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Introduction: Previous studies on the impact of diabetes education on disease management have shown that different educational
approaches yield varying degrees of effectiveness across different populations. Adopting face-to-face education with long-term follow-
up not only allows for monitoring changes in numerical values but also facilitates the observation of patients’ learning status.
Methods: This study investigates the impact of a two-year structured Diabetes Health Education (DHE) program on disease-related
serum markers in patients with type 2 diabetes mellitus (T2DM). A five-year observational cohort study with retrospective analysis
was conducted, involving 1,080 participants who completed the DHE program and 192 non-participants.

Results: The DHE program included regular educational sessions every three months, covering topics such as blood glucose
management, lipid profiles, and healthy lifestyle practices. Results demonstrated significant improvements among DHE participants:
HbA1lc levels decreased by 37%, fasting glucose by 4%, total cholesterol by 7%, LDL cholesterol by 13%, and triglycerides by 20%,
with HDL cholesterol increasing by 3%. Body weight and diastolic blood pressure (DBP) also showed reductions of 4% and 3%,
respectively, while systolic blood pressure (SBP) exhibited no significant changes. The improvements in lipid profiles were evident
within six months, whereas glycemic markers required at least 1.5 years to achieve significance.

Conclusion: These results suggest that a structured DHE program significantly improves glycemic control, lipid profile, and other
metabolic-related markers in patients with T2DM. Notably, HbA1c and fasting glucose levels significantly improved after 1.5 years of
consistent DHE participation, highlighting the importance of long-term engagement for glycemic benefits.
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Introduction

Diabetes ranks as the fifth leading cause of death in Taiwan, with a prevalence of 11.8% among adults. This rate has been
steadily increasing and is anticipated to rise further. To address this issue, Taiwan launched the “Diabetes Shared Care
Network” in 1997, integrating healthcare providers nationwide and adjusting health insurance reimbursements for
diabetes management.' Patients enrolled in this program gain access to various free services at participating institutions,
including health education, blood glucose monitoring, blood pressure and lipid profile testing, as well as annual foot and
eye examinations. As the aging population continues to expand, the prevalence of diabetes is expected to increase,
exacerbating the associated medical and economic burdens.

Lifestyle modification plays a central role in the prevention and management of type 2 diabetes mellitus (T2DM).
Numerous studies have demonstrated that structured interventions focusing on diet, physical activity, and behavioral
change can significantly reduce the risk of developing T2DM and improve glycemic control in patients with existing
disease. For example, the Diabetes Prevention Program (DPP) showed that intensive lifestyle interventions reduced the
incidence of T2DM by 58% among high-risk individuals compared to standard care.” A meta-analysis by Uusitupa et al
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further confirmed that such interventions are associated with sustained reductions in HbAlc, fasting glucose, and lipid
profiles.> A meta-analysis study demonstrated that long-term lifestyle interventions significantly reduce the progression
from prediabetes to T2DM, highlighting the effectiveness of sustained behavioral changes in high-risk populations.”*
Additionally, another meta-analysis in 2025 found that combining lifestyle interventions with metformin therapy leads to
greater reductions in HbAlc levels and T2DM incidence compared to lifestyle interventions alone, suggesting
a synergistic effect between pharmacological and behavioral strategies.” These findings have led to the widespread
implementation of lifestyle-based education programs in clinical settings as an integral part of chronic disease
management.

While promoting a healthy lifestyle plays a critical role in preventing and managing diabetes, lifestyle modification
counseling is rarely incorporated into existing diabetes care systems. Therefore, research in this area may be vital for
informing future practices and improving outcomes.

Previous studies on the impact of diabetes education on disease management have shown that different educational
approaches yield varying degrees of effectiveness across different populations. Whether using mobile apps,® tablet-based
applications,’ or self-reporting methods,® these tools effectively improve participants’ blood glucose control. However,
these methods often focus on improving a single or limited number of disease indicators. In contrast, adopting face-to-
face education with long-term follow-up not only allows for monitoring changes in numerical values but also facilitates
the evaluation of patients’ overall health, awareness, and cognitive changes. This approach significantly aids in the early
detection of diabetic complications.

