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Aim: To evaluate the effectiveness of the mobile health application (APP) education in basal
insulin optimal management program for insulin-naive type 2 diabetes (T2D) patients in China.
Methods: The basal insulin optimal management program was launched in 297 hospitals in
China, throughout the six main regions of China. A total of 17,208 insulin-naive patients with
T2D who started to use basal insulin were screened. The mobile health APP was downloaded in
each recruited patient’s mobile phone and the doctor’s mobile phone. Then, according to the
instructions and education materials in the APP, these patients began their self-management of
insulin dosage titrations and contacted their doctors by APP if they need help.

Results: Overall, 12,530 patients with T2D were finally included in the analysis. The
average age was 51.97+12.76 years, and 58% of them were males. The average body mass
index is 24.46+3.83 kg/mz, and the average HbA1c at baseline was 8.33+2.11% with 24% of
the subjects reaching the target of HbA1¢<7.0% at baseline. After 3 months of treatment and
educations through the APP, HbAlc decreased significantly from baseline (—1.02+1.72%),
with 59% of the patients reaching HbA1c<7.0%. After 6 months, the glycemic control of
HbAlc also decreased from baseline significantly (—1.01+1.67%). Dosage of insulin daily
was 0.23+0.09 IU/kg at baseline, and 0.23+0.23 IU/kg after 6 months of treatment.
Regarding the profiles of hypoglycemia treatment, 3145 patients received basal insulin in
combination with mono oral anti-diabetic drug (OAD), 1204 patients with dual OADs, 208
patients with triple OADs, and 17 patients with quarter OADs.

Conclusion: Patients could benefit from the basal insulin optimal management program in
self-management by using mobile health APP educations. For T2D patients who are going to
start insulin treatment, mobile health APP can help them to reach the target of glycemic
control with appropriate dosage of insulin.
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Introduction

Type 2 diabetes (T2D) is a complex disease with an increasing prevalence world-
wide. According to the International Diabetes Federation, it was estimated that in
2015 there were 415 million people with diabetes aged 20—79 years, and this figure
was predicted to rise to 642 million by 2040." In China, the estimated overall
prevalence of diabetes was 10.9% in 2013 and this figure will be 11.6% in 2045 by
prospective estimation.'

With respect to clinical practice for T2D, lifestyle interventions as diet and

exercise, diabetic education, blood glucose monitoring, and medicine taking are
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required. However, due to the large population of diabetes
in China, traditional face-to-face visit cannot meet the
need of diabetic management well. Moreover, the increase
of health-care expenditures urged the necessity of devel-
oping cost-effective tools for diabetes education and self-
management.

The mobile health management may be a promising tool
to facilitate the management of diabetes and provide more
accessible diabetes education. Recently many studies indi-
cated that mobile medical intervention tools are effective in
a wide range of areas for both disease management and
lifestyle changes.*® Some studies have shown that among
diverse computer-based technologies, mobile phone inter-
ventions for diabetes self-management can significantly
reduce hemoglobin Alc (HbAlc) levels.”'°

In treatment with T2D, as recommended by the Chinese
Guideline for Diabetes Prevention and Treatment and from
the American Diabetes Association (ADA) guideline, insu-
lin therapy is one of the best choices for T2D patients who
could not get well glucose control by at least one oral anti-
diabetic drug (OAD). Moreover, according to the recom-
mendations, for insulin-naive patients, basal insulin ther-
apy, is one of the best choices for starting insulin treatment.
However, previous studies from China showed that in
patients with T2D, basal insulin treatment in combination
with OADs could not optimize the glycemic control as
expected. In the ORBIT study, the HbAlc level for initiat-
ing basal insulin treatment in Chinese T2D patients was 9.6
+2.0%, with 55.1% of these patients initiating insulin treat-
ment when their HbAlc levels were higher than 9%.
Moreover, in more than 40% of these patients, the insulin
dosage did not change during the first 3 months of basal
insulin treatment.'' "3

Therefore, we carried out this program, by using the
mobile health application (APP) in basal insulin optimal
management program for insulin-naive T2D patients in
China, the effectiveness of this kind of education in tele-
medicine was to be evaluated.

