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Abstract

Objective: Diabetes clinical teaching has long relied on theoretical instruction and static
case studies, which leaves residents ill-prepared to manage dynamic blood glucose fluc-
tuations and complex clinical scenarios. This study aims to explore the effectiveness of
integrating Ambulatory Glucose Profile (AGP) with scenario simulation in enhancing
residents’ clinical reasoning for diabetes management. Methods: Sixty endocrinology
residents were randomly assigned to a control group and an intervention group. Both
groups underwent the same conventional clinical teaching curriculum. Additionally, the
control group completed an 8-hour AGP training program consisting of 4 hours of di-
dactic instruction and 4 hours of self-directed practice with static case analysis. The
intervention group received an 8-hour integrated program combining AGP analysis with
high-fidelity scenario simulation and structured debriefing according to Kolb’s experien-
tial learning cycle. Teaching outcomes were evaluated through theoretical assessments
(primary outcome), Objective Structured Clinical Examinations (OSCEs), Mini-Clinical
Evaluation Exercises (Mini-CEX), and satisfaction surveys. Results: The intervention
group demonstrated significantly higher scores than the control group in the primary
outcome (theoretical knowledge), across all six OSCE stations (including history taking,
physical examination, skill operation, medical communication, medical record writing,
and case analysis), as well as in multiple Mini-CEX dimensions (history taking, physical
examination, communication skills, clinical judgment, and organizational efficiency) (all
P<0.05). No significant differences were observed between the two groups in humanistic
care and teaching satisfaction (P>0.05). Conclusions: The integrated teaching approach
combining AGP with scenario simulation demonstrated preliminary effectiveness in en-
hancing residents’ comprehensive clinical management skills and may serve as a valu-
able method for training clinical reasoning in diabetes care.
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1 INTRODUCTION

is particularly acute, with an adult prevalence of 13.79%, rep-
resenting 141 million individuals [1]. Mastering standardized

Diabetes mellitus is a growing global health crisis, marked by
chronic hyperglycemia and complex metabolic dysregulation.
The 11th Edition IDF Diabetes Atlas (2025) reports a contin-
ued rapid rise in the prevalence worldwide. In China, this trend
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diabetes management is crucial for internists. Training in this
area not only develops core competencies in blood glucose
control and complication management, but also lays a critical
foundation for cultivating an overall perspective on chronic
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disease care, the ability to recognize multisystem involvement,
and interdisciplinary collaboration skills. In contrast, tradi-
tional teaching methods are based on standard lectures and
case-specific teaching rounds. These methods fail to provide
integrated training inglucose fluctuations and complex clinical
decision-making, leaving residents underprepared to manage
intricate scenarios [2]. Consequently, it is imperative to develop
innovative instructional strategies to address the limitations of
traditional didactic approaches.

The continuous glucose monitoring system (CGMS) has trans-
formed diabetes management by shifting focus from static
metrics such as HbAlc to a dynamic, integrated evaluation of
glycemic variability, hypoglycemia, and long-term stability
through high-resolution data [3]. The Ambulatory Glucose
Profile (AGP) is a standardized visual report generated by the
CGMS. It shows key metrics such as median glucose, coeffi-
cient of variation, and Time in Range (TIR). These metrics help
identify gaps in glycemic control and guide personalized treat-
ment. Moreover, CGMS data enable Al-driven prediction of
glucose trends and detection of abnormal patterns, supporting
digital diabetes care. Research further demonstrates that the
AGP reveals glycemic dynamics often missed by conventional
methods in specific settings such as gestational diabetes (GDM)
and the perioperative period, thereby deepening the under-
standing of glucose physiology and pathology [4, 5]. Although
AGP is a crucial tool for data-driven clinical decisions, its full
educational potential, particularly in standardized training of
resident physicians, remains underutilized.

