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BACKGROUND:Connected devices that allowpeople with
diabetes to monitor their blood glucose levels remotely
with data visualization have been shown to improve self-
care behavior in diabetes management. However, their
effectiveness and usability for a low-middle-income, ra-
cially diverse population are unknown.
OBJECTIVE: This study aims to evaluate the effects of
remote telemonitoring with team-based management on
people with uncontrolled type 2 diabetes.
DESIGN: This was a pragmatic 52-week cluster-random-
ized controlled study among 11 primary care government
practices in Malaysia.
PARTICIPANTS: People with type 2 diabetes aged 18 and
above, who had hemoglobin A1c ≥ 7.5% but less than
11.0% within the past 3 months and resided in the state
of Selangor.
INTERVENTION: The intervention group received home
gluco-telemonitors and transmitted glucose data to a care
teamwho could adjust therapy accordingly. The teamalso
facilitated self-management by supporting participants to
improve medication adherence, and encourage healthier
lifestyle and use of resources to reduce risk factors. Usual
care group received routine healthcare service.
MAIN MEASURE: The primary outcome was the change
in HbA1c at 24 weeks and 52weeks. Secondary outcomes
included change in fasting plasma glucose, blood pres-
sure, lipid levels, health-related quality of life, and diabe-
tes self-efficacy.
RESULTS: A total of 240 participants were recruited in
this study. The telemonitoring group reported larger im-
provements in glycemic control compared with control at
the end of study (week 24, − 0.05%; 95% CI − 0.10 to
0.00%) and at follow-up (week 52, − 0.03%; − 0.07 to
0.02%, p = 0.226). Similarly, no differences in other

secondary outcomes were observed, including the num-
ber of adverse events and health-related quality of life.
CONCLUSION: This study indicates that there is limited
benefit of replacing telemedicine with the current practice
of self-monitoring of blood glucose. Further innovative
methods to improve patient engagement in diabetes care
are needed.
TRIAL REGISTRATION: ClinicalTrials.gov identifier:
NCT02466880
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INTRODUCTION

Diabetes is a major public health concern and one of the four
priority non-communicable diseases identified for action by
the World Health Organization (WHO). In 2014, an estimated
422 million people worldwide had diabetes, and this figure is
expected to increase to 552 million people by 2030.1 This
increase is mainly driven by a rise in the number of people
diagnosed with diabetes especially in low- and middle-income
countries.2 Diabetes-related deaths have been increasing
steadily, with an estimated 1.5 million deaths in 2012.3 Dia-
betes and its complications bring about detrimental effects as
well as substantial economic burden on individuals, house-
holds, and governments.4 As such, innovative solutions are
recommended to supplement conventional diabetes manage-
ment strategies.
Decades of research have shown that interventions such as

pharmacological therapies, physical activities, and diet con-
trol, as well as control of blood pressure and lipid can improve
clinical outcomes of people with diabetes. A recent systematic
review concluded that diabetes management can be further
strengthened through improvements in chronic disease
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management alongside patient- and provider-mediated quality
improvement strategies such as clinicians’ education and audit
or patients’ education and reminders.5

Self-monitoring of blood glucose is a useful adjunct to
team-based care for many people with diabetes.
Telemonitoring, or the use of electronic technology to reduce
geographical barriers while enabling access to tailored treat-
ment, can be useful as actionable information can be provided
to patients with poor management of blood glucose levels.
Several studies have shown the potential of telemedicine in
chronic disease management such as asthma and diabetes in
developed countries.6–10 However, limited evidence was
found on the potential use of telemedicine in the healthcare
system of a developing country.11 The aim of this study was to
evaluate the effects of telemedicine on people with type 2
diabetes whose glycemic levels are uncontrolled.

