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Abstract
Purpose of review In the rapidly evolving and complex field of inpatient diabetes, complex care teams of physicians, nurse
practitioners, physician assistants, nurses, and pharmacists are challenged to remain well informed of the latest clinical treatments
and health care trends. Traditional continuing medical education (CME) and continuing education unit (CEU) strategies that
require travel and/or time away from work pose a major barrier. With advancements in technology, there are media and other
electronic strategies for delivering CME/ CEU that may overcome these current challenges.
Recent Findings Electronic and internet-based formats are growing due to their convenience, ease of use, lower cost, and ready
access to large audiences. Some formats are already being used such as computer-based programs, simulations, and mobile
CMEs and CEUs. Other strategies could be further explored including hospital credentialing, stewardship programs, and
interdisciplinary health care professional education. However, there is little data on the utilization and efficacy of these newer
formats.
Summary While traditional CME/CEU meetings prevail, there is a need and an emerging trend using electronic and internet
based strategies that are particularly suited for inpatient diabetes education. These methods show great potential and deserve
further exploration and development.

Keywords Inpatient diabetes . Professional education . Continuingmedical education . Innovative education

Introduction

In an environment of evidence-based practice, health care is
rapidly evolving with advancements in all specialties.
Clinicians such as physicians, nurses, and pharmacists are
challenged to research and review the most current literature
to keep up to date on new developments in patient care.
However, the sheer volume of information that a health care

provider needs to review as well as increasing time constraints
in current practice can be overwhelming. One traditional meth-
od to help physicians and other clinical providers accomplish
their goals of education is through continuing medical educa-
tion (CME) or continuing education units (CEU) courses, usu-
ally arranged at a location where learners gather to hear expert
speakers. These courses were designed to condense the utmost
important information in a didactic format that clinicians have
traditionally used to learn. Health care professionals such as
nurses and pharmacists may also acquire CEU via journals, or
online companies that provide courses on a fee-schedule ver-
sus the traditional method of professional meetings.

In endocrinology, inpatient diabetes management is consid-
ered challenging since every patient’s management of blood
glucose can differ. Very often, the patient’s home regimen may
require significant modifications such as transition from oral
agents to basal-bolus insulin regimens due to acute medical
conditions and other therapies that result in alterations in the
blood glucose patterns and an increase in the potential for
adverse effects (e.g., high-dose steroid therapy, enteral feed-
ings, contrast studies, surgery, and sepsis). To prepare health
care professionals with the necessary tools, education focused
on inpatient diabetes management is necessary, especially
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when inpatient diabetes consultation services are not available
or are limited.

CME/CEUs are ubiquitous and provide information for all
providers in their respective fields. In this age of technological
advancement, providers have even more opportunity to im-
prove their skills in health care delivery. In inpatient diabetes
management, multiple approaches can be utilized to assist
providers in the management of patients. The advancements
in pharmacotherapy and diabetes technology that occur each
quarter are so fast-paced that a provider’s knowledge in dia-
betes management can easily fall behind. In this review, we
will describe current CME/CEU methods and their shortcom-
ings and propose newer alterative options for the future with
respect to inpatient diabetes education.

Overview of Current CME/CEU Methods

It is indisputable that health care professionals need CME/
CEUs to continue to maintain a high-quality and effective
clinical practice. Currently, 62 board certification programs
in the US require CME credits for physician licensing. For
nurse practitioners, the American Nurses Credentialing
Center (ANCC) and the American Academy of Nurse
Practitioners (AANP) both require either a minimum of
100 h of continuing education every 5 years (25 CEs must
be advanced practice pharmacology) or by retaking the certi-
fication exam (if available) while holding licensure during the
period of certification. Physician assistants have a National
Commission on Certification of Physicians Assistants
(NCCPA) certification requirement of 100 h of continuing
education every 2 years to maintain certification [1–3]. Most
health care professionals can achieve the requirements by at-
tending live meetings that are held on specified dates and lo-
cations. This usually requires that the providers travel to the
meeting and spend anywhere from 1 to 5 days away from their
clinical practice so that they can immerse themselves in all the
latest information presented by expert speakers in the field. In
recent years, another common option is with electronic course
recordings that can be viewed at the provider’s convenience. In
regards to physicians, many professional organizations such as
the American College of Physicians, The Endocrine Society,
and American Association of Clinical Endocrinologist (AACE)
have designed hundreds of online CMEs available to cover a

