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Abstract

Objective—The management of inpatient hyperglycemia and diabetes requires expertise among 

many healthcare providers. There is limited evidence about how education for healthcare providers 

can result in optimization of clinical outcomes. The purpose of this critical review of the literature 

is to examine methods and outcomes related to educational interventions regarding the 

management of diabetes and dysglycemia in the hospital setting. This report provides 

recommendations to advance learning, curricular planning, and clinical practice.

Methods—We conducted a literature search through PubMed Medical for terms related to 

concepts of glycemic management in the hospital and medical education and training. This search 

yielded 1,493 articles published between 2003 and 2016.

Results—The selection process resulted in 16 original articles encompassing 1,123 learners from 

various disciplines. We categorized findings corresponding to learning outcomes and patient care 

outcomes.

Conclusion—Based on the analysis, we propose the following perspectives, leveraging learning 

and clinical practice that can advance the care of patients with diabetes and/or dysglycemia in the 

hospital. These include: (1) application of knowledge related to inpatient glycemic management 

can be improved with active, situated, and participatory interactions of learners in the workplace; 

(2) instruction about inpatient glycemic management needs to reach a larger population of 

learners; (3) management of dysglycemia in the hospital may benefit from the integration of 

clinical decision support strategies; and (4) education should be adopted as a formal component of 
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hospitals’ quality planning, aiming to integrate clinical practice guidelines and to optimize 

diabetes care in hospitals.
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INTRODUCTION

Inpatient glucose control is an issue of major importance. Current evidence suggests that 

dysglycemia and diabetes are increasingly prevalent (1) and common in hospitals (2–7), and 

hyperglycemia and hypoglycemia among hospitalized patients are associated with poor 

clinical outcomes (6, 8–14). The care of diabetes and hyperglycemia in the hospital setting is 

commonly assumed by physicians and mid-level practitioners in various medical specialties 

and at different levels of training. This care demands providers’ expertise to address glucose 

scenarios of varying complexity (10–12, 15). Leading societies in diabetes care and other 

clinical organizations place continuing education for healthcare providers as a cornerstone of 

hospitals’ glycemic control programs to optimize care (10, 12, 16).

There is a paucity of knowledge regarding educational strategies to effectively instruct 

providers on the subject of hospital diabetes management. Many gaps exist among 

healthcare providers in domains such as contextual and biomedical knowledge, attitudes, 

clinical decision making, confidence, and familiarity with existing hospital resources in 

regards to hospital diabetes care (17–22). Furthermore, the impact of providers’ knowledge 

on diabetes care is poorly understood. Adding to the knowledge gap, limited responsiveness 

or “clinical inertia” to various tasks related to hospital diabetes management prevails in 

practice (23–25). Additionally, providers confront barriers in the systems of practice (26), all 

of which can hinder adequate approaches to inpatient diabetes care. In this challenging 

practice environment, relevant questions arise: Are the current educational efforts to prepare 
providers to address the needs of hospitalized patients with diabetes accomplishing their 
goals? What kinds of strategies can improve educational programs for diabetes management 
in the hospital?

The purpose of this critical review of the literature is to examine learning and clinical 

practice outcomes resulting from educational interventions pertaining to the management of 

diabetes and dysglycemia in the hospital. We defined learning outcomes as changes in 

knowledge, practice behaviors, or utilization of resources related to the care of hospitalized 

patients with diabetes. Clinical outcomes represented improvements in various aspects of 

diabetes care such as treatment approaches, clinical targets, quality of care, length of 

hospital stay, and continuity of care, among other factors. This review discusses these 

outcomes in light of the current clinical guidelines for hospital diabetes management and 

attempts to provide insights for curricular planning aimed at supporting clinical practice 

recommendations.
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Theoretical Framework: Practice and Learning in the Medical Workplace

The inpatient hospital setting is a rich learning environment. Throughout the health 

education continuum, learning in the context of clinical practice is vital. This process 

typically starts in higher education programs, continues within more advance clinical 

contexts in postgraduate training programs, and is maintained by continuing medical 

education.

