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Abstract

Background: Screening for type 1 diabetes (T1D) can be challenging, causing diagnostic delay and potentially serious health consequences.
Continuing education (CE) in T1D is lagging but could help improve clinician knowledge of and engagement in T1D screening behaviors.

Materials and methods: This retrospective, case-control study assessed pre-/post-changes in clinician knowledge of T1D screening and
management (N=4817) following exposure to an interactive, multicomponent CE program (DETECT T1D) from May 2024 to January 2025.
Using medical claims, it evaluated pre/post practice change by comparing learners and matched non-learner controls (N=9361) on T1D
screening behaviors during the 12 months pre-education vs all available month’s post-education through May 2025.

Results: Post-education, learners demonstrated multiple knowledge and competence gains, including understanding the T1D presentation
in adults versus children and identifying appropriate autoantibody screening strategies. Learners achieved a 54% increase in screenings (i.e.,
668 more new screenings) following DETECT T1D education vs non-learners (1913 new screenings for learner’s vs 1245 new screenings for
non-learners). Primary care, pediatric, and advanced practice provider learners in particular achieved a 116 % gain in screenings vs non-
learners (715 new screenings vs 332 new screenings). Learners across all specialties and in all geographic regions demonstrated gains in new
screenings vs non-learners.

Conclusion: Interactive, immersive, multicomponent CE may be a feasible and effective pathway to improving clinician detection of T1D.
Exposure to this type of learning could have positive downstream effects for patients in terms of more timely diagnosis and earlier intervention,
including with disease-modifying therapies that can delay T1D clinical progression.

Keywords: Type 1 diabetes, Continuing education, Type 1 diabetes screening, Type 1 diabetes islet autoantibodies, Presymptomatic type 1
diabetes

Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease
characterized by damage to and destruction of insulin-
producing beta cells in the pancreas [1]. T1D is estimated
to affect 9.2 million people globally, with rates steadily
rising worldwide over the past 2 decades [1]. These rates are
even higher when considering the millions of people with
presymptomatic T1D, in which a person exhibits antibodies
indicative of T1D but may or may not experience glycemic

dysregulation [1,2]. Not all individuals with a genetic
susceptibility to T1D (i.e., a parent, sibling, or twin with T1D)
go on to develop the disease. This demonstrates the complex
relationship between genetic risk and necessary cofactors,
such as viral infections that stimulate the pathogenic immune
response [3]. Indeed, approximately 90% of T1D cases are
diagnosed in individuals without a first-degree relative with
T1D [4].This highlights the value of screening all individuals for
T1D rather than focusing only on those considered genetically
susceptible [5].
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Screening for presymptomatic stages of T1D (i.e., stage 1 and
stage 2 T1D) can be challenging for numerous reasons [6,7].
Patients are often normoglycemic, so clinicians may not realize
screening is warranted. Further, clinicians may not know when
and how to screen for presymptomatic T1D (e.g., which tests
to use, how to integrate screening into clinic workflows).
There are also barriers around the use of islet autoantibodies
(IAbs) to screen, including the fact that they are mostly used
in research or used clinically inconsistently [6]. Clinicians may
also lack knowledge about the existence of IAb panels or be
unaware of which tests to order and how to do so.

Other obstacles further contribute to difficulties with
screening and can lead to diagnostic delay [8]. For instance,
nearly half of new cases of TID have an adult onset [9].
However, T1D has historically been misperceived as a juvenile-
onset disease [9,10]. Diagnosis can be challenging because
there is wide variability in the symptoms, presentations,
and trajectory of adult-onset T1D, and these differ markedly
from juvenile T1D [9,10]. Consequently, T1D can be mistaken
for type 2 diabetes (T2D), especially T1D in adults [8,10]. A
retrospective analysis of electronic medical records data from
4.7 million patients with at least 1 healthcare encounter for
T1D or T2D found a T1D misdiagnosis rate of approximately
10% [9]. However, the authors noted that they used “very
conservative” cohort definitions in their study design and
suggest 10% likely underestimates the true rate of cases of T1D
being misdiagnosed as T2D [9]. Additionally, a retrospective
online survey of adults with T1D and parents of children with
T1D (N=3030) found nearly one-quarter (24%) of respondents
were initially misdiagnosed with another condition, usually
T2D (77%) [11]. In that same study, more than 40% of people
who developed T1D after age 30 were initially treated for T2D.