The aim of this study was to evaluate the long-term effects of a structured, two-year diabetes health education (DHE)
program on disease-related serum markers, including HbAlc, fasting and postprandial glucose, lipid profiles, and liver
function, among patients with type 2 diabetes mellitus in a real-world clinical setting. We hypothesized that patients who
received the DHE program would show greater improvements in glycemic control and metabolic indicators over time
compared to those who did not participate in the program.

Therefore, a two-year Diabetes Health Education (DHE) program was planned. This program establishes structured
educational goals and content. In this study, we compared changes in glycemic, lipid, and blood pressure-related
indicators in patients with type 2 diabetes mellitus (T2DM) before and after participating in the DHE. Additionally,
we analyzed the differences and changes in these physiological indicators between patients who received DHE and those
who did not.

Methods
Study Population and Study Design

This was a 5-year observational cohort study with retrospective analysis, conducted at a regional hospital in Taiwan. The
study aimed to evaluate the relationship between participation in a diabetes health education (DHE) program and changes
in disease-related serum markers among patients with type 2 diabetes mellitus (T2DM).

Baseline data were collected between January and December 2019. Patients were enrolled in the research cohort during the
first half of 2019 (January to June) and began receiving structured DHE interventions in the second half of 2019 (July to
December). The DHE program continued through 2023 as part of the hospital’s routine care under the national diabetes shared
care program. Participants were not recruited specifically for research purposes; rather, data were retrospectively extracted
from patients who had enrolled in the DHE program as part of standard care. Attendance at education sessions was recorded by
certified diabetes educators. Each participant was expected to receive a minimum of eight educational contacts across two
years, with follow-ups approximately every three months. To evaluate long-term changes, we tracked patients’ metabolic
indicators using blood tests conducted every six months over the five-year period (Figure 1).

The inclusion criteria for this study were as follows: (1) Adults aged 18 years or older diagnosed with T2DM, capable of
understanding, speaking, and writing in Chinese, and willing to provide both verbal and written informed consent; (2) Patients
with a T2DM diagnosis classified under ICD-10 codes E10.X-E11.X; and (3) Individuals proficient in Chinese (or Taiwanese)
and agreeing to participate through oral and written consent.
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Figure | Process flow for participants enrolled in the Diabetes Health Education program.

Exclusion criteria included: (1) Patients with diabetes types other than T2DM; (2) Those who are pregnant,
breastfeeding, or have severe comorbidities with a life expectancy of less than five years, or any condition preventing
them from attending or completing the study appointments; and (3) Individuals involved in other research studies that
might influence the primary outcomes of the present study.

In this study, blood sugar and metabolic abnormalities during pregnancy may become an obvious confounding
variable. In addition, breastfeeding women were excluded because postpartum dietary practices in Taiwan commonly
include traditional “confinement meals” (zuo yue zi), which are typically high in fat and protein. These dietary patterns,
although culturally important, could significantly alter glucose and lipid metabolism, potentially confounding the primary
outcomes of our study.
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A total of 1,272 patients who were diagnosed with type 2 diabetes mellitus (T2DM) within the past 90 days and had
received care from the same physician at least twice in our hospital were initially identified. All participants provided
written informed consent. Among them, 1,080 patients agreed to participate in the Diabetes Health Education (DHE)
program and were assigned to the DHE group, while 192 patients declined the DHE intervention but consented to have
their data included as the non-DHE group.

Of the 1,080 patients enrolled in the DHE program, 1,018 completed the minimum required follow-up and educa-
tional sessions and were included in the final analysis. The remaining 62 patients were excluded due to incomplete
follow-up or missing laboratory data. The attrition rate in the DHE group was approximately 5.7% over the two-year
follow-up period.

