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Abstract: Over the last 30 years, diabetes mellitus has changed from being seen as a relatively
mild ailment associated with aging and the elderly (“just a touch of sugar”) to one of the major
contemporary causes of premature mortality and morbidity in most countries. In virtually every
developed society, diabetes is ranked among the leading causes of blindness, renal failure, and
lower limb amputation. Through its effects on cardiovascular disease (70%—80% of people with
diabetes die of cardiovascular disease), it is also now one of the leading causes of death. Even
diabetes mellitus seems to be dealt with due to innovative information and communication tech-
nologies, along with new forms of service delivery organization such as home care and remote
monitoring. This paper provides a review of the innovative concept of using mobile phones for
diabetes monitoring starting with a brief introduction, continuing with an analysis of health and
lifestyle related data that record the patient—health-professional’s interaction and decision making,
and concluding with a general discussion section followed by an extended bibliography.
Keywords: diabetes mellitus, mobile telephony, remote monitoring, text messaging, internet,
coaching

Introduction

There is an ongoing debate on the pros and cons of providing care and support to

patients with chronic illness such as diabetes through the use of mobile telephone

monitoring. Some of the pros most widely acknowledged include:'

e Patient engagement through real time access to their medical records, reminders
for various treatment aspects, and provision of instructions and guidelines

e Increased efficiency leading to health care costs reduction, especially where chronic
patients are involved, thanks to continuous remote monitoring of vital signs and
physiological parameters that the treating physician can access without the patient’s
physical presence (ie, visit).

As for the cons, though, the most serious concern relates to data security and
privacy in general as there are applications that transmit unencrypted sensitive data,
hence allowing for data mining strictly for advertising purposes.” Lack of physician’s
involvement during the development cycle can lead to applications not offering opti-
mum relevance and advice to certain conditions. Finally, as many legacy applications
and systems are still present in the health care industry, misalignments are observed
between existing infrastructure and mobile applications, hence limiting the number
of coordinated users, ie, doctors and patients.?

It is yet to be questioned whether this practice will produce and “sustain the desired
improvements in the health” of these patients* such as the physiological blood glucose
levels as well as the limitation of the usual comorbidities escorting the condition. The
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quality of the health care provided requires an effective col-
laboration between clinicians on one hand and patients on
the other.>® One way to effectively improve health care is the
design of novel methods to enhance communication and, con-
sequently, improve the health condition of those patients with
chronic diseases with immediate and up-to-date feedback
pertinent to the insulin dose or the intake of certain nutri-
tion. Interventions involving automated telephone message
systems have been shown to improve clinical diabetes-related
health outcomes, eg, blood glucose levels, by increasing
knowledge, hence allowing patients to effectively carry out
self-management of their condition.*” Several reviews have
documented that telephone-based interventions have had
positive results even among patients of low socioeconomic
background and at increased risk of cardiovascular diseases,
diabetes mellitus type 2, and various ailments characterized
by increased mortality.®® Literature also points out the useful-
ness, potential, and challenges in utilizing mobile phones to
generally improve diabetics” health.”!' Research to date has
indicated that these interventions are able to improve patient
outcome.'? However, some important aspects concerning the
design of these mobile applications, such as data transmis-
sion"® and standards/codifications,'* for diabetes interven-
tions'" have not yet been examined. The purpose of this paper
is to address the importance of using mobile telephones for
diabetes monitoring and technological features that will
enable these systems.

Recording health-related
and lifestyle-related data

According to a review of the federal health monitoring sys-
tem in the USA,'¢ a list of criteria for effective and efficient
health monitoring data is identified. It is explained there that
frequent updating, separate estimates for key subgroups,
adequate precision, provision of estimates at appropriate
geographical levels, topical coverage, and easy accessibility
by decision makers are some of the factors that need to be
taken into consideration.

