
Observational Study Medicine®

OPEN
Impact of disease-management programs
on metabolic control in patients with type
1 diabetes mellitus
A cohort study in Shantou, China
Kun Lin, MMa, Xiaoping Yang, MMa, Yixi Wu, MMa, Shuru Chen, MMb, Guoshu Yin, MDa,
Jianjun Zhan, MDb, Chujia Lin, MMa, Wencan Xu, MDa, Yongsong Chen, MDa, Dan Lin, MBc,
Peiwen Xie, MBd, Yishan Fang, MBe, Qiuqiang Lin, MBf, Shaoda Lin, MBa,∗

Abstract
The aim of this study is to evaluate the effect of diabetes disease management program (DMP) on glycemic control in type 1 diabetes
mellitus (T1DM) patients in Shantou China.
A sample of 240 participants recruited from 3C study Shantou subgroup was followed up in DMP for 3 years. The DMP provided

self-management education, individualized therapy plan, diabetes complications screening, and laboratory examination periodical
according to clinical practice guidelines. Primary outcomes were changes in hemoglobin A1C (HbA1c).
Two hundred one of the participants completed the follow-up. There was a significant decrease in the HbA1c levels after DMP

implemented. Themean (± SD) pre- and post-intervention HbA1c levels were 10.26%±3.30% and 8.57%±1.57% respectively with
a P value <0.001. General linear mixed model analyse demonstrated that changes in glycemic control were associated with insulin
treatment regimen, frequency of Self-Monitoring of BloodGlucose (SMBG), diabetes diet adherence, physical activity, and duration of
diabetes.
DMP helped to improve glycemic control and should be general implemented in China’s T1DM. Individuals with basal-bolus

regimen (multiple daily injections or pump therapy), more frequency of SMBG, following a diabetes diet, more physical activity, shorter
diabetes duration may derive greater benefits from DMP.

Abbreviations: 3C study = coverage cost and care of type 1 diabetes in China, ACR = urinary albumin/creatinine ratio, ADA =
American Diabetes Association, CDMS= chronic diseasemanagement systems, CPGs= clinical practice guidelines, DAFNE= dose
adjustment for normal eating, DCCT = diabetes control and complications trial, DKA = diabetic ketoacidosis, DMP = diabetes
disease management program, HbA1c = hemoglobin A1C, IDF = International Diabetes Federation, ISPAD = International Society
for Paediatric and Adolescent Diabetes, LDL = low-density lipoprotein cholesterol, SMBG = self-monitoring of blood glucose,
T1DM = type 1 diabetes mellitus.
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1. Introduction

The Diabetes Control and Complications Trial/Epidemiology of
Diabetes Interventions and Complications studies have confirmed
that strict control of blood glucose can significantly reduce and
delay diabetes complications and improve the quality of life of
patients.[1–3] Based on DCCT/EDIC and other studies, the target
hemoglobin A1C (HbA1c) for all children and adolescents is
recommended to be less than 7.5%, and less than 7% for
adults.[4–6] However, a 2011 study by the International Diabetes
Federation (IDF) investigating coverage, cost and care of type 1
diabetes mellitus (T1DM) in China (3C study) showed a very poor
glycemic control in China; median HbA1c levels in both centers
(Beijing and Shantou) were 8.50%, with 9.97% in Shantou,[7–14]

which are not only much higher than the target HbA1c in
guidelines, but also elevated compared with the amounts in
developed countries.[15–17]Howto improvemetabolic control, and
reduce the gap between patients and guide them is an urgent task
for the prevention and treatment of type 1 diabetes in China.
To improve glycemic control, the type 1 diabetes disease

management program (DMP) was established in Shantou center

mailto:linshaoda@126.com
http://creativecommons.org/licenses/by-nd/4.0
http://creativecommons.org/licenses/by-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000005681


