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Background: Patients with type 2 diabetes upload and review blood glucose data between clinic visits. Many mobile phone
applications (apps) that receive data from a “connected” glucometer and that support pattern management
are available and have the capacity to make data upload and review less burdensome.

The objective of this study was to assess whether the diabetic management app could improve glycemic con-
trol and diabetes self-efficacy in a Chinese community hospital by a randomized controlled trial.

Material/Methods: One-hundred twenty patients with type 2 diabetes registered at the Community Health Service Center of
Zhangjiawo Town, Xiging District, Tianjin City, China were recruited and volunteered to participate in the proj-
ect. They were randomly divided into the mobile app intervention group (n=60) and the control group (n=60)
for a 6-month observation. The control group was given conventional diabetic treatment and the app group
was given the mobile app and conventional care. Self-efficacy was measured by the Diabetes Self-Efficacy Scale
questionnaire. The differences between the 2 groups in hemoglobin Alc (Hb,. ) and diabetes self-efficacy were
evaluated at the third and sixth months.

Results: At the sixth month, patients in the app group showed better Hb,, control (6.71£1.06 vs. 7.22+1.02, P<0.05)

and improved self-efficacy score (119.20+9.88 vs. 102.09+10.67, P<0.05).

Conclusions: The mobile app helped patients with type 2 diabetes in a community hospital improve therapeutic outcome
and self-management behavior. It also provided experiences for prevention and management of other chron-
ic diseases in community hospitals.
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Background

Type 2 diabetes is a common chronic disease affecting large
numbers of people. By 2035, there will be 592 million peo-
ple worldwide with diabetes [1]. A previous large-scale study
showed that with the growth of the economy, improvement of
life quality, changing lifestyle, and aging population, the preva-
lence of type 2 diabetes in China has reached 11.6%, and the
prediabetes prevalence rate is 50.1%. However, the blood glu-
cose control rate (hemoblobin Alc [Hb,, ] <7%) was only 39.7%
[2]. Diabetes and its complications not only seriously affect peo-
ple’s health, but also bring huge economic burdens to families
and society. Because diabetes is a chronic disease, developed
countries have carried out various research projects to eval-
uate the effectiveness of community chronic disease preven-
tion and treatment since the 1990s, the results of which were
remarkable, especially in improving the capabilities of medi-
cal personnel in community hospitals [3-6]. In recent years,
Chinese health administrative agencies have gradually real-
ized the importance of conducting prevention and treatment
of chronic diseases in community hospitals. Therefore, the gov-
ernment is promoting a graded diagnosis and treatment sys-
tem to ease the pressure on large hospitals. At present, China
has an enormous number of diabetic patients and the conse-
quent health care burden; therefore, local governments have
emphasized the positive role of community clinics and family
doctors in managing chronic diseases. However, the growing
diabetic population and the accompanying complications and
psychological problems still pose great challenges to doctors.

In the 1960s, with the expansion of modern communica-
tion and internet technologies, the concept of telemedicine
emerged [7]. Mobile medicine, part of telemedicine, refers to
the use of small, portable computing or communication instru-
ments that can be carried around to transmit health care in-
formation for health care providers or patients and has been
widely used since 2003 [8]. Currently, mobile medicine is mainly
applied by mobile phones. With the aging of the global society
and the changes of demographic structure, there is a greater
demand for medical services for the elderly. Traditional hos-
pital services are unable to provide long-term management of
chronic diseases in the elderly and other individuals. As a re-
sult, combined efforts of families and communities are need-
ed to provide health care and disease prevention. In diabetes
management, some mobile phone applications (apps) can help
doctors understand the patient’s blood sugar status, adjust the
patient’s lifestyle, improve blood sugar control, optimize the
patient’s treatment regimen, and perform individualized dia-
betes management, thereby reducing medical expenses. For
hospitals, patients, and medical insurance, these apps have
enormous potential benefits. Few studies have evaluated the
effect of a mobile app on glycemic control and self-efficacy
in type 2 diabetes mellitus (T,DM) at a community hospital.
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Our study aimed to observe the impact of the mobile phone
diabetes management app (Yutangyihu) on Hb,, and self-ef-
ficacy in community hospital-diagnosed type 2 diabetes pa-

tients on the basis of conventional therapy.