Methods

Study Design and Inclusion Criteria

This study is a multicenter, observational, basal insulin
optimization education program. The primary aim of this
education program was to investigate the effectiveness of
education by using mobile health APP in basal insulin
optimal management in insulin-naive T2D patients in
China. The inclusion criteria for this program were as

follows: (1) patient with T2D; (2) patient with the age
>18 years; (3) patient not well controlled by oral hypogly-
cemic agents and need to start basal insulin treatment; (4)
patient whose HbAlc was more than 7%. The exclusion
criteria included: (1) patent with type 1 diabetes mellitus;
(2) patient with mental illness; (3) patient who was going
to start with other insulin strategies but not basal insulin
alone; (4) nursing mothers or pregnant woman.

The protocol of this program was approved by the Ethical
Committee of Peking University International Hospital. All
the patients were provided with the informed consent. The
patients were recruited from 297 hospitals throughout 152
cities in China from May 2017 to December 2017. Totally
17,208 patients were screened and 12,530 eligible patients
were included finally.

Study Procedure

All the eligible patients initiated basal insulin therapy in
combination with previous OADs. Dosage of basal insulin
for initiate and the titration strategy were according to the
recommendation of China diabetes guideline.

On visit 1, after the patients signed the informed con-
sent, a software about self-management including diet and
exercise, blood glucose monitoring, smoking cessation,
weight control, hypoglycemia, dosage titration for basal
insulin, etc. was installed in the patient’s smartphone. All
patients were taught about how to begin insulin injection by
themselves and about what to do in case of hypoglycemia,
delivered by diabetes education nurses showing patients the
function of a panel computer. Patients needed to attend
an hour of education session on the first day at the hospital,
and educated nurses explain to patients.

These patients were required to return to the same phy-
sician for the follow-up visits at 3 and 6 months for visit 2
and visit 3. If the patient was lost to follow-up, a structured
telephone interview would be performed by the investigator
to realize the patient’s condition.

At baseline and the follow-up period, the following infor-
mation should be collected from each patient: 1) demographics
including age, gender, residential region, as central, southeast,
southwest, northwest, northeast and south; 2) diabetic and
family histories; 3) physical examinations including height,
body weight, sitting blood pressure; 4) and laboratory tests
including HbAlc, fasting and postprandial blood glucose
level; 5) adverse events. Specific information about the hypo-
glycemic treatments were identified, including use of OADs.
The flowchart is shown in Figure 1.
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Figure | Flowchart of this program.

Laboratory Methods

All laboratory measurements were performed in the local
hospitals where the visits were conducted. 1) Serum glu-
cose: the oxidase method should be used; 2) HbAlc:
it should be determined by high-performance liquid
chromatography (HPLC); however, for those centers that
could not follow this recommendation, the laboratory
methods for HbAlc should obey the regional test rules.

Quality Control of Data Collection and
Study Monitoring

The study was conducted in accordance with ICH guide-
lines and GCP standard. Investigators reported all data
specified by the protocol by using a web-based electronic
Case Report Form (CRF). A web-based study center was
used to provide investigators 24/7 support on conducting
the study, frequent patient enrollment updates, study
materials, and other informative material. Data quality
control included the following steps: 1) automatic edit
check at data entry on the EDC system; 2) real-time data
query created by the EDC-attached data management
system; 3) 100% site monitoring ensuring adequate
patient enrollment, completion of original medical chart
and documentation, and protocol compliance; 4) 50%
remote source document verification (rSDV) and 10% on-
site SDV at each site; 5) frequent data queries from
a specific site would trigger a data audit visit at the
site. Random site audits were also performed to ensure
proper study conduct. Lab evaluations were completed at
all sites before the enrolment starts. For data collection

and quality control, all the data were recorded in the
approved CRF and entered into a web-based electronic
data capture system designed by Weishen Kangjian med-
ical informatics company (Beijing, China).

