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Abstract
Diabetes has emerged as a major public health concern in developing nations. Health systems in most 
developing countries are yet to integrate effective prevention and control programs for diabetes into routine 
health care services. Given the inadequate human resources and underfunctioning health systems, we need novel 
and innovative approaches to combat diabetes in developing-country settings. In this regard, the tremendous 
advances in telecommunication technology, particularly cell phones, can be harnessed to improve diabetes care.  
Cell phones could serve as a tool for collecting information on surveillance, service delivery, evidence-based care, 
management, and supply systems pertaining to diabetes from primary care settings in addition to providing 
health messages as part of diabetes education. As a screening/diagnostic tool for diabetes, cell phones can aid 
the health workers in undertaking screening and diagnostic and follow-up care for diabetes in the community.  
Cell phones are also capable of acting as a vehicle for continuing medical education; a decision support system for  
evidence-based management; and a tool for patient education, self-management, and compliance. However, for 
widespread use, we need robust evaluations of cell phone applications in existing practices and appropriate 
interventions in diabetes.
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Introduction

Diabetes is currently a major public health problem 
in developing nations. Of the 284.6 million people 
with diabetes globally, more than 70% live in low- and 
middle-income countries.1 Large populous nations 
such as China and India are witnessing an increase in 
the burden of diabetes with rapid urbanization and 
aging of the population.1 Countries in the African and 
Middle-Eastern nations also have a growing burden 
of diabetes. It is estimated that global expenditures on 
diabetes will be at least $316 billion in 2010 and at least 

$490 billion in 2030.1 The monetary value associated 
with disability and loss of life as a result of diabetes 
itself and its related complications account for the largest 
economic burden.1

Changing to a healthy diet and increasing physical activity 
has the potential to prevent more than 60% of new-onset 
diabetes.1 Similarly, a healthy diet, maintaining a normal 
weight, regular physical activity, and not smoking are 
central to diabetes management to maintain optimal 
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blood glucose, lipid, and blood pressure levels in order 
to reduce the risk of future complications, particularly 
cardiovascular diseases.1 Even in low-resource settings, 
there is much that can be done to detect undiagnosed 
cases from the community and provide care and support 
that will produce and sustain the desired improvements  
in the health of persons with diabetes. However, public 
health systems in most developing counties are yet to 
integrate effective prevention and control programs for 
diabetes into routine health care services. This brings into 
focus the tremendous advances in telecommunication 
technology, which can be harnessed to improve diabetes 
care. In order to combat the increasing burden of diabetes 
and its consequences, innovative approaches are needed. 
The scope of cell phones as a multipurpose portable device 
for use by both health care providers and patients for 
diabetes care is discussed in this article.

Importance of Cell Phones in Health Care
The versatility and high levels of accessibility of mobile 
phone technologies provide enormous potential for novel 
uses to promote health globally (termed mHealth within 
the broader eHealth movement). The American Medical 
Informatics Association Global Partnership Program, the 
2008 Rockefeller Foundation month-long conference on 
eHealth, and the creation of the mHealth Alliance by the 
United Nations all indicate the extent of importance of 
mHealth. Two-thirds of all mobile phone users live in  
low-income and low–middle-income nations,2 and the user 
base is growing fast. This easy-to-use technology is widely 
accessed by the illiterate and poor.3 Mobile phones and 
other mobile technologies require fewer infrastructures 
than other eHealth systems,4 making them a promising 
investment for developing countries to strengthen and 
transform their weak health systems5 and to overcome 
health care worker shortages.3 Further, many features 
[e.g., short messaging service (SMS), digital camera, 
capability of running custom software applications] of 
cell phone technology can strengthen health services 
through removing physical barriers to care and service 
delivery and by improving choice, evidence-based care, 
management, supply systems, and communication.  
In addition, it is likely that high-end cell phone 
(smartphone) prices will continue to drop and capabilities 
continue to increase (e.g., more sophisticated 3G networks 
capable of fast Internet connectivity), making them 
highly cost-effective.