Exposure and Outcome Measures

DHE is a multi-year process. When newly diagnosed diabetes patients agree to join the Diabetes Shared Care Program,
the first session takes 30—40 min to explain the upcoming process and emphasize the importance of disease management.
The diabetes educator provides a 5—10-minute educational session every three months during the patient’s follow-up
visits. Each session covers different topics, extending over 2 years. If participants wished to continue beyond this period,
they could choose to remain in the program as part of their follow-up visits (Table 1).

Hematologic Analysis

Information about demographics, lipid profile, liver function, and blood pressure status were obtained by our diabetes
educators. Patients received examinations for blood pressure, fasting and postprandial glucose glucose (glucose AC/PC),
glycated hemoglobin (HbAlc), alanine aminotransferase (ALT), total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) levels.

Table | Schedule for the Diabetes Health Education Program Over 2 years

First Year Diabetes Health Education Content

content

sugar monitoring
4. Hyperglycemia/Hypoglycemia
Symptoms and Treatment
5. Diabetes control indicators
6. Fill out a diabetes record card

7. Smoking/alcohol cessation
counseling (If necessary)

chronic complications
4. Smoking/alcohol cessation
counseling (If necessary)

examination and fundus examination

4. Smoking/alcohol cessation counseling
(If necessary)

First visiting First-Subsequent visiting Second-Subsequent visiting Anniversary
(registered) (registered)
Time 3040 min 05-10 min 05-10 min 05-10 min
|. Basic information consultation I. Review the content of the |. Review the content of the last health I. Review the content of the last
last health education. education. health education.
2. Information about diabetes 2. The importance of exercise 2. The importance of foot care 2. Diabetes Medication Precautions
Education 3. The importance of blood 3. Prevention of acute and 3. The importance of neurological

Second Year Diabetes Health Education C

ontent (From the second year onwards)

First-Subsequent visiting

Second-Subsequent

Third-Subsequent visiting

Second-anniversary

content

blood sugar

3. Precautions for choosing
a blood glucose machine

of monitoring HbAlc
3. Education according to
individuality

(registered) visiting (registered) (registered)
Time 10-15 min 05-10 min 05-10 min 05-10 min
I. Review the content of the last I. Review the content of the |. Review the content of the last health I. General review of health education
health education. last health education. education. content for the whole year
Education 2. When and how to monitor 2. Significance and importance 2. Education according to individuality 2. Diabetes Medication Precautions
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Fasting glucose (glucose AC) was analyzed according to the hexokinase method (ADVIA Chemistry XPT System,
Siemens, Berlin, Germany), and HbAlc was determined by high-performance liquid chromatography using an automatic
analyzer (Bio-Rad Variant II Turbo 2.0 System, Hercules, CA, USA). ALT, TC, TG, LDL-C, and HDL-C levels were
analyzed by enzymatic methods using an automatic analyzer (ADVIA Chemistry XPT).

In the program, patients undergo metabolic-related serum testing every 3—6 months on average. Accordingly, we
conducted a five-year observational cohort study of changes in their serum indicators.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS version 22.0 for Windows (IBM Corp, Armonk, NY, USA). The Chi-
square test was used for comparing results of nominal scale. Data distributions were analyzed by the Shapiro—Wilk test
for normality. Between-group differences in non-parametric data were analyzed using the Mann—Whitney U-test with the
Kruskal-Wallis test with the Dunn post hoc test. The Wilcoxon signed-rank test was used to analyze within-group
differences in the paired results of patients. Continuous variables are reported as the mean+tstandard deviation, whereas
categorical variables are presented as count and percentage. A confidence interval of 95% was employed, and p < 0.05
indicated statistical significance.

Results

Characteristics of the Overall Study Population

Clinical characteristics and baseline levels of glucose AC, HbAlc, ALT, and lipid parameters (including TC, LDL-C,
HDL-C, and TG) are presented in Table 1. The average age of participants was approximately 65 years, with a majority
being male. At baseline, no significant differences were observed between the DHE and non-DHE groups in terms of
glycemic or lipid-related markers (Table 1).