RESEARCH DESIGN AND METHODS

Study Design, Setting, and Participants

A 52-week cluster-randomized controlled trial was conducted
in eleven primary healthcare centers in the Klang Valley, in
Malaysia, a middle-income country. These clinics are part of
the Ministry of Health’s health clinic network and serve the
districts of Klang and Petaling with a total population of 2.56
million. Eligible clinics were randomized using a computer-
generated randomization treatment code by the first author and
allocated to either telemonitoring (TG) or usual care (UC).
Clinicians and participants had no access to the list but could
not be blinded to group allocation after randomization. The
study’s protocol, design, and rationale have been published
previously.12 Ethics approval was obtained from the Medical
Research and Ethics Committee, Malaysia (NMRR-14-1368-
22943), and Monash University Research Ethics Committee
(CF15/1073-2015000502).
Registers of patients in participating primary healthcare

clinics were screened to identify eligible participants. Selec-
tion criteria included the following: people with type 2 diabe-
tes at least 6 months prior to study enrolment, aged between 18
and 75 years old, currently residing in the state of Selangor
without plans to leave for the next 12 months, and HbA1c
levels of ≥ 7.5% but less than 11.0% within the past 3 months.
All participants provided written informed consent at the
beginning of clinic visit. Recruitment occurred between April
2015 and June 2016, and the study was completed in August
2017.
Participants attended clinics for baseline screening and enroll-

ment, and at weeks 4, 12, 24, and 52 for follow-up. Research
assistants who were blinded to the allocation of participants,
collected baseline information including blood glucose levels
(HbA1c and fasting plasma glucose), lipid levels, blood pressure,
height and weight, education level, and marital status. The num-
ber and types of medications were also obtained.

Intervention and Usual Care

During the 52-week study period, all participants were eligible to
receive any services offered by the local healthcare providers,
which could include group-based diabetes education, dietary
counselling, and medication reviews by the pharmacists. UC
participants continued to receive care from their doctors as they
had in the past and monitor their blood glucose as required using
a glucometer (OneTouch Select, Johnson & Johnson).
TG participants received a gluco-telemeter (MyGlucoHealth,

Entra Health System) that automatically uploaded any blood
glucose readings to an online portal. Participants were instructed
to transmit up to 6 glucose readings weekly (3 pre-prandial and 3
post-prandial) to a central server. During the 6-month interven-
tion, TG participants received automated feedback on their gly-
cemic and metabolic results. If 3 consecutive readings of either
hypoglycemia (70 mg/dL or below) or hyperglycemia (200 mg/
dL and above) were detected, a message would be transmitted to
inform the attending doctor or researcher, who would then rec-
ommend treatment changes based upon an algorithm. Briefly, no
medication changes were suggested if 75% of glucose readings
targets were within the 200 mg/dL target. If fewer than 75% of
readings met the glucose targets, treatment intensification was
recommended to the doctor. The decision to make regimen
changes was at the sole discretion of the doctor. Drug dosage
was adjusted by the clinician if a participant experienced adverse
effects.
Participants in the TG arm also received monthly commu-

nications from the research team on self-management skills,
blood glucose control, and the importance of medication ad-
herence aimed at educating and motivating patients. Partici-
pants also attended a clinic visit at weeks 4, 12, and 24, where
additional diabetes self-management education was given.
During the months 7 through 12, all participants attended their
usual clinic visits for follow-up (usually schedule every
3 months or more frequent as required by the patient) as part
of routine care but no longer received any support from the
study team.

Outcomes

The primary outcome was the change in HbA1c levels at
weeks 24 and 52 from baseline visit, measured by HbA1c
from a single laboratory. Other outcomes included change in
fasting plasma glucose, blood pressure, and lipid levels at each
time point.We also assessed health-related quality of life using
the EuroQol-5D questionnaire13 while self-efficacy was
assessed using the Michigan Diabetes Knowledge question-
naire.14 Emotional distress and functioning in diabetes were
measured using the Problem Area in Diabetes (PAID)
questionnaire.15

