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SUMMARY

Objective: Diabetes mellitus is the most common metabolic disorder in devel-

oping countries. Mobile health applications are helpful in improving the dia-

betes management. However, the effectiveness of these techniques needs to be

assessed rigorously. Therefore, the authors have systematically reviewed the

recent clinical studies using mobile health applications for diabetes manage-

ment. Materials and methods: Original articles that were published in ISI

indexed journals listed in PubMed from the year 2007 till 2014 were searched

using specific search key phrases. The intervention technology and study

methodology were analysed to have a better understanding of the outcomes of

each study. Results: Twenty-one articles were selected for the review. Most

studies (76%) reported positive outcomes after use of the mobile health appli-

cations. Smartphone apps significantly improved the clinical outcomes. User-

friendliness of the systems often influence the patient compliance and the clini-

cal outcomes. Conclusion: Smartphone/web applications offer significant bene-

fits for patient care, education and behavioural modifications. Providing a

continuous patient support using mobile may be a challenging task and would

require adequate infrastructure and personnel.

Review criteria
Using specific key phrases ‘clinical study on use of

mobile phones/smartphones/cell phones/mobile

applications for diabetes’ original articles that were

published between 2007 to 2014 in ISI indexed

journals from PubMed database were gathered. The

articles were analyzed by classifying them into mobile

applications for diabetes management, patient

education and patient behavior modifications.

Message for the clinic
Web based tools have shown very good effect on

diabetic patient management and education but had

limited behavioral modification role. Phone calls are

becoming less popular and only two studies that have

been used for behavioral modification with good

outcome. The text messages were effective, but

Smartphone Apps and teleconsultation techniques

fared better in the clinical outcomes.

Introduction

Diabetes mellitus is considered to be the most com-

mon chronic disease affecting human beings as

reported by the International Diabetes Federation

with more than 366 million people currently affected

and is expected to reach 552 million by the year

2030. The high mortality and morbidity as a result

of chronic complications which make diabetes the

leading cause of blindness, renal failure, ischaemic

heart disease and limb amputation (1). Diabetes mel-

litus is considered to be costly disease in terms of

economic burden, since the healthcare expenditure

for diabetes in USA during 2011 was 7.7 billion US

dollars with direct costs of 3.4 billion US dollars and

indirect costs of 4.3 US dollars (2).

Diabetes is growing in pandemic proportion that

needs to be addressed in every possible way to contain

its growth through awareness, education and imple-

ments that enable self-management of the disease by

patients. In this aspect, information technology (IT)

together with mobile handsets can play a pivotal role

in facilitating dissemination of information and hence

help better management of the disease.

The huge developments and advances in mobile

phone technology and its applications coupled with

equally robust growth of telecommunication technol-

ogy can serve to give patients a better access to

healthcare information, which can make their life

easier and enable efficient self-care. eHealth services

that continue to grow rapidly worldwide can also

make web-based health services easier, quicker, accu-

rate and cost effective. In effect, the ever-expanding

computing ability of smartphone’s together with the

increasing footprint of the communication network,

and the ever pervasive IT can be exploited to bring

healthcare services to the patient’s doorstep. Mobile

technology can be used by both the healthcare ser-

vice providers and the patients equally (3). For

example, doctors are adopting smartphone apps to

seek clinical knowledge and case studies, while

patients are utilising the same to have access to

health information that will improve their under-

standing and management of their diseases (4,5).

The rate by which mobile technology is growing is

something that cannot be overlooked, for example, a

recent study has shown that there will be 11.5 billion

mobile connected devices on use worldwide and the
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global mobile data traffic will increase 10 times by

the year 2019 (6). Thus, the healthcare delivery can

ride on this growth to reach the customers with

healthcare solution. As smartphones becoming ubiq-

uitous and being increasingly used for medical appli-

cation such as disease management, it is necessary to

evaluate their effect and role in the medical health

system (7,8). In the year 2011, there had been more

than 44 million healthcare apps downloaded globally

and more than 40,000 generic (non-healthcare)

mobile apps were available. About 12,000 apps were

offered through Apple iTunes store alone (9,10).

An analysis of these healthcare apps reveals that

most of the apps are targeted to non-professionals,

i.e. general public and patients while some of the

apps focus on medical professionals namely doctors,

nurses and other paramedics. Those apps have wide

range of functionality from simple software educa-

tional programmes to complicated high technology

systems such as blood pressure (BP) monitor, blood

glucose analyser, activity monitor, etc. (11).

