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Abstract
Objective: To investigate the application effectiveness of the OTO model in
community-dwelling elderly patients with type 2 diabetes mellitus. Methods:
Using convenience sampling, 110 elderly patients with type 2 diabetes mellitus
referred from a hospital in Shenyang to five communities in the same city were
selected and randomly divided into a control group (n=55) and an intervention
group (n=55) using the random number table method. The control group re-
ceived conventional health management, while the intervention group received
health management based on the OTO model. Fasting blood glucose (FBG),
2-hour postprandial blood glucose (2hPBG), and glycated hemoglobin (HbA1c)
were compared before intervention and at 6 and 12 months post-intervention;
Self-Management Behavior Scale (SDSCA) scores were compared before inter-
vention and at 12 months post-intervention. Results: There was a significant
interaction effect between intervention method and time on FBG, 2hPBG, and
HbA1c (P<0.05), and the main effects of intervention method and time on these
indicators were also significant (P<0.05). At 6 and 12 months post-intervention,
FBG, 2hPBG, and HbA1c levels in the intervention group were significantly
lower than those in the control group (P<0.05). Within the intervention group,
FBG, 2hPBG, and HbA1c at 6 and 12 months post-intervention were signifi-
cantly lower than baseline levels (P<0.05). At 12 months post-intervention, the
total SDSCA score and scores across all dimensions in the intervention group
were significantly higher than those in the control group (P<0.05). Conclusion:
Following 12 months of OTO model health management, patients in the inter-
vention group exhibited improved FBG, 2hPBG, and HbA1c levels compared
with the control group, with superior total SDSCA scores and scores across
all dimensions. OTO model health management can effectively control blood
glucose levels, enhance self-management capabilities in diabetic patients, and
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facilitate long-term effective diabetes management.
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Abstract

Objective To investigate the effectiveness of Online-to-Offline (OTO) mode in
managing elderly patients with type 2 diabetes in community settings.

Methods A total of 110 elderly patients with type 2 diabetes referred from a
hospital in Shenyang to five community health centers were conveniently sam-
pled and randomly divided into a control group (n=55) and an intervention
group (n=55) using a random number table. The control group received routine
health management, while the intervention group received OTO-based health
management. Fasting blood glucose (FBG), 2-hour postprandial blood glucose
(2hPBG), and glycated hemoglobin (HbA1c) were compared at baseline and
at 6 and 12 months post-intervention. The Summary of Diabetes Self-Care
Activities (SDSCA) scale scores were compared at baseline and 12 months post-
intervention.

Results Significant interaction effects between intervention method and time
were observed for FBG, 2hPBG, and HbA1c (P<0.05), with significant main ef-
fects for both intervention method and time (P<0.05). At 6 and 12 months post-
intervention, the intervention group showed significantly lower FBG, 2hPBG,
and HbA1c levels compared to the control group (P<0.05). Within the inter-
vention group, FBG, 2hPBG, and HbA1c at 6 and 12 months were significantly
lower than baseline (P<0.05). At 12 months post-intervention, the intervention
group demonstrated significantly higher total SDSCA scores and all subscale
scores compared to the control group (P<0.05).

Conclusion Twelve months of OTO-based health management improved FBG,
2hPBG, and HbA1c levels and enhanced SDSCA scores compared to conven-
tional management. The OTO model effectively controls blood glucose and
improves self-management capabilities, facilitating long-term diabetes manage-
ment.
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Introduction

China has the largest diabetic population worldwide [1], with elderly individ-
uals representing a high-risk group predominantly affected by type 2 diabetes.
This population often presents with long disease duration, multiple complica-
tions, and 普遍 deficiencies in self-management behaviors due to cognitive de-
cline and memory impairment [2]. Community-based continuous health promo-
tion has been identified as a crucial strategy for diabetes control [3]. However,
uneven development of community health services in China, lack of standard-
ized chronic disease management models, insufficient doctor-patient communica-
tion, and discontinuity of community care constitute major barriers to effective
health promotion for diabetic patients [4]. Consequently, exploring innovative
community-based diabetes management models has become an urgent public
health priority.