Failure to appropriately screen for and accurately diagnose
TID can lead to treatment delay and serious health
consequences for patients, including suboptimal glycemic
control and an increased risk for acute and long-term
complications (e.g., diabetic ketoacidosis, microvascular
and macrovascular complications) [10,12]. On the other
hand, screening for |Abs, coupled with timely follow-up and
appropriate monitoring, can potentially reduce the risk of
complications (e.g., diabetic ketoacidosis), helping patients
preserve their functioning and quality of life [12]. Additionally,
not screening and detecting T1D earlier represents a missed
opportunity to potentially enroll patients in other clinical
trials that could be of benefit (e.g., clinical trials for patients
with stage 1 or stage 2 T1D). With the landmark approval of
teplizumab for presymptomatic, stage 2 T1D, screening is
also of paramount importance for identifying individuals who
could be eligible for disease-modifying therapies [13].

Continuing education (CE) for healthcare professionals is one
potential strategy to improve the screening and diagnosis of

T1D by increasing clinician knowledge and shaping practice
behaviors. This approach could also help address documented
knowledge gaps by clinicians in the care of patients with
T1D [8]. However, the role of CE in improving clinicians’ T1D
knowledge/competence and practice behaviors has been
understudied. The current study sought to evaluate the
real-world impact of an immersive, interactive CE initiative
about T1D (i.e., DETECT T1D) on clinician knowledge and
competence about screening and management of T1D. It
also sought to evaluate impact of the program on clinician
screening behaviors, based on medical claims data.

Materials & Methods

Data were analyzed from 9361 unique learners who
participated in DETECT T1D between May 2024 and January
2025, and their matched controls. Learners were categorized
in 2 groups: 1) diabetes/endocrine-focused specialists
(i.e., endocrinologists and pediatric endocrinologists) or 2)
primary care providers (PCPs), pediatricians, and advanced
practitioners (e.g., nurse practitioners and physician assistants/
associates). The study was exempt from Institutional Review
Board approval.

Study design

This retrospective, case-controlled study assessed pre-post
changes in clinician knowledge and competence related to
T1D screening and management. It also evaluated pre-post
clinician practice change using a medical claims analysis. For
the claims analysis, learners and matched non-learner controls
were compared on T1D screening behaviors during the 12
months pre-education vs screening behaviors during all
available month’s post-education through May 2025. Claims
assessed included Common Procedural Terminology codes
86341 (islet cell antibodies) and 86337 (insulin antibodies).

Statistical approach

Univariate analyses were employed to compare pre- and
post-test results on knowledge/competence among DETECT
T1D learners. This consisted of 2 primary metrics. Analysis of
covariance was conducted to assess change in screening for
T1D between learners and matched controls/non-learners.
These results were statistically measured and adjusted to
eliminate any pre-education differences between learners and
the non-learner control group. Second, a z-test was utilized to
observe the net-difference in prescriber penetration, which
is the change in number of clinicians screening for T1D pre-
education vs post-education.

Assumptions and quality controls included the following:
Controls were matched on screening code volume during the
pre-education period, clinician specialty, clinician geographic
location, medical claims status, overall writing decile, and age.
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Managed care influences were assumed to be similar between
participating test and nonparticipating control clinicians. A
clinician must have generated at least 1 prescription for any
pharmaceutical product during the most current 12 months
to be included in the analysis. This eliminated any clinician
who was longer be practicing and writing prescriptions. Given
the vast reach of DETECT, with over 20000 clinician learners
in its first year, and that the ratio for the matches was low for
the top specialties, the learners also had a higher T1D volume
than potential controls. Finally, a random sample was used to
ensure the matched pairs were representative of the specialty
group distribution that were targeted. Some replication for
endocrinologists was required.