Characteristics of the DHE Study Population

Since this group participated in the DHE program, more comprehensive baseline records were available compared to the
non-DHE group. Clinical characteristics, including systolic blood pressure (SBP), glycemic indices (glucose AC/PC,
HbAlc), liver enzymes, and lipid profiles (TC, LDL-C, HDL-C, and TG), are presented in Table 2. The average
participant age was approximately 63 years, and most were male. Overall, baseline metabolic and cardiovascular markers
indicated suboptimal glycemic and lipid control, with elevated HbAlc, fasting and postprandial glucose levels, and

Table 2 Baseline Characteristics of the Participants in the Diabetes Health Education (DHE) Program Group and Non-
DHE Program Group

Reference Range Total DHE (N=1018) | Non-DHE (N=192) P
Body weight [Mean kg(SD)] 74 (16.9) 72.2 (16.3) 76.3 (17.9)
Gender [Male N (%)] 876 (72.3) 783(76.9) 93 (48.4)
Age [Mean years(SD)] 65 (13.4) 63 (13.8) 67 (13)
Lipid profile [Mean mg/dL(SD)]
Triglycerides <150 135.8 (117) 148.3 (15.1) 123.2 (82.8) 0.33
Low-Density Lipoprotein Cholesterol <130 103.3 (36.5) 95.9 (34) 110.8 (39) 0.10
High-Density Lipoprotein Cholesterol >40 53.9 (17.5) 49.7(14.1) 58.2(28.9) 0.08
Total Cholesterol <200 167.9 (43) 160.4 (38.7) 175.3 (47.2) 0.06
Liver function [Mean U/L(SD)]
Alanine aminotransferase <4| 24.26 (19.5) 27.18 (21.9) 21.33 (17.2) 0.78
Glucose monitoring indicator
Hemoglobin AIC [Mean %(SD)] < 5.5% 8.9 (3.54) 7.65 (1.58) 10.1 (3.49) 0.28
Fasting blood glucose [Mean mg/dL(SD)] < 100mg/dl 131.3(52.5) 139.8 (44.4) 122.9 (60.5) 0.58

Abbreviation: DHE, Diabetes Health Education.
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moderately elevated blood pressure. (Table 2). These findings might reflect the high cardiometabolic risk typically
observed in patients newly diagnosed with T2DM in routine care settings.

Follow-up Data for the DHE Population After 5 years

To evaluate changes in clinical and metabolic parameters among participants who consistently received DHE interven-
tions, we assessed body weight, blood pressure, glycemic indices (glucose AC/PC, HbAlc), and lipid profiles (TG, TC,
LDL-C, HDL-C) every six months over a two-year period. Repeated-measures ANOVA was used to analyze longitudinal
trends.

As shown in Figure 2a—c, significant improvements were observed in glycemic control and lipid markers, including
reductions in HbAlc, glucose levels, body weight, triglycerides, and LDL-C. HDL-C levels showed a modest increase,
while total cholesterol also decreased significantly. Diastolic blood pressure showed a mild but significant reduction,
whereas systolic blood pressure remained stable over time (Figure 2a—c).

Between-Group Differences in the Overall Study Population at 5 years of Follow-up
To further examine the effect of the DHE program compared to non-participation, we compared changes in disease-related
markers between the DHE and non-DHE groups across multiple time points (Figure 3). Overall, patients in the DHE group
showed significantly better outcomes in glycemic control and lipid metabolism compared to the control group.

Specifically, differences in lipid profiles—including TC, LDL-C, HDL-C, and TG—became apparent within the first
six months of the program. In contrast, significant improvements in glycemic indices, such as HbA1c and fasting glucose,
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Figure 2 Changes from baseline at the 5-year follow-up in (a) glucose AC, glucose PC, and HbAlc, (b) body weight and blood pressure, (c) TC, LDL, HDL, and TG levels
among participants who consistently received Diabetes Health Education interventions. *:;p<0.05;**:p<0.01;***:p<0.001.