Statistical Analysis

Descriptive statistics were used to characterize the data in
the study, including calculations of means and standard
deviations. The frequency and percentages (based on the
non-missing sample size) of observed levels were reported
for all categorical measures. The primary outcome was the
overall proportion of patients reaching HbAlc <7.0% at
the end of six-month follow-up. Comparisons were statis-
tically analyzed using one-way ANOVA and chi-squared
tests. P value < 0.05 for the two-tailed test was considered
as statistically significant. Statistical analyses were con-
ducted using SPSS version 22.0 (SPSS soft package,
United States of America).

Results

Baseline Characteristics

Totally, 12,530 patients were included in this study. At
baseline, the average age of these patients was 51.97
+12.76 years, with 58% males. The average BMI was
24.46+3.83 kg/m?, the average body weight was 67.89
+13.12 kg, and the average HbAlc was 8.33+£2.11% with
24% of the patients achieving glycemic control target of
HbA1c<7.0%. Fasting glucose level was 8.00+2.65mmol/l
and postprandial glucose level was 9.70+3.42mmol/l.
Details are shown in Table 1.
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Table | Glucose Control for All the Patients

Variables MeaniSD
HbAlc (%) 8.33+2.11
HbAlc at 3 months (%) 6.82+1.07
HbAlc at 6 months (%) 6.75+0.94
HbAIc change from baseline at 3 months (%) | —1.02%1.72
HbAlc change from baseline at 6 months (%) | —1.01x1.67
FPG (mmol/l) 8.00+2.65
144+47.70 (mg/dl)
PPG (mmol/l) 9.70+3.42

174.60261.56 (mg/dl)

~0.97+2.96
~17.46253.28 (mg/dl)

FPG change from baseline at | month (mmol/l)

~1.01#3.73
~18.18+67.14 (mg/dl)

PPG change from baseline at | month (mmol/l)

24%
59%

Proportion of patients reaching target HbA | c (%)
Proportion of patients reaching target HbAlc
at 3 months (%)

Proportion of patients reaching target HbAlc | 67%

at 6 months (%)

Insulin dosage at baseline (U/kg) 0.23+0.09
Insulin dosage at endpoint (U/kg) 0.23+0.23

Note: Values are expressed as meantstandard deviation.
Abbreviations: FPG, fasting plasma glucose; SD, standard deviation.

Glycemic Control
HbAlc

After 3 months of follow-up, the average HbAlc change
from baseline was —1.02+1.72%, with 59% of the patients
reaching HbAlc target. After 6 months of follow-up, the
average HbAlc change from baseline was —1.01£1.67%,
with  66%
Compared with baseline levels, the levels of HbAlc at

of the patients reaching HbAlc target.

3 months and 6 months decreased significantly (p<0.01)
and the proportions of participants achieving HbAlc target
at 3 months and 6 months improved significantly (p<0.01).

Differences in HbAlc changes and the percentage of
patients achieving treatment target by patient age and BMI
were summarized in Figures 2 and 3. Compared with
elderly patients, younger patients achieved more reduction
in HbAlc changes but with lower percentage of patients
reaching the treatment target of HbAlc <7%. Compared
with patients with normal weight, both obese patients and
thinner patients tended to get more decreases in HbAlc
changes but with similar percentage of patients reaching
the target of HbAlc. When stratified by regions, baseline
HbAlc levels of patients were lowest in northeast region

while highest in southeast region. HbAlc levels decreased
most from baseline at six months were in the southwest
region while HbAlc levels decreased lest at six months
were in the southeast region. HbAlc levels at baseline or
at 3 months or 6 months were significantly different
among different regions (Figure 4).