In another review,!’ the authors proposed the use of elec-
tronic health records to support public health. They suggested
that the inclusion of a number of different factors like envi-
ronmental, psychosocial, and economic data into a patient’s
health record is likely to enable the routine collection of data
relevant to broader public health initiatives.

Gravois and Garvin'® reviewed some of the outcomes
of good communication in health settings and they argued
that most interactions “are founded on an assumption that
information provision to clients/patients is both necessary and

sufficient to effect behavior change — despite considerable
evidence to the contrary”. They also proposed that, instead of
information transfer, information exchange systems should
be established taking into consideration the factors of social,
environmental, and economic context of behavior.

Diaries and logging applications

There has been much interest in using information services
to systematically collect, manage, and analyze patients’
health care records in electronic form. Electronic health
records have been proven to help in reducing medical errors'
while at the same time improving the quality of care provided
to patients. The use of diaries in health recording has been
common in nursing practice settings. Practitioners have been
using the diary as a means of helping patients to document
their symptoms with the aim of modifying their behavior
to generate a healthier behavior. Given the tremendous
advances in technology and telecommunication, today a digi-
tal diary can be used to improve diabetes care. Mobile phones
could potentially serve as the tool for collecting information
on surveillance, service delivery, evidence-based care, and
management and supply systems, thus allowing patients with
diabetes from primary care settings to provide information
for enhanced diabetes education.?

Mobile phones can assist diabetics by serving as a
screening/diagnostic tool even in follow-up care. Some
smartphone applications may improve diabetes control
programs in a number of different ways.?! According to a
review,? this method can provide a “long-term tracking of
patient data, trends in prescription/management and quality
of care, and surveillance data”. This review continues to argue
that, unlike paper-based systems, a smartphone application
may act as a real time information generator that provides
high-quality data for planning and monitoring, and live help
and assistance to diabetics.

Mobile phone applications can also be effective in remote
monitoring of difficult carbohydrate counting. Diabetes Inter-
active Diary is a program specifically designed for mobile
phones and it is capable of facilitating a direct communication
between a dietitian and diabetes patients. Both parties will be
in touch through Short Message Service (SMS) so that the
dietitian can monitor glucose levels and suggest an insulin
dose that corresponds directly to the amount of carbohydrate
consumed.?>?

Recording and monitoring through SMS
SMS (also known as text messaging) is a widely used medium
of sending messages as it is easy and quick. Apart from its
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accessibility, text messaging has been widely adopted by

health technology, mainly for two reasons:**

e It is a push technology allowing intervention messages
to be delivered without any effort by the recipient

e Text messages can be sent and received by both mobile
phones and computers and they can allow patients to log
their health-related activities and physiological para-
meters, like exercise and peak flow in asthma management,
while at the same time receiving customized feedback
based on the data provided.”

In addition, text messages can be automatically processed,
therefore, it is possible to have a complete information
exchange in an intervention via this medium. For instance
users can receive reminders to log relevant data, they can
reply to messages, and the system may process this informa-
tion and have the personal record of each user updated. The
diversity of these interactions provides evidence for just how
flexible this medium can be in delivering information.

Patient-health care professionals
interaction and decision-making

Remote event monitoring

Another application for mobile phones in diabetes care
is remote monitoring.”*?’ During a feasibility study?” of a
telemedicine support program and the effects on glycemic
control in adolescences with type 1 diabetes mellitus, patients
had to send their daily data, such as date, time, and blood
glucose, through mobile phones to a central server where
these data were received by diabetologists who provided
advise using the same route. During this period, it was
observed that glycemic control had improved compared to
the control phase in which participants used a paper diary
for their daily monitoring.

