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Abstract  
 
Problem: Inpatient hypoglycemia raises mortality by up to 7% and is associated with increased 
costs and length of stay. The average monthly adherence to glycemic management guidelines in 
the latter half of 2023 at the project site was 54.3% hospital-wide and 65% on the project unit. 
Purpose: The purpose of this quality improvement project was to increase weekly hypoglycemia 
protocol adherence to 100% among nursing staff caring for patients on the proposed unit. 
Process goals included increasing adherence rates of hypoglycemia documentation, timely blood 
glucose rechecks, and appropriate treatment per protocol or provider orders. Methods: The 
project population was nursing staff caring for adult inpatients at risk for hypoglycemia. The 
setting was an intermediate care unit at a community hospital in the fall of 2024. The 
intervention centered around a clinical decision support tool accessible via a quick response code 
affixed to glucometers as part of a hypoglycemia protocol adherence bundle, which included 
daily huddle reminders and individualized feedback provided to nursing staff. Data collection 
was conducted through weekly chart audits and charge nurse surveys. Results: 63 hypoglycemia 
events occurred across 45 patients; median adherence rates were 83.3% for both documentation 
and timely glucose rechecks, 100% for appropriate treatment, and 66.7% for overall 
hypoglycemia protocol adherence. Staffing shortages and newly hired staff likely explain 
decreases in adherence. Discussion: 100% adherence was achieved on weeks 7, 11, 12, & 13.  
The bundle increased the unit’s median adherence to hypoglycemia protocols, improving 
consistency in documenting, reassessing, and treating hypoglycemia. Limitations included staff 
turnover, limited staff collaboration/charge nurse engagement, and practice drift. Conclusions: 
The adherence bundle is useful, safe, and cost-effective. It can be implemented and modified to 
best meet the needs of each unit’s population. To sustain change, project leadership was 
transferred to the diabetes champion with continued support from unit leadership to improve the 
culture of safety around glycemic management. This project warranted no additional costs to the 
organization and prevented costs associated with severe hypoglycemia. Future electronic health 
record updates could allow diabetes champions and charge nurses to monitor entire units for 
hypoglycemia events throughout their shifts. 

Keywords: audit and feedback, clinical decision support, hypoglycemia, nursing 
documentation, protocol adherence, quality improvement 
  



HYPOGLYCEMIA PROTOCOL ADHERENCE 3 

Improving Inpatient Adult Hypoglycemia Protocol Adherence 

Inpatient hypoglycemia results in prolonged length of stay, increased healthcare costs, 

and increased mortality (American Diabetes Association [ADA], 2023). This can have further 

downstream effects on patient family members and costs to the system at large. In terms of 

incidence, across various ward specialties at an 800-bed acute care hospital, 9.2% (ward range 

2.1-24.7%) of patients experienced hypoglycemia events (Lewis et al., 2023). According to 

audits conducted by a diabetes steward, or data manager, at a Mid-Atlantic community hospital 

throughout 2023, roughly 54.3% of 85 monthly hypoglycemia events (blood glucose [BG] < 70 

mg/dL) were appropriately treated and documented according to the glycemic management 

nursing guidelines; overall monthly adherence for the project unit was 65% over the same 

period. Verifiable site data is provided in Table 1. Guidelines before project implementation 

stated each event must be documented, a point-of-care (POC) BG must be rechecked within 15 

minutes of treatment, and treatment must follow the dose and route per protocol or provider 

orders. The desired improvement by the project unit was to increase the protocol adherence rate 

to 100% each week, with a sub-objective of increasing the average number of completely 

managed hypoglycemia events by 25% from 54.3 to 67.9%. The following manuscript was 

written according to revised standards for quality improvement reporting excellence (SQUIRE 

2.0) guidelines (Ogrinc et al., 2016). 