Healthcare providers and patients expressed satis-

faction over the use of these healthcare apps owing

to the increased data accessibility, and reasonable

effectiveness on patient health. Endocrine disease

focused apps are currently found in different plat-

forms namely Android or Apple iOS (12).

Research evidence suggests that mobile apps are a

good option in tackling issues related to diet, treat-

ment adherence and weight management especially in

diabetes mellitus. Although many of healthcare apps

have proved to be helpful in improving patient’s clini-

cal profile and reduce complications associated with

diabetes mellitus, the effectiveness of these and other

newer methods remains to be evaluated. Therefore,

this systematic review is an attempt to review and

assess recent clinical studies using innovative health

informtics systems like smartphone health applica-

tions for management of diabetes mellitus.

Methods

This study intended to evaluate the effectiveness of

mobile health applications in management of dia-

betes mellitus using original articles that were pub-

lished in ISI indexed journals from PubMed

database.

A total of 209 scientific articles were captured from

the PubMed database starting by the year 2007 till

2014. The search key phrases were ‘clinical study on

use of mobile phones for diabetes’, ‘clinical study on

use of smartphones for diabetes’, ‘clinical study on use

of cell phones for diabetes’ and ‘clinical study on use

of mobile applications for diabetes’. The search

resulted in 66, 64, 62 and 17 articles respectively.

From these 209 articles, 131 were found to be

duplicate. Figure 1 shows that out of the remaining

78 articles, only 21 fulfilled our selection criteria.

The selection criteria was original articles that

reported clinical studies evaluating mobile apps in

diabetes patients. These studies were reported from

several countries including France (13), UK (14–
16), Italy (17), Canada (18), USA (19–24), South

Korea (25–29), Taiwan (30), Norway (31), Australia

(32) and Austria (33). Patients were recruited from

primary and tertiary hospitals and community set-

tings. The excluded 57 articles comprised of 15

review articles, 10 articles with no clear results, nine

articles for not being diabetes related, eight articles

with insufficient information, six articles for lacking

patient data, three articles with no mobile

application, one published in non-ISI journal, one

meta-analysis and four articles that evaluated the

effect of short messaging service (SMS) as primary

intervention.

The following information was collected from each

article: type, duration of the study, sample size, age,

type of diabetes, technology used, aim of the study,

methodology and outcome of the study. The tech-

nology used and methodology were analysed to have

better understanding of the outcome of each study.

Table 1 shows the study which classified the

reviewed original papers into ‘mobile applications for

diabetes management’ which included any applica-

tions related to diabetes management. Table 2 shows

the second group which comprised of the articles

related to ‘mobile applications for patient education’

which included all the articles, where smartphone

was used as a tool for health education. Table 3

shows the third group ‘mobile applications for

patient behaviour modifications’ which included

studies that looked into mobile applications which

would affect and contribute to behaviour changes.

Results and discussion

Chronic diseases such as diabetes need self-manage-

ment by patients to achieve stable control of the dis-

ease. Diabetes management is often cumbersome and

demanding, as it requires the patients to do regular

home-based glucose monitoring and apply continu-

ous lifestyle modifications. Typical diabetes manage-

ment plans always include diabetes education and

regular follow-up of patients to achieve the treatment

goals. Evolvement of mobile phones and their wide

reach has paved way for development of various

mobile health applications. This has attracted a lot of

attention from diabetes healthcare researchers as it

aptly suits for implementing various aspects of dia-

betes management plans such as patient remote
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monitoring, data collection, patient education and

medical intervention. The articles reviewed in the

present paper have evaluated various mobile health

interventions that were aimed to achieve diabetes

management, patient education and patient beha-

viour monitoring.

The selected 21 articles were then classified into 11

articles related to mobile applications for diabetes

Figure 1 Flow diagram for the scientific paper selection from the PubMed database
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management (Table 1), five articles related to mobile

applications for patient behaviour modification

(Table 2) and five articles related to mobile applica-

tions for patient education (Table 3). Among 11 stud-

ies on mobile applications for diabetes management

two articles were related to mobile-based diary appli-

cations, five were related to web-based diary applica-

tions, three were related to telemonitoring

applications and one mobile application was related to

remote diagnosis for evaluation of ophthalmic images.

Of five studies on mobile applications for patient

behaviour modification, two were related to applica-

tions for patient behaviour monitoring, while one was

related to applications for patient adherence monitor-

ing, and two were related to applications for support-

ing patient self-care. Remaining five articles were

related to mobile applications for patient education.