Situated learning defines learning that occurs through apprenticeship. It refers to learning in 

a context of collaboration with other learners and through dynamic interactions between the 

learner and their environment. Situated learning encompasses informal learning that occurs 

through the course of routine work and learning by doing in a context that is relevant to the 

learner (27–30). Opportunities to apply skills or knowledge in diverse contexts can help 

learners be better prepared to apply those skills to novel contexts. This is also known as 

transfer, which is a central goal of education (31). Learners come to workplaces as 

participants with prior knowledge and skills that may or may not align with the goals of an 

existing curriculum or with current clinical practice recommendations (30). As healthcare 

learners acquire more responsibility and transition deeper into the complexities of clinical 

work, they need to apply skills and evoke knowledge that is aligned with best practices. 

They also need to participate in peer instruction and to display aptitudes while getting the 

job done efficiently, optimally and with minimal harm to patients.

Learning about the management of patients with diabetes in the hospital requires 

participation of learners in a way that resonates with concepts of situated leaning. Therefore, 

we propose that an optimal approach to teaching and learning about diabetes care in the 

hospital setting requires active participation of learners, should occur in a learning context 

that is or that simulates clinical practice, and needs to facilitate a collaborative learning 

environment.

METHODS

We conducted a literature search in PubMed (32) using a combination of keywords and 

Medical Subject Heading (MeSH) terms related to the following four concepts: (1) glycemic 

management or control; (2) hospital; (3) physicians, residents, or hospitalists; and (4) 

education or training programs. Keywords and MeSH terms for each of the four concepts 

were joined together using the Boolean operator “AND.” The complete search yielded 1,493 

citations. We selected titles of articles based on their applicability to the topic in question. 

We then reviewed the abstracts of these titles screened to determine their possible selection. 

This selection was based on their applicability and on their focus on educational 

intervention. We excluded abstracts that were not original studies, duplicated, or that 

reported quality improvement activities being conducted concurrently with the education 

programs, or articles in which the outcomes of the educational intervention could not be 

separated from that of other hospital quality activities. Only original peer-reviewed articles 

in the English and Spanish languages describing educational interventions or programs 

related to inpatient glycemic management were considered for full article review. We 

expanded the search by reviewing the reference section of these articles initially selected to 

be included on this review. We conducted our last search in PubMed not limited by dates in 
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July 2016. Sixteen articles published between 2003 and 2016 were found to meet the 

inclusion criteria. We used a literature review rubric for the data extraction from these 

articles that included the following elements: instructional or pedagogical methods used in 

the various studies; number, discipline, and level of training of learners participating in the 

studies; the purpose or objectives driving the educational program; the learning outcomes 

reported among participants; and the outcomes related to patient care or overlapping 

learning and patient care outcomes as outlined in Table 1. We utilized PRISMA (33), an 

evidence-based criteria for reporting in systematic reviews and meta-analyses, as a guide to 

strengthen the quality of each section of this review. However, our literature search was 

limited to PubMed. We consider this work a critical review of the literature, as we are 

comparing the outcomes of these educational studies with a framework of learning theory. 

This critical review assesses how these studies exhibit ideal characteristics based on learning 

theories. Thus, the inclusion of the theoretical framework in the previous section provides 

the foundation of educational theory that supports some of the conclusions of this review.