A root cause analysis of nursing nonadherence to glycemic management guidelines is 

shown in Figure 1. The causes most responsible for the problem included variable documentation 

standards, lack of staff communication, a deficit of knowledge of the guidelines, and a culture of 

staff focused on other competing priorities and quality improvement (QI) initiatives. Altogether, 

this made timely BG rechecks less of a priority safety issue. By affording hypoglycemia events 

the same due diligence afforded to preventing falls and hospital-acquired infections, this QI 
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project would lead to better health outcomes and decrease the incidence of hypoglycemia. The 

purpose of this QI project was to increase weekly adherence rates for documentation, timely BG 

recheck, and appropriate treatment to 100% among adult inpatients in the proposed unit using a 

clinical decision support (CDS) tool as part of a hypoglycemia protocol adherence bundle. 

Specific Aims and Available Knowledge 

While the project aimed to address multiple root causes, one important root cause was the 

knowledge deficit around the treatment of hypoglycemia events. Since the 1970s, CDS systems 

(CDSS) have assisted healthcare staff to make timely, informed, and higher-quality decisions in 

various aspects of patient care (McBride & Tietze, 2022). CDS tools were hypothesized to fill in 

knowledge gaps and serve as timely reminders for staff of protocols when patients experienced 

hypoglycemia. 

The following problem statement was used to refine search terms before a review of the 

literature: “Among hospitalized adults over 18 years of age in the non-critical care setting, does 

the healthcare staff’s use of protocols with CDSS versus without CDSS increase appropriate 

management of hypoglycemia events?” An initial search yielded 120 results, as shown in 

Appendix A.  After reviewing the titles of the 120 studies, 107 were eliminated for not 

discussing CDSS as an intervention or hypoglycemia as an outcome. After screening abstracts 

and full text of the remaining 13 articles, 8 studies met the requirements of Level III or higher 

according to the Johns Hopkins Nursing Evidence-Based Practice (JHNEBP) Model (Dang et al., 

2022), as shown in Appendix B. 

A tabular appraisal of the evidence and subsequent synthesis are presented in Tables 2 

and 3, respectively. The highest-level evidence, a randomized controlled trial (RCT) by Nimri et 

al. (2020), found insulin dose adjustments guided by an artificial intelligence decision support 

system (AI-DSS) were as effective and safe as those guided by physicians in keeping optimal 
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glucose levels. In a level IB systematic review of several RCTs, Jia et al. (2020) similarly found 

insulin dose advice from a CDSS was effective and could lead to either reduced hemoglobin 

A1C (HbA1c), reduced insulin doses, or reduced frequency of hypoglycemia. The remaining 

studies of level III B quality also found CDSS to be safe and effective in diabetes care, increased 

adherence to care guidelines, and maintained optimal BG levels. Despite the heterogeneity of 

studies and inability to blind participants with this type of intervention in a hospital setting, there 

was adequate current evidence of good quality to recommend a practice change involving the use 

of a CDS tool to increase nursing adherence to a hypoglycemia protocol improving quality of 

care and meeting regulatory requirements of newly updated electronic clinical quality measures 

(eCQMs) (Electronic Clinical Quality Improvement [eCQI] Resource Center, 2023).  

Rationale 

The Consolidated Framework for Implementation Research (CFIR) was chosen to 

underpin this implementation project and is presented in Figure 2. The aim of the CFIR, as a 

determinant framework, was to identify barriers and facilitators to effective implementation and 

prospectively inform strategies to address these contextual factors and retrospectively explain 

outcomes (Damschroder et al., 2022). It consisted of 5 domains with its own set of constructs 

through which to analyze each domain. For the proposed intervention, relevant constructs 

included analysis of the evidence base, adaptability to fit the local context, and costs to ensure 

affordability. Inner setting constructs included the technological infrastructure supporting 

performance, the culture and beliefs of staff, and the compatibility of the proposed intervention 

within existing workflows. Outer setting constructs included policies, laws, local conditions, and 

external pressures driving implementation. Constructs related to individuals included enlisting 

and developing high-level leaders, implementation facilitators, and innovation deliverers. Lastly, 
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constructs related to the implementation process included tailoring strategies to address barriers, 

leverage facilitators, and engage unit staff.  

In line with the ADA’s standards of care in diabetes (2023), this QI project focusing on 

protocol uptake, adherence, and sustainability fit well within the organization’s goals and 

complemented its updated policy and allocation of clinical informatics resources toward 

standardized flowsheet documentation. 