wide range of interests and learning styles. Recently, new me-
diums are being used which vary widely fromWebMD iPhone
app to cruises accredited by the Accreditation Council for
Continuing Medical Education (AACME). The traditional
and non-traditional methods for CMEs for physicians are
outlined in Tables 1 and 2, respectively.

Similar to physician CMEs, nurses and pharmacists have to
complete certain requirements to renew their license annually.
Nurses and pharmacists both use Continuing Education Units
(CEU) to keep current in the latest health care practices and
techniques while the latter also needs to have certain amount
of contact hours (depending on state) of continuing education
activity as well. Several options are available for nurses to
obtain the required CEU that include hospitals offering CEU
courses in house, pharmaceutical/equipment company-
sponsored events, or by their nursing societies in the form of
symposiums or lectures. However, online sites where CEUs
are earned as quickly as possible continue to be very popular
among nurses (Nurse.com, Nurseceu.com, RN.com,
CEUsforfree.com, etc.). The American Association of
Colleges of Nursing and the Commissions on Nurse
Certification also lists nationally accredited CE providers on
their websites. The American Pharmacy Association (APhaA)
is recognized among pharmacists as a reliable provider of
continuing pharmacy education (CPE). Members receive free
access or discounts to a variety of CPE formats-in-person,
live-webinar, and self-paced learning delivered by specialists
in their field [4].

Current Challenges of CME

A universal challenge for most health care professionals is
allocating time to obtain CME/CEU credits. Prescribers (phy-
sicians, nurse practitioners, and physician assistants) with high
volume patient panels and even those with shift-dependent
specialties find that taking time off for several days to attend
a professional conference is a major barrier. This has even led
some CME/CEU providers to use an external incentive to
increase participation.

As the internet becomes more integral in our daily life, it
seems to be an ideal medium for knowledge transfer, but it is
also not without challenges. Curran and Fleet describe that the
three main challenges to online CME include: 1) ensuring

Table 1 Available traditional CME methods

Methods Description Available resources offering CME credits Average time requirement

Grand rounds Aweekly conference that features
national and international speakers

• Offered in academic centers 1–2 h per session

Professional society meetings Annual conferences held by various professional
societies that feature the latest advancements
in endocrinology.

• ADA
• AACE
• Endocrine Society

An average of 2–5 days
per year per society
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learners have the computer skills, 2) attracting learners, and 3)
developing a valid curriculum [5]. At this time, it remains un-
known whether health care providers avoid online CME due to
lack of computer or online skills and up-to-date computer
equipment, but this is expected to diminish over time.
Additionally, many online CME courses often resemble their
traditional paper-based book counterparts and are just mere
substitutions for older formats [6]. Online CME carry the poten-
tial to enhance prescriber learning and implement a change in
clinical behavior but only if executed well. Whether the venue of
CME courses is a physical gathering or online, the impact of
traditional methods on optimal clinical practice remains uncer-
tain, leaving opportunity for innovation and implementation of
more effective methods. Crenshaw et al. explored the link be-
tween physicianweb-basedCMEparticipation and their patients’
A1C level. One hundred thirty-three participating physicians (in-
tervention = 64; control = 69) provided information for 1637 pa-
tients with diabetes. They assessed the total number of pages
viewed of a web-based CME course to improve diabetes care
and its correlation with A1C. As the total number of pages
viewed decreased, so did A1C control (137, 73, 68, 57;
P = .007); while for a given 10% increase in the propor-
tion of patients with controlled A1C, physicians viewed
1.13 times more pages (95% CI: 1.02–1.26, P = 0.02) [7].
This study shows that web-based CME provides physi-
cians with a powerful resource to optimize care to patients
with diabetes, but unfortunately is not widely used.
Identification of learners’ needs is essential to building
an effective CME curriculum. Additionally, health care
providers are faced with the challenge of keeping up with
the ever-growing body of knowledge in their own field,

and this may limit their ability to expand their knowledge
in other highly focused areas, like inpatient diabetes.

