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Objective: We explore the effect of a structured online DSMES program on glycaemic control and the self-management behaviour of 
adolescents and young adults with T1DM.
Methods: We used a pre–post uncontrolled intervention design over a period of 6 months. A total of 37 youths with T1DM aged 
10–45 years were enrolled. The intervention comprised 11 structured online DSMES course sessions; these were video-based and 
delivered by a diabetes specialist, nurses and a dietitian. The primary outcome was a change in (glycated hemoglobin) HbA1c. The 
secondary outcomes were changes in hypoglycaemia frequency, time in target range (TIR) among patients using a continuous glucose 
monitoring (CGM) system and self-management behaviour; the latter was measured using a T1DM self-management scale for Chinese 
adults (SMOD-CA) and the Chinese version of the diabetic behaviour rating scale in adolescents with T1DM (DBRS).
Results: Twenty-three (85.2%) participants attended ≥8 of the online sessions. There was a significant reduction in HbA1c (from 
6.92% to 6.47%, P = 0.002), hypoglycaemic episodes (from 6.0 to 4.0 during the preceding month, P = 0.026) and a significant 
increase in TIR (from 74.0% to 80.5%, P = 0.027) and an increase in the SMOD-CA score (from 79.6 to 84.6, P = 0.026) in young 
adults. No significant change in glucose control, hypoglycaemic events or DBRS score were found among children and adolescents. 
The score of the 12-item version of the Barrett–Lennard Relationship Inventory (B-L RI:mini) indicated that more than half of the 
participants experienced congruence, positive regard, and an empathic understanding in this programme.
Conclusion: The online structured DSMES programme was effective in improving the glycaemic control and self-management 
behaviour of young adults with T1DM; however, integrating offline visits or appointments with online consultations may be necessary 
for youth patients.
Keywords: children and adolescents, youth, type 1 diabetes, structured diabetes self-management education and support, online

Introduction
Type 1 diabetes mellitus (T1DM) is a long-term chronic disease that has an important impact on the lives of patients and 
their families. Glycaemic control is challenging and was found to be sub-optimal in Chinese patients with T1DM with a 
median glycated hemoglobin (HbA1c) level of above 8.5% among children, adolescents and adults.1–3 Structured courses 
for diabetes self-management education and support (DSMES) are suggested to provide those living with T1DM (and 
their caregivers, where applicable) with the knowledge, skills and confidence to successfully self-manage their condition, 
and to empower them with an emphasis on shared decision-making and active collaboration with the health-care team, 
thereby reducing the risks of acute and long-term complications while maintaining quality of life.4 Structured DSMES 
programs for T1DM often include multiple components and cover a broad range of topics, from pathophysiology to 
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medical technology and healthy coping mechanisms and have been proven considerably beneficial for achieving lower 
HbA1c levels, less hypoglycaemia and improved quality of life.5–9

Face-to-face DSMES in hospitals has many disadvantages, including inconvenience, lacking of individualization and 
low efficiency.10 The Corona Virus Disease-19 (COVID-19) pandemic has initiated rapid reconsideration of how health 
care is delivered. Globally, 30% of patients reported that the pandemic had affected their healthcare access due to 
cancelled physical appointments with their health-care providers.11 An education program based on an internet platform 
was considered popular as it presented the convenience of repeatable learning, flexibility, and improved glycaemic 
control.12,13 Considering that programmes that are based on mobile health (mHealth) applications (apps) require a 
significant demand for technical and/or digital support, more convenient and accessible platforms, eg WeChat or video 
conference, will be more practical for a medical team to use when providing their own education projects. WeChat and 
Tencent video conference platforms are widely used among smartphone users and had been adopted by health-care 
professionals in China.14–17

Our team has provided DSMES for patients with T1DM since 2016 with a professional team that includes doctors, 
certified nurses and a dietitian and has published our work in this field to promote behavioural change and glycaemic 
control among patients with T1DM.18 Thus, we further collated and updated existing DSMES courses according to the 
latest guidelines and evidence and presented them in video form in 2021. This study explores the effect of this structured 
online DSMES programme, based on a series of video courses on glycaemic control and self-management behaviour, for 
adolescents and young adults with T1DM.

Materials and Methods
Participants
The target population were children, adolescents (or their caregivers) and youth with T1DM who believed their 
glycaemic control to be suboptimal or had difficulties dealing with fluctuations in blood glucose. Participants who had 
received a diagnosis of T1DM based on hospital records or met the diagnostic criteria for T1DM according to the 1999 
World Health Organization (WHO) report19 were considered eligible. Detailed inclusion and exclusion criteria are listed 
in Table 1. Online advertising about this project, which included short video courses, was published on WeChat public 
accounts and WeChat groups for T1DM patients. Interested respondents were provided with details about the trial and 
were assessed for their eligibility by the project doctor via WeChat or mobile phone calls.

Design
This study was a pre–post uncontrolled intervention study of an online DSMES intervention for people with T1DM over 
24 weeks conducted in Beijing, China.