With advances in information technology, digital management models have been
widely applied in chronic disease management [5]. The OTO (Online-to-Offline)
concept, first proposed by Alex Rampell and extensively applied in the tertiary
sector [6], integrates online support with offline experiences through interactive
transformation between virtual and physical platforms, thereby innovating ser-
vice systems and enhancing service value. While current OTO research primarily
focuses on e-commerce [7], government administration [8], and education [9], its
application in chronic disease management involves establishing online channels
and integrating offline medical resources to provide appointment scheduling,
health consultation, telemedicine, and follow-up services [10]. Although OTO-
based health education is relatively common in Chinese chronic disease manage-
ment [11,12], no studies have specifically examined its use in elderly diabetic
patients. Therefore, this study developed an OTO-based health management
platform targeting lifestyle management, leveraging synergistic collaboration
among hospitals, communities, and universities to provide comprehensive online-
to-offline health management services for community-dwelling elderly patients
with type 2 diabetes and evaluate its effectiveness.

Methods

Sample Size Calculation The primary outcome was HbA1c level. Based
on previous literature [13] and the sample size formula for comparing two
means (n=2[(Z𝛼+Z𝛽)𝜎/𝛿]2), we set 𝛼=0.05, 𝛽=0.1, with Z0.05=1.96, Z0.1=1.28,
𝜎=0.74, and 𝛿=0.5. The calculated sample size was 46 per group, which was
increased by 20% to account for attrition, resulting in 55 patients per group.
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Inclusion, Exclusion, and Termination Criteria Inclusion criteria: (1)
Diagnosed with type 2 diabetes according to WHO 1999 criteria [14]; (2) Age
$�$60 years; (3) Diabetes duration $�$1 year; (4) Proficient in using smartphones
or computers; (5) Clear consciousness with normal communication ability; (6)
Provided informed consent.

Exclusion criteria: (1) Severe psychiatric illness or cognitive dysfunction; (2)
Severe diabetes complications including serious cardiovascular/cerebrovascular
disease, unstable angina, blood pressure >200/100 mmHg, severe infection,
stage IV/V diabetic nephropathy, or proliferative retinopathy; (3) Malignancy
with radiotherapy/chemotherapy within 6 months; (4) Other severe physical
illnesses; (5) Poor compliance or inability to complete the study protocol.

Termination criterion: Disease deterioration or development of complications
requiring treatment modification during the study. All eligible patients signed
informed consent forms. The study was approved by the Ethics Committee of
Liaoning University of Traditional Chinese Medicine Affiliated Hospital.

Clinical Data Using convenience sampling, 110 patients with type 2 diabetes
referred from a Shenyang hospital to five community health centers between
August and October 2020 were enrolled. Participants were randomly assigned
to control and intervention groups (n=55 each) using a random number table.
The control group received conventional management, while the intervention
group received OTO-based platform management.

Interventions

Control Group Upon enrollment, health managers established health records
and collaborated with endocrinologists, nurses, nutritionists, and psychologists
to develop treatment plans, which were transferred to community healthcare
providers before discharge. Patients received routine community chronic dis-
ease management according to National Basic Public Health Service Standards
[15], including annual free physical examinations (internal/external examination,
blood glucose, blood pressure, lipids, HbA1c). Community nurses conducted
monthly follow-ups via telephone, outpatient visits, or home visits, monitoring
blood glucose, blood pressure, psychological status, diet, exercise, and med-
ication adherence. Problems were assessed, nursing plans implemented, and
outcomes evaluated. Community physicians adjusted treatment regimens. The
health management team organized monthly health education lectures and con-
sultations (30 minutes each, 12 sessions total) covering exercise, nutrition, medi-
cation, psychology, monitoring, emergency knowledge, and complication preven-
tion. Participants received a Type 2 Diabetes Prevention and Treatment Manual
identical to the intervention group.

OTO-Based Health Management Platform
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Pre-Development Needs Assessment To ensure systematic and rational
platform design, the research team conducted surveys in Liaoning communities
to assess functional requirements and current diabetes management practices.
Methods included: (1) Questionnaire surveys using “Community Elderly Dia-
betes Health Management Needs Questionnaire”and“Elderly Diabetes Health
Literacy Questionnaire”; (2) Interviews with community administrators, men-
tal health workers, and elderly diabetic patients; (3) Expert consultation on
platform framework design with ongoing supervision during development.

Health Management Team Composition The team comprised 4 endocri-
nologists, 8 endocrinology nurses, 4 internal medicine nursing faculty, 1 health
manager, 2 nutritionists, 2 psychologists, and community physicians with $�$8
years of experience and intermediate or higher professional titles. Health promo-
tion volunteers were recruited from undergraduate medical students who passed
diabetes knowledge/skills tests, committed to 8 hours weekly for online/offline
service, and participated voluntarily. All team members received training on
platform operation and relevant knowledge. Community healthcare providers,
faculty, and volunteers underwent centralized diabetes management training
(8 theory hours, 4 practice hours, 8 simulation hours over 4 weeks) covering
diabetes literacy, diet management, exercise, medication, mental health, self-
monitoring, insulin pen/pump use, and complication prevention. Volunteers
elected leaders and were assigned to online information update, Q&A, booking,
offline service, and emergency response groups.