Distant expert advisors/coaches
Distant or remote coaching interventions use data that
patients collect on their mobile phones to enable learning
interactions. During these interactions, the tracking data are
uploaded from the mobile phone to a local server, acting as
a repository, through a website where data are reviewed by
a member of the patient’s health care team. Clinicians then
analyze these data and work with patients to help them learn
how to manage their condition. The coaching interaction itself
typically takes place either over the mobile phone, through
SMS exchange, or through a website.?* 2

In general, mobile phones enable effective remote coach-
ing interventions that have been shown to help chronic disease
patients in learning a range of complex skills that they need

in order to manage their condition.’ Using mobile phones,
patients are able to collect data about their activities and
physiological measurements, while in SMS coaching inter-
ventions they are able to receive concrete tailored feedback
on how to better manage their illness.?*3!

In addition to remote coaching, mobile phones are com-
monly used to monitor patients’ health in order to alert the
health care team of any serious symptoms that need imme-
diate treatment.?? Timely detection of such symptoms and
worrisome physiological parameters is the key to prevention
of'likely serious deterioration in a patient’s health. Therefore,
many of the interventions use data captured with mobile
phones in order to look for such indicators and to be able to
alert the appropriate health care provider.*

Some monitoring applications capable of collecting and
analyzing symptoms by sensing, self-report, or a combination
of the two, can be beneficial for the patients. According to
studies,*3* a system was built that combines a mobile phone
application and a variety of Bluetooth-connected devices such
as a blood pressure cuff, respiration and electrocardiogram
(ECGQG) sensors embedded in an instrumented shirt, acceler-
ometers, and a digital scale, in order to enable chronic heart
failure patients to collect data about their condition, which
are automatically uploaded to a server and are continuously
monitored for signs of decompensation.?* If there is a dec-
ompensation then the patient’s physician gets immediately
notified. Similar applications can be built for diabetes patients
where there is a need for monitoring of their conditions 24
hours a day, 7 days a week.'>

Systems enabling social support
from patient’s environment

and social networks

Probably one of the most important capabilities mobile
phones have, and in particular smartphones, from the health
interventions point of view is their ability to use the Inter-
net almost anytime. This ability means that user data, such
as blood glucose level readings, can be easily uploaded to
the corresponding servers as soon as they are captured. This
enables early detection and prevention of critical events.
These data can be used to update patients’ personal records
and offer them the option to edit, update, or examine their
history. Furthermore, users are able to include web pages,
online audio, videos, as part of their phone interventions.
In conclusion, the use of online resources makes it easier
to keep the content of an intervention up-to-date without
asking users to repeatedly install updated versions of the
application.?
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Lastly, a number of different mobile applications make
use of social support from and/or competition between friends
by linking to social media like Facebook and Twitter.*

Discussion

Technological advancements may bring a whole new dimen-
sion to many aspects of life and improve it in many ways.>”*
Mobile technology and especially mobile phones may offer
some very exciting possibilities in serving as a tool for dia-
betes prevention and management. Taking into consideration
the positive results from feasibility studies and the increasing
acceptance of this technology, mobile phones may improve
and further develop existing practices and interventions in
diabetes.?**° However, effectiveness trials and evaluation of
cost-effectiveness of this technology are less documented
and need to be further investigated in order to provide robust
evidence, which will scale up this technology in the preven-
tion and management of diabetes both in developed and
developing countries.?*?’

In order for an application to be recommended by a health
care provider, it needs to have evidence of its effectiveness
in improving health outcomes. The number and variety of
mobile applications for diabetes disease is large and is a field
that is rapidly developing. Although there is a large quantity
of applications available, very few of these have been tested,
evaluated, and documented in their improvements in health
outcomes. Most of these available applications are consumer
facing, and although patients could send information and
data to their provider, applications — except for the WellDoc
application (WellDoc, Inc., Baltimore, MD, USA) — fail to
actively engage providers and do not provide any capabili-
ties for integration of data into a provider’s workflow or to
an electronic medical record. However, diabetes mobile
health applications have some great potential for the future.
Their seamless integration into “regular clinical care has yet
to materialize”.*> Scientists have recently conducted a sys-
tematic review* on the effectiveness of mobile technology
interventions delivered to health care consumers. Based on
some preset criteria, they found 75 studies, however most
of the studies were described as being low quality. They
concluded that there was some evidence that text-message-
based interventions can increase “adherence in antiretroviral
therapy and smoking cessation studies, but that results were
not consistent for other areas”. Thirteen of these studies
primarily focused on patients; five out of these were focused
on diabetes type 1 and three focused on children. These
applications only provide text messaging interventions, were
all published before 2010, and lack the evaluation functions