Lin et al. Medicine (2016) 95:52 Medicine
after the 3C study, according to chronic disease management
systems (CDMS) and clinical practice guidelines (CPGs).
Although the DMP has been used in diabetes improvement
projects in many developed countries, it has never been tested in
China. There is a lack of empirical evidence even for short-term
efficacy of DMP for T1DM in China. The effects of DMP on
glycemic control remain unexplored. The factors that influence
glycemic control remain also unidentified. The aims of this study
were to evaluate the effects of DMP on glycemic control in
individuals with T1DM from the 3C study Shantou Center
during the 3 years of follow-up, and to determine the influencing
factors associated with glycemic improvement. We hypothesized
that DMP implementation would lead to glycemic improvement
and some controllable influencing factors identified could guide
clinical management.
2. Design and methods

2.1. Design

The DMP was evaluated by a prospective cohort study using a
before-and-after self-control design starting in April 2012; the
patients were followed up until April 2015. The primary outcome
was HbA1c level change. Secondary outcomes included changes
of acute complication incidence, self-care activities, compliance
rate for low-density lipoprotein cholesterol (LDL), insulin
regimen, and insulin dose. The study was approved by the ethics
committee of the First Affiliated Hospital of Shantou University
Medical College, and the procedures conformed to the tenets of
the Declaration of Helsinki. All participants provided signed
informed consent.

2.2. Participants

The participants were recruited from the 3C study Shantou
subgroup. T1DM patients who accepted long-time follow-up
were recruited as participants; those with hearing, visual,
physical, or mental impairment were excluded. Finally, 240
individuals were enrolled in this study, and divided into
several groups according to age levels to receive DMP in the
First Affiliated Hospital of Shantou University Medical
College.

2.3. Interventions

Each participant was evaluated once a month and more often
if indicated. The management team consisted of diabetolo-
gists, dietitians, educators, psychological therapists, and
nurses with expertise on diabetes, who followed the manage-
ment regulations prescribed in the CPGs accurately, building a
private personal database for every individual with established
T1DM. As there were no Chinese guidelines for type 1
diabetes in 2012, we used the International Diabetes
Federation/International Society for Pediatric and Adolescent
Diabetes (IDF/ISPAD) Guidelines for Diabetes in Childhood
and Adolescence, 2011[7] as well as the American Diabetes
Association (ADA) Medical Standards (2012)[8] and the
International Standards for Diabetes management (2009).[9]

Six management items were performed. Self-management
education: each patient and parents (for patients under the age
of 18) attended a diabetes education class lasting 4hours each
month, underwent evaluation for education efficiency, took
diabetes education booklets home, and received diabetes
information via smartphones. Self-monitoring of blood
2

glucose (SMBG): a glucometer (Johnson & Johnson Onetouch
Ultra, American) and 100 test strips each year were freely
provided to each patient in DMP. Every patient and parents
must master assessment and monitoring skills for glycemic
control. Nutrition therapy: experienced dietitians conducted
nutrition therapy into diabetes management and education by
using the foodstuff substitution method according to ADA
and ISPAD guidelines. Physical activity: patients were advised
to perform at least 150min/week of moderate-intensity
aerobic physical activity (50%–70% of maximum heart rate),
spread over at least 3days/wk with not more than
2 consecutive days without exercise. Health care providers
provided individualized exercise therapy plan according to
patient age, heat rate, and other health conditions. Patient-
centered self-management: diabetologists proposed individu-
alized blood glucose target and therapy management for each
patient with T1DM according to ISPAD and ADA guidelines.
During follow-up diabetologists adapted their therapy
management to blood glucose data, insulin administration,
and economic status. Regular testing of blood glucose and
lipid levels, as well as acute and chronic complications,
according to ISPAD and ADA guidelines.
2.4. Data collect and measurements