Mobile applications for diabetes management
This systematic review extracted 11 original scientific

papers focusing on managing diabetic patients using

mobile applications. Those studies were either ran-

domised controlled trials or clinical cohort-based

studies having study duration between 12 weeks and

1 year with good number of type 1 or type 2 diabetic

patients and a wide age range between 18 and 75.

The technologies used were smartphone apps- or

web-based diary, one study used iPhone in reviewing

images for fundoscopy examination. These articles

were further subdivided according to the type of

application used for diabetes management such as

mobile-based diary applications, web-based diary

applications, telemonitoring applications and remote

diagnosis.

Mobile-based diary applications
Diabetes clinics usually provide a paper-based diary

followed by home monitoring through phone calls to

support the self-management of patients. However,

with the recent advancements in mobile phone tech-

nology, a mobile phone diabetes digital diary that

can be accessed by the healthcare team via web has

become possible. Many clinical studies have evalu-

ated the utilisation of these mobile-based diaries. Use

of mobile phone-based diabetes diary for self-titra-

tion of insulin dose resulted in the significant

decrease in HbA1c in patients with type 2 diabetes

(15). However, when a similar mobile-based diabetes

diary was used in patients with type 1 diabetes, it

could not achieve a statistically significant reduction

in HbA1c and other glycaemic parameters such as

fasting blood glucose and postprandial glucose

(PPG) (17). This could be attributed to the relatively

lower baseline HbA1c levels (9.5% vs. 7.6%) in the

type 1 diabetic patients. On the other hand, there

was a significant decrease in the fluctuations in

the glycaemic parameters, indicating the impact of

the intervention.

Web-based diary applications
Effect of web-based patient monitoring and interven-

tion in diabetes management was explored in differ-

ent studies. In one study, patients were required to

enter daily blood glucose readings online through

mobile phones and received automatic feedback.

They were also given access to educational pro-

grammes on the web through a video game console.

While the intervention improved the patient self-

care, many patients expressed frustration over using

mobile phone and game console multiple times every

day (21).

A web-based diary was used in one study for the

management of type 2 diabetic patients. Access to

online web diary was given to each patient and they

received optimal recommendations through email or

mobile phone after uploading their daily blood glu-

cose readings. This resulted in a significant improve-

ment of HbA1c and PPG in patients after 12 weeks

(26), 6 months (27) and 1 year (28). Hee-Sung (25)

evaluated a web-based patient monitoring and

nurse’s education through SMS in type 2 diabetic

patients. HbA1c levels were found to be significantly

decreased in patients with uncontrolled glycaemia

(HbA1c > 7%) and patients with good control

(HbA1c < 7%) at the start of the study were able to

maintain their control. These results show that

patient-monitoring through web-based tools and

mobile phones are effective in improving the gly-

caemic parameters up to 1 year and are useful in

maintaining a good control of glycaemia. However,

necessity of frequent use of smartphone and websites

for patient monitoring may lead to a decreased com-

pliance among patients.

Telemonitoring applications
Telemonitoring of patients with smartphone applica-

tions and mobile technology is the most common

approach of the mobile health platforms. When a

smartphone App (Diabeo) for insulin dose adjust-

ment with or without teleconsultation was evaluated

in type 1 diabetic patients, there was a greater

improvement of HbA1c among the patients who

used the Diabeo App with teleconsultation (13).

Nagrebetsky et al. (16) investigated telehealth system

with real-time graphical feedback and remote nurse

monitoring through mobile phones for adjusting the

dose of oral hypoglycaemic agents in type 2 diabetic

patients. The study concluded with a significant

decrease in the HbA1c levels. In another study,

remote patient monitoring using home BP
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telemanagement system was investigated in type 2

diabetic patients with uncontrolled ambulatory

hypertension. The remote BP monitoring decreased

the 24 h ambulatory BP and the BP control was sig-

nificantly improved (18). Patient telemonitoring

using mobile phones provide a close support to the

patients. It seems that access to the healthcare team

and timely feedback facilitated the treatment optimi-

sation and increased patient compliance to achieve a

better control of diabetes.

Remote diagnosis applications
Mobile technology can also be used to transmit data

for conducting remote diagnosis. This technique can

provide more time for the care providers to review

the data and make informed decisions. Kumar et al.

(23) used an iPhone-based specific image archiving

and forwarding programme (i2i telesolutions) to

view and report the diagnosis on diabetic retinopathy

fundus images in the mobile phones. The study con-

cluded that diagnosis using mobile phones matched

well with that of images stored in computer and the

quality of images viewed on the iPhones were

reported high by the ophthalmologists.