FPG and PPG

After 3 months of follow-up, the average FPG change
from baseline was —1.02+1.72%. After 1 month, 3 months,
6 months treatment with basal insulin as well as educated by
the APP, the average FPG level was 7.03+£1.85 mmol/1 (126.54
+33.30 mg/dl), 7.00+1.83 mmol/l (126.00+£32.94 mg/dl), and
7.10£1.98 mmol/1 (127.80+35.64 mg/dl) respectively, and the
average PPG level was 8.94+2.83 mmol/l (160.92+50.94 mg/
dl), 8.63+2.56 mmol/l (155.34+46.08 mg/dl) and 8.52+2.53
mmol/l (153.36+45.54 mg/dl), respectively.

Insulin Dosage

At baseline, the average insulin dosage was 0.23+0.09 [U/kg.
After 6 months of treatment and education, the final average
insulin dosage was 0.23+0.23 IU/kg, which was not signifi-
cantly different from the dosage from baseline.

Differences of insulin dosages at baseline and after
6-month of treatment stratified by patient age were also
summarized, but no significance was found. When stratified
by baseline BMI, insulin dosage of patients in the group of
BMI <19kg/m?* was 0.29+0.13 TU/kg at baseline and 0.28
+0.13 [U/kg finally, insulin dosage in individuals with
a BMI 19-24.99 kg/m* was 0.24+0.10 IU/kg at baseline
and 0.24+0.10 IU/kg finally. In individuals with a BMI
24-27.99kg/m?, insulin dosage was 0.22+0.08 IU/kg at
baseline and did not change after 6-month treatment. In
individuals with a BMI 28-31.99 kg/m?, and in patients
with BMI>32kg/m?, insulin dosage was 0.20£0.08 IU/kg
and 0.16+0.08 IU/kg at baseline, respectively, without sig-
nificant change after 6-month treatment (Figure 5). Insulin
dosages at baseline and at the endpoint among different
regions did not show any significant difference (Figure 5).

OADs in Combination with Basal Insulin
In the data of oral drug use, there were 3145 patients in the
basic insulin combined with one oral drug treatment group,
1204 in the combined two oral drug treatment group, 208 in
the combined three oral drug treatment group and 17 in the
combined four oral drug treatment group.

For patients with only one OAD in combination with
basal insulin, the first four kinds of OADs were metformin
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Figure 2 Glucose control stratified by age. (A) HbAIc level stratified by age; (B) Percentage of patients reaching HbA|c target stratified by age; (C) HbAlc change from

baseline stratified by age.

(56.4%), a-glucosidase inhibitors (32.9%), sulfonylureas
(7.4%) and DPP-4 inhibitors (0.4%). For patients with two
OADs in combination with basal insulin, the first four com-
bination therapies of OADs were metformin plus a-glucosi-
dase inhibitors (52.2%), metformin plus sulfonylureas
(20.8%), metformin plus DPP-4 inhibitors (9.8%) and sulfo-
nylureas plus a-glucosidase inhibitors (8.8%).

The proportion of males in the group treated with basic
insulin combined with one, two, three and four oral drugs
was 59%, 61%, 67% and 65%, respectively. The age of the
group treated with basic insulin combined with one, two,
three and four oral medications was 51.82 (+12.63), 52.35
(+11.96), 52.97 (+11.99) and 53.06 (+8.74), respectively.
BMI was 24.54 (+3.71 kg/m?), 24.98 (+3.86 kg/m?), 25.38
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Figure 3 Glucose control stratified by BMI. (A) HbAlc level stratified by BMI; (B) HbAlc change from baseline stratified by BMI; (C) Percentage of patients reaching HbAlc
target stratified by BMI.