At each visit, blood pressure, body weight, height, waist-to-hip
ratio, and laboratorymeasurements were performed according to
routine protocols. Treatment compliance and self-care including
drug use, insulin dosage and injection, SMBG, and life-style
modification were recorded by doctors during clinical visits. Lab
tests and diabetes complications were screened at each scheduled
visit. HbA1c, urinary albumin/creatinine ratio (ACR), and
urinary ketone bodies were assessed every 3 months. Lipid
levels and ophthalmic fundus examination were assessed every 12
months. HbA1c levels were measured by the Dry immune
markers scattering quantitative method with a point-of-care
testing analyzer (Afinion AS100, Norway).
2.5. Statistical analysis

Means and standard deviations or percentages were calculated
for various variables. T test was used to assess differences in
means between 2 groups; x2 test was used for categorical
variables. A linear mixed model was fitted to identify predictors
of HbA1c improvement at 36 months of follow-up. Data from
different visits over time were analyzed in a repeated measure-
ments model. A linear mixed model included the following
independent variables: gender, age, duration, education level,
average monthly family income, type of medical insurance, type
of habitat, frequency of SMBG, days of diabetes diet compliance
in the last week, physical activity ≥150min/wk or not, presence
or absence of diabetic ketoacidosis (DKA) at onset, presence or
absence of a family history of diabetes, insulin dose, and insulin
regimen.
A total of 240 individuals with T1DMwere enrolled, including

201 who completed follow-up for 3 years. Thirty-nine cases were
lost to follow-up, including 14 for immigration reasons and 25
who were out of touch. To avoid loss of effective information,
data from the 39 cases lost to follow-up were included in baseline
demographic (Table 1) and mixed linear regression (Table 2)
analyses. Nevertheless, the 39 cases were excluded from the final
dataset (Table 3) and comparisons between baseline and follow-
up data (Table 4 and Fig. 1), to avoid information bias.



Table 1

Profile of participants.
Gender
Male 48.75%
Female 51.25%

Age
<13 years old 16.67%
13 to 20 years old 25.00%
>20 years old 58.33%

Duration
<5 y 61.67%
5 to 9 y 24.16%
≥10 y 14.17%

Household income/mo
<3000 89.58%
3000 to 10,000 9.17%
>10,000 1.25%

Highest education level in family members
Illiteracy 4.17%
Junior school 26.66%
Secondary school 56.25%
University or higher 12.92%

Medical insurance
Absence 15.42%
Rural cooperative medical insurance 50.00%
Urban residents medical insurance 17.50%
Urban employee medical insurance 15.00%
Commercial medical insurance 2.08%
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3. Results

A total of 240 individuals with T1DM were enrolled, and 201
completed 3-year follow-up. Demographic and clinical character-
istics of the study population are shown in Table 1. At baseline,
Table 2

Linear mixed models to estimate strength of study variables to pred
months follow-up.

Variable Coef Estima

Constant 12.076
Diabetes duration 0.129
Age 0.005
Gender (male) 0.297
Income �0.302
Education level (without schooling) �0.903
Junior school 0.775
Secondary school 0.363
University or higher 0.000
Medical insurance (rural cooperative medical insurance) 0.906
Urban residents medical insurance 0.666
Urban employee medical insurance �0.198
Commercial medical insurance 0.395
Absence 0.000

Residence type (city) �0.474
Family history of diabetes (presence) �0.532
DKA at onset (presence) 0.646
Following a diabetes diet in last 7 d (7 d) �2.165
5 to 6 d �1.982
1–4 d �1.990
0 d 0.000

Physical activity (≥150 min/wk) �0.640
Insulin regimen (premix insulin) 1.092
Insulin dose 0.954
Frequency of SMBG �0.181

DKA = diabetic ketoacidosis, DMP = diabetes disease management program, SMBG = self-monitoring