Direct Program Cost Estimate

Three broad categories of costs were included: intervention
implementation costs, patients’ incurred costs, and clinic
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incurred costs. These costs were captured from a societal
perspective and analyzed over a 1-year period in accordance
with the study which delivered an intervention over a period of
up to 1 year. All participants provided self-reported informa-
tion regarding their healthcare expenditure including cost of
clinic visits (physiotherapist, dietician, surgeon, or stoma
nurse), and medications. Intervention implementation costs
included telemonitoring devices and consumables as well as
laboratory tests. Cost category included infrastructure, equip-
ment operation and maintenance, laboratory, pharmacy, staff
salary, and administration costs.16 All costs were expressed in
USD according to the average exchange rate of USD1 =
MYR4.301 while cost from previous years was inflated to
the base year values. No discounting was done as the study did
not exceed 1 year.

Statistical Analysis

Sample size was based on the primary outcome and was calcu-
lated based upon an 80% power to detect a 0.5% difference in the
primary outcome at 0.05 significance level, after adjusting for
20% drop-outs. For all analyses, all participants were analyzed
according to their group (intention-to-treat, ITT). Baseline char-
acteristics were compared using t test for continuous variable or
chi-square test for categorical variable. To account for missing
data at each time point, imputation was performed assuming no
treatment response. For all comparison, we used a multivariate
general linear model, which controlled for age, gender, education
level, body weight, marital status, and diabetes duration. The
model predicted from the treatment group by time interaction
and included a random intercept for clinics, using all available
data from baseline and follow-up time points. Secondary out-
comes were analyzed in a similar manner as primary outcome.
The adjusted intervention effects that were estimated with these
models were reported together with their standard deviation and
p values. Two sensitivity analyses were also performed for the
primary outcome, whereby we repeated the analysis using data
without imputation (per-protocol) as well as without any adjust-
ment. The number of glucose test patterns was summarized from
data gathered from the remote uploads in the TG group as well as
participants’ diary. All analyseswere conducted using IBMSPSS
version 20 (Armonk, NY).

RESULTS

Of the 1388 potentially eligible participants, 508 (36.6%)
participants expressed interest and were screened (Fig. 1).
Reasons for non-participation include the following: unable
to commit (due to the long duration of intervention and trans-
portation issues), did not have any mobile data plans or Inter-
net access, and owning an incompatible smartphone. In total,
240 participants were enrolled, with 120 assigned to the TG
group and 120 assigned to the UC group. At baseline, partic-
ipants had a mean age of 56 years (TG 56.3 ± 8.6, UC 56.1 ±
9.2), 90%were married, and 55%were women. No significant

differences were observed in the demographic characteristics
of participants in the TG andUC groups (Table 1). In total, 208
(86.7%) participants provided follow-up data. Participant re-
location, difficulty in attending follow-ups, family issues, and
lack of willingness to complete the study were among the
reasons given for participants’ attrition. No difference in base-
line measures was observed between those who completed the
study and those who discontinued (Appendix Table 1).

Primary Outcome

At week 24, both groups showed significant reduction in the
HbA1c levels from baseline (Fig. 2a). There was a marginal
difference from baseline to 24 weeks between both groups (−
0.05%; 95% CI − 0.10 to 0.00%), but this did not reach
statistical significance. There was no evidence that telemedi-
cine improved glycemic control at the end of the study (−
0.03%; − 0.07 to 0.02%; Table 2). This conclusion was un-
changed in our sensitivity analyses with the per-protocol anal-
yses or without imputation (Appendix Table 2). No significant
differences were observed in the number of participants who
achieved HbA1c target levels of < 7%. At the end of the study
at week 52, a total of 23 (19.2%) participants in the TG group
achieved HbA1c levels of < 7% compared with 21 (17.5%)
participants in the UC group.

Secondary Outcomes

Evidence was lacking for any between-group differences in
other outcomes measured at different time points, including
patient-reported outcomes such as PAID, EQ-5D, Diabetes
Knowledge Test, and cholesterol levels (Table 2). Medication
adjustments were made to five participants throughout the
study (three in UC and two in TG). Average number of self-
blood glucose testing dropped consistently in both groups
throughout the study, with the largest decrease after the study
ended (Fig. 2b and Appendix Table 3).