Methods 

Context 

The project site was a 24-bed intermediate care unit with bedside cardiac monitoring at a 

medium-sized suburban community hospital known for expert care in numerous specialties, 

including cardiology, neurology, oncology, and endocrinology. Patients were admitted from all 

areas of the hospital, including the Emergency Department (ED) and Post Anesthesia Care Unit 

(PACU). Major diagnoses represented on the unit included patients with single organ failure, 

sepsis, pneumonia, heart failure, diabetic ketoacidosis, asthma, cancer, and stroke. The unit, 

supported by a nurse manager and clinical coordinator, provided 24-hour nursing care to a 

diverse patient population at a nurse-to-patient ratio of 1:3 with an average daily census of 18.5 

patients and an average length of stay of about 3-5 days. Nursing staff attended hospital-wide 

and departmental orientation, annual mandatory training, competency validation, and ongoing 

professional development as needed.  

A cultural assessment was conducted using the Organizational Readiness to Change 

Assessment (ORCA) instrument to identify barriers impacting implementation and gauge the 

unit’s overall readiness for project implementation (Helfrich et al., 2009). The results showed 

unit staff were engaged with a strong communication culture and supportive leadership. Many 

successful improvements and changes were made owing to the adaptability and flexibility of 
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staff. The unit has a dedicated diabetes champion who participated in hospital-wide diabetes 

committee meetings and several charge nurses who supported continuous improvement. 

Leadership and staff agreed with the evidence in support of the practice change, believed patients 

would benefit, and understood the importance of adhering to regulatory requirements affecting 

future reimbursement. A process map of the pre-implementation workflow is presented in Figure 

3. Desired process changes are identified in bold in Figure 4 and relate to guiding patient care 

technicians (PCTs) and registered nurses (RNs) to notify appropriate personnel of hypoglycemia 

events and provide accurate treatment, documentation, and timely BG evaluation in line with 

organizational protocols, as well as sustaining implementation and adherence through audits and 

feedback provided by a diabetes champion and unit charge nurses. 

Intervention 

The evidence-based intervention was the implementation of a web-based CDS 

hypoglycemia protocol adherence tool (as shown in Appendix C) accessible via a quick response 

(QR) code affixed to glucometers. The tool provided POC guidance and just-in-time education 

on updated hypoglycemia protocols, which was combined with daily huddle reminders, weekly 

chart audits, and individualized feedback. Active surveillance via reports and audits with 

feedback ensured real-time mitigation of deficits in diabetes care and facilitated steady 

improvement (Maynard et al., 2017). 

Various tactics were employed to ensure accountability, buy-in, collaboration, 

communication, and changes in structure, data, and education (ABCDE) (Powell et al., 2015). 

Project structure goals completed by the end of spring 2024 included finalizing the following: 1) 

the organization’s hypoglycemia protocol – delegated to the policy author who is an advanced 

practice RN serving as the Director of Nursing Practice and Outcomes at the project site, 2) the 

standardized diabetes management flowsheet – delegated to the clinical informaticist to allow 
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better assessment of outcomes, 3) the inpatient hypoglycemia education module – delegated to 

the clinical practice and development coordinator, and 4) the CDS tool – delegated to the QI 

team lead who is the doctoral nursing student. By the end of summer 2024, formal commitments 

(as stated in a project charter) were secured from key partners, and a plan for project 

implementation was presented to unit staff at a kickoff education meeting.  Immediately 

following the staff education event in the first week of fall of 2024, the unit launched 

implementation. Each week, the QI team lead conducted chart audits, reminded clinicians of 

updated hypoglycemia policies, demonstrated the use of the CDS tool, and followed up with unit 

leadership to ensure daily huddle reminders and individualized feedback were provided. A 

project timeline GANTT chart is presented in Appendix D. Project process goals included 100% 

adherence rates of documentation of hypoglycemia events, timely recheck of BG, and 

appropriate treatment per protocol or provider orders.  

