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Background: The effectiveness of a self-efficacy-focused structured education program for patients with diabetes mellitus has been verified.
However, changes in self-efficacy for the behavior change mechanism in patients who participated in the program require clarification.
Aim: To analyze the mechanism of self-management behavioral variations in patients with type 2 diabetes mellitus who underwent
a self-efficacy-focused structured education program.

Methods: A secondary analysis of patients who received a self-efficacy-focused structured education program was conducted using
data from a multicenter randomized controlled trial. The relationships among the 3-, 6-, and 12-month changes in diabetes knowledge,
self-efficacy, diabetes distress, and self-management behaviors in patients with type 2 diabetes mellitus were studied using a structural
equation model.

Results: Enhancement of self-efficacy among patients receiving a self-efficacy-focused structured education program directly
influenced improvements in self-management behaviors at 3, 6 and 12 months. The increase in diabetes knowledge directly and
indirectly improved self-management behaviors at 3 months, but the direct effect on behavior disappeared at 6 months and the indirect
effect on behavior by enhancing self-efficacy only lasted until 6 months. The decrease in diabetes distress directly influenced
improvement in self-management behaviors at 3 months. While it did not directly influence self-management behavior improvement
at 6 and 12 months, it indirectly affected behavior improvement by enhancing self-efficacy.

Conclusion: The enhancement of self-efficacy plays a core role in improving and maintaining self-management behaviors in patients
with type 2 diabetes mellitus who receive self-efficacy-focused structured education programs. Patients’ behaviors can be improved by
gaining more diabetes knowledge and mitigating diabetes distress at the 3- and 6-month follow-up. Improvements in behaviors at the
12-month follow-up could be achieved by mitigating diabetes distress.
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Introduction

Diabetes mellitus (DM) affects 10.5% of adults worldwide, or around 537 million people.' It can cause disability, death,
and seismic and economic challenges to healthcare systems. Good glycemic control can reduce diabetes-related
complications® and medical costs. Diabetes self-management behaviors (DSMB), including a reasonable diet, regular
exercise, foot care, self-monitoring, and medication, are critical to managing the disease in daily life. Optimal DSMB are
associated with better blood sugar level.**

A diabetes-structured education program is recommended by national and international guidelines to help patients
improve their DSMB.>”’ However, some researchers suggest that the effects of diabetes-structured education programs
on patients are not sustainable in the long term, and often attenuates between 6 and 12 months.®® This suggests the need
for a detailed analysis of behavior change in patients who received structured education to identify the reasons for
unmaintained behavior change. However, little research has been conducted in this area.
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The self-efficacy-focused structured education program (SSEP) is one example of a self-efficacy-centered program
that enhances diabetes self-efficacy of the patients.'®'! The effectiveness of the SSEP among patients with type 2
diabetes mellitus (T2DM) for improving diabetes self-efficacy (DSE), diabetes knowledge (DK), diabetes distress (DD),
and DSMB has been verified.'®'> Moreover, the short- and long-term cost-effectiveness of the SSEP has been
confirmed.'>" However, no research currently reveals the mechanisms by which DSE, DK, and DD affect behavioral
changes in patients with T2DM receiving SSEP.

DSE refers to a patient’s belief about his or her ability to successfully perform diabetes-related behaviors that lead to
desired disease management outcomes.'> Our previous cross-sectional study found that diabetes self-efficacy was an
important predictor of DSMB.'® A similar result was also found in other cross-sectional studies.'”'® Additionally, DSE
mediated the associations between DK and DSMB,'? and between DD and DSMB in patients with T2DM.'® Thus, the
SSEP included four structured modules that focused on four sources of information aiming to enhance DSE. However,
whether SSEP affects DSMB through DSE is unclear, and the literature is scarce on the predictive ability of DSE
improvement on changes in DSMB.