Outcomes

Outcomes included change in knowledge and competence
and change in screening behaviors in the 12-months pre-
education vs all available month’s post-education through to
May 2025.

Intervention

The DETECT T1D program is a multifaceted, interactive,
immersive CE initiative that disseminates information on the
screening and early detection of T1D, as well as therapeutic
advances to delay disease progression. The development of
therapies to delay progression to clinical T1D has the potential
to alter paradigms of care, and thus DETECT T1D places an
emphasis on screening, early detection, multidisciplinary
care, and patient education to help bring these advances
to practice. The program is comprised of several features.
Clinicians have access to a wide range of education tools and
resources through the DETECT T1D website, including high-
definition animations, downloadable apps, simulations, poster
and pocket card portals, on-demand CE programs, podcasts,
and more (Figure 1). DETECT also includes virtual reality
experiences offered at association meetings (e.g., American
Association of Clinical Endocrinology, Endocrine Society’s
Annual Meeting) as well as conference symposia and summits
at association meetings (e.g., American Diabetes Association,
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Figure 1. DETECT T1D includes tools such as (a) Fly on the Wall, (b) virtual reality whiteboards, (c) A Day in the Life, and (d) pocket cards/
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Pediatric Endocrine Society). Finally, the platform includes
recurring interactive learning series, including 20 regional
summits, 50 Clinical Conversations, 50 Grand Rounds, and 100
TeleECHO sessions (based on Project ECHO®; Extension for
Community Healthcare Outcomes).

Results
Participant characteristics

Two populations were studied for these analyses. For the
pre/post-test education gains, scores were analyzed from
4817 clinicians who participated in DETECT T1D between
May 2024 and January 2025. The practice change analyses
included 9361 participating clinicians and their matched non-
learner controls. This number represents the random sample
that constituted about half of the exposed leaners. The total
sample was comprised of 13% pediatricians, 10% pediatric
endocrinologists, 27% endocrinologists, 30% PCPs, and 21%
advanced practitioners. Regional distribution of the sample
was fairly even, with the largest population being from the
West region of the United States (35%). The age of the sample
was a normal distribution with few learners under the age of
35 or over the age of 65.

Pre-post education gains

All clinician groups demonstrated gains in education, with
the largest being among PCPs and advanced practitioners.
These clinicians demonstrated knowledge and competence
gains across 5 key topic areas: ability to understand the
presentation of T1D in adult’s vs children; ability to identify
appropriate autoantibody screening strategies; ability to
interpret screening results; ability to discuss newly approved
and investigational immunomodulatory treatments; and
ability to implement monitoring and screening strategies for
high-risk patients (Figure 2).

Pre-post screening behavior change (medical claims
analysis)

Learners across all clinician groups achieved a 54% gain in
screenings (i.e., 668 more new screenings) following DETECT
T1D education vs non-learner controls (1913 new screenings
for learner’s vs 1245 new screenings for non-learners). Primary
care, pediatric, and advanced practice provider learners in
particular achieved a 116% gain in screenings (i.e., 383 more
new screenings) vs non-learner controls (715 new screenings
vs 332 new screenings).