3

median age was 24.77 years, with a median T1DM duration of
5.12 years. Most participants had low income and low education
level, and were predominantly from rural areas, similar to data of
3C study.
Changes in primary and secondary outcome measures over 3

years inDMPare shown inTable3andFigure1.After interventions,
there was a significant decrease in HbA1c levels from baseline to
final values at 36 months. Mean pre- and postintervention
HbA1c levels were 10.26%±3.30% and 8.57%±1.57%, respec-
tively (P<0.001).38.80%of individuals achieved targetHbA1cand
70.53% showed improved overall glycemic control at the trial
endpoint. Percent population with LDL-C<2.6mmol/L increased
from 57.30% to 80.32% (P<0.001). There were no significant
differences in incidence rates of acute complications between
baseline and postintervention. Specifically, the incidence of
hypoglycemiawas not significantly increased. According to diabetes
self-management, significantly increased proportions were found in
diabetes diet compliance, exercise, SMBG, basal-bolus insulin
treatment, and complication screening according to CPGs.
Furthermore, linear mixed models were used to identify

predictors of improvement in glycemic control (Table 2). The
factors associated with glycemic improvement were insulin
treatment regimen, frequency of SMBG, diabetes diet adherence,
physical activity, and duration of diabetes. Participants with
basal-bolus approach, higher frequency of SMBG, higher
diabetes diet compliance, more physical activity, shorter diabetes
duration exhibited greater improvement in glycemic control in
DMP. No other variables were significantly associated with
changes in HbA1c. Insulin treatment regimen had the strongest
correlation with HbA1c (P=0.06) among relevant factors.
Since insulin treatment had the strongest correlation with

HbA1c, we further analyzed the effects of different insulin
ict improvements of glycemic control in DMP from baseline to 36

95.0% CI

ted standard error df P Lower Upper

3.651 103.439 0.001 4.836 19.317
0.056 83.009 0.023 0.018 0.240
0.024 81.606 0.829 �0.042 0.053
0.538 77.165 0.582 �0.775 1.369
0.234 76.998 0.201 �0.767 0.164
1.588 102.975 0.571 �4.053 2.246
0.970 73.251 0.427 �1.157 2.707
0.790 76.932 0.647 �1.210 1.937
0.000
0.755 88.902 0.234 �0.595 2.406
0.817 84.969 0.417 �0.959 2.292
0.996 90.856 0.843 �2.178 1.781
1.740 72.972 0.821 �3.073 3.863
0.000
0.618 76.896 0.445 �1.705 0.757
0.518 73.622 0.307 �1.564 0.499
0.492 73.459 0.193 �0.333 1.626
0.883 198.340 0.015 �3.907 �0.423
0.858 196.303 0.022 �3.673 �0.290
0.886 186.462 0.026 �3.737 �0.243
0.000 . . . .
0.273 203.389 0.020 �1.179 �0.101
0.390 196.670 0.006 0.324 1.860
0.615 212.910 0.122 �0.258 2.166
0.085 207.698 0.035 �0.350 �0.013

of blood glucose.
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Table 3

Changes in primary and secondary outcome measures over 36 mo in DMP.

Basal 12 mo 24 mo 36 mo P 12 mo P 24 mo P 36 mo

HbA1c compliance rate
∗

18.90% 28.10% 35.32% 38.80% 0.023 <0.001 <0.001
LDL compliance rate

∗
57.30% 68.52% 78.61% 80.32% 0.030 <0.001 <0.001

Hypoglycemia by 100 patient years 25.51 27.06 30.61 30.61 0.730 0.205 0.205
Ketosis by 100 patient years 18.49 14.67 19.90 22.58 0.272 0.704 0.291
DKA by 100 patient years 4.30 5.00 3.98 4.60 0.684 0.804 0.873
Following a diabetes diet 5 to 7 d in last 7 d 43.78% 50.00% 55.72 58.3% 0.221 0.017 0.003
Physical activity ≥150 min/wk 48.60% 60.48% 67.66% 67.66% 0.012 <0.001 <0.001
SMBG ≥ once/d 20.43% 28.57% 34.83% 39.29% 0.052 0.001 <0.001
Insulin regimen
Insulin pump 4.64 9.22 9.52 9.52 0.043 0.043 0.043
Basal-bolus insulin injection 10.52 26.95 36.81 42.83 <0.001 <0.001 <0.001
Premix insulin injections 84.82 63.83 53.67 47.62 <0.001 <0.001 <0.001