Platform Design Co-developed with a software company, the platform
synchronized across computer and mobile interfaces with separate portals for
healthcare providers and patients. The provider portal allowed team members
to access patient information and manage care. The patient portal enabled
registration, health record viewing, health knowledge acquisition, and service
booking. The platform included seven modules: personal information, health
records, health assessment, service booking (with six sub-modules: nutri-
tion, exercise, medication management, indicator monitoring, psychological
adjustment, complication prevention), health education, statistical queries,
and consultation/follow-up [Figure 1: see original paper]. The platform was
pre-tested by the health management team before implementation, with the
company responsible for maintenance.

Intervention Protocol The intervention group received conventional man-
agement plus platform access. Endocrinology nurses instructed patients on plat-
form login and use before discharge, followed by 12 months of online-to-offline
management and follow-up [Figure 2: see original paper].

Online Management: (1) Personal Information Module: Registration and
data entry for statistical queries. (2) Health Records Module: Automatic elec-
tronic record generation including medical history, family history, diet, exercise,
medication, glucose monitoring, psychological status, and complications, with
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data entry guidelines and alert thresholds. (3) Health Assessment Module: Val-
idated domestic and international diabetes-related scales and questionnaires.
(4) Service Booking Module: A core feature providing personalized professional
guidance via video/voice, with six sub-modules: � Nutrition (ideal weight, food
types, composition, distribution, precautions); � Exercise (type, amount, du-
ration, intensity); � Medication management (hypoglycemic, antihypertensive,
lipid-lowering drug actions, dosages, adverse effects); � Indicator monitoring
(normal ranges, measurement methods); � Psychological adjustment (disease
perception, mood changes, anxiety/depression assessment, self-regulation); �
Complication prevention (acute/chronic complication management). (5) Health
Education Module: Content on exercise physiology, nutrition, mental health,
chronic disease prevention, emergency knowledge, and medical science, with
learning points redeemable for rewards funded by research grants to enhance
engagement. (6) Statistical Queries Module: Data analysis and visualization of
health records and assessments. (7) Consultation/Follow-up Module: Patient
messaging with volunteer Q&A responses, common question repository, online
follow-up scheduling, and peer communication (with privacy-protected identi-
fiers).

Offline Services: The volunteer booking group recorded service requests and
coordinated with offline service and emergency response teams. Community
nurses led offline services with volunteer support, following evidence-based guide-
lines [17-19] compiled in the Type 2 Diabetes Prevention and Treatment Manual.
For exercise guidance, nurses conducted assessments, screened contraindications,
instructed warm-up activities, recommended aerobic (walking, Tai Chi, dancing)
and resistance training based on preferences, with intensity following NICE
guidelines (increased heart/respiratory rate but comfortable conversation, body
warmth) [18], frequency of 3-7 times/week for 30-60 minutes, with enhanced
glucose monitoring for safety. After each service, the information update group
revised electronic records, patients/families shared experiences, and submitted
daily data for one week post-service, enabling team members to identify issues
and adjust treatment plans. Research staff conducted monthly community visits
to monitor implementation.

Outcome Measures

(1) FBG, 2hPBG, and HbA1c were measured at baseline, 6 months, and 12
months. (2) The Summary of Diabetes Self-Care Activities (SDSCA) scale,
developed by Toobert et al. [21] and revised by Li Yanfei et al. [22], was
administered at baseline and 12 months. The scale comprises 11 items
across four dimensions: diet (4 items), exercise (2 items), blood glucose
monitoring (2 items), and foot care (2 items), scored 0-7 per item (total 28
points). Scores >23 indicate good compliance, <17 poor compliance, and
intermediate scores moderate compliance. Higher scores indicate better
self-management. Cronbach’s 𝛼 was 0.840 for the original scale and 0.865
in this study.
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Statistical Analysis

SPSS 16.0 was used for data analysis. Continuous data were expressed as (±S)
and compared between groups using independent samples t-tests, within groups
using paired t-tests, and across time points using two-way repeated measures
ANOVA. Categorical data were compared using �2 tests. P<0.05 was considered
statistically significant.

