI] of the study outcomes.

Outcomes Group Baseline Week 12 Week 24 Treatment Time Time ×  
treatment

Physical activity
Daily steps PED-only 4625 [3776, 5473] 6027 [4835, 7219] 5898 [4630, 7166] 0.025 <0.001 0.056

PED+ 4876 [3975, 5778] 8096 [6901, 9292] 8214 [6878, 9550]  
Walking (min/week) PED-only 32 [13, 51] 107 [52, 162] 93 [41, 145] 0.277 <0.001 0.337

PED+ 34 [7, 62] 138 [82, 193] 162 [89, 235]  
MVPA (min/week) PED-only 95 [60, 130] 148 [91, 205] 146 [96, 193] 0.11 <0.001 0.289

PED+ 102 [76, 128] 201 [143, 257] 219 [147, 291]  
Glycaemic parameters
Hba1c (%) PED-only 7.75 [6.76, 8.73] 7.31 [6.66, 7.95] 7.22 [6.56, 7.88] 0.873 0.003 0.835

PED+ 7.85 [6.92, 8.79] 7.43 [6.72, 8.15] 7.24 [6.67, 7.8]  
Fasting plasma glucose 
(mg/dL)

PED-only 137 [108, 167] 126 [108, 144] 116 [103, 129] 0.69 0.031 0.794
PED+ 137 [113, 162] 133 [106, 159] 126 [109, 143]  

2-h plasma glucose  
(mg/dL)

PED-only 201 [155, 247] 178 [150, 206] 154 [133, 175] 0.519 <0.001 0.993
PED+ 215 [182, 249] 193 [155, 231] 167 [131, 203]  

Social cognitive measures
Self-efficacy PED-only 3.49 [3.20, 3.78] 3.44 [3.23, 3.64] 3.41 [3.16, 3.66] 0.004 0.067 0.017

PED+ 3.58 [3.24, 3.92] 4.12 [3.84, 4.40] 3.99 [3.73, 4.24]  
Positive outcome 
expectations

PED-only 3.75 [3.51, 3.99] 3.51 [3.30. 3.72] 3.61 [3.43, 3.78] 0.001 0.655 0.002
PED+ 3.85 [3.62, 4.07] 4.19 [3.99, 4.39] 4.13 [3.87, 4.39]  

Negative outcome 
expectations

PED-only 3.88 [3.72, 4.05] 4.16 [3.99, 4.33] 4.00 [3.86, 4.15] 0.008 0.001 0.164
PED+ 4.14 [3.97, 4.32] 4.42 [4.26, 4.59] 4.26 [4.12, 4.41]  

Goal setting PED-only 3.21 [2.88, 3.53] 3.23 [2.85, 3.61] 3.05 [2.57, 3.52] 0.001 0.004 0.008
PED+ 3.28 [2.97, 3.59] 4.14 [3.95, 4.32] 3.85 [3.65, 4.05]  

Planning and scheduling PED-only 3.38 [3.15, 3.61] 3.35 [3.11, 3.59] 3.14 [2.86, 3.42] <0.001 0.142 0.002
PED+ 3.50 [3.23, 3.76] 3.91 [3.76, 4.06] 3.94 [3.78, 4.10]  

Reward and 
punishment

PED-only 3.82 [3.60, 4.04] 3.61 [3.42, 3.79] 3.67 [3.44, 3.90] 0.011 0.272 0.001
PED+ 3.67 [3.39, 3.94] 4.17 [3.97, 4.37] 4.07 [3.86, 4.27]  

Encouragement and 
participation

PED-only 3.15 [2.83, 3.48] 3.10 [2.71, 3.48] 3.01 [2.76, 3.25] 0.003 0.023 0.002
PED+ 3.16 [2.83, 3.49] 3.86 [3.69, 4.03] 3.72 [3.48, 3.95]  

Quality of life
Visual analogue scale PED-only 79 [75, 83] 78 [74, 81] 80 [76, 84] 0.201 0.137 0.082

PED+ 77 [72, 81] 83 [80, 85] 83 [80, 86]  
Mobility PED-only 1.32 [1.12, 1.51] 1.36 [1.16, 1.56] 1.14 [0.99, 1.28] 0.113 0.617 0.06