Insulin dose, IU/kg 0.72±0.29 0.77±0.29 0.80±0.33 0.80±0.29 0.213 0.022 0.016
Eye exams as guidelines recommend 17.00% 94.52% 95.02% 94.52% <0.001 <0.001 <0.001
Urine ACR tests as guidelines recommend 30.70% 97.26% 98.63% 98.63% <0.001 <0.001 <0.001

ACR = urinary albumin/creatinine ratio, DKA = diabetic ketoacidosis, HbA1c = hemoglobin A1C, LDL = low-density lipoprotein cholesterol, SMBG = self-monitoring of blood glucose.
∗
The target HbA1c for all children and adolescents is recommended to be less than 7 5% and for adults less than 7%. The target is recommended to be less than 2.6mmol/L.

Table 4

Changes in HbA1c from basal to 36 mo stratified by different insulin treatment.

HbA1c

Insulin regime Percentage Basal 36 mo P

Premix insulin from baseline to endpoint 47.76% 9.94±3.05 9.48±2.72 0.205
Basal-bolus insulin or insulin pump from baseline to endpoint

∗
14.93% 9.09±2.47 8.08±0.88 0.023

Change from premix insulin to basal-bolus insulin or insulin pump during follow-up 37.31% 11.42±3.51 8.28±0.99 <0.001

HbA1c = hemoglobin A1C.
∗
Because of the limited number of patients with insulin pump, patients with insulin pump were included in the regime of basal-bolus insulin to avoid statistical error.
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regimens on glycemic control. As shown in Table 4, individuals
with basal-bolus insulin regimen had better glycemic control
compared with those with premix insulin regimen. Among them,
the individuals who changed insulin treatment from premix to
basal-bolus insulin or insulin pump regimen had the greatest
glycemic improvement.
4. Discussion

As a complex chronic disease, diabetes imposes a unique burden
on the health care system, and the people providing and/or
receiving care. China’s medical system still lags far behind the
Western one. The existing differences among numerous diabetes
Figure 1. Changes in HbA1c levels over 36 months in DMP.
∗
P<0.05,

∗∗
P<

0.01,
∗∗∗

P<0.001 compared with baseline HbA1c. There were 201 cases,
excluding those lost to follow-up. DMP = diabetes disease management
program, HbA1c = hemoglobin A1C.

4

patients increased health service demand and lack of health care
resources is increasing acute and widespread. In classical Chinese
medicine, diabetes treatment depended on patients’ enthusiasm
of seeing doctors because of the lack of follow-up management
system. Current care and education of individuals with type 1
diabetes remain poor. The deficient knowledge of diabetes and
poor medical compliance lead to unsatisfactory outcomes, for
example, high frequency of DKA. Nearly 41% of children with
undiagnosed diabetes present with diabetic ketoacidosis, a life-
threatening acute complication of diabetes that occurs with late
or misdiagnosis.[18] Due to insufficient capital input from the
government and a nonbalanced medical insurance system, the
current living status of T1DMpatients in underdeveloped regions
of China is more serious. Therefore, it is really urgent to improve
the treatment of T1DM, changing the retrograde medical mode
and management system.
The type 1 diabetes disease management program, according

to CDMS, includes essential components for chronic disease:
supportive health policy, decision support, timely information,
access to essential medicines and technology, self-management
education and follow-up, innovative delivery system design, and
training of health professionals. Based on the current findings, the
DMP was really effective. Glycemic control was significantly
improved in participants of DMP. 38.80% of individuals
achieved the target HbA1c, and 70.53% showed improved
overall glycemic control. Furthermore, the proportion of
individuals following diabetes self-management was significantly
increased, and 37.22% of individuals changed insulin regimen
from premix to basal-bolus type; 39.29% checked blood glucose
at least once per day, and more than 90% completed
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complication screening according to CPGs. In 3C study HbA1c
was significantly associated with region, income, education level,
and injections/day; meanwhile, injections/day was significantly
associated with hours of education. In this follow-up study,
changes in glycemic control were associated with insulin
treatment regime, frequency of SMBG, diabetes diet adherence,
physical activity, and duration of diabetes.
DMP is a highly complex intervention with the potential to