Future Directions of Inpatient CME/CEU Using
Nontraditional Formats

Computer-Based Programs or Virtual Simulations

Due to the tremendous advancements in computer technology,
the age of software simulations has progressed to where indi-
viduals, professional organizations, and even hospitals can
incorporate this technique into their CME/CEU courses. In
fact, this strategy has been so highly regarded, that it is now
used in today’s United States Medical License Exams
(USMLE) as part of the computer-based exam.

The concept of computer-based simulations is not foreign
as demonstrated by the international popularity of modern
video games that revolve around virtual simulations.
Through these video games, people can enter a mimic envi-
ronment with unimaginable limits and perform a variety of
tasks, each with potentially different outcomes. Using the
same premise, physicians, residents, and medical students
can now learn in a simulated environment without the real-
life consequences of failure. This allows reinforcement of con-
cepts they need to master and practice safely and effectively
with their own patients.

Tatti and Lehmann showed one example of this advance-
ment using the AIDA Diabetes Simulator. The main aim of
this study was to provide the AIDA diabetes simulation tool
“as a teaching tool for general practitioners (GPs).” The study

Table 2 Available non-traditional CME methods

Methods Description Available resources offering CME credits Average time requirement

Podcasts Medical audio broadcasts that can
be played using several platforms;
web pages, iTunes, handheld
devices, etc.

• Medscape
• UpToDate
• AACE Clinical Conversation Series
• Clinical Endocrinology News
• Diabetes Discourse (ReachMD)
• American College of Physicians
• Peervoice
• Mayoclinic

Majority are 15–19 min

Mobile Presenting CME to physicians through
a digital medium, most commonly
via mobile app

• Medscape
• E-Medicine
• Merck Medicus
• Epocrates Mobile
• Qstream
• Quantia MD
• WebMD

Average length is 30 min

Simulations Simulation based medical education • UCLA Simulation Center
• Baylor Simulation Center
• Penn State Simulation Center
•Center for advanced medical learning and simulation (CAMLS)
• Texas Tech University – El Paso; Center for advanced teaching
• Florida Hospital – Nicholson Center

Varies depending on specialty.
Some courses are six-hours
long.
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recruited 60 primary care physicians with the primary objec-
tives of providing an overview of metabolic management in
diabetes. They offered different methods for diabetes therapies
with detailed explanations of those methods, and highlighting
the complexities of diabetes management when accounting
for insulin, meal planning, and daily activities. To accomplish
this, these physicians attended a day-long workshop with two
different sessions. Session 1 consisted of three different phy-
sicians giving an overview of diabetes and theory behind the
use of simulations in medicine. Session 2 consisted of the
physicians being split into small groups to perform preset
simulation scenarios. After the conclusion of the sessions,
physicians filled out surveys to give qualitative feedback to
the investigators to see if their objectives were met. The feed-
back gathered from the GPs showed a positive response to this
method of education; however, the authors did not include the
detailed analysis of the responses for the survey [8].

Diehl et al. used an electronic game as an option to further
educated physicians through a new approach. In their study,
the objective was to assess the effectiveness of their game,
InsuOnline, through applicability, user acceptance, and edu-
cation effectiveness. They recruited primary care physicians
from South Brazil either by phone or email to enter this un-
blinded, randomized controlled trial and were assigned to ei-
ther the intervention group (electronic game) or control group
(onsite lectures and case discussion). Both groups had same
content and duration of 4 h with focus being on factual
knowledge, problem-solving skills and attitudes that was
assessed by a questionnaire administered before, immedi-
ately after, and 3 months following the intervention. Results
from this study showed no difference in applicability (78%
vs. 89%; intervention vs. control). The study also showed
improvement in the competence scores, with initial scores
(at baseline) 52% for both groups with the interventional
group reaching 92% and the control group reaching 85%
(P < .001.) post-intervention. The authors also examined
the competence score 3 months after the intervention in
which a similar pattern was noted (80% intervention vs.
76% control; P < .001). The absolute increase in compe-
tence scores was 40% in intervention group vs. 34% in
the control group (P = 0.1). Participants found the interven-
tion “fun, pleasant, useful, and practice-changing.” It was
also noted that 98% of participants in the intervention group
would recommend this game to their friends [9•].