RESULTS

Our review of these 16 studies included at least 1,123 participants from different disciplines 

(34–49). These studies were conducted in different countries, including 13 in the United 

States, 1 in Australia, 1 in the United Kingdom, and 1 in Spain. Most participants were 

medicine residents; a small number were pediatric or surgical residents, and few trainees 

were from a discipline not specified. Some studies included a small number of hospitalists, 

internal medicine physicians or subspecialists, and psychiatric providers. Two studies 

included participants from disciplines such as pharmacy, nursing, and other allied healthcare 

services. Two studies did not provide the number of medicine trainees, faculty, or nurses that 

participated in their program. One study included junior physicians without further 

description of their discipline of practice. The general purpose of these various educational 

interventions aimed to provide education to trainees, faculty, or allied healthcare providers; 

to disseminate educational tools; to evaluate a new curriculum; to determine improvement of 

skills, knowledge, and confidence among providers; to assess adherence to guidelines; and 

to facilitate reduction of management errors. The pedagogical or instructional methods used 

varied among the studies and included one or more of the following: reading material, 

computer-based learning, live workshops, lectures, symposia, clinical rounds, interactive 

activities, pocket cards and posters, and use of electronic assisting devices. The findings 

reported in these articles referred to changes in knowledge, confidence, and practice 

behaviors among study participants and to various aspects of patient care such as glucose 

control, insulin selection and use, glucose monitoring and testing, patient safety, length of 

hospital stay, and continuity of care, as detailed in Table 1. We grouped the findings of these 

studies into three categories: (1) learning outcomes, (2) clinical care outcomes, and (3) 

practice behaviors outcomes which are outlined in Figure 1.

Learning outcomes included improvements in overall knowledge scores on topics pertaining 

to diabetes management in the hospital, sustainability of knowledge gained, and providers’ 

confidence in managing glycemic scenarios. Clinical care outcomes are represented by 

changes in blood glucose control, changes in frequency of hypoglycemia, changes in 

glycohemoglobin control after admission, and changes in hospital length of stay. The 
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practice behavior outcomes, which represented findings where learning and clinical 

outcomes overlapped, relate to the following: management errors; frequency of glucose 

monitoring or glycohemoglobin result availability; insulin selection and adjustment while in 

the hospital or upon discharge; other health assessments, such as foot examination; and 

persistence of suboptimal practice behaviors, such as continued use of insulin sliding scales 

as a sole mode of therapy. Figure 1 depicts the intersection of learning and clinical care 

outcomes steering practice behaviors outcomes. One study reported only about the 

participants’ perspectives regarding the usefulness of the educational activity. Consistent 

with our article selection criteria, none of the studies reported hospital quality improvement 

interventions taking place concurrently with the educational initiative. None of the studies 

were designed to determine direct associations between providers’ knowledge or practice 

behaviors and their patients’ clinical outcomes. The specific findings related to participants 

learning outcomes, patient care outcomes, and the overlap of both outcomes as reported by 

each study are outlined in Table 1.

DISCUSSION

Based on the learning and clinical care outcomes reported by the educational interventions 

reviewed in these studies, and considering the instructional methods used, our review 

capitalizes on learning and clinical practice perspectives that can advance the care of patients 

with diabetes and/or dysglycemia in the hospital.

We propose that efforts to promote learning related to the management of diabetes in the 

hospital setting need to consider the following: (1) application of knowledge related to 

inpatient glycemic management can be improved with active, situated, and participatory 

interactions of learners in the workplace; and (2) instruction about inpatient glycemic 

management needs to reach a larger population of learners.

We propose the following perspectives in order to promote alignment between education, 

clinical practice, use of resources, and quality of care in the hospital: (1) the management of 

dysglycemia in the hospital may benefit from the integration of clinical decision support 

strategies; and (2) education should be adopted as a formal component of hospitals’ quality 

planning, aiming to integrate clinical practice guidelines and to optimize diabetes care in 

hospitals. The following sections further explain these perspectives based on our literature 

review.