Table 1 Eligibility Criteria

Inclusion Criteria Exclusion

1. Disease duration longer than 6 months 1. Age below 10 years or above 45 years
2. Age between 10 and 45 years old 2. Being pregnant or planned to be pregnant

3. Being treated with multiple daily injections or insulin pump 3. Having serious heart, liver, lung, kidney, stomach or other organs or 

systemic diseases requiring acute inpatient care;
4. Positive testing for at least one of the three pancreas autoantibodies: 

glutamic acid decarboxylase autoantibody (GADA), insulinoma-associated- 

2 autoantibodies (IA-2A), zinc transporter 8 autoantibody (ZnT8A)

4. Having serious chronic complications, including proliferative diabetes 

retinopathy, diabetes nephropathy (estimated glomerular filtration rate 

[eGFR]<45mL/min/1.73m2) or diabetes foot;
5. HbA1c > 6.5% 5. Having cognitive impairment or mental illness, or any other condition 

or disease that may hamper from compliance with the trial

6. Owning a smartphone that can use WeChat and online conference 
platforms

6. Had encountered major life events related to diabetes in the past six 
months
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Setting
The trial setting was a primary care hospital, Beijing Ruijing Diabetes Hospital, which focuses on delivering person- 
centred diabetes care and management. We collected and screened the information provided by individuals with T1DM.

Measures
Information on demographic characteristics, anthropometric measurements, biochemical indicators, duration of diabetes 
(years), the presence of macrovascular and microvascular diabetes complications, past medical history and questionnaires 
were collected. Body mass index (BMI) was calculated as weight divided by height squared (kg/m2). Biochemical 
indicators included fasting plasma glucose (FPG) and HbA1c, and blood lipid profiles were tested by a local medical 
institution laboratory close to where the patient lived. An episode of hypoglycaemia was defined as a glucose value (by 
self-monitoring) below 3.9 mmol/L or presentation with classic symptoms. The primary outcome was a change in HbA1c 
from baseline over a period of 6 months. The secondary outcomes were changes in hypoglycaemic frequency, time in 
target range (TIR) for patients using a continuous glucose monitoring (CGM) system and self-management behaviour. 
Whether HbA1c improved or was maintained below the age target (HbA1c <7.0% for adults, HbA1c <7.5% for patients 
younger than 18 years) was also accessed as a secondary outcome. Behavioural changes were measured using the self- 
management scale for T1DM for Chinese adults (SMOD-CA)20 and the Chinese version of the diabetic behaviour rating 
scale in adolescents with T1DM (DBRS).21 The 12-item version of the Barrett–Lennard Relationship Inventory (B-L RI: 
mini) was used to specifically evaluate the extent to which people experienced the facilitative conditions of congruence, 
unconditional positive regard, and empathic understanding.22 The detailed items included controlling emotion to avoid 
affecting blood glucose, adjusting insulin doses according to blood glucose level, diet and exercise, checking blood 
glucose levels regularly using a meter, establishing why blood glucose levels were too high/too low, keeping blood 
glucose in the normal range and preventing and monitoring acute and chronic complications. Participants’ responses to 
the items of the SMOD-CA were in a five-point scale range, and the total score was obtained by adding together the 
scores of all items.20 The higher the SMOD-CA score (range, 0–120), the better the self-management ability. The DBRS 
and B-L RI:mini scores were calculated according to the corresponding method.21,22 The insulin-injection version of the 
DBRS has 36 items, and the pump version has 37 items. The DBRS score was calculated as a proportion of the maximum 
possible score (possible scores of 0.0–1.00) with high scores reflecting greater adherence and stronger self-management 
ability. The higher the B-L RI:mini score, the higher the extent to which people experienced congruence, positive regard 
and empathic understanding.

Intervention
The intervention included two modules: (1) a series of online structured DSMES video-based course sessions and 
personalised or specific discussion about any possible confusion; (2) interactions and support via the WeChat platform 
through text, audio or video. The DSMES team for this T1D-SDOS project consisted of clinicians, a psychologist, 
certified nurses and dietitians with profound experience in the medical care of patients with T1DM and who were trained 
specifically for this project. The 11 structured DSMES sessions (Table 2) were produced and conducted by them. All the 
video DSMES courses were reviewed by diabetes specialists before and after production.

After enrolment and comprehensive personalised assessment, all participants were offered 11 structured DSMES 
sessions over 3 months. Date and time were agreed on for each session, at which time the patient and the DSMES team 
met on the Tencent video conference platform to watch video courses and have discussions by voice or typing in real- 
time. Each session lasted 60–90 min. Peers with experience were invited to share on the platform and were required to 
prepare the shared content in advance for professional review. Each enrolled participant had one case manager and one 
personal WeChat group with his/her DSMES team for real-time interactions. The individual problems of patients were 
discussed in his/her personal WeChat group via text message or voice calls during this period of time and in the month 
after that for follow-up. The two age groups were applied to the same intervention.
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Ethics
Informed consent by WeChat or telephone was obtained from all participants, and a photo of the hard copy signed 
consent form was sent and received via WeChat. For participants under 18 years of age, a parent or legal guardian also 
provided informed consent. The study was carried out in accordance with the principles of the Declaration of Helsinki 
and received ethics approval from the ethics committee of the Beijing Ruijing Diabetes Hospital (2021 Ethics Approval 
[Department] no. 010).