Sullivan et al. utilized an online educational module to
reduce insulin administration errors by nursing staff in hospi-
talized pediatric patients. The study design used a mandatory
online educational module instructing nurses on insulin phar-
macokinetics, the insulin order form and use of diluted insulin
with 15 interactive cases. The impact of this online module
was a reduction in insulin error rates from a baseline of 14.8 to
1.7% (P < 0.0001) after the educational intervention [10]. This
is another example of the effectiveness of computer-based

modeling in training health care professionals and improving
patient outcomes.

Computer-based programs have also been reported in
house staff training programs by Vaidya et al. in their study
on diabetes management in hospitalized patients. Like the
previous model, this group designed a computer-based diabe-
tes training with the goal of improving house staff knowledge
and comfort in the management of inpatient diabetes. It re-
quired the house staff to answer a series of questions pre- and
post-intervention to determine if their comfort and knowledge
improved. The authors reported that the knowledge level of all
providers did improve (P < 0.02) with the smallest increase in
senior house staff. In addition, the authors noted an increased
use in the preferred basal-bolus insulin therapy as compared to
the sliding scale insulin method. However, the investigators
did not achieve statistical significance likely due to small sam-
ple size and short duration of study [11].

Tamler et al. usedweb-based educational interventions suc-
cessfully in various specialties to polish and enhance clinical
practice. In this study, 129 medicine residents (117 completed
the initial training) at a large academic medical center
underwent a case-based online curriculum in the fall. All res-
idents underwent specific training courses based on their cur-
rent level of training with the addition of an optional 20-min
refresher course in the spring. At the end of the course,
11,089 blood glucose values and 4799 event blood glu-
coses values were analyzed from a pool of 299 hospital
admissions. These hospital admissions with target glyce-
mia increased from 19.4 to 33.0% (P = 0.055) without
increased hypoglycemic events [12].

Wakefield et al. studied nursing staff knowledge using an e-
learning method for teaching standards of diabetes care. The
study was a prospective, randomized controlled study in a
south Texas health system in which no formal diabetes edu-
cation was in place. Initially, 202 nurse participants were
assigned equally to either the intervention or control groups.
The intervention consisted of a 4.2-h interactive, self-paced,
audio PowerPoint with 14 individual chapters and chapter-
specific quizzes. Three different overall tests (pre-test, post-
test, and 3 months follow-up test) were used to measure
knowledge. Their findings were pertinent for the following:
1) significant gain in raw mean scores of 35% for the com-
bined test (factual and applied knowledge) with an effect size
of 0.97, 2) retention of knowledge when participant scores of
the post-intervention and 3 month follow-up tests were com-
pared, and 3) need to focus on applied knowledge within
nursing education [13].

Taylor et al. designed an educational program that guides
physicians through the different steps of a patient’s hospital
course (admission through discharge) while teaching avoid-
ance of common errors and providing opportunities for pro-
viders to familiarize themselves with local charts and proto-
cols. The target group consisted of physicians from 4 different
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hospitals that had graduated within 4 years of completion of
their medical training. The endpoints were measurements of
the quality of care provided and the confidence of the junior
physician before and after the intervention. Out of 242 partic-
ipants, only 85% completed the study, of which 94% stated
that the program was either very or extremely easy to under-
stand. In the other endpoint, the mean confidence score in-
creased from 17.6 to 24.9 (P < 0.001) with reduction of 49%
(15.4% before and 7.8% after, P < 0.05) in insulin prescription
errors. These results showed that an inpatient diabetes educa-
tion program deliverable in 1 h can increase physician confi-
dence and quality of inpatient diabetes care [14].