Abbreviations: HbA ¢, glycated hemoglobin; glucose AC, fasting glucose; glucose PC, Postprandial glucose; BW, body weight; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglyceride.
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Figure 3 Integration of a multidisciplinary team, comprising certified diabetes educators, nurses, nutritionists, doctors, and pharmacists, into Diabetes Health Education
improves patient outcomes by optimizing blood glucose levels, HbAlc, lipid profile, and blood pressure. *:p<0.05;**:p<0.01;***:p<0.001.

Abbreviations: HbAlc, glycated hemoglobin; glucose AC, fasting glucose; glucose PC, Postprandial glucose; BW, body weight; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, triglyceride; -non, non-DHE group.

emerged after approximately 1.5 years of consistent DHE participation (Supplementary Table 1). These findings suggest

that lipid-related benefits may manifest earlier than improvements in glucose regulation.

Discussion

For patients with T2DM, the benefits of lifestyle changes on blood glucose and disease control have been well-
documented.” However, how individuals can effectively modify their lifestyles vary significantly, leading to different
outcomes. This study introduced a two-year DHE approach and tracked improvements in various disease indicators
among participants involved in the project. Figure 4 provides an overview of the structure of the DHE program. In this
educational model, we engaged a multidisciplinary team consisting of physicians, dietitians, nurses, and diabetes
educators, working collaboratively to ensure the highest quality of education (Figure 4).

The DHE program may contribute to improved glycemic outcomes through enhanced patient engagement, although
knowledge and self-management behaviors were not directly measured in this study. Potential mechanisms may include
improved patient motivation, adherence, or health behaviors. In previously study have reported that short-term diabetes
education (<6 months) can significantly improve patients’ knowledge levels, the frequency and accuracy of self-
monitoring blood glucose, dietary habits, and blood glucose control.'” Significant improvements have been reported in
self-management and quality of life among individuals who received three months of diabetes education.'' Diabetes self-
management education positively influences patients’ knowledge levels and self-management abilities. However, its
effect on blood glucose control may not be evident in the short term (eg, three months), and there is a need for a longer-
duration interventions to observe significant changes.'? This aligns with our study’s findings, in which notable improve-
ments in blood glucose and lipid profiles were observed only six months to 1.5 years after receiving diabetes education.

In this study, the inclusion of nutritional education sessions allowed patients to better understand how to adjust their
diets to normalize lipid levels. This aligns with previous research demonstrating the utility of educational interventions in
improving blood glucose control, weight reduction, diabetes knowledge, self-efficacy, quality of life, dietary behaviors,
and physical activity in patients with T2DM.'? Moreover, in this study, the patients’ body weight was also significantly
controlled.
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Figure 4 In this educational model, we engaged a multidisciplinary team consisting of physicians, dietitians, nurses, and diabetes educators, working collaboratively to ensure
the highest quality of education.

Interestingly, after more than two years of dietary education and lifestyle modifications, participants showed significant
improvements in DBP control, but there was no significant decrease in SBP. This could be attributed to several factors. First, some
participants may have undiagnosed chronic cardiovascular conditions, and the progression of age-related and diabetes-associated
arterial stiffness may have contributed to the persistence of elevated SBP."* Although lifestyle changes were implemented through
education, arterial stiffness, other chronic diseases, or other medications may potentially limit improvements in SBP.

Lifestyle changes are reported to rapidly affect DBP, whereas significant reductions in SBP may require longer-term
interventions.'* This suggests that lifestyle modifications have a more pronounced impact on microvasculature-related
blood pressure (such as DBP), whereas SBP may be associated with other complications and require extended time or
additional treatments to significantly improve. A meta-analysis of diabetes education studies conducted in developed
countries between 1990 and 2006 found that that diabetes education leads to significant reductions in blood lipid levels
but has a limited impact on lowering blood pressure, which is consistent with our observations."”