Cell Phones in Diabetes Care
Similar to many other chronic diseases, diabetes requires 
multidisciplinary care, and patients require education 

on self-care such as blood-sugar monitoring, adherence 
to recommendations on diet, exercise, and regular foot 
inspection. A growing body of evidence suggests that 
diabetes-management programs need an information 
technology (IT) backbone in order to be effective.6 From a 
health system perspective, high-quality data on disease 
trends, cost, and quality of care are vital to developing, 
monitoring, and evaluating diabetes prevention and 
control programs. Increasing the computing power of high-
end cell phones, i.e., smartphones, and the rollout of 3G 
and 4G networks have a positive impact on increasing 
the access to the Internet in developing countries, 
particularly in rural areas. This low-cost communication  
platform is capable of addressing the data requirements of 
the health system and continued care for people with 
diabetes as well. The benefits from the application of  
cell phones in diabetes care falls into three domains: 
benefits for the health system, benefits for physicians, 
and benefits for patients (Table 1). A description of each 
of these domains is discussed here.

Benefits to the Health System from the Application 
of Cell Phones in Health Care
Development of Diabetes Registries
There has been much interest in using information services  
to systematically collect and manage an individual’s or 
population’s health care records in electronic form, i.e., 
electronic health records (EHR) in order to reduce 
medical errors and improve quality of care and promote 
evidence-based medicine. These systems are resource 
intensive due to the huge investment required for procuring 
and maintaining computer hardware and networking. 
However, Internet-capable smartphones can host a limited, 
basic version of EHR in selected health facilities in 

Table 1.
Application of Cell Phones in Diabetes Care

Domains Application of cell phones

Health system

•	 Development of real-time diabetes registries
•	 Screening (targeted) of undiagnosed diabetes 

at primary health care settings
•	 Health promotion messages using SMS
•	 Promoting evidence-based management 

through decision-support software 
applications

•	 Integrating laboratory/diagnostic applications
•	 Remote patient monitoring

Physicians
•	 Tool for CME
•	 Medical reference

Patients
•	 Patient education
•	 Tool for self-management and reminders for 

drug intake and follow-up visits
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developing countries at minimal cost. Such smartphone-
based diabetes registries improve diabetes control 
programs in a number of ways. Data from these 
facilities will provide long-term tracking of patient data, 
trends in prescription/management and quality of care, 
and surveillance data. Unlike paper-based systems, a 
smartphone-based system can act as a real-time information 
system, providing high-quality data for planning and 
monitoring diabetes control programs. A schematic 
diagram on the architecture of a cellphone-based health 
information system for diabetes is shown in Figure 1.

or at high risk for diabetes can undergo glucometer 
screening in the next step. In addition to screening 
individuals, integrating the screening information from 
the mobile phone by synchronizing it to the health 
management information system will help in patient 
tracking and generating diabetes incidence data in low- 
and middle-income countries. Such a stepwise approach 
could also help reduce costs of screening where large 
populations are involved.15

Cell Phones as a Medium for Information Dissemination 
Traditional mass awareness programs rely on news-
papers, television, or radio programs. Cell phones, being 
ubiquitous and portable, are an alternate medium for 
propagating simple messages on understanding of the 
signs and symptoms, risk factors, long-term complications, 
and ways to live with diabetes. Short messaging services 
can be used effectively for this purpose. Many tele-
communication operators and handset manufacturers 
offers SMS in regional languages. For illiterate groups, 
voice and picture messaging are alternate options.

Another application of cell phones is in computing calorie 
consumption, which is often a difficult task. Several 
mobile phone applications are already on the market 
that help people with diabetes to make healthier meal  
choices with information on carbohydrates, portion size, 
and food labels.16 The challenge will be in making this 
application affordable and accessible, particularly among 
those with a low level of education.

Use of Cell Phones in Supporting Evidence-Based 
Management
Management of diabetes revolves around maintaining 
optimal control of blood pressure, lipids, and glucose 
to defined targets. However, in most developing-country  
settings, a wide gap exists between practice recommenda-
tions and delivery of diabetes care. For example, several 
reports from India have highlighted the suboptimal use 
of various evidence-based drugs (angiotensin-converting 
enzyme inhibitors, statins, and hypoglycemic medications) 
at all levels of care.17–20 Similarly, the Diabcare-China 
surveys that compared the differences in subject 
characteristics, glycemic control, diabetes complications, 
and treatment between 1998 and 2006 in persons with 
type 2 diabetes in China has highlighted the large gap 
between guidelines and their actual use.21 These facts 
highlight the importance of decision support systems  
to facilitate evidence-based medicine and improve the 
quality of care. Quinn and colleagues22 carried out a pilot 
trial to examine the health care provider’s adherence 
to prescribing guidelines using a cell-phone-based 

Figure 1. Schematic of the architecture of a cellphone-based health 
information system for diabetes.