Table 2 Key Contents of DSMES Video Courses

Video Courses Area Examples that Focus on T1DM

1. Healthy eating and insulin use Basic and advanced knowledge of food, glycemic index and glycemic load 
Food storage and utilization 

Carbohydrate counting vs intuitive dosing 

Impact of composition of meals (carbohydrate, fat, protein, glycemic index, glycemic load, 
alcohols) on glucose levels 

Insulin use in different foods 

Determine the use of insulin according to the pre-prandial blood glucose
2. Insulins, insulin injection and pumps and 

peers’ experience

Diabetes pathophysiology and treatment options 

Types of available insulins 

Methods of insulin delivery 
Preservation and carrying of insulin 

Basic knowledge of insulin pumps 

Basal and bolus insulin use of insulin pump 
Peers’ experience: fractional injection, waiting after insulin injection, pump use

3. Blood glucose monitoring Self monitoring of blood glucose 

Continuous blood glucose monitoring 
How to interpret blood glucose data 

Reviewing insulin use according blood glucose data
4. Acute complications, blood glucose 

fluctuation and peers’ experience

Preventing, detecting and treating acute complications (including hypoglycemia, hyperglycemia 

and DKA) 

Causes and treatment of blood glucose fluctuation 
Peers’ experience sharing for hypoglycemia and hyperglycemia treatment

5. Special session for teenagers and their 

caregivers

Diabetes parent-child learning course: speak well and love well 

Adolescents’ individual characteristics, brain maturity and adult growth 
Mature minor rules 

Parent-child connection, listening, communication and empathy

6. Sick day guidelines and peers’ experience Blood glucose change and monitoring in sick days 
Ketone testing 

Diet and insulin use

7. New technologies and peers’ experience New technologies, smart devices and their impact on diabetes management
8. Physical activity and peers’ experience The impact of different activities on glucose and insulin dose adjustment recommendations 

Peers’ experience on different forms of exercise, the change of blood glucose, the insulin use 

experience
9. Chronic complications of diabetes Understanding the risk for complications of T1DM 

Preventing, detecting, and treating chronic complications and comorbidities of diabetes, including 

diabetes nephropathy and retinopathy, immune-related thyroid disease, chylous diarrhea, etc. 
Diet for diabetes nephropathy and retinopathy

10. Diabetes and I: peers’ experience Campus life and parent-child interaction 

Diabetes distress and burnout, healthy coping with psychosocial issues and concerns, developing 
personal strategies to promote health and behavior changeIdentifying and accessing resources

11. Diabetes and I: peers’ experience Marriage 

Genetic risk of T1DM

Abbreviations: TIDM, Type 1 Diabetes mellitus; DSMES, diabetes self-management education and support; DKA, diabetic ketoacidosis.

https://doi.org/10.2147/JMDH.S414102                                                                                                                                                                                                                                

DovePress                                                                                                                                         

Journal of Multidisciplinary Healthcare 2023:16 2644

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analyses
All statistical analyses were performed using the SPSS V.22.0 software. Continuous variables were expressed as mean ± 
standard deviation (SD) for normally distributed variables, and median (25% and 75% quartile) for variables not 
normally distributed. Categorical variables were expressed as numbers (%). The changes from baseline to follow-up 
for an individual were examined using a paired t-test for normally distributed variables, Wilcoxon–Mann–Whitney test 
for skewed distributed variables and a chi-square test for categorical variables. The changes in HbA1c, frequency of 
hypoglycaemia, TIR, time below range (TBR), time above range (TAR), SMOD-CA and DBRS scores were tested. 
Significance was established based on a two-tailed P-value of ≤0.05.

Results
Of the 46 people who consented to be included in the study, 9 (19.6%) were excluded from the final analysis for not 
attending any of the online sessions (1 person) or not completing any follow-up biochemical measurements and 
questionnaires (8 people). A total of 37 (81.4%) subjects were enrolled in the final analysis; among them, 27 (73.0%) 
were young adults above 18 years and 10 (27.0%) were children and adolescents younger than 18 years (Figure 1).