All of these studies show support for an emerging trend in
the use of computer-based education in inpatient diabetes
management. Further evidence is needed to determine the full
effect and utilization as CME/CEU evolve in this area.

Podcast

Podcast is a media format that uses audio to convey the au-
thor’s message on a specific topic to their audience. The
podcast is not a new concept and has been in existence since
the mid-2000’s [15]. However, it is still underutilized in to-
day’s academic teaching methods. The advantages of the
podcast are convenience, easy formatting, and the ability to
convey information to an unlimited population without
hosting a large meeting. Moreover, it is at a lower cost when
compared to traditional CME meetings and can focus on a
vast number of topics with ease.

A few organizations and independent companies are using
this format to provide updates to health care providers
(Physician, PA, and NPs), pharmacists and nurses. These
groups include Medscape (Medscape Diabetes &
Endocrinology Podcast), PeerVoice (Endocrinology &
Metabolic Disorders), Clinical Endocrinology News,
Diabetes Discourse (ReachMD), and AACE Clinical
Conversation Series for physicians and other clinical pro-
viders. Groups that cater to nurses specifically include
Medscape Nurses Podcasts, Traveling Nurse Insider
Podcast, The Nursing Show, and Dartmouth Hitchcock
Medical Center Lectures. Additional podcasts like Best
Science Medicine Podcast or Medscape Pharmacists
Podcast can cater to all clinical professionals with a spe-
cial interest for pharmacists. There is not yet any robust
data on the efficacy of the podcast as an educational tool
in medicine, but based on the popularity of its use in other
areas, it has potential to be successful in this area.

For inpatient diabetes education specifically, hospitals and
professional societies should further explore the use of
podcasts to focus on techniques to improve blood glucose
management, educate physicians, NPs & PAs on new thera-
peutic agents, and approaches to handling different inpatient
clinical scenarios. The relatively simple and convenient

format of the podcast is ideal for physicians, NPs & PAs in a
busy clinical practice to focus on a specific topic such as
inpatient diabetes management.

Mobile CME

Like the podcast, electronic CME (e-CME) is another media
that involves digital audio, but also uses text and video format
to communicate information to providers while avoiding large
conferences or meetings. It does require internet access, but
this is not a significant barrier in current times.

The most current and reputable CME sites for this
format are created by state-associated medical associa-
tions, professional groups, private medical teaching insti-
tutions, or even well-recognized commercial entities in
medicine such as Medscape and Epocrates Mobile that
are certified by Accreditation Council for Continuing
Medical Education (ACCME) or by American Medical
Association (AMA). The advantages to this media, like
podcast, are its convenience, easy format, and low cost.
Additionally, it has another distinct advantage which is
the flexibility of different formats ranging from audio,
text, question-based learning, and an array of other mul-
timodal approaches [16].

In utilization of this media format, hospitals and profes-
sional organizations can create in-house apps that providers
can view panel lead lectures ,or use mobile applications to
practice sample cases with evidence-based recommendations.
These apps can also contain reference guides and links to
educational articles for new therapies or medical technologies.
However, when choosing a method of learning, this decision
for many organizations will be based on cost and institutional
preference since no single type of education format has been
shown to be superior. On the contrary, in one independent
study by Sanaiey, blended models (traditional and electronic
format) have been shown to be more effective in CME [17].

In a review by Al-Azri et al., the authors investigate
the effects of problem-based learning (PBL) vs. the tra-
ditional format of lectures in continuing medical educa-
tion. The authors conducted extensive literature searches
from 2001 to 2011 in which only randomized controlled
trials were selected that examined “knowledge enhance-
ment, performance improvement, participants satisfac-
tion, or patients’ health outcomes” [18]. When reviewing
the data, the authors noted that the PBL format as com-
pared to didactic learning had no advantage in knowl-
edge acquisition in postgraduate trainees or practicing
physicians. In regards to physicians’ performance and
health outcomes, the authors noted that PBL programs
did increase physician behavior with improvements in
screening rates and number of patients treated with in-
sulin. However, there was no change in clinical practice
behavior overall. The limitation for this study was the
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small-effect size and inconsistent reporting or analysis
of comparable education interventions for the control
groups. In all, online PBL can be an effective method
for CME but there is limited evidence to fully examine
its impact and role in the future.