PED+ 1.14 [0.99, 1.29] 1.05 [0.95, 1.14] 1.2 [1.02, 1.37]  
Self-care PED-only 1.05 [0.96, 1.13] 1.14 [0.99, 1.28] 1.00 [1.00, 1.00] 0.441 0.352 0.231

PED+ 1.00 [1.00, 1.00] 1.05 [0.95, 1.15] 1.05 [0.95, 1.15]  
Daily activity PED-only 1.27 [1.09, 1.46] 1.09 [0.97, 1.21] 1.18 [1.02, 1.34] 0.124 0.043 0.269

PED+ 1.10 [0.97, 1.22] 1.05 [0.95, 1.14] 1.05 [0.95, 1.14]  
Pain PED-only 1.50 [1.29, 1.71] 1.41 [1.20, 1.61] 1.14 [0.99, 1.28] 0.357 0.08 0.111

PED+ 1.24 [1.06, 1.42] 1.30 [1.10, 1.49] 1.25 [1.06, 1.44]  
Anxiety PED-only 1.27 [1.09, 1.46] 1.27 [1.09, 1.46] 1.14 [0.99, 1.28] 0.731 0.664 0.626

PED+ 1.19 [1.02, 1.36] 1.19 [1.02, 1.37] 1.15 [0.99, 1.30]  

CI: confidence interval; MVPA: moderate-to-vigorous-intensity physical activity.
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study. HbA1c is not only regulated by physical activity levels 
but also by other factors, such as medication use, stress lev-
els, and diet. Therefore, to accurately measure the effect of a 
physical activity programme on HbA1c, future studies should 
control for those factors.

The significant glycaemic control improvements in this 
study were not followed by improvements in HRQoL. The 
cause of this may be that, although participants improved 
their HbA1c significantly, they did not achieve the recom-
mended level of ⩽6.5% at week 24, and this change may not 
have been sufficient to positively impact HRQoL. It is also 
possible that longer observation periods are needed to detect 
meaningful and significant changes in HRQoL.

Strengths and limitations of this study should be recog-
nised. A key strength was the testing of a pedometer-based 
intervention in a non-Western population, as most such stud-
ies have been conducted in Western countries. Another 
strength was that the intervention was underpinned by a 
behaviour change theory, SCT, and developed based on find-
ings from a formative study in the target population. 
Moreover, the retention rate was high (97%), suggesting the 
acceptability of the intervention to participants. A major lim-
itation was that all participants were recruited from the same 
setting, thereby increasing the risk of intervention design 
contamination. Another limitation was the sample size. The 
sample was powered to detect treatment-by-time effects in 
daily step counts, and therefore lack of significant findings 
for other outcomes could reflect a lack of adequate power to 
detect differences. The findings of this study, however, will 
be useful for adequately powering large studies that test the 
effectiveness of the WW-DIAB across multiple behavioural 
and health outcomes. Also, the long-term effectiveness of the 
intervention (beyond 24 weeks) was not assessed due to 
resource and time limitations. As with other physical activity 
trials, this study likely attracted people who were in the 
‘preparation stage’ of change, and therefore the effectiveness 
of the programme in less motivated populations is unknown.

Therefore, prior to recommending the use of only the pro-
vision of pedometers in this population, those limitations 
need to be addressed. We recommend the use of a larger, 
clustered RCT that evaluates the long-term effects of the pro-
gramme for future study.

Conclusion

Based on the participants’ recruitment, retention, and adher-
ence to step recording and monitoring, this study provides 
preliminary evidence that a pedometer plus support pro-
gramme (WW-DIAB) is feasible to be implemented in T2DM 
patients in the Indonesian diabetes clinic setting. The findings 
further indicate that the programme is more effective in 
increasing daily steps in T2DM patients compared with the 
provision of only a pedometer. The findings also provide pre-
liminary evidence that both programmes lead to increases in 
self-reported physical activity and improvements in 

glycaemic control. Therefore, in settings like diabetes clinics 
in developing countries that have few resources available for 
offering behaviour change programmes, the provision of 
pedometers to T2DM patients may be sufficient for improv-
ing physical activities to levels that improve glucose control. 
However, a more comprehensive evaluation of the effective-
ness of the intervention is warranted before the simple provi-
sion of pedometers can be recommended.
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