Baseline Characteristics and Online DSMES Courses Attendance
Among the young adults, 7 (25.9%) were men, the mean age was 31.0 ± 5.9 years, the duration of diabetes was 5.1 (2.4 ~ 
11.2) years, 10 were pump users (37.0%) and 24 were CGM users (88.9%), 23 (95.8%) of whom provided a CGM report. 
The mean HbA1c was 6.9% ± 0.8%, and the mean TIR was 74.6% ± 12.0%. Twenty-three (85.2%) participants attended 
≥8 online sessions. For the four online sessions in the first month about knowledge and skills for blood glucose control, 
25 (92.6%) completed all 4 sessions. Among the children and adolescents, 2 (20.0%) were men, the mean age was 12.1 ± 
2.0 years, the duration of diabetes was 1.4 (0.5 ~ 2.0) years, 5 were pump users (50.0%) and 10 were CGM users 
(100.0%), only 3 of whom successfully (30.0%) provided a recent CGM report. Participants who attended ≥8 online 
sessions and completed all previous 4 sessions numbered 6 (60.0%) and 8 (80.0%), respectively (Table 3). The mean 
HbA1c was 7.3% ± 1.4%, and the mean TIR was 82.4% ± 12.3%.

Changes in Glycaemic Control
It was suggested that the HbA1c level be measured at 12 and 24 weeks following recruitment. However, due to the 
impact of COVID-19 prevention and control measures and the inconvenience of undergoing medical and laboratory 
examinations, most participants only completed data for only one follow-up. The follow-up HbA1c data were provided at 
3 months by 14 (51.9%) and at 4–6 months by 13 (48.1%) young adults, while the data for children and adolescents were 
50% vs 50%. The follow-up CGM data were provided by 22 (81.5%) young adults and by 10 (100.0%) children and 
adolescents, however, only 21 young adults and 3 adolescents had paired baseline and follow-up CGM data (Table 4).

Glucose control improved after online DSMES intervention. There was a significant reduction in HbA1c (from 6.92% 
to 6.47%, P = 0.002), an increase in TIR (from 74.0% to 80.5%, P = 0.027) and a reduction in hypoglycaemic episodes 
(from 6.0 to 4.0, P = 0.026) in last month in young adults. There was a modest but not significant reduction in TAR (from 
19.8% to 13.6%, P = 0.057). No change was observed in the TBR. No significant change was found in glucose control 
and hypoglycaemic events among children and adolescents (Table 4). The mean TIR, TBR and TAR of the 10 children 
and adolescents at follow-up were 76.8%, 4.8% and 18.4%, respectively; these are shown in Table 4.

Changes in Self-Management Behaviour
A total of 35 participants completed the baseline and follow-up questionnaires for self-management behaviour. One adult 
did not submit SMOD-CA data. For participants aged ≥18, there was a significant improvement in SMOD-CA score (79.6 ± 
14.1 vs 84.6 ± 14.4, P = 0.026), primarily in the domains of coping with disease-related problems (7 items scoring 0 ~ 28) 
and the goals of disease management (6 items scoring 0 ~ 24). Daily performance (6 items scoring 0 ~ 24), such as 
recording blood glucose measurements, carrying sweets, sugary biscuits or sugary drinks, showed relatively good results 
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with modest but non-significant improvements being observed. No significant change was found in the domains of disease 
management and collaboration (11 items scoring 0 ~ 44) (Table 5).

For detailed items of disease management and collaboration, similar trends were found at baseline and follow-up: (1) 
around 75% of patients often followed the doctor’s advice regarding monitoring and the daily management plan; (2) 
about 80% of patients often learned from experienced diabetic patients and obtained diabetes information from relevant 
books and websites; (3) more than 85% of patients did not often work with medical staff to create an individualised diet 

Figure 1 Study design and flow chart of the participant recruitment and follow-up.
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plan and exercise regimen; (4) around 75% of patients did not often discuss diabetes issues with family members or 
friends.

For participants aged <18, there were no significant changes in DBRS scores and their domains (Table 5). The score 
for daily prevention (~0.75) and intervention (~0.65) behaviours were relatively high at baseline and follow-up, 
indicating very good adherence to the doctor’s advice concerning, eg food plans and weighing, regular exercise, blood 
glucose monitoring and recording, insulin use and changing the injection site. When participants experienced “low” or 
“high” blood sugar symptoms, the correct actions were also often taken by the participants.

The score for modification to a diabetes care plan was less than 0.6 and was not improved after intervention, 
indicating that modification to self-management behaviour did not occur often, including changing meals, implementing 

Table 3 Baseline Characteristics of Study Participant

Values, Mean (SD) or n [%] Age ≥ 18 Years Age < 18 Years

Age, years 31.0±5.9 12.1±2.0
Sex (male), n (%) 7 (25.9) 2 (20.0)

Duration of diabetes, years 5.1 (2.4~11.2) 1.4 (0.5 ~2.0)

Duration of diabetes, months 61.0 (29.0~134.0) 16.5 (6.0 ~24.3)
Education, n (%)

Primary school 6 (60.0)

Junior high school 1 (3.7) 4 (40.0)
Senior high school 4 (14.8)

University and above 22 (81.5)
Body weight, kg 55.2±7.7 44.7±11.9

BMI, kg/m2 20.4±2.0 18.7±3.4

Treatment, n (%)
Insulin pump 10 (37.0) 5 (50.0)

Insulin pens 17 (63.0) 5 (50.0)

CGM user, n (%) 24 (88.9) 10 (100.0)
Attended online sessions, n (%)

≥ 8 sessions 23 (85.2) 6 (60.0)

≥ 6 sessions 25 (92.6) 10 (100.0)
Attended the 1st and 2nd session 27 (100.0) 10 (100.0)

Attended the third session 27 (100.0) 9 (90.0)

Attended the fourth session 25 (92.6) 9 (90.0)

Notes: Skewed distributed variables are represented by median and interquartile range (Q1~Q3), and normally 
distributed variables are represented as mean ± standard deviation, and Chi-square test or Fisher’s test were used 
for comparison between groups. 
Abbreviations: BMI, Body mass index; CGM, continuous glucose monitoring.