Use of Cell Phones in Screening of Undiagnosed Diabetes
Undiagnosed diabetes accounted for 70–85% of those  
with diabetes in studies from Africa1 and 71% in India.7 
Early detection and treatment could help reduce the 
burden of complications due to diabetes.1 There are 
several simple, noninvasive clinical risk score tools 
available for screening to identify people at high risk 
of diabetes in the Indian,8–10 Chinese,11 and Thai12 
populations. These clinical risk scores utilize noninvasive 
parameters for computing clinical risk. Custom-made 
software applications that run on mobile phones can 
help health workers to compute the risk scores to predict  
subjects with diabetes or those at high risk for developing 
diabetes. Mobile phones with integrated glucometers 
are available in the market.13,14 Interpretation of these 
screening systems can facilitate a targeted screening 
approach, which can cut costs tremendously. For example, 
the health workers can initially screen individuals using  
the mobile phone, and those predicted to have diabetes  
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diabetes management tool. The results from this study 
were encouraging, as it facilitated treatment decisions,  
provided organized data, and reduced logbook review 
time for analyzing patient data trends. Evidence from 
effectiveness trials are required to assess the effect 
size on glycemic control of subjects with diabetes. 
Furthermore, if found successful, such cell-phone-based 
decision support systems could help nonphysician health 
workers in managing uncomplicated cases of diabetes in 
developing countries where severe shortages of trained 
physicians is a constraint.

Cell Phones and Laboratory/Diagnostic Applications
Historically, rural areas in developing countries have 
been deprived of laboratory facilities and expensive 
manpower such as physicians, thereby seriously affecting 
access to diabetes care. Bluetooth-enabled glucometers 
integrated into cell phones is a newer innovation.  
As discussed earlier, health workers in developing-
country settings could use such novel diagnostic tools  
at the community level for screening and detecting 
people with undiagnosed diabetes. Because this method 
reduces the dependence on laboratory facilities for 
diagnosis, the outreach of diabetes care can be improved 
even through nonphysician health workers.

Another innovation is the application of cell phone 
cameras. Digital mobile eye fundus camera for screening 
of persons with type 2 diabetes mellitus was introduced 
in the Finnish county of South Ostrobothnia. This study 
showed feasibility of covering fundus examination in 
87% of individuals with diabetes in their nearest health 
center in a short timeframe.23 In developing-country 
settings, health workers could be trained to examine 
these pictures to identify changes due to diabetic 
retinopathy. Alternatively, picture messages can be sent  
to physicians for assessments and management.

Remote Monitoring
Remote monitoring is another application for cell phones 
in diabetes care.14,24 Rami and associates24 evaluated the 
feasibility of a telemedical support program and its 
effect on glycemic control in adolescents with type 1 
diabetes mellitus. Patients sent their daily data (date, 
time, blood glucose, insulin dosage) via mobile phone to  
a central server, and diabetologists sent back their  
advice via SMS once a week. Glycemic control improved 
during the telemedical phase compared to the control 
phase in which the participants used a paper diary for 
daily monitoring.

Logan and coworkers,25 in another similar study with 
a before-and-after design, assessed the effect of remote 
monitoring of uncontrolled ambulatory hypertension 
in 233 patients. The remote diabetes monitoring system 
comprised a Bluetooth-enabled home blood pressure 
monitor, a mobile phone to receive and transmit data, 
and a central server for data processing. In this pilot 
study, 24 h ambulatory blood pressure fell significantly. 
The participants also felt the system was acceptable  
and effective.

Cell phone applications can also help in remote 
monitoring of difficult carbohydrate counting. Diabetes 
Interactive Diary is a novel program designed to be 
used on a mobile phone.26 This application facilitates 
the communication between a dietitian and diabetes 
subjects, particularly in type 1 diabetes, by using a SMS 
so that the dietitian can monitor glycemic control and  
suggest insulin doses that correspond directly with the 
amount of carbohydrate consumed.26 Clinical trial data 
on effectiveness of this tool are yet to be published.