Application of Knowledge Related to Inpatient Glycemic Management Can Be Improved 
With Active, Situated, and Participatory Interactions of Learners in the Workplace

The educational programs included in this review used different methods of instruction and 

elicited various levels of participation among learners. One can infer that an underlying 

cause of lack of durability of previously acquired knowledge is the result of temporary 

memorization of facts facilitated by certain methods of instruction. Knowledge that is not 

maintained over time is likely the result of leaning out of a context of real or simulated 

practice. This suggests the need to align educational content and methods of instruction in 

order to promote recalling and application of relevant information when needed, which may 

in turn influence clinical practice and clinical decisions.
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When learners displayed both knowledge/confidence gains and selected adequate insulin 

regimens (as opposed to sliding scales alone), this seemed to correlate with educational 

activities that provided greater hands-on experience or in a context of practice. This was 

evident in the study design by Baldwin and colleagues (34), in which providers had an 

opportunity for practice within guided clinical rounds. This notion is also supported by Ena 

and colleagues’ study (40), in which educational material was readily available in working 

areas when care decisions were required. This is relevant in the care of patients with diabetes 

in the hospital, considering that sliding scale insulin as monotherapy is in most cases a 

retroactive treatment approach that attempts to correct hyperglycemia only after it has 

occurred instead of preventing it. This strategy as the sole more of treatment has been proven 

to be a suboptimal treatment approach in comparison to basal-prandial insulin therapy, and 

one that can pose greater risks to patients (50, 51). Therefore, incorporating learning 

strategies for the instruction of glycemic control regimens where learners are included in the 

process of learning through participation rather than being a passive recipient of 

information, can pay off with desirable practice outcomes.

Instruction About Inpatient Glycemic Management Needs to Reach a Larger Population of 
Learners

Learners included in the majority of these studies were trainees from internal medicine 

residency programs (34, 36, 39, 42, 44–46, 49), while fewer participants were from other 

disciplines. A smaller number were faculty staff, nurses, and other allied health service 

providers. These findings become more relevant considering that knowledge and attitude 

deficits related to inpatient glycemic management have been reported in various disciplines, 

including general medicine, surgery, neurology, and also nursing. Furthermore, deficits are 

apparent among faculty, nurses, mid-level providers, and residency trainees. These 

deficiencies are related to limited biomedical and contextual knowledge regarding 

management of inpatient hyperglycemia and diabetes among providers; inattention to 

glycemic issues in the hospital and as patients transition home; low confidence in addressing 

glucose abnormalities, prescribing insulin, or educating patients regarding diabetes; failure 

to comply with recommended protocols; gaps in clinical decision making; and lack of 

familiarity with existing resources, among other factors (19–22, 24, 52, 53). Management of 

hyperglycemia and diabetes in hospitals requires a multidisciplinary approach where 

adequate communication across disciplines and among members of the clinical teams is 

promoted (10, 12). Therefore, inpatient diabetes educational programs need to consider the 

inclusion of providers within and across different healthcare disciplines. Additionally, the 

care of hospitalized patients with diabetes is in increasing demand, while there remains a 

disproportionately low supply of endocrinologists and diabetologists (54). In this context, 

primary admitting teams, nurses, physician assistants, and other healthcare disciplines are 

increasingly attending to the needs of hospitalized patients with diabetes amidst the 

challenges of more acute problems which may relegate glycemic management to a 

secondary level of care. Therefore, in order to expand on the workforce that can participate 

in the care of patients with diabetes in the hospital, we need to adopt educational strategies 

related to hospital glycemic management for providers across clinical disciplines.
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Management of Dysglycemia in the Hospital May Benefit From the Integration of Clinical 
Decision Support Strategies

As shown by some of these reports, improvement in knowledge does not consistently 

correlate with achieved glucose targets (39, 45). This is likely due to the array of factors that 

influence glucose control in hospitals. Notoriously complex glucose management scenarios, 

such as corticosteroid-associated hyperglycemia and pre-operative care, seem to benefit 

from the use of an assistive device to provide information to clinicians and guide their 

practice (39). The failure to sustain clinical goals achieved as time after education elapses 

(40) raises the concern for the reliability and accountability of processes needed to maintain 

quality of patient care. Further, knowledge appears to plateau among more advanced 

residents and among faculty (44). As such, management of inpatient glucose and diabetes 

requires more than just acquiring knowledge. Gaps in knowledge can be anticipated among 

providers, particularly in changing clinical scenarios of varying complexity. Therefore, 

interventions to manage dysglycemia in the hospital should consider strategies that include 

education of providers but that do not exclusively depend on providers for their execution.