Material and Methods

Trial design

The approval of the Tianjin Medical University Ethics Board
was obtained and the study was conducted according to the
Declaration of Helsinki. All patients involved in our study
signed informed consent forms. This trial was registered with
the Chinese Clinical Trail Registry (no. ChiCTR2000034963).

This study was a single-center, open-label, prospective random-
ized controlled trial. Eligible patients were recruited by qual-
ified physicians in the outpatient department of Zhangjiawo
Community Health Service Center. The allocation ratio was 1: 1,
and patients were equally divided into the mobile app group
and the control group.

Sampling

Recruitment and grouping of patients: (1) A telephone invita-
tion conducted by a public health doctor of the Zhangjiawo
Community Health Service Center. A total of 400 patients with
type 2 diabetes registered in the center was called, of which
160 patients volunteered to participate our project. According
to the inclusion and exclusion criteria, 40 patients were ex-
cluded. One-hundred twenty subjects who met the criteria
were selected and randomly divided into the mobile app group
(n=60) and the control group (n=60). The app group had access
to the mobile app during routine clinical care from December
2018 to June 2019.

Inclusion criteria

(1) Patients with type 2 diabetes diagnosed according to the
Diagnostic Criteria for Type 2 Diabetes developed by the World
Health Organization in 1999 on the basis of medical records;
(2) diagnosed with diabetes >3 months; (3) age between 18
and 60 years; (4) no plans to relocate and travel in the next 6
months; (5) cellphone users.

Exclusion criteria

(1) Serious complications with kidney, eye, foot, and nervous
system and acute complications such as diabetic ketoacidosis
or lactic acidosis; (2) cognitive impairment, severe hearing and
visual impairment; (3) type 1 diabetes or other unusual types
of diabetes; (4) pregnancy and malignant tumors; (5) physically
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disabled; (6) surgery, pregnancy, and breastfeeding in the past
3 months; (7) patients who are participating in similar studies.

Research content
Demographics

(1) General data survey: gender, age, education level, marital
status, personal income, and medical expenses. (2) Medical
history data: duration of diabetes, complications of diabetes,
other chronic diseases (e.g., hypertension, coronary heart dis-
ease, stroke, hyperlipidemia, tumors).

End points

(1) Metabolic index: glycated hemoglobin (Hb,, ). (2) Diabetes
Self-Efficacy Rating Scale (DSES) [9,10] score: This scale was
compiled by Hurley and Shea [10], translated and revised by
Professor Wong into Chinese [9]. The scale has been reported
to have good reliability and validity [11]. It consists of 6 dimen-
sions and 26 items: self-efficiency on diet (6 items), regular ex-
ercise (4 items), medication (3 items), blood glucose monitoring
(4 items), foot care (5 items), and prevention and management
of high and low blood glucose (4 items), which was scored by
the Likert 5 Grade method, with a total score ranging from 26 to
130. The higher the score, the better the patient’s self-efficacy.

Methods

The diabetes health care management platform “YuTangYiHu”
app was developed by Beijing Aihe Health Technology Co. Ltd.
The app could synchronically read glucose values by a cell-
phone cable-connected glucometer and provide support for
diabetes self-management by diet advice, emotional manage-
ment, and medication guidance. The 60 patients of the app
group were trained to use the mobile app during a routinely
scheduled clinic visit by a physician or diabetes educator. The
training was carried out for 2 h/week for 3 weeks. The train-
ing covers app installation, monitoring blood glucose by the
provided glucometer device, and communication with physi-
cians and educators. All patients were required to test Hb,
and evaluate self-efficacy by the DSES questionnaire when en-
rolled and at the third month and the sixth month.