Safety and Adverse Events

No adverse events or serious adverse events were reported during
the intervention which were adjudicated to be study related.

Cost Analysis

Cost analysis conducted in this study was calculated as
per group for the duration of the study. Analysis showed
that telemonitoring for diabetes management costs a total
of USD19,443.2 compared with conventional diabetes
management which costs USD15,450.51 (Appendix Ta-
ble 3). The increase in cost was due to the follow-up cost
by the researcher and higher cost of purchasing a web-
based glucometer and its strips. However, the use of a
telemonitoring strategy reduced the cost of ward admis-
sions by USD744.66 at the end of the study compared
with usual care. Similarly, cost of consultant visit was
USD44.91 lower compared with the usual care group.
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Interpretation

In this study, we did not identify any clinical or statistically
significant difference in glycemic control between participants
who received remote telemonitoring with team-based manage-
ment compared with usual care. Results of this study
corresponded s with those of other studies which showed negli-
gible effects of telemedicine.17, 18 It is possible that more intense
intervention during follow-up and additional appointments could
have strengthened the self-management and behavior change,
further improving glycemic control in the intervention group.
However, the present study was not sufficiently powered to
determine the effectiveness in these clinical situations, such as
weekly versus daily testing or impact of medication changes.
The combination of home glucose telemonitoring with

coaching for people with diabetes has been examined by
several high-quality studies. TheMobile Diabetes Intervention
Study which examined the use of mobile application coaching
with decision support found that such intervention could re-
duce HbA1c by 1.2% compared with usual care, with no
differences observed in other patient-reported diabetes out-
comes.19 Similarly, Nicolucci and colleagues found that home
telemonitoring reduced HbA1c by 0.33% during the 6-month
study period.20 Our initial pilot study on patients fasting
during Ramadan also noted that telemonitoring with coaching

was effective in reducing HbA1c and hypoglycemia.21 How-
ever, our findings are contrary to those presented above. This
could possibly be that the intervention was insufficient to
engage patients effectively as noted by the number of medi-
cation changes and SMBG uploads made throughout the
study. This was similarly revealed in the focus group discus-
sion (data presented separately) whereby study nurses lament-
ed the lack of cooperation from participants especially when
they felt that their blood glucose was under control. Studies
have suggested that for telemonitoring to be effective, both
patients and clinicians need to be actively engaged in
performing, interpreting, and acting on the results.11, 22, 23

Another possible reason for the lack of changes ob-
served in this study could be the low engagement among
participants in this study. While we had requested that
participants perform up to 6 test per week, the number
of uploads were far below our expectations, averaging
between 0.75 and 0.86 uploads/patient at week 4 and
tapering to 0.70 to 0.79 uploads at the end of the trial at
week 24 (Appendix Table 3). This was despite the con-
stant reminders and messages which were sent to all
participants in the TG group. While various reviews and
meta-analyses have suggested that telemedicine can po-
tentially improve glycemic control, this could be due to

Figure 1 Study flow diagram.

Lee: Telemedicine and Type 2 Diabetes Management JGIM90



the ideal research setting compared with the pragmatic
design in this study. In addition, most studies are often
conducted in high-income countries, where health and
technology literacy among individuals are higher com-
pared with the general population in Malaysia where there
was very low health and technology literacy (data present-
ed separately). As such, future diabetes program should
focus on the appropriate development, adaptation, and

implementation of program that are context-specific and
tailored to the cultural, religious, and socioeconomic
needs of the target communities examined, to ensure the
sustainability of targeted intervention.
Other barriers to implementation include problems with

