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Abstract

Objectives With the rapid development and spread of information technology, mobile healthcare (M-healthcare) is emerging as a
feasible option for improved monitoring and treatment of patients with chronic diseases such as diabetes, particularly for those
with limited access to medical institutions. Our study group has developed and evaluated an M-healthcare system that provides
remote guidance for diabetic patients. This paper introduces the diabetic M-healthcare system and describes progress in imple-
mentation for remote and mobile healthcare in China. We provide evidence that this system improves diabetic patient manage-
ment and can contribute to the establishment of a new model for patient-centered mobile healthcare.

Target audience The main groups that this paper is aimed at are doctors, nurses, nutritionists, and sportspersons engaged in the
design of mobile medical systems, and computer engineers involved in the construction of intelligent medical software systems.
Scope The present article has as its scope designing the M-healthcare clinical follow-up system, identifying the advantages that
the M-healthcare system has in comparison with traditional medical treatment, the clinical application effect of the M-healthcare
system, and the development status of remote/mobile medical research in China and abroad.

Keywords Healthcare organization and systems - Evaluation design and research - Medical decision-making - Program
evaluation - Chronic disease - Information technology in health

Introduction

Global diabetes prevalence is increasing rapidly, and China
has experienced a particularly dramatic surge in recent years
(Laugesen et al. 2015). For instance, the estimated prevalence
increased from 9.7% in 2007 to 11.6% in 2010 (Xu et al. 2013;
Zhang et al. 2016). In parallel with this increase are growing
incidences of common complications, such as retinopathy,
kidney disease, neuropathy, and coronary heart disease
(Teliti et al. 2018). Effective prevention and management
should focus on strict control of blood glucose levels.
However, multiple epidemiological studies have found poor
glycemic control rates across the globe (Pantalone et al. 2018).
Koro et al. (2004) found that glycemic control in American
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patients with type 2 diabetes mellitus (T2DM), as defined by
hemoglobin Alc (HbAlc) < 6.5%, was only 41%, and Liebl
et al. (2018) found a control rate of only 31% in European
patients based on the same standard. Further, Chuang et al.
(2002) reported poor glycemic control in 55% of diabetic
patients in Asia and Fu et al. (2012) reported that the overall
blood glucose control rate in China (HbAlc < 6.5%) was only
39.7%. With the rapid aging of the Chinese population, the
incidences of diabetes and associated secondary comorbidities
are projected to rise even higher.

To mitigate this problem, there is an increasing trend to
employ mobile information technology (IT) to shift medical
treatment services for chronic patients from hospital centers to
interactive mobile healthcare (M-healthcare) systems (Baig
et al. 2015; Chérrez-Ojeda et al. 2018). This new medical
model based on IT has proven feasibility for the management
of diabetes in various countries (Ganapathy 2018; Harte et al.
2018; Jeon and Park 2018). Further, the development of bio-
technology and IT has allowed for the development of a vari-
ety of small medical sensors able to transmit patient data di-
rectly to hospitals at any time of the day through mobile
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phones and other communication tools (Shende et al. 2017;
Yapici and Alkhidir 2017; Park et al. 2018). In response, hos-
pitals can provide immediate health guidance for patients. In
this review, we focus on the current status of M-healthcare
development and application in China, as well as existing
problems, in order to provide ideas for improving the control
of diabetes.

Establishment of an M-healthcare clinical visit
system

Comprehensive diabetes self-management includes dietary
monitoring, regular exercise, self-monitoring of blood glucose
levels, and mental status adjustments. Telemedicine manage-
ment systems provide personalized medical advice based on
current conditions and medical history (Yoo et al. 2009). M-
healthcare uses wired and wireless network technologies to
provide medical services “whenever and wherever possible”
through the internet and mobile phones. Recently, the popu-
larity of smartphones and chat applications has spread to the
middle-aged and elderly, not only in urban areas, but also to
rural areas, where older diabetes patients may have little ex-
perience with computers (Nguyen et al. 2015; Ma et al. 2016).
This ubiquity provides opportunities for the widespread de-
velopment of telemedicine. The M-healthcare system is not
only suitable for chronic diseases, but also for sub-healthy
populations and healthy populations that require occasional
or ongoing health management services (Rosmarin et al.
2010).

Implantation of Bluetooth and 3G chips in blood glucose
and blood pressure meters facilitates real-time data transmis-
sion through mobile phones to a medical group (Kuroda et al.
2015). The medical group’s server first screens the informa-
tion, analyzes the risks associated with the current status, such
as hyperglycemia and hypoglycemia, and judges whether the
patient’s medical behavior is in error. Prediction algorithms
for disease development and emergency situations requiring
immediate attention by the medical team can assist in deci-
sion-making. The medical team can also periodically provide
recommendations, feedback information, and reminders for
blood glucose monitoring (Baig et al. 2015).