Results

Comparison of Baseline Characteristics At 12 months, 53 questionnaires
were collected in the intervention group (1 relocated, 1 withdrew) and 52 in the
control group (1 relocated, 1 withdrew, 1 lost to follow-up). No significant
differences in baseline characteristics were observed between groups (P>0.05),
ensuring comparability .

Comparison of Glycemic Control Across Time Points Significant in-
teraction effects between intervention method and time were found for FBG,
2hPBG, and HbA1c (P<0.05), with significant main effects for both factors
(P<0.05). At 6 and 12 months, the intervention group showed significantly lower
FBG, 2hPBG, and HbA1c compared to the control group (P<0.05). Within the
intervention group, all three parameters at 6 and 12 months were significantly
lower than baseline (P<0.05) .

Comparison of Self-Management Behavior Scores No significant differ-
ences existed between groups at baseline (P>0.05). At 12 months, the interven-
tion group demonstrated significantly higher scores in all SDSCA dimensions
and total score compared to the control group (P<0.05) .

Discussion

OTO-Based Health Management Improves Glycemic Control
Glycemic control is closely associated with diabetes complication rates [24],
and blood glucose monitoring is crucial yet represents the weakest aspect
of self-management among elderly patients [25-26]. Our findings show that
FBG, 2hPBG, and HbA1c in the intervention group were significantly lower
than both the control group and baseline at 6 and 12 months, consistent with
previous studies [27-28]. Moreover, glycemic control at 12 months was superior
to both baseline and 6-month values, indicating sustained effectiveness. This
may be attributed to effective online-to-offline interactions between patients
and the health management team, facilitating access to professional, system-
atic, and personalized disease knowledge and skills. This approach enhanced
patient initiative, promoted self-care behaviors, and improved self-efficacy
and confidence [29], ultimately optimizing glycemic control. Platform-based
uploading of monitoring data enabled timely treatment adjustments and
continuous tracking, contributing to stable long-term glucose control. In
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contrast, conventional management lacked interactivity and specificity, often
failing to promptly identify and resolve daily management issues, resulting in
inferior glycemic outcomes.

OTO Platform Enhances Self-Management Capabilities Diabetes re-
quires lifelong scientific self-management. Our results demonstrate that the in-
tervention group achieved significantly higher total and subscale SDSCA scores
at 12 months (P<0.05), aligning with similar research [23]. The developed plat-
form, managed by a professionally trained team, enabled long-term health data
collection and electronic record establishment. Seven functional modules facil-
itated hospital-community-home integration, information sharing, remote con-
sultation, and comprehensive management, allowing both providers and patients
to track disease progression and management processes clearly. The online-to-
offline transition reduced management costs and improved efficiency [30]. For
elderly patients who face difficulties with frequent medical visits, this platform
provided essential support [31]. Health promotion volunteers played a critical
auxiliary role, especially during the COVID-19 pandemic, enabling patients to
contact healthcare providers for professional guidance when unable to visit hos-
pitals, thereby addressing staffing shortages and meeting management needs
[32]. Online consultations and two-way referrals were arranged when necessary,
facilitating continuous community follow-up and improving management effec-
tiveness.

Dietary self-management is particularly challenging for diabetic patients [33].
Our intervention group’s superior dietary management at 12 months primarily
resulted from the health records and service booking modules. After booking
nutrition services, volunteers coordinated with community providers to deliver
personalized offline guidance based on gender, age, ideal weight, and lifestyle.
Daily dietary data submission for one week post-service enabled team members
to provide feedback and adjust recommendations, promoting self-care behaviors.
Regarding psychological challenges and weak monitoring/foot care awareness
common in elderly type 2 diabetes [34], the platform’s online consultation
and peer support features effectively alleviated negative emotions and sustained
long-term management engagement.

Implementation Considerations As a novel community service model, sev-
eral issues require attention: (1) For elderly users with technology difficulties,
family assistance, audio/video recordings, or volunteer telephone support can
improve engagement; future development should include TV/multimedia screen
projection with large fonts, images, and micro-videos. (2) Regular platform
maintenance is essential to prevent personal information breaches, representing
an area for improvement. (3) This study evaluated outcomes at 12 months;
future research should include extended follow-up to assess long-term effective-
ness.
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Conclusion

OTO-based health management via a dedicated platform, leveraging synergistic
collaboration among hospitals, communities, and universities, enables continu-
ous dynamic management with long-term tracking. This approach effectively
controls blood glucose, improves self-management capabilities, meets personal-
ized service needs, and facilitates long-term diabetes management, warranting
broader implementation.
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