end-user acceptance of technology, such as the lack of
familiarity with the technology as well as necessary infra-
structure such as internet access and data plans to support
the implementation. Cost was another major barrier and key
impediment to technology implementation. In our cost anal-
ysis, we found that the setup and implementation cost
contributed to 77% of our total direct cost, mainly driven
by equipment cost as well as personnel cost for telemedi-
cine implementation. This concurs with other similar stud-
ies conducted in many other low-middle-income coun-
tries,23–25 where cost of medical services is minimal com-
pared with many high-income countries. Nevertheless, we
believe that this situation will change in the foreseeable
future as technology becomes cheaper which will make
telemedicine a cost-effective alternative irrespective of
setting.
As the first large pragmatic trial in a middle-income country

conducted in South East Asian region, results of this study
provide healthcare professionals and policymakers with evi-
dence on the use of telemedicine in diabetes. Results of the
current study noted that telemonitoring was more expensive,
and contributed to the need to procure telemonitoring devices
and consumables, which was not imposed on the control
group. This point was similarly noted during our focus group
discussion with healthcare providers, who had doubts on the
cost-effectiveness of the intervention. It may be possible to
reduce the total program cost through better targeting of pa-
tients, individual tailoring of intervention, and further negoti-
ation with volume discounts. In addition, this cost did not take
into account the long-term cost saving from averting any
diabetes-related complications, such as microvascular as well
as macrovascular complications, which could be substantial.

Strengths and Limitation of this Study

Results of this study should be interpreted in view of the
strengths and limitation. Unique features and strengths of

Figure 2 a Model estimated changes in mean hemoglobin A1c over time. The intervals represent pointwise 95% confidence interval for each
group. b Weekly number of tests that were performed and reported by participants. Lines represent the locally weighted smoothing using a

moving average across the observed test reported.

Table 1 Baseline Demographic of Participants Who Were Recruited
in the Intervention for Diabetes with Education, Advancement and

Support (IDEAS) Study

Characteristics Usual
Care
(n = 120)

Telemonitoring
(n = 120)

p
value

Gender 0.80
Men, n (%) 55 (45.8) 53 (44.2)
Women, n (%) 65 (54.2) 67 (55.8)

Age (years)* 56.3 ±
8.6

56.1 ± 9.2 0.82

Duration of diabetes
since diagnosis (years)*

6.7 ± 5.3 6.6 ± 7.0 0.94

Education, n (%)a

None 11 (9.2) 16 (13.3) 0.06
Primary 25 (20.8) 40 (33.3)
Secondary 76 (63.3) 56 (46.7)
Tertiary 8 (6.7) 8 (6.7)

Employment status, n (%) 0.57
Employed 35 (29.2) 39 (32.5)
Unemployed 85 (70.8) 81 (67.5)

Marital status, n (%)b <
0.001

Single/widowed 1 (0.8) 21 (17.5)
Married 119

(99.2)
97 (80.8)

Divorced – 3 (972.5)
No. of oral hypoglycemic agents (%) 0.17
1–2 118

(98.33)
113 (94.17)

≥ 3 2 (1.67) 7 (5.83)
No of antihypertensive drugs (%) 0.38
0–2 89

(74.17)
74 (61.67)

≥ 3 31
(25.83)

46 (38.33)

Unless otherwise stated, all data are shown as n (%) for categorical
variables and mean ± standard deviation for continuous data
aEducation level: primary, up to 6 years of compulsory education;
secondary, high school or vocational school; tertiary, college/university
p value based upon chi-square test unless otherwise stated
*p value based upon independent t test
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Table 2 Changes in Primary and Secondary Outcomes from Baseline. Results Are Calculated After Adjusting for Baseline Age, Gender,
Education Status, Marital Status, Body Weight and Diabetes Duration. Mean Differences That Are Negative Are in Favor of Telemonitoring

Intervention

Telemonitoring intervention Usual care Differential change from
baseline, mean (SD)

p
value

Mean
(95% CI)

Reduction from baseline,
mean (95% CI)

Mean
(95% CI)

Reduction from baseline,
mean (95% CI)