Figure 2
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Figure 2. Pre-post changes in knowledge/competence among endocrinologists (Endo), primary care providers (PCP), and advanced
practitioners (APP) in 5 topic areas: (a) describing the clinical presentation of type 1 diabetes (T1D) in adults compared to children; (b)
identifying appropriate autoantibody screening strategies, including type, frequency, and number; (c) interpreting results from screening
protocol to drive management decisions; (d) discussing the latest clinical evidence for efficacy and tolerability of newly approved and
investigational immunomodulatory agents; and (e) implementing strategies for appropriate clinical monitoring and early screening in
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Pre-post screening behaviors by subgroup

Outcomes across specialties are shown in Figure 3. Learners
across all specialties demonstrated gains in new screenings
vs non-learners, with the largest gains occurring among
pediatricians. Outcomes by geographic region are shown in

Figure 4. Learners across all regions demonstrated gains in
new screenings vs non-learners, with the largest gains among
those in the Midwest. Finally, as shown in Figure 5, outcomes
by education format suggest that all 3 learning formats were
associated with gains in new screenings vs non-learners and
that gains were comparable across all education formats.

Figure 3.
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Figure 3. Percent gain in type 1diabetes (T1D) screenings among learners (ie, those exposed to DETECT education) vs non-learners (ie,
those not exposed to DETECT education), by specialty (APP: Advanced Practitioner; Endo: Endocrinologist; PCP: Primary Care Physician;
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Figure 4. Percent gain in type 1diabetes (T1D) screenings among learners (ie, those exposed to DETECT education) vs non-learners (ie,
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Figure 5.
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Figure 5. Percent gain in type 1diabetes (T1D) screenings among learners (ie, those exposed to DETECT education) vs non-learners (ie,
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Discussion

Exposure to an interactive, immersive, multicomponent
CE program (DETECT T1D) was associated with marked
improvements in clinician knowledge of and competence
in screening for and managing T1D. Participating in
DETECT T1D was also associated with desirable changes in
clinician behavior. Compared with matched non-learners,
learners showed a greater increase in new T1D screenings
from 12 months prior to the education through the post-
education period, up through May 2025. Learners across all
specialties screened more new patients for T1D than non-
learners, underscoring the importance of a multidisciplinary
educational audience and the need for future education to
continue to focus on screening and referral best practices.
Across all 4 geographic regions of practice, learners screened
more new patients than did non-learners. However, learners
in the Midwest achieved the greatest gain in new screenings.
This could be attributable to a larger number of learners
actively screening in the Midwest than in other regions. This is
seen in the higher clinician productivity (i.e., active screenings
per clinician) for both the learner and non-learner control
group in the pre-education and post-education periods in this
region. Finally, there was not a notable change in incremental
screening rates across activity formats; thus, continuing a
variety of instructional designs in the DETECT curriculum is
recommended.

Findings from the current study are consistent with the small
number of other published research supporting the role of

CE in positively impacting diabetes care. A narrative review
from Lan and colleagues highlighted the value of ongoing
professional education in aiding healthcare providers in more
quickly and accurately recognizing and diagnosing diabetic
ketoacidosis in pediatric patients with type 1 diabetes [14].
A second review found interprofessional education on
diabetes care that emphasizes multidisciplinary, collaborative
teamwork was associated with improvements in provider
knowledge, skills, and competence as well as better patient
outcomes (e.g., reduced complications such as foot ulcers)
[15]. CE in the diabetes field has also demonstrated an impact
in treatment decision-making. In a study of more than 1500
U.S. physicians, those engaging with a digital, simulation-
based education program were more than 4 times as likely
to select an evidence-based treatment for the prevention of
cardiovascular events among patients with type 2 diabetes
post-education than physicians not exposed to the education
(odds ratio 4.49[95% confidence interval 1.45-13.97]; P=0.001)
[16]. Finally, additional evidence suggests the benefits of
diabetes-related CE (e.g., improved knowledge and skills)
may be heightened when education is offered in web-based
and other digital modalities (e.g., scenario-based simulations,
gamification) as compared to traditional formats [17]. This
lends further support for better understanding the impact
and scalability of initiatives such as DETECT in improving real-
world clinician and patient outcomes.