Results of the present study show that prolonged diabetes dietary education leads to a significant improvement in the
lipid profile (including HDL-C, LDL-C, TG, and TC). The patients may have gained a better understanding of the
importance of healthy eating after receiving the education, which would have resulted in a reduced intake of high-fat and
high-caloric foods, along with an increased intake of dietary fiber and unsaturated fatty acids.'® Regular meal planning
also helps stabilize blood glucose levels, thereby preventing lipid metabolism abnormalities caused by blood glucose
level fluctuations.'” Furthermore, improvements in weight management and increased physical activity among patients
may have contributed to enhanced lipid breakdown and lower blood lipid levels.'®
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Another interesting observation is that most participants in the DHE intervention group showed a significant reduction in
HbA1c and fasting blood glucose compared to the control group during the first half year of the program. However, no significant
difference was observed between the two groups after the second year. A possible explanation could be that although the DHE
group received targeted education, the control group was simultaneously receiving medication or insulin therapy. It is challenging
to avoid the influence of differing diabetes medications among participants, which could also potentially affect the data.
However, since all participants in this study share the same diagnosis and were enrolled within 90 days of their diagnosis, we
have made every effort to minimize heterogeneity among the participants. Nonetheless, the results suggest that while the
significant difference disappeared after the second year, there was a decreasing trend in blood glucose levels, indicating better
glycemic stability in the DHE group than in the control group. These findings suggest that long-term DHE participation may be
associated with improved glycemic stability, though further research is needed to confirm causality. '~

This study has some limitations. First, due to constraints in insurance coverage, most patients underwent assessment of
their lipid profile, fasting blood glucose, and HbA 1c only every three to six months. Second, no restrictions were placed on the
primary medication types used by patients when enrolling participants in this study. This may have led to variations in the
patients’ final laboratory test results due to differences in medications or treatment types. Third, although this study included
a control group (patients who did not receive DHE), it is important to consider that participants who declined DHE may have
had poorer baseline medical adherence and worse initial disease control compared to those in the DHE group. Finally, the
sample sizes between the intervention group (n = 1080) and non-intervention group (n = 192) were unbalanced. However, this
reflects the actual enrollment pattern in our real-world setting, where most newly diagnosed patients opted to participate in the
diabetes education program. To preserve the representativeness and integrity of this naturalistic cohort, we chose not to
perform matched or reduced analyses. We plan to explore propensity score matching in future studies to better account for
baseline imbalances. These factors should be considered in future studies to ensure more robust findings.

Conclusion

These results suggest that participation in a structured DHE program may be associated with improvements in glycemic
control, lipid profile, and other metabolic-related markers in patients with T2DM.Over the two-year intervention,
participants in the DHE program exhibited substantial reductions in HbAlc, blood glucose levels, TG, LDL-C, TC,
and body weight, alongside an increase in HDL-C level. Notably, HbAlc and fasting glucose levels significantly
improved after 1.5 years of consistent DHE participation, suggesting that long-term engagement with structured
education may contribute to sustained glycemic improvement.

Although SBP did not significantly improve, DBP showed a modest yet significant reduction. The findings also
indicate that the DHE group achieved earlier and more pronounced improvements in the lipid profile than the non-DHE
group, particularly within the first six months of intervention.

These findings support the potential value of incorporating structured health education into diabetes care systems to
improve clinical outcomes and address the metabolic and cardiovascular risks associated with T2DM. Further research is
warranted to explore the long-term sustainability of these benefits and their impact on overall diabetes-related complica-
tions and quality of life.

Ethical Considerations

According to the ethical standards of the Helsinki Declaration, this study was approved by Taipei medical university
Institutional Review Board approved the study (approval number: 202211060). The consent form and information sheet
were provided to participants prior to the interviews. Interviewees were informed of their voluntary participation and
their right to withdraw at any time. Confidentiality was ensured by assigning codes to each participant.

Consent to Participate Declaration
Written informed consent was obtained from all participants.
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