HbA1c (%)
Baseline 9.00 (8.97–

9.03)
– 9.00 (8.97–

9.03)
– – –

Week 12 8.89 (8.80–
8.98)

− 0.14 (− 0.24 to − 0.04) 8.98 (8.92–
9.05)

− 0.02 (− 0.10 to 0.07) − 0.12 (− 0.25 to 0.01) 0.074

Week 24 8.33 (8.29–
8.38)

− 0.69 (− 0.74 to − 0.65) 8.36 (8.33–
8.39)

− 0.64 (− 0.67 to − 0.61) − 0.05 (− 0.10 to 0.00) 0.065

Week 52 8.69 (8.64–
8.75)

− 0.33 (− 0.37 to − 0.29) 8.70 (8.65–
8.74)

− 0.30 (− 0.33 to − 0.27) − 0.03 (− 0.07 to 0.02) 0.226

Fasting plasma glucose (mmol/L)
Baseline 9.52 (9.39–

9.65)
9.59 (9.48–
9.70)

Week 4 9.38 (9.14–
9.62)

− 0.14 (− 0.14 to − 0.08) 9.58 (9.41–
9.76)

− 0.01 (− 0.13 to 0.10) − 0.13 (− 0.34 to 0.09) 0.227

Week 12 9.08 (8.95–
9.21)

− 0.44 (− 0.60 to − 0.29) 9.15 (9.10–
9.19)

− 0.45 (− 0.54 to − 0.34) 0.01 (− 0.19 to 0.18) 0.899

Week 24 8.76 (8.57–
8.96)

− 0.76 (− 0.86 to − 0.65) 8.82 (8.65–
9.00)

− 0.77 (− 0.85 to − 0.68) 0.01 (− 0.12 to 0.14) 0.882

Week 52 8.95 (8.78–
9.11)

− 0.57 (− 0.71 to − 0.44) 9.13 (8.99–
9.26)

− 0.47 (− 0.59 to − 0.36) − 0.10 (− 0.28 to 0.07) 0.261

Total cholesterol (mmol/L)
Baseline 5.01 (4.96–

5.05)
4.98 (4.94–
5.02)

Week 4 5.16 (5.11–
5.20)

0.15 (0.10 to 0.20) 5.17 (5.13–
5.20)

0.17(0.16 to 0.21) − 0.02 (− 0.09 to 0.02) 0.453

Week 12 5.21 (5.16–
5.26)

0.20 (0.16 to 0.24) 5.21 (5.17–
5.26)

0.23 (0.20 to 0.27) − 0.03 (− 0.08 to 0.02) 0.248

Week 24 4.97 (4.91–
5.03)

− 0.04 (− 0.07 to − 0.01) 4.98 (4.93–
5.03)

0.01 (− 0.03 to 0.03) − 0.05 (− 0.08 to 0.01) 0.033*

Week 52 5.18 (5.14–
5.23)

0.17 (0.13 to 0.22) 5.14 (5.10–
5.19)

0.17 (0.13 to 0.20) 0.00 (− 0.05 to 0.06) 0.999

Triglycerides (mmol/L)
Baseline 1.91 (1.89–

1.93)
1.90 (1.88–
1.92)

Week 4 1.84 (1.80–
1.87)

− 0.07 (− 0.10 to − 0.04) 1.81 (1.79–
1.84)

− 0.09 (− 0.10 to − 0.07) 0.20 (− 0.01 to 0.05) 0.177

Week 12 2.02 (1.97–
2.06)

0.11 (0.07 to 0.16) 1.98 (1.95–
2.01)

0.08 (0.06 to 0.12) 0.03 (− 0.03 to 0.08) 0.293

Week 24 2.00 (1.97–
2.03)

0.09 (0.07 to 0.12) 1.98 (1.96–
2.00)

0.08 (0.07 to 0.10) 0.01 (− 0.02 to 0.04) 0.521

Week 52 1.82 (1.79–
1.86)