This study’s findings align those from other diabetes-related
Project ECHO® programs, which demonstrated improvements
in PCP knowledge, confidence, and self-efficacy in managing
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complex diabetes cases and an increase in specialists’
prescribing of newer diabetes medication [18]. These
programs are also associated with positive patient outcomes
such as decreased inpatient hospitalizations, decreased
inpatient spending, and increased uptake of prescription-
related quality measures (e.g., increased metformin utilization)
[19,20]. However, none of these ECHO® programs were
focused specifically on T1D. Walker et al. demonstrated the
feasibility and proof of concept of a pilot TeleECHO® program
designed to improve PCP knowledge and management of
T1D (N=70), particularly in communities with limited access
to diabetes specialists [21]. However, to our knowledge, the
study investigators have not yet reported on practice change
or patient outcomes from the full version of the program.

It is important to note that although the current study’s
outcomes are consistent with the small body of research
exploring professional CE and diabetes practice outcomes,
they diverge somewhat from research on whether CE
broadly (not diabetes-specific CE) improves provider practice
behaviors. A Cochrane review found educational meetings are
more effective than no intervention at all, but the certainty
of evidence comparing educational meetings to other
educational initiatives was weak [22]. Similarly, a more recent
review of continuing professional development demonstrated
that although multi-component CE is more effective at
improving patient outcomes than standalone programming,
little research is available and much of what exists is of low
quality [23]. On the other hand, a synthesis of systematic
reviews that assessed whether CE impacts physician behaviors
found consistent improvements in physician knowledge and
inconsistent (but generally positive) results in terms of clinical
practice outcomes [24]. Similar to the current study, this
review observed that CE that is interactive, dynamic, lengthy,
and provided repeatedly appears to have a greater effect
on physician performance than static, standalone content
[24]. Researchers have cautioned that it can be difficult
to determine the extent to which didactic and interactive
professional education actually shapes clinician behaviors
because of the variability in how CE is defined and conducted
across studies [25].

The current study could help address certain barriers
to improved T1D detection and management. First, CE
programming in diabetes is generally lacking. An analysis
of all continuing medical education courses from leading
research and primary care medical schools in 2019 found
2.2% of total course hours were devoted to diabetes (i.e.,
202 hours out of 9355 total) [26]. This omission is critical
because research shows CE can lead to clinician behavior
change of high public health import, such as reduced opioid
prescribing [27]. The positive outcomes from DETECTT1D help
lend support for financing and scaling up online interactive CE
programs in diabetes care.

Second, little empirical data exist on the role of CE in shaping

clinician behaviors and patient outcomes in diabetes care, and
what programs do exist appear targeted at T2D or diabetes
in general. For instance, one small study of medical residents
(N=129) found case-based online medication education
about diabetes management in inpatients, provided over 2
years, was associated with significant improvement in patients
achieving target glycemia values compared with prior to the
education [28]. In another analysis, exposure to CE focused
on T2D and obesity—which included case-based, interactive,
web-based medical education programming—was associated
with increased scores of knowledges and competence (e.g., of
treatment options, in treatment selection) as well as intended
changes in practice behaviors [29]. Notably, neither of these
studies were focused on T1D specifically. Further, in the latter
study, “intent to change practice behaviors” was self-reported
and not tied to objective indicators, such as medical claims
data. These gaps underscore the value of the current study
in helping to grow the small but important literature on CE-
related practice change in T1D care.

CEinitiatives like DETECTT1D are also valuable because many
PCPs, pediatricians, endocrinologists, and other clinicians
struggle with aspects of T1D diagnosis and management [8].
Knowledge gaps appear to exist in several areas, including
awareness of presymptomatic T1D and its symptoms, how
to make a correct diagnosis and avoid misclassification, how
to interpret and follow up on results from T1D screening, and
recognizing the role of disease-modifying therapies as an
evidence-based treatment option for T1D, especially for early-
stage T1D [8]. Current practice patterns suggest providers
could benefit from increased training and education-related
interventions to close gaps between recommended practices
and real-world behaviors. For instance, autoantibody
screening is recommended for the early detection of T1D and,
if appropriate, referral to treatment with disease-modifying
therapy [30]. However, provider awareness of, readiness
for, and attitudes toward implementing autoantibody T1D
screening in clinical practice are suboptimal [31,32]. Although
knowledge is likely just one barrier that accounts for these
patterns, it is reasonable to hypothesize that interventions
such as interactive, multidisciplinary CE could help mitigate or
possibly prevent them.