Previous studies also indicated that DK directly affects DSMB.'®*°! DK refers to a patient’s understanding of
DM information. One study found that most patients with DM lacked DK,** which might have hindered DSMB
implementation. DD is another factor that may affect DSMB.>>*?* DD is a negative psychological reaction
experienced by patients who bear an emotional burden and excessive concern regarding diabetes management and
the prevention of complications. Therefore, in addition to promoting DSE enhancement in patients, an SSEP also
increases DK and alleviates DD. However, it is not clear how changes of DK and DD affect DSMB at different
follow-up points.

Given the scarcity of evidence regarding the influence of DSE, DK, and DD on DSMB, and the demonstrated
difficulty in sustaining behavior change following participation in an SSEP, it is necessary to conduct an in-depth
analysis of the mechanisms of behavioral changes in patients who have received structured education program. Of
the available evidence on the four variables DSE, DK, DD, and DSMB, most studies have focused on a specific time
point using a cross-sectional design. The relationships between the changes in DSE, DK, DD, and DSMB over time
are unknown. This study aimed to analyze the associations between the enhancement of self-efficacy, increased
diabetes knowledge, decreased diabetes distress, and improvement of self-management behaviors after individuals
received self-efficacy-focused structured education program at the 3-month (T,), 6-month (T,), and 12-month (T3)

follow-up timepoints.

Methods

Introduction of the Study

The design and Methods of the multicenter randomized controlled trial conducted from April 2017 to December 2018 in
China have been described in detail elsewhere.'®'" The project was approved by the Institutional Review Board of Peking
University (IRB00001052-17,031). Briefly, the four-center trial recruited adult patients with T2DM who had not received
insulin therapy in the last three months. A total of 265 patients were recruited by doctors and subsequently referred to
nurses. After providing informed consent, patients were then randomly assigned to the intervention or control groups in
a 1:1 ratio. Participants in the intervention and control groups received the SSEP and routine education, respectively. The
SSEP is a structured educational program focused on enhancing patients’ self-efficacy to facilitate self-management
behaviors. The four-module program covered the following topics: basic knowledge of diabetes mellitus, self-
monitoring, dietary management, physical activities, foot care, medication, and complication screening. Four sources of
information, namely performance accomplishments, vicarious experience, verbal persuasion, and physiological/emotional
arousal, were embedded in the program. The program was delivered once a week continuously, and each module lasted

approximately 60-90 minutes. A self-management behavioral change model was developed (Supplementary Figure S1)
16,23,24

based on self-efficacy theory® and previous studies.
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Indicators and Measurements

(1) DSE was measured by the Scale of Self-Efficacy for Diabetes.”® The scale consists of five subscales of diet,
physical activity, glycemic control, and diabetes control. Each item of the scale is scored from “1” to “5”. The total
score ranges from “9” to “45” . Higher scores indicate better diabetes self-efficacy in patients. The Cronbach’s a
coefficient was 0.941 in the study.

(2) DK was measured by the Diabetes Knowledge Questionnaire.”” There are ten questions, and each question is worth
one point. Higher scores indicate a high mastery of DK. The Cronbach’s a coefficient was 0.703 in this study.

(3) DD was evaluated using the Diabetes Distress Scale.?® The scale has four subscales: emotional distress, social
support and self-management distress, distress for physician-patient relationship, and distress for medical
resources. Each of the 17 items were scored from “1” to “6”. Higher total scores indicate a high level of DD.
The Cronbach’s a coefficient was 0.952 in this study.

(4) DSMB was measured using the Summary of Diabetes Self-Care Activities Scale.”’ The scale consists of five
subscales: diet, exercise, self-monitoring, foot care, and medication in the past seven days. Eleven items on the
scale are scored from “0” to “7”. Higher scores indicate a better mastery of DSMB. The Cronbach’s o coefficient
was 0.830 in this study.

(5) Demographic information of participants, such as age, sex, and employment status, was measured using a self-
designed questionnaire at baseline (T).