Scenario-based simulation is an educational approach that
enables learners to experience realistic situations in a safe but
true-to-life context. It immerses learners in highly realistic
clinical environments and places them face-to-face with cus-
tomized problems and tasks. Students learn to translate theory
into practice through guided practical experience supported
by clinical reasoning [6]. Reflection, as an active learning strat-
egy and metacognitive practice, deepens learners’ contextual
understanding, promotes meaningful learning, and enhances
their capacity to apply knowledge and perform effectively in
future clinical practice [7, 8]. Currently, both scenario-based
simulation and reflective teaching are increasingly adopted in
clinical education, and their value is widely recognized by
medical accreditation bodies. However, teaching practices that
integrate these approaches with AGP analysis remain scarce.

This study systematically designed and preliminarily validated
an integrated teaching model that combines AGP analysis with
scenario-based simulation. This model included simulation
cases developed from real AGP data reflecting common and
complex aspects of diabetes care, as well as a corresponding
multidimensional evaluation framework, creating a closed-
loop, immersive learning pathway that bridges objective data
interpretation with active clinical practice. In contrast to tra-
ditional case-based teaching, this model employs a standard-
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ized visualization tool for dynamic glucose patterns to help
students interpret them. Concurrently, high-fidelity situational
simulation offers a safe, reproducible environment for trainees
to practice decision-making and management strategies under
dynamic clinical conditions. The new model was benchmarked
against traditional teaching methods to evaluate its effective-
ness in enhancing students’ competency in glucose pattern
analysis, clinical decision making in complex situations, and
overall clinical reasoning. Ultimately, this research aims to
offer an innovative, practical pedagogical approach that could
transform clinical education not only in diabetes management
but also across a wider spectrum of chronic disease care.

2 MATERIALS AND METHODS
2.1 Participants

The sample size was calculated based on the primary outcome
(theoretical knowledge assessment score) using G*Power 3.1
with the following parameters: two-tailed test, a=0.05, power
=(.8, and an effect size of 0.83. The effect size was estimated
based on educational objectives and expert consensus regard-
ing a clinically meaningful improvement in exam performance.
A mean difference of 5 points with a standard deviation of 6
points was deemed educationally significant for this instruc-
tional context. The calculation indicated that 24 participants
per group were required. Considering a potential 20% attrition
rate, the calculated minimum target was 28.8, which was
rounded up to 29 per group. To ensure adequate power in the
event of slightly higher than expected dropout, and for ease of
randomization, we ultimately aimed to recruit 30 participants
per group. A total of 60 residents rotating in the Department
of Endocrinology at a university-affiliated hospital between
November 2023 and September 2025 were enrolled. Inclusion
criteria were: (1) residents currently rotating in the Department
of Endocrinology; (2) completion of at least one year of internal
medicine residency training. No exclusion criteria were applied.

Participants were randomized 1:1 to intervention or control
groups using a computer-generated random number table (sim-
ple randomization). The sequence was generated by an inde-
pendent statistician. To ensure allocation concealment, sequen-
tially numbered, opaque, sealed envelopes were used. Envelopes
were prepared and opened by an independent research assistant
not involved in recruitment, intervention, or outcome assess-
ment, and were opened only after enrollment and baseline
assessment. A department research coordinator enrolled par-
ticipants. The same independent research assistant performed
group allocation, keeping the coordinator and instructors
blinded until after the intervention.

Due to the intervention’s nature, participants and instructors
could not be blinded. However, all outcome assessors were
blinded. Theoretical assessments, OSCEs, and Mini-CEX were
conducted by assessors unaware of group allocation. The two
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OSCE scorers were not involved in teaching, and Mini-CEX
was completed by independent attending physicians blinded to
the study design and allocation.

The study was approved by the institutional ethics committee
(KY-2023-105-01). All participants provided written informed
consent prior to enrollment.

2.2 Teaching methods

Both groups received the same conventional clinical teaching,
including didactic lectures, teaching ward rounds, case discus-
sions, and medical record writing and review.