of some of the features available on current diabetes smart-
phones applications. Considering, though, the advancement
of technology and the increase in the economic investment in
mobile Health (mHealth),*' it is clear that, in the near future,
more formal and documented studies will be able to identify
the potential health benefits of mobile technology.*

Disclosure
The authors report no conflicts of interest in this work.

References

1. Health care on the go: Pros and Cons of Mobile health apps [web-
page on the Internet]. Park City: Supplemental Health Care; 2013.
Available from: http://www.supplementalhealthcare.com/blog/2013/
healthcare-go-pros-and-cons-mobile-health-apps. Accessed August
27,2013.

2. Lie Njie CM. Technical Analysis of the Data Practices and Privacy
Risks of 43 Popular Mobile Health and Fitness Applications. Privacy
Rights Clearinghouse; 2013. Available from: http://www.privacyrights.
org/mobile-medical-apps-privacy-technologist-research-report.pdf.
Accessed December 22, 2013.

3. Pros and Cons of Mobile Technolofy in Health Care [webpage on
the Internet]. Piscataway: American Institute of Medical Sciences
and Education; 2013. Available from: http://www.aimseducation.edu/
blog/pros-and-cons-of-mobile-technology-in-health-care/. Accessed
December 22, 2013.

4. Krishna S, Boren SA. Diabetes self-management care via cell phone:
a systematic review. J Diabetes Sci Technol. 2008;2:509-517.

5. Wagner EH, Austin B, Von Korff M. Improving outcomes in chronic
illness. Manag Care Q. 1996;4(2):12-25.

6. Committee on Quality of Health Care in America, Institute of Medicine.
Crossing the Quality Chasm: A New Health System for the 21st Century.
Washington DC: National Academy Press; 2001.

7. Piette JD, Weinberger M, Kraemer FB, McPhee SJ. Impact of automated
calls with nurse follow-up on diabetes treatment outcomes in a Depart-
ment Of Veterans Affairs Health Care System: a randomized controlled
trial. Diabetes Care. 2001;24(2):202—208.

8. Albright CL, Pruitt L, Castro C, Gonzalez A, Woo S, King AC.
Modifying physical activity in a multiethnic sample of low-income
women: one-year results from the IMPACT (Increasing Motivation for
Physical ACTivity) project. Ann Behav Med. 2005;30(3):191-200.

9. Liang X, Wang Q, Yang X. Effect of mobile phone intervention for
diabetes on glycaemic control: a meta-analysis. Diabet Med. 2011;28(4):
455-463.

10. WeiJ, Hollin I, Kachnowski S. A review of the use of mobile phone text
messaging in clinical and healthy behaviour interventions. J Telemed
Telecare. 2011;17(1):41-48.

11. Piette JD. Interactive behavior change technology to support diabetes
self-management: where do we stand? Diabetes Care. 2007;30(10):
2425-2432.

12. Mulvaney SA, Ritterband LM, Bosslet L. Mobile intervention design
in diabetes: review and recommendations. Curr Diab Rep. 2011;11:
486-493.

13. Banitsas KA, Perakis K, Tachakra S, Koutsouris D. Use of 3G mobile
phone links for teleconsultation between a moving ambulance and a
hospital base station. J Telemed Telecare. 2006;12(1):23-26.

14. Anagnostaki AP, Pavlopoulos S, Kyriakou E, Koutsouris D. A novel
codification scheme based on the on the “VITAL” and “DICOM”
Standards telemedicine applications. /EEE Transactions on Biomedical
Eng.2002;49(12):1399-1411.