Benefits to Physicians from the Application of Cell 
Phones in Health Care
Clinical guidelines and advice and alerts for physicians 
can be easily delivered through cell phones to stay 
informed about recent developments.27 This information 
could complement continuing medical education (CME). 
There are several cell phone applications currently 
available for CME: Skyscape CME STAT, MedPage Today, 
and QuantiaMD. For example, Skyscape, a medical 
information service provider, offers CME through its Web 
site Skyscape CME STAT. Registered account holders of 
CME STAT will receive CME activities on any platform 
mobile device, personal digital assistant, smartphone, 
or laptop. A CME article (e.g., articles by experts in the 
field, news briefs and published journal articles, and 
reports from conferences and medical meetings) on 
specialty subjects can be chosen, which is followed by 
a set of multiple-choice questions. Such services have 
the potential to provide convenient and widespread 
availability of CME programs.

Medical reference is another domain where cell phone 
application could provide solutions for information-
intensive clinical practice. For example, Epocrates, an online 
medical reference company, provides drug reference for 
clinicians through a mobile platform that is reported to 
be reducing medical errors and saving time in pharmacy-
related queries.27,28
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Benefits to Patients from the Application of Cell 
Phones in Health Care
Patient education and self-management are important 
components of good diabetes care. Simple-to-follow and 
always-with-you information will have the maximum 
influence on subjects with diabetes to make positive 
choices on diet, physical activity, and compliance to 
therapy. Cell phones can host software applications that  
are programmed to provide encouraging messages to 
remind them of adherence to medication, food intake, 
physical activity information, and more.

A systematic review that evaluated the evidence on the 
impact of cell phone interventions for persons with 
diabetes in improving health outcomes has found that 
cell phones were useful tools for not only providing 
general information on diabetes and weight reduction, 
but also for providing educational intervention and 
support tailored to an individual care plan.29 The care 
plan includes monitoring and advice based on individual 
blood sugar measurements, medications, insulin dose 
information, diet, weight, and physical activities.29 
Most of these studies relied on SMS and voice calls as  
tools for providing these services. For example, one study 
compared two groups of individuals with diabetes in 
which one group was requested to input their blood 
glucose levels weekly for 3 months to a Web site using 
their cell phone.30 This group received weekly optimal 
recommendations for 3 months using SMS while the 
other group received usual care. Participants in the 
intervention group had a significant mean change in the 
2 h postmeal glucose level while those in the control 
group had no difference.30

Potential Opportunities of Business-
Driven Sustainable Solution
Advances in nanotechnology and biomedical engineering 
will transform cell phones into an integrated point-of-care 
solution. As cell phones morph into low-cost smartphones 
and software applications develop high capabilities that 
can incorporate advanced functionalities for handling 
complex disease diagnostic and management solutions 
at low cost, business opportunities will arise for telecom  
network providers. In a competitive market, the cost of 
mobile phone solutions for diabetes will come down, 
enabling the poor and rural populations to access such 
services. Government regulation to enforce compliance 
by the industry to various standards (e.g., context-
specific practice guidelines and data standards for 
interoperability) are essential to avoid the chaotic nature 
of these IT solutions in future.

Drawbacks of Cell Phone Solutions
The major obstacle in scaling up of mHealth infra-
structure is the lack of clear evidence of its benefits.  
The reasons include lack of well-designed randomized 
control trials, small size of studies, the quasi-experimental 
and pre–post design, and inadequate power to evaluate 
effectiveness and cost-effectiveness.31–33 The small size 
of the display screen and keypad are other impediments. 
But advances in technology to produce low-cost, large 
display screens with touchpad capabilities could improve 
these bottlenecks in future.

Conclusion
Cell phones offer exciting possibilities to serve as a tool 
for diabetes prevention and management in developing 
countries. Given the positive results so far from  feasibility 
trials and the increasing uptake of mobile technologies, 
cell phones may improve existing practices and inter-
ventions in diabetes. However, effectiveness trials as  
well as evaluation of cost-effectiveness of this technology 
need to be carried out for providing robust evidence to 
scale this technology in the prevention and management  
of diabetes in developing countries.
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