Measures 

 Structure goals were accomplished as milestones were met, such as hypoglycemia 

protocol and documentation flowsheets going live and attaining over 75% of staff education. To 

measure process goals, the QI team lead conducted weekly electronic health record (EHR) chart 

audits and entered data directly into Research Electronic Data Capture (REDCap) software. To 

ensure completeness and accuracy of the data, this involved reviewing BG results for all patients 

admitted, transferred, or discharged to and from the unit within the week prior and noting the 

times whenever patients’ BG levels fell below 70mg/dL, how soon BG’s were rechecked, any 

relevant orders such as diet restrictions or insulin protocols, if associated treatment was charted 

in the medication administration record (MAR), and if documentation was completed in the 

diabetes management flowsheet with any additional comments or progress notes to provide 

further situational context. In addition to chart audits, charge nurses were asked to anonymously 
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complete the Hypoglycemia Protocol Adherence Survey developed via REDCap, which was 

embedded within the CDS tool and presented in Appendix E. 

Process goal measures were calculated weekly as adherence percentages with each of the 

three protocol components serving as individual numerators: 1) documented hypoglycemia 

events, 2) timely BG rechecks, and 3) appropriate treatments per protocol or provider orders. The 

denominator value was all eligible patients who fit the inclusion criteria: adults, 18 years of age 

and older, who experienced one or more hypoglycemia events during their inpatient stay after 

admission or transfer to the proposed unit. An overall adherence measure was a composite of all 

three measures being achieved for each hypoglycemia event, with a deficit in any one component 

being considered nonadherent, which in essence, measures perfect adherence. To ensure equity, 

all RNs and PCTs received initial training on the hypoglycemia protocol, daily huddle reminders 

throughout the project’s duration, and further education on the adherence bundle as needed. 

Analysis 

 Quantitative measures were used to determine the impact of this QI project. Time series 

analysis conveyed as run charts displayed protocol adherence percentages on the Y axis and time 

measured in weeks on the X axis. Data was collected over 15 weeks from September to 

December 2024, resulting in 15 data points. The first point represented the protocol adherence 

rate for the week staff received education on the QI project, followed by consecutive weekly 

values connected in a line. The run charts also depicted median adherence as a line representing 

the point at which half the data points were above, and half the data points were below the line. 

A separate line indicated the intended goal of 100% protocol adherence. Special-cause variation 

signals such as shifts with six or more consecutive points on either side of the median, trends of 

five or more points continually increasing or decreasing, or the number of runs consisting of one 

or more consecutive data points on the same side of the median, indicated statistically significant 
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changes in the process (Ogrinc et al., 2022). Negative trends would have resulted in further 

intervention to promote adherence, so improvement was expected over time. Furthermore, 

annotations within the run chart indicated notable events or outlying astronomical data points 

throughout project implementation and provided insight into observed variations. 

Ethical Considerations 

 In preparation for this QI project, training was completed through both the Collaborative 

Institutional Training Initiative (CITI) and the University of Maryland, School of Medicine 

(UMSOM) on the protection of human subjects in research and Health Insurance Portability and 

Accountability Act (HIPAA) requirements. Using a side-by-side screen method in a secure, 

private location at the project site, the QI team lead conducted chart audits and collected data to 

be entered through a password-protected laptop computer onto REDCap, a HIPAA-compliant, 

two-factor authentication (2FA)-protected server, accessible only to the QI team lead and project 

faculty through virtual private network (VPN) access. The only protected health information 

(PHI) collected in charge nurse-completed surveys were the last four digits of patients’ medical 

record numbers (MRN) and dates of hypoglycemia events collected solely to avoid duplication 

of survey data. All data reports created in REDCap were encoded using an accompanying data 

codebook, as shown in Appendix F, to maintain patient and provider confidentiality.  