In addition to automatic acquisition of monitoring values
from terminal devices, the patient can also manually input
medical information for self-management and evaluation of
effectiveness under the guidance of the medical team. For
example, the patient can transmit current diet and exercise
conditions for adjustment according to calorie intake letter
classification. Further, exercise compliance can be monitored
by collection of motion information or heat dissipation
through terminal devices. With the rapid development of net-
work technology, it is also possible to transmit high-quality
images, audio signals, or videos, thereby, allowing the M-
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healthcare system to become an extension of the medical in-
formation delivery system, constituting a new type of medical
service, with the patient and medical team in a closely inter-
active environment (Gonzalez et al. 2013).

The diabetes M-healthcare system developed
by our research group

In an earlier telemedicine study, we found that a personal
computer (PC) was well adapted to automatically transmit
blood glucose meter readings (Wang et al. 2017). However,
the PC is not a portable device, and passing information from
the patient to the computer and onto the medical team was not
very efficient. The emerging popularity of smartphones and
chat applications among all age groups provides an alternative
for a more ubiquitous and mobile medical communication
platform. Although some users find computers difficult to
master, many are more open to using a smartphone and may
demonstrate proficiency in smartphone use that far exceeds
their proficiency in computer use (Davis et al. 2018; Kolar
et al. 2017; Ryan et al. 2017). We designed a smartphone-
based M-healthcare management platform considering known
obstacles to smartphone use and designed the user interface
functions with maximum possible simplicity and automation
to encourage use by all age groups. This smartphone-based
M-healthcare system includes diabetes remote monitoring, an
integrated diagnosis management platform, and a diabetes
health education network platform.

For remote monitoring and intelligent diagnosis of diabetes
by the integrated management platform, patients use a
Bluetooth-equipped blood glucose meter and other electronic
instruments to send vital signs and other health information,
such as medication use, to the data center, where the informa-
tion is then analyzed by algorithms to rate the level of urgency.
For instance, if the blood glucose target value is achieved
more than 50% of the time, the system may classify manage-
ment as good, and send feedback automatically. If not, the
system will indicate poor blood glucose management, which
will inform the medical group and automatically summarize
the patient’s historical data. The patient’s statistical data, pre-
liminary intelligence analysis reports, pending problems, drug
treatments, important event reminders, medication history, im-
munization history, test data, electrocardiogram, radiological
data, and other required data are analyzed by the clinical
decision-making system (Cho et al. 2010).

This intelligent system not only has the capacity for assess-
ment and prediction, but also evaluates the individual’s self-
treatment ability. The patient’s self-management ability is
judged according to intelligence, as measured by the
Folstein mental state checklist and the Montreal cognitive as-
sessment, and fitness, such as flexibility and endurance for
physical activity, physical impairments, fall and fracture risks,
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visual acuity, and hearing capacity (Thanthrige et al. 2014).
This automated integration of reference data and screening
can improve clinical monitoring and help doctors prioritize
cases for the most efficient workflow.

The M-healthcare system compensates for incomplete
medical information gathered during traditional treatment,
making up for medical data gaps. Patients with diabetes, hy-
pertension, or other chronic diseases will usually visit a clinic
once every three to four months. During the intervening peri-
od, poor blood glucose and blood pressure control may have
occurred, with a frequency and severity unique to each patient.
Therefore, these patients require a more detailed glycemic
profile than provided by periodic measures. Actual blood glu-
cose fluctuations and characteristics of blood glucose changes,
mainly fasting or postprandial blood glucose elevation and
short-term or long-term hyperglycemia, factors affecting gly-
cemic control, including diet and exercise, existing hypogly-
cemic conditions, and drug risks can be evaluated in real-time
by M-healthcare. Further, feedback urging better self-monitor-
ing, such as recommending blood glucose monitoring before
breakfast and dinner, the most basic observation points, and
according to need 2 h after each meal plus at bedtime, consti-
tuting all-day blood glucose observations, will provide infor-
mation for the evaluation of individual blood glucose type and
adjustment of hypoglycemic treatment.