(+3.40 kg/m?) and 25.87 (+2.76kg/m?) in the group treated The baseline glycosylated hemoglobin in the group
with basic insulin combined with one, two, three and four treated with basic insulin combined with one, two,
oral drugs. three or four oral drugs was 8.27 (+1.96%), 8.90
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Figure 4 Glucose control stratified by regions. (A) HbAlc level stratified by regions;
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(+2.10%), 8.84 (+2.19%) and 9.03 (+1.72%). The
baseline glycosylation rates of patients treated with

basic insulin combined with one, two, three or four

Northwest

75%

56% )
o Baseline

3 months

m6 months

23%

Northeast South

(B) HbAIc change from baseline stratified by regions; (C) Percentage of patients

oral drugs were 21%, 14%, 15% and 8%. The three-
month glycosylation changes in the group treated
with basic insulin combined with one, two, three or
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BMI. (C) Insulin dosage at baseline and endpoint stratified by regions.

four oral drugs were —1.19 (=1.85%), —1.19 (—=1.74%), insulin combined with one, two and three oral
—0.52 (-0.81%), —2.30 (—4.24%). The six-month gly- medications were —1.11 (-1.91%), —1.40 (—1.62%),
cosylation changes of the patients treated with basic —0.88 (—1.29%).
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The baseline insulin dose per unit body weight was
0.23 (+0.10U/kg), 0.23 (+0.09U/kg), 0.23 (+0.09U/kg) and
0.22 (+0.01U/kg) in the group of baseline insulin com-
bined with one, two, three and four oral medications. The
baseline insulin doses in the group treated with basic
insulin combined with one, two, three or four oral drugs
were 15.25 (+6.09u), 15.86 (+6.01u), 16.08 (+5.91u) and
15.29 (+4.34u). The end-point insulin dose per unit weight
was 0.23 (+0.10U/kg), 0.23 (+0.09U/kg), 0.23 (+0.09U/
kg), 0.23 (+0.09U/kg) and 0.23 (+0.11U/kg). The end-
point insulin doses in the group treated with basic insulin
combined with one, two, three or four oral drugs were
15.15 (+6.21u), 15.58 (+6.01u), 16.01 (+6.01u) and 16.00
(+7.71u). Details are shown in Table 2.

Discussion

The results of the basic insulin optimal management project
showed that the average HbAlc at the beginning of basic
insulin therapy was 8.33%. Previous ORBIT study has
shown that the average HbA 1¢ level of onset insulin therapy
in T2D in China was 9.6%.!'"'> However, this does not
meet the recommendation of the Chinese guidelines for the

Table 2 Clinical Characteristics in Different OAD Groups

prevention and treatment of T2D that patients with HBA1c
levels above 7% of the oral medicines that do not meet the
standard should start insulin therapy,'* which suggested that
the current situation of using basic insulin in clinic is late
and clinical inertia exists. Therefore, the timing of initial
treatment of basic insulin is particularly important. The
level of HbAlc in the initial insulin therapy of the basic
insulin optimization management project was significantly
lower than that of the previous studies, which reflected the
improvement of the starting time of basic insulin in China to
a certain extent.

The results of baseline insulin optimal management
project showed that the baseline insulin dose was 0.23
(+0.09 U/kg) and the end-point insulin dose was 0.23
(+0.23 U/kg). Previous ORBIT study showed that the initial
dose of insulin was low with 0.18 U/kg. After initial basal
insulin treatment, about 40% of the patients did not adjust
insulin dosage in the past three months. At the sixth month
follow-up, the basal insulin dosage was only 0.21 U/kg,
which was only 0.03 U/kg/d higher than the baseline insulin
dosage.'? In this basic insulin optimization management
project, the initial basal insulin dose was relatively higher