Blood glucose data were compiled into charts in the doctor’s
version of the Yutangyihu app and subsequently viewed by
the outpatient doctor. The education nurse provided online in-
struction available to patients every night from 2: 00 PM to 6:
00 PM, including giving instructions about diet, exercise, blood
glucose monitoring, insulin injection, and answering patients’
questions. When the patient uploaded an abnormal blood glu-
cose result, they analyzed the causative factors and gave ad-
vice on how to avoid them.
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Statistical analysis

The database was built and statistical analysis was performed
by SPSS 17.0 software. Measurement data are expressed as
meantstandard deviation. Statistical methods included t test,
x? test, and rank sum test. P<0.05 was considered statistical-
ly significant.

Results

Cohort characteristics

Two patients of the control group withdrew from the trial (one
moved out of the city and the other due to the loss of con-
tact). The control group was 58 cases with a loss rate of 1.4%.
The loss did not affect the results of the study, and the cause
of loss was not related to the study. Among the patients sur-
veyed, men made up 66.2%. The ages ranged from 47 to 60
years, with an average age of 55.64+14.2, of which 41 patients
were >50 years, accounting for 90.2%. There were no signifi-
cant differences in age, education level, duration of diabetes,
fasting or postprandial plasma glucose, triglyceride, low-den-
sity lipoprotein, and urine albumin/creatine ratio between the
2 groups when enrolled (P>0.05) (Table 1).

The total scores of self-efficacy are shown in Table 2. After 6
months, the total score of self-efficacy was 119.20+9.88 for the
app group and 102.09+10.67 for the control group (P<0.05). For
the 6 dimensions of DSES, the self-efficacy scores are shown
in Table 3. After 3 or 6 months of intervention, although the
patients in the control group had a significant improvement
in the self-efficacy total score from the baseline, including the
dimensions of foot care and the management of high and low
blood glucose (P<0.05), patients in the app group performed
better in all 6 dimensions after 6 months (P<0.05).

Our study evaluated the intervention effect by Hb,, , a cri-
terion standard for management effects of T,DM by clinical
guidelines. There was no significant difference in Hb,, be-
tween the 2 groups at baseline and at the third month of treat-
ment (Table 2). After the intervention with the mobile app for
6 months, the Hb,, in the app group decreased significantly

compared with the control group (P<0.05).

Discussion

China faces a growing population with chronic diseases, espe-
cially diabetes and its complications [2]. In recent years, local
governments have emphasized the positive role of communi-
ty management in chronic diseases. With new effective dia-
betes treatment techniques being explored, it is important to
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Table 1. Demographic and baseline characteristics.

Characteristics App group (n=60) Control group (n=58) P-value

Age (years), mean+SD 54.12+11.1 55.64+14.2 0.710
CMalen® 0 (526%) 28 (518%) 0672
Highschooland above,n (%) 12 @L1%) 10 (185%) 0811
 Duration of T2DM(years), meansSD ~ 1L7+549 1218325 0087
CBMiGgmd 26411341 25574333 0101
| HbAlc (%) meansSD  8gexlls 905123 0795
Fasting plasma glucose (mmol/L, meansSD  8.16:257 8542901 o 0821
 Postprandial plasma glucose (mmol/L), meantSD 14264311 14708264 0741
| Triglyceride (mmol/L), meanssD  211¢147 199:145 0375
DL (mmol), meantsD  325¢106 341074 o 0812
| Urine ACR (mg/mmol), meansSD  285¢121  304xlls 0446

T2DM - type 2 diabetes mellitus; BMI — body mass index; Hb,, — glycated hemoglobin; LDL — low-density lipoprotein;
ACR — albumin/creatine ratio.

Table 2. The value of the glycosylated hemoglobin (Hb,, ) and total Diabetes Self-Efficacy Scale score.

Item Time App group Control group
Baseline 8.86+1.15 9.05+1.23
HbA1Lc Thidmonth 7175134 7435095
CSixthmonth  e7lxloet 7224102
""""""""""""""""""""""""""" Baselne 8852423  8921+488
Self-efficacy score Thidmonth 10031817 97204761
Csixthmonth 119204988 1020041067

* Compared with the control group, P<0.05.