Social Media

Social media has become an essential component in modern
day life. The creation and sharing of information, opinions,
and ideas is routine through this media format. Currently, there
are a number of social media sites including LinkedIn,
MySpace, Facebook, Yahoo! 360, Twitter, Tumblr, Google+,
Snapchat, Instagram, and Pinterest. The most recent site with
the focus of connecting US health care professionals specifi-
cally is Doximity, which is growing in its network and popu-
larity. Other social networking sites for nurses are American
Nurses Association’s ANA Nurse Space, NursingLink, and
Social RN while pharmacists have ASHP Connect or The
Pharmacist Society. These resources clearly lack a command-
ing presence of CME/CEU as compared to other provider
focus sites, despite their potential to reach a large audience
to share new information and provide peer to peer discussion
on topics of interest. In this forum, professionals can discuss
complex cases, alternative therapies, and new information
with a large group unlike ever before.

In reviewing benefits of this media format, Cheston et al.
performed a systematic review of 14 studies using social media
in medical education. They concluded that social media had
better learner engagement (81% of studies), feedback (57%),
and professional/collaboration development (36%). The authors
noted challenges in technical issues, different variable learner
participation and concerns over privacy and security [19].

One key issue to address in social media would be ensuring
access to only credentialed medical professionals by verifying
their board status through national or state-governing bodies for
certification boards. This would ensure that designated sites
would be used appropriately by providers that can share new
ideas and advancements while preventing nonprofessionals
(e.g., patients or family members) from using this resource.
Unforeseen dangers included patients being discouraged to seek
medical advice from their own providers or misinterpreting the
information that can lead to additional harm and legal ramifica-
tions. Currently, some sites like Sermo, Doximity, and Among
Doctors exist with a site gatekeeper to verify physicians’ cre-
dentials prior to membership acceptance.

In his review, Ventola states social media can be utilized to
promote sharing of ideas, debate health care policy, and ex-
plore or promote health care behavior and for patient educa-
tion [20]. The dangers though are poor quality of information
(as verification of information is not routinely done), breaches
of patient privacy, violation of the patient-health care provider
boundary, and legal risks. Such examples range from health

care professionals being disciplined for unprofessional posts,
legal advice posted on these sites being “discoverable” and
utilized by opposition in court, and opening oneself to law-
suits by answering medical questions that constitutes as med-
ical advice. In the last decade, this issue has been debated by
many professional organizations including American Medical
Association (AMA), Federation of State Medical Boards
(FASB), and National Council of State Boards of Nursing
(NCSBN) that have even issued a policy on professional use
of social media [21–23]. It remains an active topic of interest.

As social media continues to grow, these issues will need to
be addressed and resolved before expanding its role in health
care education. In the near future, social media is likely to be a
big contender as a source of CME/CEU as it is already being
utilized informally by many clinicians.

Potential New Strategies for Professional
Inpatient Diabetes Education

Hospital Credentialing

It is estimated that approximately a third of hospitalized pa-
tients have diabetes or hyperglycemia during the hospital stay
[24]. The most ubiquitous hypoglycemic drug used in inpa-
tient diabetes management is insulin, which is also a high-alert
medication due to its risk for patient harm [25]. Unfortunately,
this high-alert drug is also very challenging to use safely and
effectively in the hospital. The need for frequent assessment of
patient’s clinical conditions and coordination of activities in
the hospital such as timing of glucose measurements and in-
take of calories, all affect the outcome of insulin therapy.
Moreover, the number of different insulins and other diabetes
medications has grown rapidly in recent years. The complex
environment of a hospital setting along with increasing unfa-
miliarity with new therapies creates potential for harm if cli-
nicians are not adequately skilled in inpatient diabetes man-
agement strategies.