This initiative posed no threat of physical or psychological harm to participants, protected 

privacy and confidentiality, and was inclusive and conducted with honesty and integrity. Non-

Human Subjects Research (NHSR) determination from the Human Research Protections Office 

(HRPO) of the UMSOM Institutional Review Board (IRB), as well as project approval from the 

research review committee at the project site, was obtained before project implementation. All 

safety, security, and ethics precautions set forth by the site were observed, and there remain no 

conflicts of interest to disclose. 
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Results 

 In total, 63 hypoglycemia events occurred across 45 different patients with an average of 

4.2 events per week. Documentation adherence ranged from 33.3% (number of events [n]=3) in 

week 8 to 100% (n=5) in week 10, with a median of 83.3%, as shown in Figure 5. The steep drop 

at week 8 can be attributed to changes in personnel with newly hired staff who lacked experience 

with the organization’s hypoglycemia protocols. RNs who documented according to prior 

workflows in a progress note received assistance in including the new Diabetes Management 

Flowsheet tab within their charting interface. Statistically significant positive trends in 

documentation adherence can be appreciated from weeks 2 to 7 and 8 to 13 as staff transitioned 

to documenting in standardized flowsheets with repeated huddle reminders and demonstration of 

the CDS tool. 

Timely BG recheck adherence ranged from 20% (n=10) in week 3 to 100% (n=6) in 

week 2, with a median of 83.3%, as shown in Figure 6. Personnel changes may have also 

affected timely BG recheck adherence, which decreased to 20% at week 3; however, with nine 

total runs, the overall variability did not indicate a special cause or statistical significance. A 

staffing shortage during week 3 required RNs to be floated from other units where hypoglycemia 

protocol adherence was not a priority issue. This was coupled with the hypoglycemia events 

occurring around the start of the shift when staff were usually busiest with competing priorities 

such as patient assessment and medication administration. Of note, there was one instance where 

a critically ill patient, who was actively being resuscitated after loss of pulses, experienced 

hypoglycemia and received treatment, however, there was no associated hypoglycemia 

documentation nor BG recheck within the expected timeframe. 

Treatment adherence ranged from 60% (n=5) in weeks 9 and 10 to 100% (n=10) in week 

3, with a median of 100%, as shown in Figure 7. This run chart indicated a special-cause signal 
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of too little variability with only two runs and a statistically significant positive trend from weeks 

10 to 15. Notably, two events were associated with new RNs caring for patients on insulin 

infusions where the rate was slowed or stopped because the BG levels trended toward the lower 

target range. This led to rebound hyperglycemia when the infusions were not restarted or titrated 

according to provider orders, which warranted closer attention by the diabetes champion and 

charge nurses to provide appropriate feedback to the RNs involved. Despite the onboarding of 

new staff during week 8, 100% adherence for eleven out of the fifteen weeks could be due to 

hypoglycemia protocol adherence efforts. 

Overall hypoglycemia protocol adherence ranged from 0% (n=3) in week 8 to 

100% (n=3) in weeks 1, 7, and 12, with a median of 66.7%, as shown in Figure 8. Relatively low 

overall hypoglycemia protocol adherence rates were reflected during weeks 3 & 8, mirroring the 

effects of personnel changes. Furthermore, given seven total runs, overall variability did not 

indicate a special cause or statistical significance. Although the project’s sub-objective of a 25% 

increase in the unit’s overall adherence rate was not met, the unit’s median overall adherence rate 

remained roughly the same at 66.7% (as compared to 65% at baseline), which is still notably 

higher than the hospital’s baseline adherence rate of 54.3%. 100% adherence across all three 

measures was achieved on weeks 7, 11, 12, & 13. However, given the low frequency of events, 

with one to three events occurring during those weeks, any single protocol fallout could have 

dramatically skewed the data. Lastly, no shifts or negative trends were noted in any run charts, 

and there was no missing data to report. 

Discussion 
 

In line with current literature, CDS tools assist healthcare staff by providing POC 

guidance and just-in-time education on updated protocols, thereby increasing adherence to 

documentation of hypoglycemia events and treatment safety (Lichtenegger et al., 2021). Key 
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findings include statistical significance in both documentation and treatment adherence, which 

aligns with organization-wide aims to conform to updated ADA recommendations and CMS 

eCQM requirements. Active surveillance and CDS systems enhance the standardization of care 

in line with organizational protocols, thereby engraining desirable behaviors among nursing staff 

to improve the safety and efficacy of hypoglycemia treatment (Maynard et al., 2017). 

Barriers to implementation, such as staffing shortages and changes in team composition, 

often result in temporary reductions in adherence. Active surveillance through daily huddle 

reminders, near real-time feedback, and live demonstration of CDS tools with staff unfamiliar 

with organizational protocols mitigates this barrier. Weekly in-person and email communication 

assists unit leadership and diabetes champions in reaching out and following up with staff to 

provide constructive feedback upon identification by the QI team lead performing chart audits. 