Table 3. Diabetes self-efficacy score of 6 Diabetes Self-Efficacy Scale (DSES) dimensions.

After prevention

DSES dimensions Baseline
App 12.01+3.55 13.33+2.6 13.4143.15%
Self-efficiency On diet ooooor
Control 12.04+4.12 11.33+2.14 10.56+3.41
App 22.59+2.33 23.88+3.09 24.5142.87*#
WEGHETIGI oo oo OO AT
Control 22.51+2.41 22.64+2.43 22.87+2.36
App 12.1143.01 13.12+2.68 14.01+3.24**
BloOd SUGAr MONITOIING oo
Control 11.09+2.32 11.27+2.42 12.06+3.09
App 12.41+3.89 13.66+3.25 14.11+3.67**
REGUIAI @XEICISE
Control 13.59+4.01 12.74+3.92 13.62+3.46
App 15.21+2.11 20.66+2.08" 22.26+2.57**
FOOL Care o ooioiooiooiooiiooioooiooooooioooioiioos
Control 15.99+2.01 19.70+1.12* 21.61+2.11*
Management of high and  App 14.31+0.98 21.66+1.25" 24.1142.67**
low blood glucose Control 14.04+1.09 16.24+1.02# 17.62+1.46"

* Compared with the control group, P<0.05; # compared with the baseline, P<0.05.
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strengthen patients’ health education and behavioral support.
Some studies have pointed out that self-management of diabet-
ic patients is the basis of all diabetes management [12]. The im-
provement of nursing knowledge and skills alone did not guaran-
tee that patients could perform good self-care. Patients’ ability
to judge whether they can perform a certain self-care behavior,
or self-efficacy, was more meaningful for diabetes management.

In this study, we used the app to assist diabetes management.
It included data visualizations designed to help with the iden-
tification of patterns in blood glucose, insulin, carbohydrate,
and exercise data. The data were shared from the software
to a cloud data management system to facilitate review by
the medical staff.

Cohort characteristics (Table 1) showed that most of the di-
abetic patients in this community hospital are middle-aged
and senior citizens, with an average age of 55.64+14.2 years;
21.1% of the app group and 18.5% of the control group re-
ceived a high school education and above. Most type 2 di-
abetes patients in this community were less educated and
had greater needs to have access to the mobile app to man-
age diabetes.Table 3 shows that at baseline the self-efficacy
score of all patients was higher in the dimension of medica-
tion (22.59+2.33 vs. 22.51+2.41), followed by foot care and
the management of high and low blood glucose. After 3 or 6
months of treatment, the scores of the above 3 dimensions all
significantly increased, both in the app group and in the con-
trol group. According to the Bandura’s self-efficacy theory, di-
rect experience has the greatest impact on the formation of
self-efficacy [13]. Regardless of receiving the app intervention
or not, during the process of interaction with doctors, patients
gradually realized that drug therapy was directly effective in
controlling blood sugar and they were fully confident in the
medical advice. The management of high and low blood glu-
cose is more of a direct experience taught by nurses. Those
diabetic patients were told to carry candies to cope with un-
expected hypoglycemia. If they had higher blood glucose re-
sults, they preferred to go to the clinic or take insulin or anti-
diabetic agents by themselves. The higher awareness attached
to the dimension “foot care” might result from the high inci-
dence of diabetic foot amputation in China. Contrary to the
app group, the self-efficacy scores in the dimension of “self-
efficiency on diet” and “regular exercise” of the control group
did not increase after 6 months (P>0.05). The reason may be
as follows: diet control and regular exercise are difficult to
maintain; patients did not receive standard diabetes educa-
tion; most of patients in the control group are not subjective-
ly conscious of the importance of diabetes management; and
lack of supervision. As for the dimension of “blood sugar mon-
itoring,” patients in the app group had better DSES score than
their counterparts at the third (13.12+2.68 vs. 11.27+2.42) and
sixth months (14.01+3.24 vs. 12.06+3.09). Patients of the app
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group were regularly reminded by the medical staff to mon-
itor blood glucose by using the provided glucometer device
that uploaded the blood glucose data to the app. However, the
control group could not promptly monitor blood glucose be-
cause they tested blood glucose using their own glucose me-
ter at home or by nurses in the clinic.