2.2.1 Control group

Students completed an 8-hour AGP training program. The first
4 hours consisted of didactic instruction in AGP interpretation,
covering standardized AGP reports, key glucose metrics (e.g.,
time in range, coefficient of variation), and 8 prototypical glu-
cose patterns (e.g., dawn phenomenon, Somogyi effect) based
on static cases from a pre-developed case library. The remain-
ing 4 hours were allocated to self-directed practice, during
which students independently interpreted 8 additional variant
cases using the same case library. Answers were provided for
self-assessment, and a faculty member was available for techni-
cal questions. No scenario simulation or structured debriefing
was provided.

2.2.2 Intervention group

In addition to the conventional teaching content, the interven-
tion group participated in an 8-hour integrated program com-
bining AGP analysis with high-fidelity simulation, structured
according to Kolb’s experiential learning cycle.

Phase 1: AGP case library learning (abstract conceptualiza-
tion). A 1-hour interactive session on AGP interpretation, which
covered the same content as the control group, with guided
analysis of 8 prototypical glucose patterns.

Phase 2: High-fidelity scenario simulation (concrete experi-
ence). Eight high-fidelity simulation scenarios were designed
based on real clinical cases, encompassing a range of clinical
presentations: (1) newly diagnosed type 2 diabetes mellitus, (2)
elderly type 2 diabetes mellitus patients on insulin therapy, (3)
type 1 diabetes mellitus patients using insulin pumps, (4) ges-
tational diabetes mellitus, (5) type 2 diabetes mellitus patients
with diabetic kidney disease, (6) post-pancreatitis diabetes, (7)
steroid-induced diabetes, and (8) mitochondrial diabetes. Each
30 minutes session required students to interpret AGP data in
real-time, make diagnostic and therapeutic decisions, and man-
age dynamic clinical changes. High-fidelity mannequins and
standardized patients were used to create immersive clinical
environments. Each scenario was supported by a simulation
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flow diagram, scripts for actors playing the patient, physician,
or nurse, and a detailed instructor’s guide.

Phase 3: Structured debriefing (reflective observation). Following
each simulation, faculty members facilitated 20-minute small-
group debriefings (4—6 students per group), including data-
driven problem identification, Socratic questioning to pro-
mote metacognitive reflection, and immediate individualized
feedback.

Phase 4: Deliberate practice reinforcement (active experimen-
tation). After debriefing, students were assigned variant cases
(similar glucose patterns but different clinical contexts) for
independent retraining. This cycle of “practice-feedback-cor-
rection-repractice” was repeated until proficiency in AGP
interpretation and clinical decision-making was achieved.

2.3 Instructor training and fidelity assurance

To ensure consistency in the simulation teaching sessions, all
facilitators completed a 2-hour preparation workshop before
the study began. The workshop included reviewing the objec-
tives and methods of simulation teaching, as well as role-play-
ing sample scenarios. Each simulation scenario was conducted
using standardized materials, including fixed simulation flow-
charts, standardized patient and facilitator scripts, and detailed
teaching guidelines. All teaching sessions were recorded. An
independent senior educator randomly selected 20% of the
recordings for review to assess the consistency of implemen-
tation and adherence to the standardized protocols. Only
facilitators who passed the competency assessment (with a
score >85%) were permitted to conduct simulation teaching.
Consistency was ensured by having all students experience
the same scenarios in the same order, and debriefing followed a
structured template with predefined learning points.

2.4 Teaching effectiveness evaluation
2.4.1 Primary outcome

Theoretical assessment: The theoretical assessment consisted
of a standardized closed-book examination with a total score of
100 points. It covered diabetes diagnosis and classification,
pathophysiology, clinical manifestations, blood glucose moni-
toring, oral agents and insulin, and prevention and treatment
of acute and chronic complications.

2.4.2 Secondary outcomes

Skill assessment: The skill assessment used an Objective
Structured Clinical Examination (OSCE) design. OSCE sta-
tions were set up, including history taking, physical examina-
tion, skill operation, medical communication, medical record
writing, and case analysis, totaling 6 stations. Each station
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Table 1. Comparison of demographic data and baseline scores between the two
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to both normal distribution and homogeneity

groups of variance were expressed as meantstandard
Control group Intervention  Statistic deviation '(iis) apd compared between two
(N=30) group (N=30) value groups using the independent samples T-test.