Mobile applications for patient behaviour
modifications
Among the final list of articles, five were found to

have investigated diabetic patient behaviour modifi-

cations using mobile applications. Most of the stud-

ies were randomised controlled trials or clinical

cohort-based studies with study duration between

10 days and 18 months, recruited type 1 or type 2

diabetic patients with age ranging between 14 and

60. The mobile health technology used was smart-

phone apps with diary or telephone- or web-based

applications.

Standard diabetes management regimens include

patient behaviour modification strategies to achieve

better glycaemic control. However, these often fail to

bring the desired lifestyle changes due to the lack of

efficient patient monitoring systems. Wide availabil-

ity of smartphones has brought the patient remote

monitoring close to reality. Articles that report use

of mobile applications for patient behaviour modifi-

cations were further classified as applications for

patient behaviour monitoring, applications for

patient adherence monitoring and applications for

supporting patient self-care.

Applications for patient behaviour monitoring
Many researchers have investigated the implementa-

tion of mobile applications for diabetes behavioural

monitoring. Carroll et al. (20) used the cell phone-

connected glucometer with telephone and SMS

communication to monitor the behavioural pattern

in adolescent type 1 diabetic patients. The study

reported a significant improvement in the self-man-

agement profile and a reduction in HbA1c. In

another study, a telehealthcare programme was used

to monitor self-management behaviour in adult type

2 diabetic patients (30). In addition to the cell

phone-connected glucometer, they used an online

diabetes self-management system with teleconsultant

service. This resulted in improvement of healthy

behaviours, increased glucose monitoring and a sig-

nificant reduction in HbA1c. Results from these

studies show that behavioural monitoring of the

patients with the cell phone-based applications is

useful in inducing lifestyle modifications to achieve

glycaemic control.

Applications for patient adherence monitoring
The requirement of multiple medications and the

demand for lifestyle changes pose a huge challenge

for patient adherence. Many diabetic clinics have

programmes for closely following the patients to

ensure patient adherence. Arrival of mobile health

technology has provided an ideal platform for such

patient follow-up programmes. A cell phone-based

ecological momentary assessment tool was used to

measure the patient adherence behaviour (24). The

method was found to be feasible in measuring the

patient adherence to glucose monitoring and insulin

administration. The adherence assessed through the

intervention was comparable to the traditional self-

report data but did not correlate with the glycaemic

control due to the shorter study duration (10 days).

Applications for supporting patient self-care
Self-care and self-efficacy are very important patient

characteristics that have a strong influence on the

diabetes management. Mobile health interventions

can be used to build patient support systems to

enhance self-care and self-efficacy behaviours. Faridi

et al. (19) used interactive cell phone technology to

improve the diabetes self-care. Patients were required

to upload the data every day for care provider’s

review and would receive recommendation messages.

Although patients reported the system was not user

friendly, the self-efficacy scores were significantly

improved. However, there was only a negligible

decrease in HbA1c levels. This was attributed to the

low patient adherence arising out of the lack of user-

friendly system. A web-based daily diary with indi-

vidualised situational feedback was used by Nes et al.

(31) to support the diabetes self-management.

Patients recorded their daily self-care activities in the

diary using their mobile phones and received feed-

back messages. This intervention was found to be
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supportive and meaningful. Most of the study

patients reported positive lifestyle changes. These

outcomes indicate that remote monitoring of

the patient activities with care provider feedback

were found to be supportive in improving patient

self-care. Nevertheless, these mobile-based systems

need to be user-friendly for the patients to use them

comfortably and comply with the treatment require-

ments.

Mobile applications for patient education
This systematic review extracted five original scien-

tific papers focusing on diabetic patient health edu-

cation using mobile applications. Those studies were

either randomised controlled trials or clinical cohort-

based studies having study duration between

12 weeks and 1 year with good number of type 1 or

type 2 diabetic patients and a wide age range

between 8 and 60. The technology used was smart-

phone apps with diary.

Patient education is crucial in improving the

adherence behaviour and inducing lifestyle modifica-

tions. Inadequate knowledge about the disease and

its management may hinder the self-care activity

among patients leading to even treatment failures.

Thus, patient education has been an essential part of

diabetes treatment plans.

Smartphone applications can be used to ensure

active participation of patients to mobile health inter-

ventions. These apps are generally used for collecting

patient data to personalise the educational content.