Parameters | OAD 2 OADs 3 OADs 4 OADs P value
n 3145 1204 208 17
Gender (male percent) 59% 61% 67% 65% 0.059
Age (year) 51.82+12.63 52.35%11.96 52.97+11.99 53.06+8.74 0.410
Body weight (kg) 68.03+12.60 69.71+13.45 71.93+12.66 72.06+10.96 0.000
BMI (kg/m?) 24.54+3.71 24.98+3.86 25.38+3.40 25.87+2.76 0.000
Insulin dosage per weight at baseline (U/kg) 0.23+0.10 0.23+0.09 0.23+0.09 0.22+0.01 0.776
Insulin dosage at baseline (u) 15.25+6.09 15.86+6.01 16.08+5.91 15.29+4.34 0.010
Insulin dosage per weight at endpoint (U/kg) 0.23+0.10 0.23+0.09 0.23+0.09 0.23+0.11 0.998
Insulin dosage at endpoint (u) 15.15+6.21 15.58+6.01 16.01+6.01 16.00+7.71 0.064
HbAc at baseline (%) 8.27+1.96 8.90+2.10 8.84+2.19 9.03£1.72 0.000
Proportion of patients reaching target 21% 14% 15% 8% 0.000
HbAIc change from baseline at 3 months (%) —1.19£1.85 —1.19£1.74 —0.52+0.81 —2.30+4.24 0.203
HbAIc change from baseline at 6 months (%) —1.11£1.91 —1.40£1.62 —0.88+1.29 / 0618
FPG at baseline (mmol/l) 8.06+2.64 8.13+£2.87 8.03+3.00 9.36%2.96 0.243
PPG at baseline (mmol/l) 9.88+3.48 9.66+3.33 9.38+3.13 9.34£2.39 0.251
FPG at | month (mmol/l) 7.05+1.94 7.00+1.56 7.07£2.10 7.97x1.77 0.245
FPG change from baseline at | month (mmol/l) —0.99+2.95 —L11£2.91 —0.92+2.98 —1.40£3.97 0.716
PPG at | month (mmol/l) 9.09+2.85 9.00£2.67 851+2.19 5.90 0.428
PPG change from baseline at | month (mmol/l) —1.08+3.87 —1.08+3.52 —0.60£3.23 -1.10 0.953
FPG at 3 months (mmol/l) 7.02+1.83 6.99+1.82 7.03+2.09 7.13%1.10 0.987
PPG at 3 months (mmol/l) 8.79+2.64 8.48+2.62 9.03+3.36 7.60+0.84 0.341
FPG at 6 months (mmol/l) 7.02+1.90 7.10+1.87 6.87+1.55 6.35%0.35 0.821
PPG at 6 months (mmol/l) 8.49+2.57 8.55+2.38 7.57+2.00 / 0.239

Note: Values are expressed as number (percentage) or meanztstandard deviation.

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; OAD, oral anti-diabetic drug; SD, standard deviation.
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than that in the ORBIT study, and the HbAlc compliance
rate was 59% after 3 months. It can be seen from this that
starting as early as possible and starting at a higher dose can
effectively improve glucose control of patients and improve
the rate of patients reaching the target.

The basic insulin optimization management project, by
using Internet and mobile phone APP, created a platform
for doctors and patients to communicate and educate them
about insulin therapy and self-management for up to six
months. This not only enables diabetics who first use basic
insulin to record their injection behavior, learn to monitor
blood sugar and understand the changes of their condition,
but also alleviates the anxiety and resistance of those who
first use insulin. In addition, the initial insulin treatment of
diabetic patients in the initial stage of insulin injection will
also have many irregular use problems, which will affect
the clinical efficacy of patients receiving insulin treatment.
The basic insulin optimization management project can
help patients to monitor and manage their blood sugar.
When patients encounter injection problems or blood
sugar control problems, they can turn to doctors through
the APP system, which can soothe patients’ panic, and
also improve patients’ awareness of the importance of
regular monitoring of blood sugar. To help patients meet
safety standards, it can also reduce the increased visits of
patients due to injection problems or panic or other unne-
cessary medical treatment.

With the continuous development of society, the living
standard of Chinese people is constantly improving, and the
quality of life is rising step by step. However, the symbolic
problem brought by modern lifestyle is the increase of
people’s weight and the decrease of activity, and the intake
of nutrients is too delicate and excessive, which leads to
more and more diabetic patients. Faced with such a severe
situation, medical workers have a long way to go. While
providing standardized diagnosis and treatment for patients,
it is also necessary for our endocrinologist and diabetologist
to educate patients about diabetes. As a center, patients need
to cooperate with doctors in self-management, so that they
can complement each other. In recent years, the rapid devel-
opment of the Internet in China has provided a platform for
doctors and patients. It is on this platform that the basic
insulin optimization management project assists doctors,
benefits patients and develops a new model for diabetes
treatment.