15. Kouris I, Mougiakakou S, Scarnato L, et al. Mobile phone technolo-
gies and advanced data analysis towards the enhancement of diabetes
self-management. /nt J Electron Healthc. 2010;5(4):386—402.

16 submit your manuscript

Dove

Smart Homecare Technology and TeleHealth 2014:2


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.supplementalhealthcare.com/blog/2013/healthcare-go-pros-and-cons-mobile-health-apps
http://www.supplementalhealthcare.com/blog/2013/healthcare-go-pros-and-cons-mobile-health-apps
http://www.privacyrights.org/mobile-medical-apps-privacy-technologist-research-report.pdf
http://www.privacyrights.org/mobile-medical-apps-privacy-technologist-research-report.pdf
http://www.aimseducation.edu/blog/pros-and-cons-of-mobile-technology-in-health-care/
http://www.aimseducation.edu/blog/pros-and-cons-of-mobile-technology-in-health-care/

Dove

Telephone monitoring for diabetic patients

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Brown BV. A federal monitoring system for early adult health. JAdolesc
Health. 2008;43:277-284.

Kukafka R, Ancker JS, Chan C, et al. Redesigning electronic health
record systems to support public health. J Biomed Inform. 2007;40:
398-409.

Lee RG, Garvin T. Moving from information transfer to information
exchange in health and health care. Soc Sci Med. 2003;56(3):449-464.

. Schiff GD, Bates DW. Can Electronic Clinical Documentation Help

Prevent Diagnostic Errors? N Engl J Med. 2010;362:1066—1069.
Ajay VS, Prabhakaran D. The Scope of Cell Phones in Diabetes
Management in Developing Country Health Care Settings. Journal of
Diabetes Science and Technology. 2011;5(3):778-783.

Mougiakakou SG, Bartsocas CS, Bozas E, et al. SMARTDIAB:
A communication and information technology approach for the intelli-
gent monitoring, management and follow-up of type 1 diabetes patients.
IEEE Trans Inf Technol Biomed. 2010;14(3):622-633.

Logan AG, Mclsaac W], Tisler A, et al. Mobile phone-based remote
patient monitoring system for management of hypertension in diabetic
patients. Am J Hypertens. 2007;20(9):942-948.

Daskalaki E, Prountzou A, Diem P, Mougiakakou SG. Real-Time
adaptive models for the personalized prediction of glycemic pro-
file in type 1 diabetes patients. Diabetes Technol Ther. 2012;14(2):
168-174.

Klasnja P, Pratt W. Healthcare in the pocket: Mapping the space
of mobile-phone health interventions. J Biomed Inform. 2012;45:
184-198.

Anhgj J, Meldrup C. Feasibility of collecting diary data from asthma
patients through mobile phones and SMS (short message service):
response rate analysis and focus group evaluation from a pilot study.
J Med Internet Res. 2004;6(4):e42.

Istepanian RS, Zitouni K, Harry D, et al. Evaluation of a mobile phone
telemonitoring system for glycaemic control in patients with diabetes.
J Telemed Telecare. 2009;15(3):125-128.

Rami B, Popow C, Horn W, Waldhoer T, Schober E. Telemedical sup-
port to improve glycemic control in adolescents with type 1 diabetes
mellitus. Eur J Pediatr. 2006;165(10):701-705.

Larsen ME, Rowntree J, Young AM, et al. Chemotherapy Side-Effect
Management Using Mobile Phones. Conf Proc IEEE Eng Med Biol
Soc. 2008;2008:5152-5155.

Kollmann A, Riedl M, Kastner P, Schreier G, Ludvik B. Feasibility of
a mobile phone-based data service for functional insulin treatment of
type 1 diabetes mellitus patients. J Med Internet Res. 2007;9(5):e36.
Larsen ME, et al. “Oral Medication Adjustment with Telehealth
Support (MATS) for Type 2 diabetes”, Diabetes Technology Meet-
ing, Bethesda, USA, Nov 2012. Available from: http://jdst.org/
worldpress/2013/02/25/2012-diabetes-technology-meeting-november-
8%¢e2%80%9310-bethesda-maryland-2/. Accessed December 22,
2013.