Initiatives that successfully increase T1D screening rates
(such as DETECT) could have important implications for the
appropriate use and incorporation of disease-modifying
therapies into individualized treatment plans for managing
T1D. This is crucial because the current standard treatment
approach of lifelong exogenous insulin replacement is
suboptimal for many patients (e.g., high cost, the need for
constant readjustment of insulin doses) and does not address
the autoimmune processes underlying T1D [33]. The advent of
disease-modifying medications for this population represents
a new opportunity for patients to slow the decline of beta cells
and delay disease progression and the onset of symptoms [33].
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Finally, outcomes from this study reflect the utility of
multidisciplinary CE for improving T1D care as opposed to
focusing only on endocrine/diabetes—related specialists.
Diabetes is increasingly considered a multidisciplinary
condition due to its chronicity, complexity, and multimorbidity
[34]. Multidisciplinary team-based interventions for diabetes
patients are associated with improved clinical outcomes
(e.g., better glycemic control), psychosocial functioning,
and healthcare resource utilization (e.g., decreased
hospitalizations, reduced mean time from specialty referral
to visit) [34]. Relatedly, data from the current study showed
an increase in screening among PCPs, which is consistent
with current guidance recommending screening for T1D be
performed in primary care settings (by PCPs and pediatricians)
[35]. CE aimed at the full range of generalists and specialists
involved in the screening, diagnosis, and management of
patients with or at risk for T1D could help maximize patient
outcomes.

The encouraging findings reported here are bolstered by
several strengths. This study analyzed data from a large,
geographically well-represented sample. Rather than
relying on clinician self-report, it used objective metrics
(i.e., medical claims data) to characterize practice behavior
change associated with CE exposure. This study could also
help address a notable gap in the literature (i.e,, the lack of
studies on T1D-related CE) and well-documented knowledge
gaps among clinicians when it comes to screening for and
diagnosing T1D.

Study limitations include the fact that learners were likely
exposed to other forms of education (e.g., promotions)
that the investigators could not control, making it difficult
to determine the extent to which changes in knowledge/
competence and practice behaviors are attributable to
DETECT T1D rather than other factors. The study sample could
be considered biased given that it included highly motivated
clinicians who voluntarily participated in the education
programming. Beyond preexisting knowledge gaps, the data
do not clarify the possible barriers that prevented screening
from beginning in the first place (e.g., clinician reluctance,
difficulty accessing IAb panels). However, the investigators are
currently conducting research to better address this question
using behavioral analysis techniques. Finally, the data do not
capture discussions between clinicians and patients about
screening that did not lead to actual screening (e.g., a clinician
offering screening but a patient declining).

Conclusions

Interactive, immersive, multicomponent CE may be a feasible
and effective strategy for improving the detection of T1D
by specialists and by primary care, pediatric, and advanced
practice clinicians. This is evidenced by the current study’s
findings of demonstrated gainsin knowledge and competence

pre-post education, as well as a 54% gain in T1D screenings
across all clinicians. Exposure to this type of learning could
have positive downstream effects for patients in terms of
more timely diagnosis and early identification of patients who
are eligible for disease-modifying therapy, potentially leading
to reduced disease burden and better patient outcomes.
However, this would need to be investigated further in future
research. T1D is a chronic, complex, highly comorbid disease
that affects an increasing number of children and adults across
the globe. CE has the potential to directly benefit individual
patients and populations as a whole by improving quality
of care. T1D-specific CE that has demonstrated effectiveness
at impacting clinician knowledge and practice behaviors
could lead to better health and well-being for a multitude of
individuals.
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