The use of standardized insulin order sets and management algorithms as tools can yield 

benefits in managing hyperglycemia (55). Embedding order sets in electronic records or in 

admission bundles can facilitate physicians’ utilization of existing resources. Use of 

electronic health records has demonstrated benefits in quality and in efficiency of care, 

patient safety, communication, transitions of care, and in the implementation of clinical 

guidelines in various healthcare fields (56–60). Benefits in hospital glycemic management 

are apparent by the reduction of frequency of use of insulin sliding scales as monotherapy 

through electronic insulin order sets and nurse-initiated prompts to providers (61) and by the 

reduction of rates of dysglycemia using computerized order sets (62). A systematic review 

of information and communication technology interventions assessed the impact on 

dissemination of clinical practice guidelines. As reported in this review, findings on usability 

of tools, knowledge, and practice behaviors varied according to the modality of 

interventions. The heterogeneity of studies did not allow for precise conclusion regarding 

application of knowledge into action. Nonetheless, there is some evidence that clinical 

decision support systems can favorably impact practice behaviors (63).

Education Should Be Adopted as a Formal Component of Hospitals’ Quality Planning, 
Aiming to Integrate Clinical Practice Guidelines and to Optimize Diabetes Care in Hospitals

Continuing medical education for healthcare professionals should be integrated as an 

essential component of the care of hospitalized patients with diabetes. Furthermore, it needs 

to be considered part of hospitals’ quality improvement planning processes.

Deficits related to hospital glycemic management can be ascribed to physicians in training 

as well as faculty (18, 20–22), and this is relevant given the direct role that clinicians from 

multiple disciplines have in the decision making process to address dysglycemia in the 

hospital. A common characteristic among the studies included in this review is that all 

studies achieved some learning and/or patient care goals. Many of the clinical outcomes 

associated with the different educational interventions reported in this critical review suggest 

that achieving goals of care and adherence to clinical practice guidelines may be facilitated 
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by providers’ education. In these studies, the overall reductions in blood glucose levels (35, 

64), the increase in number of patients achieving glycemic targets (34, 46, 64), and the 

improvement of hypoglycemia management (41) collectively signal advancements toward 

achieving better and safer glucose management. The repercussions of hyperglycemia and 

hypoglycemia among critically ill, noncritically ill, and perioperative patients is widely 

recognized (10–13, 15, 65, 66). Therefore, it is necessary to strive for strategies that can 

promote both effectiveness and safety when managing hyperglycemia in the hospital.

An increased trend in the use of mealtime insulin, titration of insulin when warranted, (45), 

and avoidance of sliding scale insulin as monotherapy (34) observed in several of these 

studies are congruent with the recommendations of leading diabetes societies (10, 12, 67). 

Compelling research evidence indicates that basal-nutritional-supplemental insulin therapy 

is preferred over sliding scale insulin as monotherapy (15, 34, 50, 51, 68). As such, the 

treatment approaches facilitated by these educational interventions align with evidence-

based practices. The improvement in the frequency of capillary glucose testing achieved 

after education (41) is congruent with the recommendation of glucose monitoring for 

hospitalized patients with diabetes. Bedside point-of-care glucose monitoring is advised as 

the preferred method of testing to guide the management of dysglycemia in the hospital, and 

it can facilitate identifying patients at risk for diabetes. Updating and documenting 

hemoglobin A1c levels is strongly advocated, not only for hospitalized patients with 

diabetes, but also for patients in long-term facilities. Along this line, education of faculty in 

a psychiatric hospital appeared to successfully facilitate this goal (43).