− 0.08 (− 0.11 to − 0.05) 1.79 (1.77–
1.81)

− 0.11 (− 0.11 to − 0.10) 0.03 (− 0.01 to 0.05) 0.062

High-density lipoprotein (mmol/L)
Baseline 1.25 (1.22–

1.28)
1.26 (1.23–
1.28)

Week 4 1.30 (1.28–
1.32)

0.05 (0.03 to 0.07) 1.30 (1.28–
1.32)

0.04 (0.03 to 0.06) 0.01 (− 0.02 to 0.03) 0.372

Week 12 1.25 (1.24–
1.27)

− 0.001 (− 0.02 to 0.02) 1.26 (1.24–
1.27)

0.00 (− 0.01 to 0.01) 0.00 (− 0.03 to 0.03) 0.944

Week 24 1.25 (1.23–
1.27)

0.00 (− 0.02 to 0.01) 1.26 (1.24–
1.28)

0.00 (− 0.01 to 0.01) 0.00 (− 0.02 to 0.02) 0.999

Week 52 1.21 (1.19–
1.23)

− 0.04 (− 0.06 to − 0.02) 1.20 (1.18–
1.22)

− 0.06 (− 0.07 to − 0.04) 0.02 (− 0.01 to 0.04) 0.125

Low-density lipoprotein (mmol/L)
Baseline 2.88 (2.88–

2.87)
2.85 (2.82–
2.88)

Week 4 3.00 (2.97–
3.03)

0.12 (0.09 to 0.16) 2.98 (2.95–
3.02)

0.13 (0.11 to 0.16) − 0.01 (− 0.06 to 0.01) 0.619

Week 12 3.04 (3.01–
3.07)

0.16 (0.14 to 0.19) 3.04 (3.02–
3.06)

0.19 (0.17 to 0.22) − 0.03 (− 0.06 to 0.01) 0.099

Week 24 2.91 (2.87–
2.95)

0.03 (0.01 to 0.06) 2.90 (2.87–
2.94)

0.05 (0.03 to 0.07) − 0.02 (− 0.05 to 0.01) 0.201

Week 52 3.07 (3.03–
3.11)

0.19 (0.14 to 0.24) 3.03 (2.99–
3.07)

0.18 (0.14 to 0.23) 0.01 (− 0.05 to 0.07) 0.758

Systolic blood pressure (mmHg)
Baseline 134.8

(134.3–
135.4)

134.8
(134.3–
135.3)

Week 4 1.16 (0.59 to 1.74) 1.09 (0.57 to 1.63) 0.07 (− 0.71 to 0.84) 0.859

(continued on next page)
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our study were the use of telemonitoring performed in a
community setting, using a cluster design with an inter-
vention of 6 months and extended follow-up at
12 months. Our study also further expands the knowl-
edge in the literature as only few studies had explored
the use of telemedicine from middle-income countries11

where there is a rising prevalence of diabetes. This
study was conducted in a government healthcare setting,
where the majority of diabetes care in the nation was
provided.

The present study has several limitations. There was a
large proportion of unemployed participants in this study
and many were of the older age group; hence, participants
required additional coaching sessions which increased the
cost of intervention. As this study was conducted in the
suburban and rural areas, limited internet connectivity as
well as use of older smartphones (due to older firmware)
led to a high rejection rate. As with any complex interven-
tion, we could not separate how much of the intervention
effect was attributable to telemonitoring or health

Table 2. (continued)

Telemonitoring intervention Usual care Differential change from
baseline, mean (SD)

p
value

Mean
(95% CI)

Reduction from baseline,
mean (95% CI)

Mean
(95% CI)

Reduction from baseline,
mean (95% CI)

136.0
(135.4–
136.6)

135.9
(135.4–
136.4)

Week 12 133.8
(133.3–
134.4)

− 1.00 (− 1.49 to − 0.52) 134.1
(133.6–
134.6)