Table 4 Changes in HbA1c, TIR and Hypoglycemic Event in Study Population from Baseline to Follow-Up

Variables Age ≥ 18 Years Age < 18 Years

Baseline Follow Up P value Baseline Follow Up P value

HbA1c, % 6.92±0.89 6.47±0.78 0.002 7.32±1.44 6.95±0.76 0.237

HbA1c<7.0%, n (%) 17 (63.0) 20 (74.1) 0.032 4 (40.0) 5 (50.0) 0.221
TIR 3.9–10.0 mmol/L, % 74.0±13.3 80.5±14.3 0.027 82.4±12.3 84.4±4.4 0.751

TBR <3.9 mmol/L, % 6.3±3.9 5.9±5.7 0.745 4.5±1.7 5.0±4.4 0.876

TAR >10.0 mmol/L, % 19.8±13.9 13.6±14.1 0.057 13.1±10.8 10.6±6.3 0.432
Hypoglycemic event in previous 1 month, n 6.0 (3.0~11.0) 4.0 (2.0~6.0) 0.026 5.0 (2.3~10.0) 3.5 (2.0~5.8) 0.446

Notes: Skewed distributed variables are represented by median and interquartile range (Q1~Q3), and normally distributed variables are represented as mean ± standard 
deviation, and Chi-square test or Fisher’s test were used for comparison between groups. 
Abbreviations: TIR, time in range; TBR, time below range; TAR, time above range.
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snacks and insulin dose according to the amount of exercise or adjusting insulin dose according to meals and blood 
glucose. The score for other diabetes care practices was also below 0.6; this also reflected no improvement, indicating a 
lack of support among friends, teachers, clinic doctors or nurses.

The Relationship Between HbA1c Change and Self-Management Behaviour
Overall, there were no significant differences between HbA1c change and the frequency of online course attendance and 
behavioural scores. The number of cases in which HbA1c had not improved, or where participants failed to maintain a 
low target level, comprised only 3 in the group aged ≥18 and 1 in the group aged <18. There were neither consistent nor 
obvious differences in the number of attended online courses and behaviour scores between these 4 participants nor those 
who achieved an improvement in HbA1c levels or maintained it below the target.

In the group aged ≥18, the HbA1c increased by 0.2%, 0.3% and 1.6% among 3 patients. HbA1c at follow-up were 
7.2%, 7.1% and 8.0%, respectively, and were not maintained within the target range of <7.0%. One participant had an 
increased HbA1c level from 6.4% to 8.0% but a SMOD-CA score increase by 18. The participant’s HbA1c increased 
because she had been inactive for a month and a half. The reasons for this lack of activity were a fall on a rainy day, 
although no fractures really affected her physical activity as a result, as well as isolation policies concerning COVID-19 
prevention and control. The participants' work pressure during this period was also quite high.

In the group aged <18, participant 31 had an increased HbA1c level from 7.1% to 7.5%, which was the age target 
threshold. This participant encountered a problem related to parent–child communication. Her mother did not allow her 
to use insulin independently at school or gatherings or when eating with classmates, nor did she allow any adjustments to 
insulin doses. Sometimes, the mother was unsure whether her daughter told her the truth about what and how much she 
ate. One participant experienced an increase in hypoglycaemic episodes by 6, but a decrease in HbA1c level. She had 
been quarantined with her mother, could only obtain fast food and had difficulty obtaining insulin degludec.

The Experience of Congruence and Positive Regard for the Programme
The B-L RI:mini score was 24.3 ± 5.3 in the group aged ≥18 with 15 (55.6%) participants scoring above 24.0; the score 
was 24.3 ± 4.2 in the group aged <18 with 5 (50.0%) participants scoring above 24.0. This indicates that more than half 
of the study population experienced congruence, positive regard and empathic understanding through their involvement 
in the programme. This means that they experienced affection, understanding and feelings of being valued by the 
DSMES team. Despite being unable to see each other face to face, participants agreed that the DSMES team understood 
what they meant to say or what they felt and shared their true impressions and feelings with them.