The indicators DSE, DK, DD, and DSMB were measured at T, T;, T», and T5; months. The data collection methods

have been described in detail in previously published papers.'®'

Statistical Analysis

The statistical package SPSS 27.0 (IBM SPSS AMOS 27.0) was used for descriptive statistical analysis and Pearson
correlation analysis. Descriptive statistical analysis as used to examine demographic information of the participants. The
Pearson correlation analysis was used to examine the pairwise relationships between the changes in DSE, DK, DD, and
DSMB. AMOS 23.0 (IBM SPSS AMOS 23.0) was used for structural equation model (SEM). SEM with multigroup path
analysis was conducted to examine the relationships between the changes of DSE, DK, DD, and DSMB at different
follow-up time points. Models at different follow-up time points were evaluated with the following requirements: xz with
a non-significant P-value (P>0.05), GFI > 0.90, and NFI > 0.90 were recognized as a good model fit according to Wu>°
and Hair>' The critical ratio (absolute value) <1.96 between the parameters in multi-group path analysis could be
considered equal, otherwise they were considered unequal and exerted significant difference.

Results

Study Population

There were 133 adults with a mean £ SD age of 57.35 £ 9.09 years who received the SSEP. A total of 58.65% of the
participants were women and 94.74% were married. The proportion of retired participants was 66.17% and 42.11% had
an educational level of primary school or below. Other characteristics of the participants who received SSEP are reported

. . . . . 10.11
in detail in previous publications.'®

Changes in Variables

The mean increases in DSE at T, T,, and T3 follow-ups compared with Ty were 0.85 £ 0.95, 1.02 £ 1.01, 1.46 £ 1.14,
respectively. The mean increases in DK at Ty, T,, and T; follow-ups compared with baseline were 4.02 + 2.29, 4.07 +
2.26, and 3.87 + 2.57, respectively. The mean decreases in DD at Ty, T,, and T follow-ups compared with baseline were
7.55+14.26, 10.93 £ 16.26, and 17.63 £ 17.57, respectively. The mean increases in DSMB at Ty, T, and T; follow-ups
compared with baseline were 12.93 £13.46, 11.86 = 15.07, and 6.46 + 15.31, respectively.
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Relationship Between Changes in Variables
The Results showed no significant difference in the correlation between the changes in DD and DSE at the T; follow-up
(P>0.05). There was no significant difference in the correlation between the changes in DK and DSMB at the T follow-up

(P>0.05). However, significant differences were observed in the correlations between the other variables at the Ty, T,, and
T; follow-ups (P<0.05) (Supplementary Tables S1, S2, and S3).

Structural Modeling

Multigroup path analysis further analyzed the relationships between the variables at different follow-up points. Since the
hypothesized theoretical model is a saturated model, the model showed a good fit to the data (3*=0, GFI=1.000,
NFI=1.000).

(1) The paths among the changes in variables at T, follow-up: The enhancement in DSE, increase in DK, and decrease

in DD had a direct effect on the improvement in DSMB ($=0.320, P<0.001; p=0.248, P=0.002; p=—0.182,
P=0.017). The increase in DK had an indirect effect on the improvement in DSMB through the enhancement in
DSE ($=0.344, P<0.001). The correlation between the increase in DK and the decrease in DD (r=—0.259, P=0.004)
was significant. The multiple correlation coefficient squared (R?) between the increase in DK and decrease in DD
on the enhancement in DSE was 0.118. The R? among the increase in DK, decrease in DD, enhancement of DSE,
and improvement in DSMB was 0.285 (Figure 1).

(2) The paths among the changes in variables at T, follow-up: The enhancement in DSE had a direct effect on the

improvement in DSMB ($=0.356, P<0.001). Both the increase in DK and the decrease in DD had indirect effects
on DSMB through the enhancement in DSE ($=0.192, P=0.017; p=—0.347, P<0.001). The correlation between the
increase in DK and the decrease in DD (r=—0.226, P=0.011) was significant. The R? between the increase in DK
and decrease in DD on the enhancement in DSE was 0.187. The R? among the increase in DK, decrease in DD,
enhancement of DSE, and improvement in DSMB was 0.207 (Figure 2).