The information stored by the M-healthcare system in-
cludes a variety of electronic medical records, such as person-
al and family medical history, smoking history, drinking his-
tory, reproductive history, drug allergy history, occupational
environment, and current drug and insulin preparations. These
data can provide the medical group with a detailed under-
standing of the patient and provide personalized health man-
agement advice (Granja et al. 2018). According to previous
medical history, signs, and related examinations, abnormali-
ties in main organ function or potential insufficiencies can be
detected. Further, this information may be used to assess the
presence of malignant tumors or other serious diseases that
affect life span, and how nutritional status, according to the
nutrition screening table, affects health to assess general life
quality. For instance, nutritionists may receive patient dietary
status on a daily basis through nutrition management software
and then use it to provide monthly or weekly dietary advice,
while a sports medicine department may assess activity levels
by physical assessment software and, under the guidance of
doctors, construct a workout plan for the month (Uhm et al.
2017; Marx et al. 2018).

Patients diagnosed with diabetes often express the need to
acquire diabetes-related medical knowledge. The diabetes
health education network multimedia teaching platform can
provide such knowledge. This teaching network platform can
provide audiovisual education for patients with diabetes at
home or on the hospital ward. The diabetes health education
network platform also includes a special communication

platform, allowing interactions among patients and between
patients and the medical team to improve self-management
and compliance. In the past, we emphasized the importance
of blood glucose management but neglected the importance
of mental health, particularly depression. However, treatment
of depression is as crucial as antihyperglycemic drug treatment
to obtaining a satisfactory therapeutic effect. Improvement in
quality of life, including mood, requires the provision of posi-
tive information to the patient (Eker 2018). This content should
help improve other aspects of treatment compliance by enhanc-
ing motivation, which is negatively impacted by depression.

Effectiveness evaluation of the M-healthcare
system

To verify the effectiveness and practicability of the M-
healthcare system, we conducted an internet-based telemedi-
cine study of an urban population in 2013. The results con-
firmed that telemedicine can improve patient glucose and lipid
metabolism, as well as patient self-management skills.
However, the effectiveness of this system had not been eval-
uated in China for comparably economically underdeveloped
rural areas without modern communications, or for elderly
people with relatively little computer experience. Therefore,
we set up a smartphone-based M-healthcare system and con-
ducted two clinical trials, one for rural adults with diabetes and
one for urban elderly diabetes patients.

Medical resources in rural areas of China are less developed
and lack not only large hospitals, but also experienced physi-
cians. Therefore, M-healthcare is a promising method to bridge
the gap between supply and demand for rural medical services.
In our study of diabetes mobile medicine for the rural popula-
tion, the intervention group showed a 1.27% decrease in
HbA ¢ after six months of remote management, whereas the
control group experienced a 0.68% decrease at three months
that was not maintained at six months. After the trial, we con-
ducted a patient satisfaction survey on current treatment, con-
venience, and willingness to recommend the treatment received
to other patients with diabetes. All questions were rated on a 5-
point scale, with higher scores indicating greater satisfaction,
and the satisfactory ratings ranging from 3.3 to 3.9. In addition,
at the end of the study, more than 80% of patients in the inter-
vention group were conducting blood glucose monitoring 2 or
3 days per week and the compliance rate was 72%, indicating
that this M-healthcare system can effectively improve patient
compliance, even in rural areas with relatively undeveloped
medical and economic conditions (Wang et al. 2017).

In China, the diabetes prevalence rate in adults over 60 years
of age reached 20.40% in 2008 and 22.86% in 2010. Compared
to 2002, there was a 13.60% increase by 2008 and a 16.06%
increase by 2013, corresponding to 38 and 41 million patients
nationwide, respectively (Yang et al. 2010; Xu et al. 2013).
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Approximately one in five older patients with T2DM suffers
from severe complications, such as diabetic neuropathy, ne-
phropathy, retinopathy, and vasculopathy, which are the major
risk factors for renal failure, loss of sight, and loss of lower
limbs. Diabetes and diabetic complications jeopardize patient
quality of life, independence, and optimism, and place a finan-
cial burden on patients, their families, and community
healthcare systems (Zimmet et al. 2001; Engelgau et al. 2004).

To investigate smartphone-based telemedicine applications
for the management of older Chinese patients with T2DM, we
designed a user interface application to facilitate operation
with maximum possible simplicity and automation. In our
study of diabetes mobile medicine for the urban elderly,
HbA 1c progressively decreased among the intervention group
patients, and six-month levels were significantly lower than
those recorded at baseline (P < 0.05) and lower than the con-
trol group at six months (P < 0.05). The decrease from base-
line was significantly larger in the intervention group than the
control group (1.0% versus 0.66%, P <0.05). The interven-
tion group also demonstrated continuous improvement in
postprandial glucose levels from baseline (P<0.01) and at
three months (P < 0.05).