improve glycemic control. A number of controlled studies have
examined the efficacy of management program interventions for
diabetes mellitus. A meta-analysis indicated that integrated
management is associated with a significantly improvement in
glycemic control and self-care activities.[19,20] Siminerio et al[21]

showed a significant decrease by 0.95% in HbA1c after
implementation of DMP. In Hong Kong, the proportion of
patients achieving the target HbA1c was shown to be 3 times in
the DMP group compared with the control group.[22] Loveman
et al[23] conducted a systematic review to assess the clinical and
cost effectiveness of educational interventions in 24 studies. The
results showed a long lasting improvement in metabolic control
and reduced complications in T1DM patients.[23]

Compared with other studies, the most important finding of
this work was that insulin regimen had the strongest correlation
with HbA1c in Chinese individuals with T1DM. Correcting
insulin treatment (from premix insulin to basal-bolus injection 4
times/d) yielded the greatest glycemic improvement in the DMP.
Intensive insulin therapy using the basal-bolus approach,
whether as multiple daily injections or pump therapy, is
considered the best treatment for individuals with T1DM
regardless of age.[16,24,25] Yet, so many patients chose premix
insulin in Shantou before. In 3C study the trend in Shantou to use
premix insulin with 2 daily injections was reviewed with local
experts who stated that patient compliance, convenience, and
cost was the rationale for this practice. This implies availability
and optimal use of insulin, tailoring the treatment according to
the patient’s/family’s personality, preference, and way of living.
Educating the patients and their families and training health care
professionals are equally important. Our previous study
suggested injections/day is significantly associated with hours
of education. Several studies also found that with education and
follow-up, reduced HbA1c and higher quality of life can be
achieved without increased incidence of acute complications
using multiple daily insulin injections.[26] In the present study,
education and switching follow-up patients to standardized
treatment yielded significantly great benefits from DMP,
consistent with other reports.[25,26]

An interesting finding was that compared with changing
insulin type, adjustment of insulin dose did not lead to significant
glycemic improvement (P=0.122). This suggested that rigid
adjustment of insulin dosage in follow-up or outpatient visits may
not be so important. There has been a change in emphasis from
medical disease management to self-care by patients, in
collaboration with health-care providers.[27] The terminology
of adherence and compliance are gradually being replaced by self-
management in T1DM care. CPGs and empowerment education
place greater emphasis on the skills of self-flexible adjustment of
insulin doses. Modification of insulin dosages based on diet and
exercise can be challenging for patients, and should be considered
an essential part of patient education. It is important that patients
adjust their insulin doses appropriately in response to factors
such as carbohydrate intake, lifestyle, exercise, and concurrent
illness to minimize the risk of hypo- or hyperglycemia. Other
programs have demonstrated that appropriate education can
5

improve glycemic control while giving the individual more
flexibility in terms of diet rather than having to adhere to rigid
calorie control and fixed insulin doses.[28]

The incidence of hypoglycemia appears low in the 3C study.
This may be due to the high HbA1c far above the target in
Shantou. However, although HbA1c greatly decreased after
systemic management, hypoglycemic events showed no signifi-
cant changes. This suggested improved glycemic control does not
imply increased hypoglycemia in DMP, corroborating other
studies. For example, the UK-based Dose Adjustment for Normal
Eating (DAFNE) program improves glycemic control and the
quality of life while saving costs, without increasing the risk of
severe hypoglycemia.[29] Similarly, in the Dusseldorf Diabetes
Treatment and Teaching Program, HbA1c fell significantly from
8.1% to 7.3%, as did the number of severe hypoglycemic
episodes.[28]