− 0.71 (− 1.15 to − 0.31) − 0.29 (− 0.92 to 0.37) 0.377

Week 24 135.1
(134.4–
135.9)

0.29 (− 0.16 to 0.74) 135.4
(134.7–
136.0)

0.56 (0.12 to 0.93) − 0.27 (− 0.84 to 0.37) 0.377

Week 52 135.1
(134.5–
135.8)

0.31 (− 0.12 to 0.74) 135.7
(135.2–
136.2)

0.90 (0.49 to 1.24) − 0.59 (− 1.12 to 0.01) 0.041*

Diastolic blood pressure (mmHg)
Baseline 78.8 (78.2–

79.4)
78.7 (78.1–
79.3)

Week 4 81.6 (81.1–
82.1)

2.82 (2.08 to 3.54) 81.8 (81.8–
81.4)

3.13 (2.39 to 3.85) − 0.31 (− 1.33 to 0.72) 0.554

Week 12 80.4 (79.8–
80.9)

1.56 (0.95 to 2.17) 80.5 (80.1–
80.9)

1.82 (1.23 to 2.39) − 0.26 (− 1.08 to 0.58) 0.541

Week 24 80.7 (80.3–
81.2)

1.91 (1.21 to 2.61) 81.3 (80.9–
81.7)

2.60 (1.83 to 3.26) − 0.69 (− 1.63 to 0.36) 0.172

Week 52 81.3 (80.8–
81.9)

2.54 (1.95 to 3.13) 81.8 (81.3–
82.2)

3.10 (2.46 to 3.66) − 0.56 (− 1.36 to 0.32) 0.189

Diabetes Knowledge Test
Baseline 40.29

(39.57–
41.01)

41.49
(40.79–
42.19)

Week 24 52.45
(51.93–
52.96)

12.16 (4.97) 52.77
(52.32–
53.21)

11.27 (4.90) − 0.32 (0.34) 0.352

Problem Area in Diabetes
Baseline 49.08

(48.58–
49.57)

48.99
(48.54–
49.44)

Week 24 43.35
(42.89–
43.81)

− 5.73 (5.16) 43.19
(42.81–
43.57)

− 5.80 (4.53) 0.16 (0.30) 0.597

EuroQol-5D
Baseline 0.932

(0.928–
0.936)

0.935
(0.932–
0.938)

Week 24 0.891
(0.889–
0.893)

− 0.041 (0.023) 0.889
(0.887–
0.890)

− 0.047 (0.018) 0.002 (0.001) 0.089

Self-efficacy scale
Baseline 4.39 (4.37–

4.41)
4.40 (4.38–
4.42)

Week 24 4.68 (4.63–
4.74)

0.29 (0.29) 4.70 (4.65–
4.74)

0.30 (0.24) − 0.02 (0.03) 0.562

Higher scores of diabetes knowledge test represent better knowledge
Higher scores of Problem Area in Diabetes scores are indicative of greater emotional distress
Higher scores of EuroQol-5D are indicative of better quality of life
Higher scores of self-efficacy scales indicate higher self-efficacy
*p value < 0.05
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coaching. However, as all people with diabetes will now
receive health coaching and education as part of standard
of care, it is likely that the impact on glycated hemoglobin
can be attributable largely to the effects of telemontirong
intervention. Another limitation was the lack of informa-
tion on medication titration and escalation by the clinicians
during the study. Data for cost analysis was obtained either
from self-reporting by participants or from published liter-
ature, which may have led to an over/under-estimation of
the study cost. Lastly, there was a lack of information on
the long-term effects after 12 months, which could be
addressed with a planned long-term follow-up in the future.
In summary, the inclusion of technology has been

touted as the game changer for patients and management
of chronic disease management. Results of this study
showed that the addition of telemedicine in replacement
of self-monitoring in diabetes care had limited clinical
benefits in improving glycemic control. These findings
suggest that further research on means to improve patient
engagement is needed to optimize healthcare services
while maintaining high-quality standards.
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