Table 5 Changes in Behavior and Life Quality Score

Variables and Domains Baseline FOLLOW UP P value

Age ≥ 18 years
SMOD-CA score 79.6±14.1 84.6±14.4 0.026

Daily performance 17.0±3.1 17.8±3.1 0.081

Disease management and collaboration 29.7±5.4 30.1±6.8 0.721
Coping with disease-related problems 18.2±3.8 19.9±3.4 0.020

Goals of disease management 14.7±4.9 16.8±3.9 0.000

Age < 18 years
DBRS score 0.61 ± 0.13 0.62 ± 0.10 0.840

Daily prevention behaviors 0.75 ± 0.12 0.77 ± 0.11 0.363
Modifications of diabetes care plan 0.50 ± 0.20 0.53 ± 0.20 0.724

Intervention behaviors 0.65 ± 0.19 0.66 ± 0.17 0.879

Other diabetes care practices 0.55 ± 0.23 0.52 ± 0.16 0.474

Notes: Normally distributed variables are represented as mean ± standard deviation. 
Abbreviations: SMOD-CA, self-management scale for Chinese adults; DBRS, diabetic behaviour rating scale.
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No significant difference was found between groups for B-L ≥24 and B-L <24 scores in terms of HbA1c change, 
hypoglycaemic episode changes, follow-up behaviour scores, age, sex, duration of diabetes, insulin treatment device, 
living area, or medical insurance in both groups aged ≥18 and <18. For the group aged <18, no significant differences 
were found in terms of parents’ education level or whether classmates or teachers knew about their T1DM diagnosis. 
However, more participants aged ≥18 in the B-L <24 score group showed improved scores for coping with disease- 
related problems, as well as in other diabetes care practices than in the group aged <18 (Table 6).

Table 6 The Characters Comparison Between Groups of Changes in Behavior and Life Quality Score

Variables and Domains B-L Score ≥ 24 B-L Score < 24 P value

Age ≥ 18 years

Age, years 32.4 ± 5.9 29.3 ± 5.6 0.184

Sex (male), n (%) 4(26.7) 3(25.0) 0.922
Duration of diabetes, years 5.8(2.3~13.2) 4.7(2.6~9.9) 0.981

Insulin treatment (pen), n (%) 9(60.0) 8(66.7) 0.722

CGM user, n (%) 13(86.7) 12(100.0) 0.189
Location of residence (urban area), n (%) 11(73.3) 11(91.7) 0.223

Insurance status, n (%) 0.156

Without insurance 0(0.0) 2(16.7)
Around 50% insurance 2(13.3) 3(25.0)

Public/citizen insurance 13(86.7) 7(58.3)

HbA1c change −0.4 ± 0.9 −0.5 ± 0.4 0.587
Hypos change −1.0(−5.0~-1.0) −4.5(−11.5~4.3) 0.614

Behavior score at follow up

SMOD-CA 85.7 ± 15.2 83.3 ± 13.1 0.669
Daily performance 17.9 ± 3.4 17.9 ± 2.7 0.989

Disease management and collaboration 30.8 ± 6.7 28.9 ± 6.7 0.476

Coping with disease-related problems 19.5 ± 3.6 20.6 ± 3.1 0.431
Goals of disease management 17.5 ± 4.2 15.9 ± 3.3 0.302

Behavior score improved, n (%)

SMOD-CA 7(46.7) 9(81.8) 0.069
Daily performance 6(40.0) 7(63.6) 0.234

Disease management and collaboration 4(26.7) 7(63.6) 0.059

Coping with disease-related problems 6(40.0) 9(81.8) 0.033
Goals of disease management 12(80.0) 10(90.9) 0.446

Age < 18 years
Age, years 12.6 ± 1.3 11.6 ± 2.6 0.468
Sex (male), n (%) 2(40.0) 0(0.0) 0.114

Duration of diabetes, years 2.0(0.8~5.9) 0.9(0.5~1.7) 0.222

Insulin treatment (pen), n (%) 2(40.0) 3(60.0) 0.527
CGM user, n (%) 4(80.0) 4(80.0) 1.000

Location of residence (urban area), n (%) 5(100.0) 5(100.0)

Insurance status, n (%) 0.264
Without insurance 1(20.0) 1(20.0)

Around 50% insurance 4(80.0) 2(40.0)

Public/citizen insurance 0(0.0) 2(40.0)
Father education, n (%) 0.490

Junior high school 2(40.0) 1(20.0)

Above senior high school 3(60.0) 4(80.0)

Mother education, n (%) 0.490

Junior high school 2(40.0) 1(20.0)

Above senior high school 3(60.0) 4(80.0)

(Continued)
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Discussion
Changes in Glycaemic Control and Behaviour in the Group Aged ≥18
The COVID-19 pandemic affected healthcare delivery and led to difficulties attending or the cancellation of physical 
appointments with health-care providers. The high programme attendance and improvements in glycaemic control and 
SMOD-CA scores in patients aged ≥18 demonstrated that the online structured DSMES programme was feasible and 
helpful.