We also obtained satisfaction survey results from patients
in the experimental group. Each question was worth one point,
and the highest possible score was seven points, with higher
point totals indicating greater satisfaction. The average satis-
faction score was 6.3 £0.78. All individual questions also
scored highly, with all means > 0.80, as follows: current treat-
ment satisfaction (0.89 £0.19), convenience of M-healthcare
monitoring (0.81 +0.20), assistance with self-monitoring of
blood glucose (0.93 +0.14), assistance with diet and exercise
management (0.85+0.20), enhancement of diabetes aware-
ness (0.98 £0.08), relief of depression (0.96+0.12), and
would you recommend M-healthcare monitoring to others
(0.91 £0.02).

Our M-healthcare research found that HbAlc levels were
reduced in the intervention group by three months and main-
tained at six months. In addition, fasting glucose and postpran-
dial blood glucose were improved. The system allows for
effective remote management based on a mobile network, so
compliance was also high among rural or elderly patients
without easy access to medical facilities. Thus, we found that,
regardless of region and age, this intelligent M-healthcare sys-
tem can improve medication and lifestyle compliance, pro-
mote patient education and self-management skills, and pro-
vide prompt feedback and advice in cases of poor outcome.

International research progress on remote
and telemedicine

M-healthcare development and clinical applications have been
the subject of several recent international studies. At the same

@ Springer

time, there is a concerted effort to develop improved mobile
medical instruments and connection technology (Lee and
Chang 2012). At the Catholic University of Korea, mobile
phone and network treatment of obesity with hypertension
and T2DM resulted in a significant reduction in blood pres-
sure, HbAlc, total cholesterol, low-density lipoprotein, and
triglycerides. Cho et al. (2006) examined the long-term (30-
month) effects of an internet-based blood glucose monitoring
system for reducing HbA 1c and stabilizing the blood glucose
of T2DM patients. Compared to a control group receiving
conventional therapy, the intervention group showed lower
and more stable HbAlc levels.

The diabetes interactive diary (DID) is a new telemedicine
system that includes carbohydrate/insulin dose calculators,
and which allows communication between patients and
medical staff, provides type 1 diabetes mellitus patients with
a flexible diet plan, and calculates the appropriate amount of
insulin required for each meal. Rossi et al. (2010) compared
the efficacy of DID to standard carbohydrate counting with
regard to metabolism, quality control, education, quality of
life, and treatment satisfaction, and found that this system
can significantly shorten the guidance time required by med-
ical staff for each patient and greatly improve the patient’s
treatment satisfaction and quality of life. Cho et al. (2017)
reported on a semi-automatic recovery system that provides
feedback to the patient when blood sugar is within the normal
range. If the patient’s blood glucose level is abnormal and the
medical team requires further analysis and evaluation, it auto-
matically sends a medical treatment plan to the medical group
application. Evaluation demonstrated that this system, with
decision-making based on baseline values, can save medical
work time without affecting communication between doctors
and patients. Thus, intelligent data analysis systems and clin-
ical decision support systems can make diabetes network
management more effective.

Discussion

Vital medical information for diabetes management includes
not only blood glucose levels, but also vital signs, medication
history, calorie intake, and calorie consumption. Our diabetes
M-healthcare system can collect all of this information and
identify potential improvements, lapses in management, and
potential risks. However, the data processing for clinical
decision-making capacity is still limited for this complex con-
dition. Therefore, it is necessary to develop a software system
that reflects the real situation of patients by analyzing correla-
tions among parameters. As the information on diabetic pa-
tients becomes even more detailed and complex, the commu-
nication technology and patient data acquisition technology
will need to be integrated to improve diagnostic accuracy
and effectiveness (Dio et al. 2015).
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With the development of portable detection equipment for
chronic diseases, widespread data transmission networks, and
intelligent diagnostic facilities, self-help laboratory inspection
services are evolving into self-service virtual hospitals for pa-
tients, enabling them to conduct self-management and self-
assessment before seeking medical treatment. Virtual hospi-
tals are likely to become an important part of the diabetes M-
healthcare system, which will not only provide a wide range
of medical information for patients, doctors, and hospitals, but
also promote the participation and development of tertiary
services, such as health and nutrition services, drug sales,
and telecommunications network services to support patient-
centered changes to the conventional model of healthcare
(Limaye et al. 2017).

Conclusion

Our diabetes mobile healthcare (M-healthcare) system based
on information technology (IT) is clinically effective and can
reduce medical staff workload. It can be extended to other
areas of healthcare in the future, such as remote management
of gestational diabetes and hypertension, monitoring of de-
pression associated with diabetes, and patient education. The
rapid development of information technology (IT) and
remote/mobile medical devices present a great opportunity
to establish this medical service model.
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