Smart Homecare Technology and TeleHealth

Publish your work in this journal

Smart Homecare Technology and TeleHealth is an international, peer-reviewed,
open access online journal publishing original research, reviews, editorials and
commentaries on the application of technology to support people and patients
at home and in assisted living centers to optimize healthcare and management
resources. Specific topics in the journal include: Development and application of

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gibson OJ, Balami JS, Pope GA, Tarassenko L, Reckless IP. “Stroke
Nav”: a wireless data collection and review system to support stroke care
delivery. Comput Methods Programs Biomed. 2012;108(1):338-345.
Consolvo S, Everitt K, Smith I, Landay J. Design requirements for
technologies that encourage physical activity. Proceedings of ACM CHI
2006 Conference on Human Factors in Computing Systems, Montreal,
Canada, September 22, 2006. 2006:457-466. ACM Press, New York,
USA; 2006.

Villalba E, Ottaviano M, Arredondo MT, Martinez A, Guillen S.
Wearable monitoring system for heart failure assessment in a mobile
environment. Comput Cardiol. 2006;33:237-240.

Villalba E, Salvi D, Ottaviano M, Peinado I, Arredondo MT, Akay A.
Wearable and mobile system to manage remotely heart failure. /EEE
Trans Inf Technol Biomed. 2009;13(6):990-996.

Faridi Z, Liberti L, Shuval K, Northrup V, Ali A, Katz DL. Evaluating
the impact of mobile telephone technology on type 2 diabetic patients’
self-management: the NICHE pilot study. J Eval Clin Pract. 2008;14(3):
465-469.

Eng DS, Lee JM. The Promise and Peril of Mobile Health Applica-
tions for Diabetes and Endocrinology. Pediatr Diabetes. 2013;14:
231-238.

Kouris I, Tsirmpas C, Mougiakakou SG, Iliopoulou D, Koutsouris D.
E-Health towards ecumenical framework for personalized medicine
via Decision Support System. Conf Proc IEEE Eng Med Biol Soc.
2010;2010:2881-2885.

Loerup L, et al. An innovative mobile phone telehealth intervention
to improve resource use in the management of gestational diabetes
allows remote delivery of care and is well received by pregnant women.
Presented at: Association of British Diabetologists Spring Meeting;
Apr 2013; Solihull, UK.

Krishna S, Boren SA, Balas EA. Healthcare via cell phones: a systematic
review. Telemed J E Health. 2009;15(3):231-240.

Free C, Phillips G, Galli L, et al. The effectiveness of mobile-health
technology-based health behaviour change or disease management
interventions for health care consumers: a systematic review. PLoS
Med. 2013;10:¢1001362.

Voigt HE. Future challenges in Biomedical Engineering. /FMBE News.
2011;85:6-8.

He B, Baird R, Butera R, et al. Grand challenges in interfacing
engineering with life sciences and medicine. /EEE Trans Biomed Eng.
2013;60(3):589-598.

Dove

devices within the home and embedded in appliances; Healthcare provider com-
munication and education tools; and drug ordering and adherence. The manuscript
management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/smart-homecare-technology-and-telehealth-journal

Smart Homecare Technology and TeleHealth 2014:2

submit your manuscript

Dove


http://www.dovepress.com/smart-homecare-technology-and-telehealth-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://jdst.org/worldpress/2013/02/25/2012-diabetes-technology-meeting-november-8%e2%80%9310-bethesd
http://jdst.org/worldpress/2013/02/25/2012-diabetes-technology-meeting-november-8%e2%80%9310-bethesd
http://jdst.org/worldpress/2013/02/25/2012-diabetes-technology-meeting-november-8%e2%80%9310-bethesd

	Publication Info 2: 
	Nimber of times reviewed: 