Although the baseline glycaemic control of the young adults enrolled in the study was good, significant improvements 
were still found for HbA1c, TIR and hypoglycaemic events. The improvement in HbA1c (–0.45%) was comparable with 
a previous study examining the effect of diabetes-focused cognitive behavioural therapy via a secure online real-time 
instant messaging system (mean HbA1c change: –0.57%)23 among patients with a high baseline HbA1c level. The effect 
of high engagement via a mobile peer support community using the mHealth application (mean HbA1c change: –0.4% to 
–0.6%)24 among T1DM patients with a relatively low HbA1c level was also observed. Similar improvements in TIR 
were found in another study evaluating the efficacy of structured telemedicine visits among CGM users with T1DM 
under the extreme circumstances of COVID-19.25 Although these studies were not designed as randomised controlled 
trials (RCTs), the effect of online intervention showed consistent results. The effect of the online DSMES programme on 
hypoglycaemic episodes was also found in a 4-week, partly web-based group intervention study called HypoAware.26,27 

The pre–post pilot study showed significant improvement in not worrying about hypoglycaemia and diabetes distress and 
a rise in self-care confidence,26 while the subsequent cluster RCT study reported fewer severe hypoglycaemic episodes, 
significantly improved hypoglycaemia awareness and less hypo-distress.27

Behaviour is central to the management of diabetes, both for patients and for healthcare professionals delivering 
evidence-based care. Although self-management behaviour may not lead to an improvement in glycaemic control, 
effective behaviour management and psychological well-being are foundational for achieving treatment targets for 
people with diabetes.28,29 Components of the course curricula that were perceived as fundamental by diabetes educators 
included carbohydrate counting, insulin-dose adjustment, hypoglycaemia management, group work, goal setting and 
empowerment and confidence and control.30 The broad areas of self-management behaviour identified were carbohydrate 
counting and awareness, insulin-dose adjustment, self-monitoring of blood glucose, managing hypoglycaemia, managing 

Table 6 (Continued). 

Variables and Domains B-L Score ≥ 24 B-L Score < 24 P value

Classmates know his diabetes, n (%) 2(40.0) 4(80.0) 0.197

Teachers know his diabetes, n (%) 4(80.0) 5(100.0) 0.292
HbA1c change −0.7 ± 1.1 0.0 ± 0.7 0.219

Hypos change 0.0(−8.5~0.5) 0.0(−5.0~4.0) 0.548

Behavior score at follow up
DBRS 0.60 ± 0.12 0.64 ± 0.08 0.526

Daily prevention behaviors 0.74 ± 0.14 0.79 ± 0.08 0.487

Modifications of diabetes care plan 0.49 ± 0.23 0.57 ± 0.18 0.586
Intervention behaviors 0.63 ± 0.20 0.68 ± 0.17 0.651

Other diabetes care practices 0.53 ± 0.21 0.52 ± 0.10 0.942

Behavior score improved, n (%)
DBRS 2(40.0) 3(60.0) 0.527

Daily prevention behaviors 3(60.0) 4(80.0) 0.490

Modifications of diabetes care plan 2(40.0) 4(80.0) 0.197
Intervention behaviors 3(60.0) 2(40.0) 0.527

Other diabetes care practices 0(0.0) 3(60.0) 0.038

Notes: Skewed distributed variables are represented by median and interquartile range (Q1~Q3), and normally distributed variables are 
represented as mean ± standard deviation, and Chi-square test or Fisher’s test were used for comparison between groups. 
Abbreviations: Hypos, Hypoglycemic event in previous 1 month; SMOD-CA, self-management scale of patients with type 1 diabetes for 
Chinese adults; DBRS, Chinese version of diabetic behavior rating scale in children and adolescents with type 1 diabetes.
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equipment and injection sites and accessing health care30 These elements were implemented as key components of our 
structured online DSMES programme using video-based courses and were discussed accordingly during online atten-
dance. The significant improvement in the self-management behaviour of the 18–45-year-old young adults in our study in 
the domains of coping with disease-related problems and disease management goals indicated the success of this 
structured online DSMES programme. The high proportion of patients who often followed the doctor’s advice for 
monitoring and a daily management plan and who learned from other diabetic patients and relevant books and websites at 
both the baseline and follow-up indicated that an understanding of the importance of these aspects was consistent and 
undisputed. All of these results may to some extent have contributed to the improvement in HbA1c levels and the 
decrease in hypoglycaemic events.

We did not further explore the reason for the low proportion of patients who worked alongside medical staff to create 
individualised diet and exercise regimens. The reasons for this were similar to those of a previous study that explored the 
barriers to non-attendance in diabetes education, eg learning about diabetes from other sources (55.5%) and patients 
feeling able to cope on their own (52.9%).10 Individualised adjustments were quite complex, and patients may have had 
their own preferred dietary habits. An investigation31 of the current status of nutrient intakes and glycaemic control in 
adults with T1DM showed that only 43.9% of participants reached the energy proportion of carbohydrates recommended 
in the Chinese Dietary Guidelines for Diabetes (2017);32 50.9% showed an excess fat intake and 52.6% an excess protein 
intake. During the first courses of healthy eating and insulin use in our programme, we introduced the impact of a diverse 
dietary composition (eg carbohydrates, fats, protein, glycaemic index and glycaemic load) on glucose levels and how to 
use insulin. Since patients are more familiar with their own lives than medical staff, their theoretical knowledge and 
personal experience accumulation will be useful for learning to use insulin flexibly to meet their daily needs and to 
control personal glycaemic responses to different foods.33,34 We did not explore the reasons for the low proportion of 
patients who discussed their condition with family members or friends. The reasons for this deficiency may be a lack of 
understanding about T1DM among the public and some participants hiding their diabetes as noted in a previous report.35