RNs who consistently follow protocol measures receive positive reinforcement through written 

recognition shared with unit leadership throughout the project course. 

Addressing further limitations, the collection and comparison of data by chart audit 

versus staff survey reveals potential reporting biases limiting internal validity and low charge 

nurse project engagement since only three surveys were submitted by charge nurses. 

Furthermore, events reported by charge nurses were instances where all adherence criteria were 

met, which highlights the need for impartial reporting systems built into the EHR. Another 

limitation of the project’s design is the lack of a measure to assess whether bedside RNs reported 

hypoglycemia events to charge nurses or the diabetes champion by the end of the shift, which 

would increase shared accountability and help determine if charge nurses were not completing 

the surveys despite knowing an event occurred. 

Opportunities for improvement exist in leveraging two key groups of stakeholders: 

charge nurses and clinical informaticists. Charge nurses are invaluable resources to staff who are 



HYPOGLYCEMIA PROTOCOL ADHERENCE 14 

new to the unit. By proactively supporting float RNs and new hires before they encounter 

patients with hypoglycemia events and individually reminding these staff of updated policies and 

CDS tools, they can help ensure standards of care are met for all patients. Similarly, clinical 

informaticists have an equally important role in improving system-wide expertise in diabetes 

care by enhancing multi-component digital interventions to increase data visualization, bridge 

knowledge gaps, and increase nursing staff confidence in managing inpatient scenarios (Sly et al. 

2021). Not all CDS systems are of equal efficacy, and the heterogeneity of CDS tools studied 

across the literature presents challenges in identifying and comparing those deemed most useful. 

Nevertheless, the evolution of technology such as continuous glucose monitoring, artificial 

intelligence, and predictive modeling inevitably affects the future of CDS systems and warrants 

thoughtful consideration by all organizations aiming to optimize care for patients at risk for 

dysglycemia. 

Conclusion 

A hypoglycemia protocol adherence bundle with a CDS tool is both safe and effective at 

improving documentation and treatment adherence. One of the key strengths of this project is it 

can be implemented organization-wide across all inpatient care areas and modified to best meet 

the needs of each unit’s population. Furthermore, by enlisting a reliable unit diabetes champion 

and supportive leadership, there is a greater likelihood of sustaining a culture of safety and 

vigilance around glycemic management and continued efforts to improve the standard of care. In 

terms of return on investment, this QI project warranted no additional costs to the organization 

and prevented costs associated with severe hypoglycemia, further supporting lasting change. 

From a patient education perspective, nurses lead by example, and the close attention afforded to 

patients when maintaining optimal BG levels could help encourage patients to be more 
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conscientious in managing their own BG when outside of the hospital setting, potentially 

extending the benefits of the intervention beyond the confines of the organization. 

Future practice and QI initiatives need to consider further EHR optimization. EHR 

updates could include integration of the CDS tool, real-time dysglycemia reports, and improved 

data visualization through dashboards and non-interruptive alerts so all staff can monitor for both 

hypoglycemia and hyperglycemia events throughout their shift. Not only would these 

interventions reduce time spent auditing individual charts, but they would also reduce potential 

biases from manual chart audits and improve the overall consistency of adherence to 

dysglycemia protocols. The importance and value of collecting and analyzing this data is the 

potential to reveal new root causes of inpatient dysglycemia or protocol nonadherence and allow 

for greater opportunities to refine the quality and delivery of care for all patients. 
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Table 1 
 
Clinical Pharmacy Dashboard 
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Table 2 
 

Evidence Review Appraisal Table 
 

American Diabetes Association Professional Practice Committee. (2023). 16. Diabetes care in the hospital: Standards of care in diabetes—2024. Diabetes Care, 
47(Supplement_1), S295–S306. 
Level: IV A 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The American Diabetes 
Association (ADA) 
“Standards of Care in 
Diabetes” is meant to 
provide components of 
diabetes care, general 
treatment goals and 
guidelines, and tools to 
evaluate quality of care. 