Age 20.33+0.55 20.47+0.51 0.98 0.33 For data that did not conform to normal distri-

Gender (M/F) 16/14 14/16 027 0.61 bution or homogen'eity 9f Variancg results were

Theoretical scores 69.8044.42  69.6044.08  0.18 0.86 expressed as median (interquartile range) and

History taking 4.27+0.64 4.50+0.90 -1.15 0.25 compared using the Mann-Whitney U test. A

Physical examination 4.53+0.94 4.50+0.86 -0.65 0.89 Prvalue <005 was considered statlstIC?. lly sig-

nificant. All analyses were performed with SPSS

Skill operation 4.33+0.99 4.43+0.63 -0.47 0.64 26.0 software.

Medical communication  4.53+0.63 4.77+0.82 -1.24 0.22

Medical record writing ~ 4.70+0.88 4.50+1.14 0.76 0.45 3 RESULT

Case analysis 3.97+0.76 4.00+0.91 -0.15 0.88

Note: M, Male; F, Female.

Table 2. Comparison of baseline Mini-CEX scores between the two groups

3.1 Baseline characteristics

There were no statistically significant differenc-
es in the baseline characteristics between the

Control group Intervention

two groups, including age, gender, and pretrain-

(N=30) group (N=30) Tvalue  Palue ing theoretical and practical skill scores, as
History taking 3.93+1.17 4.37+0.76 -1.70 0.10 shown in Table 1. There was no statistically sig-
Physical examination 3.67+1.06 3.83+0.91 -1.53 0.52 nificant difference in the Mini-CEX scores
Communication skills 4.67+0.80 4.50+1.11 0.67 0.51 between the two groups of students, as shown in
Clinical judgment 3.73+1.05 4.10+1.09 -1.33 0.19 Table 2.
Humanistic care 5.93+1.01 5.63+1.27 1.01 0.32 . .
Organizational efficiency 3.70+1.02 3.83+1.15 -0.48 0.64 i’ilﬁ“mary outcome — Theoretical assess-
Overall performance 3.87+1.14 4.00+1.44 -0.40 0.69

Note: Mini-CEX, Mini-Clinical Evaluation Exercise.

had a maximum score of 10 points and was scored by two
attending physicians using a double-blind method.

Clinical exercise assessment: Mini-Clinical Evaluation Ex-
ercise (Mini-CEX) was used to assess students’ comprehen-
sive clinical practice performance in simulated situations. The
evaluation included 7 major items: history taking, physical
examination, communication skills, clinical judgment, human-
istic care, organizational efficiency, and overall performance.
Each item was scored on a 9-point scale: 1-3 points indicated
failure, 4—6 points indicated pass, and 7-9 points indicated
excellence.

Teaching satisfaction: A self-designed questionnaire was used
to survey teaching satisfaction among students in both groups.
The questionnaire used a five-point scale, with corresponding
scores assigned from 1 to 5 points representing very dissatis-
fied to very satisfied.

2.5 Statistical methods
Categorical data were presented as relative numbers, and com-
pared using the Chi-square test. For continuous data, normality

was assessed with the Shapiro-Wilk test, and homogeneity of
variance was evaluated using Levene’s test. Data conforming

https://doi.org/10.61189/248123yjlzob

The intervention group scored significantly

higher than the control group on the theoretical
assessment (82.27+7.25 vs. 75.37+4.79, respectively; P<0.001)
(Table 3).

3.3 Secondary outcomes — OSCE

The intervention group scored higher than the control group
in history taking, physical examination, skill operation, medi-
cal communication, medical record writing, and case analysis
(all P<0.05; detailed data are presented in Table 3).

3.4 Secondary outcomes — Mini-CEX scores

The intervention group demonstrated a significantly higher
overall Mini-CEX score than the control group. Notably, the
intervention group outperformed the control group in history
taking, physical examination, communication skills, clinical
judgment, and organizational efficiency (all P<0.05). However,
no statistically significant difference was observed between
the two groups in the aspect of humanistic care (P>0.05). See
Table 4.