(3) The paths among the changes in variables at T5 follow-up: The enhancement in DSE had a direct effect on the

improvement in DSMB (B=0.411, P<0.001). The decrease in DD had indirect effects on DSMB through the
enhancement in DSE (f=—0.360, P<0.001). The correlation between the increase in DK and the decrease in DD
(—0.217, P=0.015) was significant. The R? between the increase in DK and decrease in DD on the enhancement in
DSE was 0.167. The R? among the increase in DK, decrease in DD, enhancement of DSE, and improvement in
DSMB was 0.205 (Figure 3).

-0.259%*
Increase in DK Decrease in DD
0.344 %+ -0.001 .-~
_~“R=0.118  0.182*
0.248%% Enhancement in DSE
0.320%*

Improvement in DSMB

Figure | Behavior change model (changes in variables at T, follow-up, *P<0.05, **P<0.01, ***P<0.001).
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Figure 2 Behavior change model (changes in variables at T, follow-up, *P<0.05, ***P<0.001).
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Figure 3 Behavior change model (changes in variables at T3 follow-up, *P<0.05, ***P<0.001).

(4) Critical ratio of parameter differences in multigroup path analysis across different follow-up points: The path
coefficients of the decrease in DD on the enhancement in DSE between the Ty-T, group and T,-T; group, and
between T,-T5 group and T,-T; group were not equal. Similarly, the path coefficients of the increase in DK on the
improvement in DSMB between the T(-T3 group and T,-T; group, and between the Ty-T; group and Ty-T, group
were not equal. All the other parameters corresponding to each follow-up point were considered equal
(Supplementary Table S4).

Discussion

This study assessed the relationships between the 3-, 6-, and 12-month changes in diabetes knowledge, self-efficacy,
diabetes distress, and self-management behaviors in a multicenter RCT of patients with T2DM who received SSEP. The
results demonstrated that self-efficacy enhancement was a core predictor of improved DSMB at the T;, T,, and T3
follow-ups. The effects of the increase in diabetes knowledge on DSMB improvement were maintained only at the T,
and T, follow-ups. The effects of the decrease in diabetes distress on DSMB improvement shifted from direct at the T,

follow-up to indirect at the T, and T3 month follow-ups.
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This study found that enhancing self-efficacy is crucial for improving patients’ DSMB. The enhancement of self-
efficacy at 3, 6, and 12 months after the SSEP intervention directly improved patients” DSMB. As the SSEP intervention
time progressed, the impact of enhanced self-efficacy on the patients’ DSMB increased. However, there were no
significant differences in the path coefficients among the three follow-up points. This indicates that enhancing the self-
efficacy of patients can help establish and maintain patients’ DSMB. This is in line with the American Diabetes
Association recommendation that health providers consider improving patient elf-efficacy for DSMB.** The self-
efficacy theory suggests that interventions based on the four sources of information can enhance patients’ self-efficacy
and thus influence their behavior.”> This study supports the claims made by the self-efficacy theory, as SSEP based on the
four sources of information can enhance patients’ self-efficacy and directly help improve DSMB. Additionally, the
enhancement of self-efficacy plays a partial or complete mediating role, as an increase in diabetes knowledge and
a decrease in diabetes distress both improve DSMB by enhancing self-efficacy. This further illustrates the importance of
enhancing and maintaining self-efficacy in improving the DSMB of patients.

Interestingly, we found the direct and indirect effects of increased diabetes knowledge on the improvement in DSMB
only lasted between 3 and 6 months. Additionally, there were significant differences in the path coefficients between the
increase in diabetes knowledge and the improvement in DSMB among different follow-up periods. Unlike previous

cross-sectional studies'®2%2!

that focused solely on a single point in time, these findings indicate that an increase in
diabetes knowledge indeed plays a significant role in improving DSMB in the short-term. As time progressed, patients
developed a better understanding of how to manage the disease, which resulted in a plateau in diabetes knowledge
growth. The effects of diabetes knowledge on DSMB will disappear in the long-term. Therefore, it is far from enough to
only provide diabetes knowledge for patients to maintain DSMB.