The Standards of Care 
includes clinical practice 
recommendations 
developed from a 
systematic review of 
evidence and an 
assessment of the 
benefits and risks of 
alternative care options 
conducted by a 
professional practice 
committee. 

PubMed, Medline, and 
EMBASE were searched 
from the June 2022 to 
July 2023 with searches 
limited to studies 
published in English. All 
relevant citations are then 
subjected to a full-text 
review and 
subcommittees prepare 
evidence summaries for 
grading. 

n/a n/a Recommendations were 
expanded to emphasize 
the need for personalized 
approaches to 
hypoglycemia 
management and to 
encourage institutions to 
perform regular audits o 
monitor proper use of 
protocols and keep staff 
up to date with 
educational/training 
programs. Furthermore, 
episodes of 
hypoglycemia in the 
hospital should be 
documented in the EHR 
and tracked for quality 
assessment and 
improvement. 
 
 
 
 
 
 
 
 
 

https://doi.org/10.2337/dc24-S016
https://doi.org/10.2337/dc24-S016
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Jia, P., Jia, P., Chen, J., Zhao, P., & Zhang, M. (2020). The effects of clinical decision support systems on insulin use: A systematic review. Journal of 
Evaluation in Clinical Practice, 26(4), 1292–1301. 
Level: I B 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The authors’ objective 
was to determine whether 
CDSS can facilitate 
better insulin use and 
increase satisfaction in 
the process of managing 
glucose control. 
 
  
 
 
 
 
 
 
 
 
 

 

Systematic review of 
RCTs the guidance of 
Preferred Reporting 
Items for Systematic 
Reviews and Meta-
Analyses (PRISMA). 
following  
Two authors performed 
independent data 
extraction and quality 
assessment from each 
selected SR. 
Discrepancies were 
resolved by discussion or 
through consultation with 
the senior author if 
agreement could not be 
reached. SR was 
conducted according to 
guidelines referenced in 
Cochrane Handbook for 
Systematic Reviews of 
Interventions. Meta-
analysis was not 
performed because of 
heterogeneity in included 
studies. 
 
 
 
 
 

 
 

The population included 
patients expected to 
require insulin treatment, 
including patients with 
diabetes or critically ill 
patients with 
hyperglycemia. RCTs 
were from PubMed, 
Embase, and Cochrane 
Central Register of 
Controlled Trials from 
database inception up 
until October 2018. 
24 RCTs fulfilled the 
inclusion criteria with a 
total of 7653 participants 
ranging from 16 to 2648 
in each trial. Most of the 
trials were conducted in 
developed countries of 
which six were 
undertaken in the United 
Kingdom and the 
remainder in America, 
Germany, Italy, and 
Spain. 

CDSS combining clinical 
knowledge with patient 
characteristics and 
communication or 
processing technologies 
(such as feedback, 
advice, reinforcement, 
recommendations, 
rewards, goal setting, and 
reminders) to provide 
tailored response 
facilitating diabetes 
therapy or management. 
Control groups did not 
undergo any CDSS 
interventions. 

The primary outcomes 
were beneficial or 
harmful effects in 
relation to the use of 
insulin, glucose control, 
health-related quality of 
life and economic 
outcome. 

Use of a CDSS carefully 
matching insulin doses to 
the individual patient 
could be an effective 
means of improving 
metabolic control. 
Patients in computerized 
insulin dose adjustment 
groups experienced a 
reduction in mean blood 
glucose levels and 
HbA1c. Improved 
glycemic control was 
also reflected in reduced 
incidence. Insulin dose 
advice from CDSS is 
effective and may lead to 
either reduced HbA1c, 
reduced insulin doses, or 
reduced frequency of 
hypoglycemia. 