Kirwan et al. (32) used ‘Glucose Buddy’ a freely avail-

able iPhone diabetes management application in type

1 diabetic patients to collect patient information and

send SMS feedback. Although, there was a significant

improvement in HbA1c, the quality of life and self-

care activities did not improve. The change in self-care

activities and quality of life do not always correlate

with HbA1c in type 1 diabetic patients (19,34).

The feasibility and user acceptability of a smart-

phone-based diabetes diary ‘Diab-Memory’ in type 1

diabetic patients was explored by Kollmann et al.

(33). The application was used to collect and trans-

mit patient data to a remote monitoring centre.

Patients were sent reminder messages and were given

analysed data output with statistics and trends. The

application was well accepted by the patients and it

decreased the HbA1c significantly. Another smart-

phone application called ‘Ubiquitous Chronic Dis-

ease Care’ (UCDC) system for diabetes care was

investigated in type 2 diabetic patients (29). The

application sent alarms to remind patients about

daily self-care activities. Patients were also able to

send their data and received educational messages.

The UCDC intervention had a significant impact on

the clinical parameters such as HbA1c, BP and lipid

profile. These smartphone apps required the patients

to upload their daily data and sent reminders about

their self-care activities. Although the feedback mes-

sages were mostly educational and motivational, the

glycaemic and other clinical parameters were greatly

improved. While the educational messages and

reminders support the patient self-care, the smart-

phone application keeps the patients involved and

thereby increasing the patient adherence.

Quinn et al. (22) assessed the use of a patient-

coaching system based on a mobile diabetes manage-

ment software application and a web portal. Patients

entered self-care data to the mobile application and

received automated, real-time, educational, beha-

vioural and motivational messages appropriate to

their data. Care providers were given data access only

or data access with decision support. While the

patient reported diabetes symptoms, diabetes distress,

depression, BP and lipid profiles did not differ

between the groups, there was a significant reduction

in HbA1c in the group in which physicians were

given decision support. It is obvious that when the

care providers are given decision support, they will

be proactive and take timely decisions. Patient

response to messages sent through a patient support

application ‘Sweet Talk’ was investigated in patients

with type 1 diabetes (14). Automated and scheduled

text messaging was able to engage the young diabetic

patients, but patient responses were not influenced

by the socio-demographical characteristics.

Results from various studies discussed above indi-

cate that educational text message interventions using

smartphone apps could increase the patient involve-

ment and thereby enabling them to achieve gly-

caemic and metabolic goals. Even as the

unidirectional educational messages are economical

and easier to implement, the lack of active patient

engagement might adversely affect the outcomes.

This review has shown that mobile health inter-

ventions, when used for diabetes management or

patient education or patient behaviour monitoring

resulted in significant clinical improvement. Most of

the studies (76%) reported positive outcome after

the use of the mobile health applications. Although

interventions with smartphone apps were able to

produce significant results, providing continuous

patient support using mobile phones may be a chal-

lenging task and would require adequate infrastruc-

ture and personnel. Cost benefit and cost-

effectiveness analysis with these mobile interventions

may be necessary for care providers to decide on

implementation of such systems.

Strength of this study is that we included all peer-

reviewed articles with original clinical studies related
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to smartphone apps. Limitations of this review include

using only PubMed database for the literature search.

We could have missed some important papers that

were published in other databases. Although some

studies used mobile phone-connected devices for data

collection, many of the studies reported patient

entered data without any validation. Outcomes of such

studies need to be reviewed with caution. Wide age

range of patients might have influenced the study out-

comes since the utilisation of smartphones could have

varied with the patient’s age. Varied objectives, study

methodologies, duration and patient characteristics

prevented us from doing a meta-analysis. Another lim-

itation is the small number of papers currently avail-

able in the literature for certain mobile applications.

Results of our review should be interpreted with keep-

ing all these limitations in mind.

Conclusion

The smartphone and web applications offer signifi-

cant benefits for patient care, education and

behavioural modifications. Web-based tools have

shown very good effect on diabetic patient manage-

ment and education but had limited behavioural

modification role. Smartphone apps have been only

tested for either patient management or education

with variable response. They were found to be the

best for education and telemonitoring. Phone calls

are becoming less popular and we found only two

studies that have been used for behavioural modifica-

tion with good outcome. Smartphone apps and tele-

consultation techniques fared better in the clinical

outcomes. Long-term cost benefit and cost-effective-

ness analysis studies with the mobile health interven-

tions are essential before implementing them in the

routine practice.
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