Changes in Glycaemic Control and Behaviour in the Group Aged <18
There was no programme effect on HbA1c among the children and adolescent groups. The small sample size, relatively 
good baseline glycaemic control, lack of traditional face-to-face communication and the fact that the programme was not 
specifically designed for adolescents may have been possible reasons for this. The benefit of programmes that are specific 
to diabetes-related challenges in adolescents and that incorporate technology or social media with T1DM was demon-
strated in a previous study.36 A structured educational programme with intensive coaching at scheduled outpatient 
appointments and supported with extensive telephone calls and emails also demonstrated significant improvements in 
glycaemic control among children aged 5–11.9 years of age with a high baseline HbA1c.5 Thus, integrating offline 
courses and appointments with the structured online DSME programme may be of great importance for children and 
adolescents with T1DM. As recommended in the current global standard of care for children and adolescents with 
T1DM, quarterly visits with diabetes educator and endocrinologist, diabetes camps and other forms of real-time 
education are all worth considering.37 For negative results concerning glycaemic control, the influence of a treatment 
regimen, hormonal changes and interactions with others (especially parents) is also of great significance.38,39 A study 
identified the health-care needs of patients with T1DM during the adolescence-to-adulthood transition period; the results 
showed that being understood and accepted and being given appropriate autonomy to develop independence and 
responsibility were two important needs of the internal support dimension.39 Although adolescent patients want their 
parents to be involved, they also fear being controlled by their parents. The situation is complex with no perfect solution; 
this was the case for participant 31 in our study.

The behaviour change wheel theory indicated that capability (the necessary knowledge and skills), motivation (all of 
the brain processes that energise and direct behaviour) and opportunity (all the factors making the behaviour or 
motivation possible) interacted to generate behaviour and the outcome of glycaemic control.40 In our online DSMES 
programme, no significant changes in self-management behaviours were found in children and adolescents (measured 
using DBRS). The average DBRS score (0.62, out of 1) was less than that in another study focused on adolescents with 
T1DM (3.5 ~ 4.0, measured using a 5-point scale).41 The high score for daily prevention behaviours (~0.75) and 
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intervention behaviours (~0.65), the low score for modifications to a diabetes care plan (~0.60) and other diabetes care 
practices (~0.60) indicated the need for additional research in the area of flexible behavioural modification, adjusting 
insulin use and support from other aspects. The establishment of accurate disease knowledge and the cultivation of 
disease management capabilities were very important health-care needs.

The Experience of Congruence and Positive Regard in This Program
Only slightly more than half of the participants had a B-L RI:mini score above 24.0. Although this score did not 
contribute to glycaemic control or changes in behaviour aspects, more efforts are needed to improve the experience of the 
type of online DSMES programme presented herein. Based on consensus among patients, primary caregivers and health- 
care providers, providers should (1) replace accusations with gentle reminders and avoid words that convey indifference 
and impatience; (2) understand the respective concerns and needs of the primary caregiver and the patient during a 
consultation with a physician; (3) provide healthcare guidance that meets the cognitive development and disease needs of 
patients of all ages.39 Integrating offline courses and appointments into a structured online DSME programme could also 
be useful.

Limitations
This study is limited by its relatively small sample size (n = 37), short duration of follow-up (6 months) and lack of 
randomisation. Therefore, the results should be interpreted with caution until they can be replicated in a larger and more 
rigorous study. Despite these limitations, the results have several important clinical practice implications. First, as 
demonstrated by the outcome improvements in the group of young adults, the online DSMES courses and meeting 
with a diabetes educator and endocrinologist online indicate positive efficacy in the Chinese context. This type of 
approach could be offered as an alternative or integrated with typical visits. Second, since patients with T1DM in China 
are widely dispersed across counties and provinces, and 60.6% of newly diagnosed T1DM patients in China are younger 
than 30,42 the online structured DSMES video courses could be disseminated in clinics and as online media to improve 
public knowledge and skills of T1DM management. Third, the offline DSME programme, visits or appointments may be 
very important for children and adolescents with T1DM and their parents and should be integrated with the online 
DSMES courses.

Conclusion
A three-month online structured DSMES programme based on a set of video courses enabled most participants to 
experience a feeling of congruence, positive regard and empathic understanding and improved the glycaemic control and 
self-management behaviour of young adults with T1DM. Offline DSMES courses, visits or appointments may be of 
significant importance for children and adolescents with T1DM and their parents and should be integrated with online 
structured DSMES courses.
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