Fortunately, the direct and indirect effects of decrease in distress on the improvement in DSMB were observed
between 3 and 12 months. There were also significant differences in the path coefficients between the decrease in
diabetes distress and the improvement in DSMB among different follow-up periods. In contrast to previous cross-

sectional, single-timepoint studies,?****

these findings highlight the dynamic nature of the relationship between decrease
in diabetes distress and the improvement in DSMB. This suggests the importance of providing early and continuous
psychological support to patients, especially from the 6-month time point. This is when the focus of the intervention
program should shift towards psychological aspects, such as effectively coping with and adjusting to negative emotions
that may arise during the diabetes management process, and maintaining confidence in DSMB.

In this study, increased diabetes knowledge in the SSEP group was consistently negatively correlated with a reduction
in diabetes distress, indicating that the patients experienced emotional improvement as they gained more diabetes
knowledge. The explanatory strength of the increase in diabetes knowledge and decrease in diabetes distress on the
enhancement of self-efficacy increased slightly at 6 and 12 months after the SSEP intervention, mainly due to the effect
of reducing diabetes distress. SSEP aims to help patients with diabetes understand the disease, arouse their internal
motivation, and encourage them to consciously change their DSMB. The results showed that the explanatory strengths of
increased diabetes knowledge, self-efficacy enhancement, and decrease in diabetes distress on the improvement of
DSMB at the Ty, T, and T3 follow-up points were 28.5%, 20.7%, and 20.5%, respectively. This suggests that consciously
and rationally arousing internal motivation in patients with diabetes positively affected the establishment and main-
tenance of DSMB. Marteau et al considered that interventions that only focus on improving individuals’ knowledge and
beliefs have a limited effect on changing individuals’ behaviors because they overlook environmental impact.®>*** Most
individuals® decision-making behaviors are cued by unconscious and involuntary environmental stimuli.**** Therefore,
changing the environment to reduce the triggers for unhealthy behaviors is likely to help patients achieve better DSMB.
Future research should be conducted on the unconscious decision-making process of patients with diabetes, optimize
intervention plans based on SSEP, and observe their effects to further elucidate mechanisms for improving patients’
DSMB.

Strengths and Limitations
This study explores the mechanism of DSMB changes in patients receiving SSEP. The results of the different models can
be used as a framework to explain the process of self-management behavioral changes in T2DM patients who received
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SSEP, and the results of these models can be confirmed and enriched by the self-efficacy theory to some extent. These
results can also guide the development of self-management support interventions after the SSEP.

Because the original study was a multicenter RCT, the study participants were from four hospitals in China. Thus, our
results better reflect the characteristics of the Chinese population. However, the primary limitation of this study was that
it used secondary data analysis of a multicenter RCT. The data for each variable was for the RCT rather than specifically
designed for this study. Due to the strict inclusion and exclusion criteria in RCT, the generalizability of the results may be
limited. Nevertheless, the measurements of these variables were conducted by the same trained researchers, which
provided a foundation for obtaining high-quality data. Additionally, the explanatory strengths of the models in the study
did not exceed 30%, which indicated that additional variables, such as unconscious factors, might be important for the
improvement of patients’ DSMB. The patients’ DSMB may be better accounted for in the future when these variables are
included.

Conclusions

The enhancement of self-efficacy has a direct positive effect on the improvement of self-management behavior and plays
a partial or full mediating role in DSMB improvement at different follow-up time points. The direct and indirect effects
of the increase in diabetes knowledge on the improvement in DSMB were maintained only at the 3-month and 6-month
follow-ups. Whereas the effects of the decrease in diabetes distress on the improvement in DSMB shifted from direct
function at the 3-month follow-up to indirect function at the 3-month and 6-month follow-ups. The results of the models
can help explain the DSMB change mechanisms in T2DM patients who received SSEP and verify the self-efficacy-
focused structured education program. Moreover, the findings can guide self-management support interventions at
different follow-up time points after the SSEP to further maintain patients’ behavioral improvement.
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