3.5 Secondary outcomes — Teaching satisfaction
No statistically significant difference was observed in the

scores of teaching satisfaction between the two groups
(4.50+0.57 vs. 4.63+0.56, P>0.05).
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Table 3. Comparison of post-instruction theoretical and skill assessment scores
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ing the incidence of pre-eclampsia, and improv-

Control group Intervention

ing neonatal outcomes [11]. In patients with dia-

(N=30) group (N=30) Tvalue  Pvalue betes and advanced CKD, HbAlc is less reli-
Theoretical scores 75374479 82274725 435 <0.001 able and hypoglycemia risk increased. CGMS
History taking 5.40+1.07 6.87+1.14 5.15 <0.001 overcomes the limitations of conventional mon-
Physical examination ~ 5.90+0.92 7.00£0.79 497 <0.001 itoring by providing real-time glycemic trend
: ] data [12]. Furthermore, in adolescents with
Skill operation 5.77+1.10 6.80+0.89 4.00 <0.001 type 1 diabetes, CGMS promotes a sense of
Medical communication ~ 5.20+0.92 6.87+0.97 6.80 <0.001 control and confidence through data visualiza-
Medical record writing 5.17+1.21 6.53+0.73 5.31 <0.001 tion, thereby strengthening self-management
Case analysis 4.87+1.17 6.90+0.99 7.26 <0.001 and supporting better treatment outcomes [13].
Derived from CGMS data, the AGP serves not
Table 4. Comparison of post-instruction Mini-CEX scores only as a visualization tool fqr refined diabetes
. management, but also as an ideal platform for
(Cl\}):;(r]())l group ;l;ze:lr;i;t;gl(l)) Tole  Poale c;(l‘lltlivating blood glucose pattern recognition

History taking 4.07+1.34 7.30£1.29 9.53 <0.001 i
Physical examination 4.37+1.03 7.07+0.74 11.64 <0.001 Scenario-based simulation education originated
Communication skills 4.80+0.66 7.00+0.83 11.33 <0.001 in high-risk professional training fields such as
Clinical judgment 4.40+0.97 6.83+£1.02 9.48 <0.001 the military and aerospace industries [14]. This
Humanistic care 6.30+0.75 6.57+0.73 1.40 0.168 instructional strategy enables learners to prac-
Organizational efficiency ~ 4.73+0.91 6.90+0.61 1087  <0.001 tice complex skills without real risk. As a result,
Overall performance 4.90+1.00 7.57+0.86 11.12 <0.001 it has gained increasing attention in medical

Note: Mini-CEX, Mini-Clinical Evaluation Exercise.

4 DISCUSSION

This study provides preliminary evidence for the effective-
ness of an integrated teaching model combining the AGP with
high-fidelity situational simulation in enhancing the diagnostic
and therapeutic capabilities of residents for diabetes. Our find-
ings demonstrate that this innovative approach significantly
improved residents’ performance in theoretical assessments,
OSCE stations including history taking, physical examination,
and case analysis, and overall Mini-CEX scores, particularly
in clinical judgment and organizational efficiency.