An ideal opportunity to educate clinicians on managing
diabetes in the hospital is during the hospital credentialing
process. It is widely accepted that for hospital privileges of
surgical or bedside procedures, applicants must have addition-
al certification to demonstrate their skill. Recently, the Society
for Vascular Surgery published specific guidelines for hospital
privileges in vascular surgery and endovascular interventions
so that only physicians with recognized training, certification,
and demonstration of clinical experience would be granted
hospital privileges to perform these procedures [26••].

Insulin, however, can be prescribed by any clinician with
prescriptive authority in any clinical setting. The clinical com-
petence of the prescriber is assumed simply by their licensure.
While it is impractical to have stringent credentialing criteria
for the privilege of prescribing insulin in the hospital,
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demonstration of adequate clinical knowledge and experience
should be assessed. Currently, there are five categories of in-
sulin types (long acting, intermediate acting, rapid acting,
short acting, and inhaled) and 15 different insulins at the time
of this publication, with more in the process of FDA approval.
Each of these has different pharmacokinetics and even differ-
ent concentrations within one insulin type (U100, U200,
U300, U500). While endocrinologists and other diabetes spe-
cialists maintain continuing education in this rapidly evolving
market, the non-endocrine practitioner will bemuch less likely
to have the knowledge base or clinical experience to utilize all
of these insulin types safely and effectively. Additionally, di-
abetes technology with continuous subcutaneous insulin infu-
sions (insulin pump) and continuous glucose monitoring sys-
tems are also increasing in prevalence in the outpatient man-
agement of diabetes and therefore crossing over to the inpa-
tient setting as well. This technology requires special training
that is well outside the usual practice of non-endocrinologists
but is frequently managed by non-endocrine clinicians when
the patient is hospitalized. The most common prescriber of
insulin in the hospital is not the trained endocrinologist, but
rather an internist, hospitalist or even subspecialist who is
assumed to be skilled in this rapidly evolving and complex
therapy with a high potential for harm. Furthermore, national
quality organizations such as the National Quality Forum
(NQF), Agency for Healthcare Research and Quality
(AHRQ), and the Centers for Medicare and Medicaid
Services (CMS) have recognized the consequences of in hos-
pital hypoglycemia including increased mortality, longer hos-
pital stays and higher costs [27]. In 2018, as part of their
efforts to reduce adverse drug events, CMS has proposed a
new hospital measure to track hypoglycemic events within
24 h of administration of a hypoglycemia agent [28]. With
this impending measure, hospitals and clinicians should be
even more incentivized to be well educated and skilled in
diabetes management.

It seems logical then that the physician, nurse practitioner,
or physician assistant who will manage insulin therapy should
be required to undergo additional education, demonstrate clin-
ical competency, and be given feedback for safety events such
as hypoglycemia or iatrogenic DKA. Hospital credentialing is
an ideal opportunity for prescribers to educate themselves on
this therapy to improve performance and patient outcomes.
This can be readily accomplished during the credentialing
process using any of the CME formats we have outlined that
are convenient and easy for the clinician to complete.

Inpatient Diabetes Stewardship

In current hospital practice, providers are familiar with the con-
cept of antimicrobial stewardship. This specific stewardship is a
“coordinated program that promotes the appropriate use of an-
timicrobials with the goal of “improving patient outcomes,

reducing microbial resistance, and decreasing the spread of in-
fections caused by multidrug-resistant organisms” [29, 30]. For
inpatient diabetes management, a tailored stewardship program
could be established to assist with the primary goal of reducing
hyperglycemia and hypoglycemia and improving hospital out-
comes with evidence-based practice in real time.