Although this study is a study to achieve optimal
management of initiating basal insulin treatment in type
2 diabetes patients in China, we shall admit that compared

to oral hypoglycemic treatments, insulin treatment has
several disadvantages, such as that insulin is more expen-
sive, has higher nonadherence rates and worse hypoglyce-
mia events. Nonadherence has been associated with higher
distress from frequent needle sticks, increasing costs of
insulin, poor health literacy, fear of hypoglycemia, chan-
ging eating patterns, and dose confusion. Therefore, it is
unfortunate to give these individuals a life-long medica-
tion when other likely would have been as or more effica-
cious, lower cost, and promoted a better quality of life. So
it is quite important to maximize oral medications prior to
starting insulin for individuals.

There is really the need to educate providers on that
initiating insulin treatment after maximized on oral agents,
in order not to prematurely place patients on insulin for all
the reasons stated above. Future studies using this technol-
ogy to titrate oral medications to their maximum doses
would be valuable and likely cost saving to the patient and
health system compared to insulin. Future studies for this
technology and T1D would also be valuable. However, for
those who need insulin, data from this study is a valuable
resource, potentially reducing the risk of DM sequelae.
What is more, results from achieving optimal diabetes
management in basal insulin used patients by using mobile
health APP might be expanded to oral hypoglycemics or to
other diseases that require frequent titration, such as hyper-
tension, would be valuable to multiple populations, parti-
cularly resource-poor countries with minimal access to
healthcare providers.

As an observational study, there are some limitations for
this study. Firstly, although the HPLC was recommended
for HbAlc testing, some primary clinics could not follow
this recommendation in China. And no further correction
was done for the value of HbAlc in this study. Therefore,
the inconsistency of the laboratory methods for HbAlc was
one of the limitations of this study. However, taking real-
world evidence and study cost into consideration, we
accepted the results of lab test from variable hospitals.
And fortunately, in recent years, a series of industry stan-
dards have been implemented; thus, the reference difference
among individual labs becomes small. Secondly, as an
observational study for evaluating the effective and efficient
basal insulin optimal management by using mobile health
application (APP) for T2D patients in China, this duration
with 6 months of follow-up is not enough to give us com-
prehensive answers. Thirdly, the influence of more factors
such as educational levels, socio-economic demographics,
or eating habits, etc. were not collected in this study. Thus,
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a multiple-year longitudinal cohort study will be further
needed. Fourthly, the HbAlc target for older patients is
still controversial. However, as this study is an observa-
tional cohort study, a real-world study in China, as the
recommendation from the Chinese Guideline for Diabetes
Prevention and Treatment did not set the HbAlc target for
older patients, we did not stratify the target of glucose
control for different ages in this study. Moreover, unfortu-
nately, we could not get the endpoint body weight or BMI
from the data for that the majority of participants did not
report their body weight at 6 months, which is also
a limitation of this study. However, the average baseline
BMI reported from this study was similar to that reported in
the ORBIT study, which is a real-world observational study
evaluating basal insulin use in Chinese T2D patients.
Therefore, we shall interpret this study with caution.

Conclusion

In the face of the growing number of diabetic patients who
need insulin treatment, propaganda and education of the
importance of self-blood sugar management for diabetic
patients, and the Internet APP model is a form of effective
self-management that help patients greatly. Moreover, the
basic insulin optimization management project also confirms
that for patients with T2D who fail to meet the oral drug
treatment standard, starting the basic insulin as early as
possible and starting the appropriate dose of basic insulin
can effectively improve blood sugar and help patients reach
the glucose control target as soon as possible.
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