Reduction in management errors resulting from oversights related to insulin use (38, 41, 48) 

from communication issues, related to intravenous fluids or nutrition, and pertaining to 

discharge delays (38) were reported by these educational interventions cited. Insulin is 

recognized among the higher-risk medications used in the inpatient setting. Considering the 

risk of inpatient hypoglycemia associated with insulin use (14, 69) and the increasing 

accountability placed on hospitals to minimize errors and to foster better outcomes across all 

inpatient settings (70, 71), an attempt to eliminate insulin-related errors should be a 

consistent inpatient quality goal. The intensification of diabetes treatment regimens upon 

discharge leading to improved postdischarge glycohemoglobin and attempts for better 

coordination of care upon discharge resulting from providers’ education (34) address a 

crucial point in the transition of care of patients with diabetes. This aligns with current 

clinical practice recommendations (10, 12, 67) and supports the notion that education among 

providers can shift the pendulum towards better achievement of diabetes care beyond 

hospitalization. Barriers that prevent a seamless transition to and from inpatient and 

outpatient settings should be paid considerable attention. Ensuring that glycemic levels are 

communicated from inpatient to outpatient providers is a critical task in hospital medicine. 

Unfortunately, diabetes often remains underrecognized among hospitalized patients, in part 

due to inadequate documentation of hyperglycemia and/or lack of follow-up with 

confirmatory testing, thus potentially jeopardizing adequate continuity of care after 

discharge (72–74). An unfavorable outcome, such as hypoglycemia in the process of training 

for better glycemic control in hospitals, is not uncommon (35, 46). Hypoglycemia among 

hospitalized patients receiving insulin therapy is linked to increased morbidity, mortality, 

and utilization of hospital resources (14, 69, 75–77). This reminds us about the need to 
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promote awareness of the risk for hypoglycemia, particularly as the clinical and/or 

nutritional status of patients change during hospital stay.

This review has several limitations. It includes a small number of studies, with the majority 

of participants representing medicine trainees, while other disciplines and faculty are less 

represented. Studies reporting changes in glucose control among hospitalized patients based 

their conclusions on retrospective glucose analyses, thus limiting any inference on the causal 

association between education and glucose control. None of the studies were designed to 

determine a direct association between domains such as knowledge, confidence, or practice 

behaviors of providers on the glucose control achieved among patients. While none of these 

studies reported concurrent quality improvement activities taking place during the time of 

the educational programs, the impact of other possible simultaneous interventions in these 

hospitals could not be completely excluded as a confounder. The rate of response of the 

participants to knowledge and attitude questionnaires was variable among studies, possibly 

introducing omission bias in the results. While this was an extensive review, it does not 

qualify as a systematic review according to stringent guidelines (33). For example, our 

search was restricted to the PubMed database; there may have been other relevant databases 

which were not searched.

CONCLUSION

This critical review of the literature expands our insights regarding the impact of educational 

efforts to advance the care of hospitalized patients with diabetes. It elaborates on learning 

outcomes informing a perspective that advocates for objectives and methods to promote 

active participation of the learner. Further, it supports the inclusion of learners from other 

disciplines with roles in the care of hospitalized patients with diabetes. Our perspectives on 

practice propose integration of clinical decisions tools in order to augment providers’ 

practice performance. We advocate for hospital programs that can incentivize an alignment 

between education and quality improvement to mirror clinical practice recommendations 

from leading diabetes societies.

The views presented herein may facilitate advocating and recruiting intellectual, 

technological, and quality improvement resources to better the care of patients with 

hyperglycemia and/or diabetes in the hospital. Further efforts are needed to advance criteria 

to optimally measure learning and clinical outcomes derived from educational interventions 

for diabetes in the hospital setting.
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Figure 1. 
Learning and Clinical Outcomes Derived from Educational Interventions
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Figure 2. 
Intersection of Learning, Clinical Care, and Practice Behaviours Outcomes
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