Glycemic monitoring is essential to diabetes management.
Conventional self-monitoring of blood glucose provides only
intermittent snapshots, failing to capture the full spectrum of
daily glucose fluctuations. The advent of CGMS has trans-
formed diabetes care by delivering continuous, comprehensive,
and reliable 24-hour glycemic profiles. These data clearly out-
line glucose trends and can detect abnormalities often over-
looked by conventional methods. Key CGMS-derived metrics,
such as TIR, time below range, and coefficient of variation, are
closely linked to the risk of both microvascular and macrovas-
cular complications in diabetes [9]. For special populations,
CGMS offers distinct advantages. In elderly patients, CGMS
has been associated with reduced hypoglycemia and possibly
fewer cardiovascular events [10]. In patients with GDM, the use
of CGMS may offer several advantages, such as improving
glycemic control, optimizing gestational weight management,
enabling timely initiation of pharmacologic treatment, reduc-
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education and become a key method for training
medical professionals [15, 16]. In medical edu-
cation, scenario-based simulation refers to the
use of various technical means to recreate realistic clinical
environments, establishing a safe and reproducible learning
setting to systematically enhance students’ comprehensive
clinical competencies [17]. This teaching approach offers sev-
eral advantages. Firstly, it generates highly realistic clinical
scenarios, enabling learners to navigate diverse, intricate, and
dynamic situations within an environment that closely mirrors
actual practice. Secondly, it provides a controlled setting for
rehearsal, allowing students to learn from errors without jeop-
ardizing patient safety. Furthermore, scenario-based simula-
tion promotes learning outcomes through immediate and guid-
ed feedback and permits the design of cases targeting rare or
high-risk clinical events, thereby assisting students in master-
ing infrequent yet critical clinical skills. The eight typical clini-
cal scenarios designed in this study were derived from real
clinical challenges, covering different types, stages, and com-
plication backgrounds of diabetes. Through simulation exer-
cises, students learned how to interpret glucose profiles and
practiced integrated competencies such as information synthe-
sis, decision-making, communication, collaboration, and emer-
gency response in a near-authentic environment. The superior
performance of the experimental group in OSCE stations such
as medical communication and procedural skills confirms the
effectiveness of scenario-based simulation in enhancing clini-
cal practice competency.

In the Mini-CEX assessment, the experimental group demon-

strated significantly better performance than the control group
in domains including history taking, clinical judgment, and
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organizational efficiency. However, no statistically significant
difference was observed between the two groups in humanis-
tic care. This finding suggests that while the integration of AGP
and scenario simulation effectively strengthens data-driven
analysis and clinical decision-making, it may have limited
impact on nurturing softer competencies such as emotional
support and empathetic communication. To address this gap,
future teaching should enhance the emotional authenticity of
simulated patient roles and incorporate dedicated humanistic
care components into debriefing sessions.

Additionally, the study found no significant difference in teach-
ing satisfaction between the groups. This could be due to the
relatively small sample size, the subjective nature of satisfac-
tion measures, or the need for a longer adjustment period to
the innovative teaching model. Future post-course interviews
could reveal learner acceptance, perceived workload, and sug-
gestions for improving the teaching method.

5 LIMITATIONS

This study has several limitations that warrant consideration.
First, the single-center design and relatively small sample size
may limit the generalizability of the findings. The participants
were all from one institution, and their performance might not
fully represent the broader population of internal medicine
residents. Second, the assessment of teaching effectiveness was
conducted immediately after the intervention, lacking long-
term follow-up to evaluate the durability and sustainability of
the acquired skills and knowledge. The persistence of impro-
vements in clinical competency, such as blood glucose pattern
recognition and complex scenario management, remains
unknown. Third, while the assessment tools used in this study
(OSCE, Mini-CEX) are widely accepted and validated instru-
ments in medical education, we did not formally calculate inter-
rater reliability for OSCE scores, nor did we conduct psycho-
metric validation of the self-designed satisfaction question-
naire. The absence of these data may limit the reproducibility
and internal validity of the measurement. However, all OSCE
scorers and Mini-CEX assessors were blinded to group allo-
cation and received standardized training on the assessment
rubrics. Future studies should include formal reliability analy-
ses, such as intraclass correlation coefficients for OSCE and
generalizability studies for Mini-CEX, to strengthen the mea-
surement rigor.

6 CONCLUSION

This study introduces an integrated model combining the AGP
with high-fidelity scenario simulation for training resident phy-
sicians in diabetes diagnosis and management. Preliminary
findings suggest that this innovative approach may address
some limitations of traditional diabetes education in residency
programs. Trainees showed improvements in theoretical knowl-
edge and clinical skills compared with the control group.
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Zhang et al.

However, these results should be interpreted as exploratory,
and further validation is needed. Future research should evalu-
ate long-term clinical performance and sustained competency
to further validate this teaching model. If effective, the model
could support wider implementation and dissemination in dia-
betes education. It may also be adapted to other chronic disease
training contexts.
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