Rushakoff et al. designed a novel educational and interven-
tional tool that demonstrates this concept. In their program, a
new diabetes education tool was established at the University
of California San Francisco (UCSF) in which a virtual glucose
management service (VGMS) was implemented to improve
glycemic control. The VGMS begins with using the electronic
health record to identify patients with multiple point-of-care
glucose measurements greater than 225 mg/dL. An endocri-
nology provider would then review the electronic records of
the patients on this list and write a VGMS chart note with
insulin dosing recommendations for the primary physicians.
One year after implementation of the VGMS program, they
noted a 39% decrease in the proportion of hyperglycemia
patients per calendar day. In addition, physicians also had
strongly agreed that this method was a valuable educational
tool for their ongoing learning and management of hypergly-
cemia [31•]. The advantage of this intervention is that it pro-
vides educational opportunities for house staff using their own
patient cases in real time.

Interdisciplinary In-House Service Training

While in-house service training is a very familiar format for
nursing education in the hospital, physicians are not well-
versed in this form of continuing education. This differs from
the usual education model of individualized information that
physicians receive such as when pharmaceutical representa-
tives discuss new medications or devices. The advantage of
in-service training is that many providers of various disci-
plines such as physicians, physician assistants, nurse practi-
tioners, pharmacists, dietitians, and nurses can all benefit from
education that is directed to their own specific practice in the
hospital. In addition, it promotes a general understanding of
the goals between the different medical professionals while
allowing for an interdisciplinary discussion.

At Johns Hopkins University School of Medicine, Golden
et al. are currently conducting a study using a super user in-
patient diabetes education program. The investigators have
developed an educational program with models for inpatient
diabetes management for physicians and nursing staff with the
focus on safe, evidence-based diabetes care in the hospital
setting. The physician module will have 10 case-based mod-
ules for teaching internal medicine residents and hospitalists at
two academic hospitals while the nursing education will con-
sist of 12 case-based modules at two academic and one
community-based hospitals. Primary outcomes will be hypo-
glycemia and hyperglycemia events. The study is entering the
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completion phase and the results are expected to give clarity
on the effectiveness of this approach as a model for future
educational strategies [32].

Learner-Center Curriculum

Another interesting version of continuing education was the-
orized by DeSalvo et al. in which they developed a multifac-
eted, learner-centered diabetes curriculum. The objective was
to address the numerous concerns and challenges with man-
aging inpatient diabetes that included “errors to insulin, com-
munication, intravenous fluids, nutrition, and discharge de-
lays” [33]. In this study, an 8-week educational intervention
was implemented in a tertiary children’s hospital that
consisted of the following: 1) an online tutorial addressing
resident current baseline diabetes management knowledge,
2) an interactive discussion on diabetes management pathway,
3) question and answer sessions initiated by the learners, and
4) case presentations featuring pathway errors for residents to
recognize, resolve, and prevent.

The results of this study showed a decrease in resident
errors within the inpatient diabetes population. Prior to the
study, resident errors occurred in 28 patients (19.4% of 144
admissions of patients with diabetes) over 9 months. After the
intervention, the number of errors decreased to 11 patients
(6.6% of 166 diabetes admission) over 10 months (P =
0.0007) [33]. This study showed the value of pro-active learn-
ing and the effect it can have in patient care with the added
benefit of being applied to many other specialists as well. The
only limitation is the time required to complete an 8-week
curriculum in the busy schedule of health care professionals.

Conclusion

The demands of the current health care system on providers to
deliver high-quality, high-volume, and low-cost care require
readily accessible, reliable, and effective ongoing diabetes ed-
ucation. At present, the mainstay option remains the tradition-
al CME/CEU format where speakers and attendees gather in
person at a pre-specified date and location. However, such a
format limits access due to its inflexibility and costs, especial-
ly for the busy health care professional. We have outlined
current and future alternative strategies for delivering medical
education that have many advantages and are gaining rapid
popularity due to their convenience, ease of use, time-efficien-
cy, potential for large audiences and lower costs.
Unfortunately, at present, there is a paucity of data and under-
utilization of these new formats. It is now time for the medical
community to invest resources in exploring, developing, and
validating these new educational strategies that will meet the
needs of the current health care practices.
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