The role of behavioral change in diabetes management has
drawn more attention and is now a sign of the success of di-
abetes education [14]. Regular guidance and supervision by
caregivers could enhance patients’ self-efficacy. Under com-
munity management, the mobile app intervention could en-
hance the interaction between medical staff and patients and
replace patients’ visits to some extent. Our staff in the commu-
nity hospital assessed patients’ eating habits, made individu-
alized exercise programs, and urged the change of unhealthy
lifestyles so that they can acquire relevant knowledge and skills
and improve self-efficacy scores in the dimensions of diet, reg-
ular exercise, and management of high and low blood sugar.

Mobile medical technology supports clinical treatment and
health management mainly through intelligent application,
which helps doctors better understand the daily blood glu-
cose levels of patients and provides timely guidance to per-
form individualized diabetes management and improve the ef-
ficiency of disease management [15]. Previous studies showed
that use of diabetic mobile apps were closely related to the
improvement of patient self-efficacy and metabolic indicators.
Use of the app intervention optimized medical resources and
increased the time for patient education [15,16]. It relies on
clinicians and education nurses to carry out special training
for enrolled patients to improve their knowledge and diabetes
self-management ability [16]. Blood glucose monitoring and
individualized treatment using the app could effectively in-
crease the patient’s self-confidence and skills in dealing with
diabetic complications and dangerous events, which could pre-
vent the occurrence of complications and improve the qual-
ity of life. This was confirmed by higher patient self-efficacy
scores in “treatment of high and low blood glucose events”
after the app intervention. Compared with traditional educa-
tion in hospitals, the mobile app is more flexible and feasible.
In our study, the app group was evaluated by individualized
dietary caloric index assessment and exercise volume analy-
sis to assess the intervention effect. The high follow-up rate
of the app group showed good compliance and satisfaction
of patients with this form of management.

This study evaluated the effects of app intervention by test-
ing patients’ Hb,, which is the criterion standard for the di-
agnosis of diabetes. Hb, _reflects the average concentration
of blood glucose of the previous 2-3 months. After the Hb,
value exceeded the high limit (Hb,, =7.0%), each 1% increase
increases the risk of retinopathy by 33% [1]. The longer the
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duration, the greater the risk. Therefore, effective control of
Hb,, is critical for patients’ prognoses. On the basis of clinical
treatment, compared with the control group, there was no sta-
tistically significant difference in Hb,, between the 2 groups
after 3 months (Table 2). However, the Hb,,_of the app group
was significantly lower than that in the control group at the
sixth month. Patients’ improvement from knowledge of the
disease to self-management behavior took a long time. In this
study, patients’ behavioral changes occurred before the met-
abolic index changes. This was why Hb, improvement is not
obvious at the third month. Most of the patients (50.0%) had
a junior high school education level, which led to certain dif-
ficulties in the use of smart phones. The patients’ proficiency
in using the software also affected the blood glucose values
for the first 3 months.

Our study included a small but reasonably sized and diverse
sample of community hospital patients who were introduced
to the mobile app. The limitations of our study included lack
of separation of the patients into insulin and noninsulin
groups and not fully analyzing the characteristics of app use.
After interviewing the patients, the most commonly used app
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functionality was for blood glucose recording and for tracking
meal and carbohydrate intakes. The majority of the respon-
dents reported that the app was very easy to navigate. The fol-
low-up period was short and data on diet, exercise, and life-
style change were not available, which might introduce bias
into the results of glycemic control.

Conclusions

In conclusion, on the basis of routine clinical visits, the diabe-
tes app intervention has helped patients with type 2 diabetes
to improve clinical treatment and self-management behavior.
As a result, mobile app interventions in community hospitals
might be applied to improve the control of other chronic dis-
eases and achieve better clinical outcomes.
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