Following a diabetes diet and regularly exercising both
improved glycemic control in DMP. Indeed, diabetes diet and
physical activity are 2 of “5 carriages” in diabetes therapy; yet,
most individuals with T1DM do not know how to put into
practice. Unlike in developed countries, the barrier of carrying
out management following a diabetes diet and physical activity is
not hypoglycemia[30,31] but lack of education in China.
In the 3C study, due to lack of awareness and low

socioeconomic conditions, most patients did not follow SMBG
regularly. So a free glucometer with 100 test strips each year was
provided to each patient in DMP. The results suggested that
increased frequency of SMBG is another factor leading to
improved glycemic control. Additional studies showed that
frequent and accurate blood glucose monitoring as well as
concomitant optimal adjustment of insulin to carbohydrate
intake and exercise are required to attain and maintain optimal
conditions.[32,33] The frequency of SMBG is associated with
improved HbA1c in patients with T1DM.[32–35] Karter et al[36]

found adults with T1DM who self-monitor 3 or more times per
day have anHbA1c 1% lower metabolic control. Yet, to this day,
most patients cannot monitor their blood glucose 4 to 6 times per
day as guidelines recommend. A consistent barrier is financial
situation. Few patients in China can afford blood glucose self-
monitoring equipment. The government and Department of
Medical Insurance should get involved in providing the needed
help.
Another finding was that individuals with shorter duration

showed greater improvement in glycemic control than patients
with longer duration. This may be related to psychology and self-
care adherence. Patients with longer duration pay insufficient
attention to diabetes and self-care practices because of high study
and work-related stress. Furthermore, with course extension,
patients may suffer chronic complications of diabetes, which
cause long-lasting psychological effects. The 3C study found that
EQ index, a standardized index of health-related quality-of-life, is
significantly lower in adults than in both children and
adolescents. Seven adolescents with T1DM had a higher rate
of depression and lower self-esteem[37] than younger children.[38]

The older the participants, the worse their perceived school
support and self-care behaviors.[39] Bad glycemic control would
depress the patients, who consequently give up strict self-care,
thus forming a vicious circle. This suggests more attention should
be paid to patients with long diabetes duration, providing more
psychological care and self-care education.
In the 3C study HbA1c was significantly associated with

region, income, and education level. However, it was interesting
that a number of other variables examined, for example age,
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gender, education level, and income did not appear to
significantly predict glycemic control in DMP. This suggested
that, in general, DMP is effective in improving glycemic control
across a broad range of patients with type 1 diabetes.
This study had several limitations. Participants were

recruited using convenience sampling from 6 hospitals in
Shantou city. This may limit the generalizability of the results.
Further studies should include larger samples, with more
diverse participant populations. In addition, we used a cohort
study design; case-control studies should be carried out to
confirm the effectiveness of DMP. Finally, follow-up duration
could be longer.
In summary, this 3-year follow-up cohort study indicated

that DMP effectively improved metabolic control in patients
with T1DM; the short-term management led to HbA1c
decreasing by 1.7% and HbA1c compliance rate increasing
by 20%, with no increase of hypoglycemia incidence. The
controllable influencing factors related to glycemic improve-
ment were basal-bolus regimen (multiple daily injections or
pump therapy), more frequent SMBG, increased total physical
activity, and better diabetes diet adherence. Changing the
insulin regimen has the most important effect on glycemic
control, while adjustment of insulin dose did not lead to
significant glycemic improvement.
The above evidence suggested that the medical staff should

focus on integrated management, diabetes education, and active
follow-up in type 1 diabetes patients. Correcting insulin regimen
(from premix to basal-bolus injection 4times/d) is strongly
recommended. The old medical management that promotes
waiting in the outpatient department and adjusting insulin doses
rigidly should be abandoned. Patients with short disease duration
should be paid more attention because they may have greater
benefits from DMP.
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