https://doi.org/10.1111/jep.13291
https://doi.org/10.1111/jep.13291
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Lichtenegger, K. M., Aberer, F., Tuca, A. C., Donsa, K., Höll, B., Schaupp, L., Plank, J., Beck, P., Fruhwald, F. M., Kamolz, L.-P., Pieber, T. R., & Mader, J. 
K. (2021). Safe and sufficient glycemic control by using a digital clinical decision support system for patients with type 2 diabetes in a routine setting on general 
hospital wards. Journal of Diabetes Science and Technology, 15(2), 231-235.                                                                                                                                                    
Level: III B 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The aim of the study was 
to show the applicability 
of a CDS system in a 
real-world inpatient 
setting for patients with 
type 2 diabetes by 
evaluating user 
adherence to workflow 
and dosing suggestions 
and the resulting safety 
and efficacy of blood 
glucose management. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Observational, 
noncontrolled, single-
center, pragmatic clinical 
trial. All health care 
professionals were 
trained according to a 
standardized 1-hour 
training protocol and 
manual before using the 
system. 

150 hospitalized patients, 
noncritically ill, ≥18 
years of age with a mean 
age of 68 at a tertiary 
center in Austria. 
Exclusion criteria were 
type 1 diabetes, 
pregnancy, mental 
conditions rendering 
patient incapable of 
giving consent, insulin 
allergy continuous 
parenteral nutrition, and 
intravenous insulin 
therapy. 

Computerized CDS 
system for subcutaneous 
insulin therapy supports 
nurses and physicians in 
diabetes management at 
POC on mobile tablet 
devices and replaces 
paper-based diabetes 
documentation. 

Data from the digital 
CDS covering aspects of 
the diabetes management 
process including user 
adherence, measured BG 
values, and insulin 
therapy analyzed by 
means of descriptive 
statistics with means and 
standard deviations to 
describe outcome 
variables. 

Adherence of health care 
professionals to the 
suggested performance of 
workflow tasks was very 
high (96.4% of all 
suggested BG 
measurements, 93.1% of 
all suggested bolus 
insulin injections, and 
98.6% of all suggested 
basal insulin injections 
were performed by 
nurses as recommended 
by the CDS system. 
91.6% of all insulin-
dosing suggestions 
provided to physicians 
were accepted without 
modification. 68.8% of 
all capillary BG 
measurements were in 
the acceptable range of 
70-180mg/dL. Mean 
daily BG of 
159±32mg/dL was 
achieved. Percentage of 
BG values >180mg/dL 
was 31.3% and 
<70mg/dL was 3% with 
0.02% <40mg/dL. 
 

 
 

https://doi.org/10.1177/1932296820955243
https://doi.org/10.1177/1932296820955243
https://doi.org/10.1177/1932296820955243
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Mathioudakis, N., Aboabdo, M., Abusamaan, M. S., Yuan, C., Lewis Boyer, L., Pilla, S. J., Johnson, E., Desai, S., Knight, A., Greene, P., & Golden, S. H. 
(2021). Stakeholder perspectives on an inpatient hypoglycemia informatics alert: Mixed methods study. JMIR Human Factors, 8(4), e31214.  
Level: III B 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

This study aims to 
determine the desired 
features and functionality 
of a real-time informatics 
alert to prevent iatrogenic 
hypoglycemia in a 
hospital setting. 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Mixed methods study 
using a 21-item 
electronic survey 
requiring approximately 
7-10 minutes to complete 
and focus group sessions 
of hospital-based 
providers to elicit 
stakeholder input to 
inform development of a 
real-time informatics 
alert. Thematic analysis 
of focus group sessions 
was conducted using 
deductive and inductive 
approaches. The principal 
investigator was present 
to address or clarify any 
participant questions 
during the session. 

Physicians and advanced 
practice providers at 2 
academic medical centers 
located in Baltimore, 
Maryland involved in 
glucose management. 
There was a total of 102 
survey respondents, most 
of whom were internal 
medicine physicians. 

Electronic survey was 
sent to physicians and 
advanced practice 
providers. The second 
stage consisted of 2 
separate focus group 
sessions led by an 
experienced moderator 
lasting 60-90 minutes 
with 6 different 
participants (physicians, 
nurse practitioners, and 
physician’s assistants) 
recruited from the pool of 
survey respondents. 

Responses to the survey 
questions related to the 
importance of the 
problem, the perceived 
benefit of a proposed 
alert, and the preferred 
format for the alert. 

Over two-thirds of survey 
respondents believe a 
real-time hypoglycemic 
alert would be beneficial. 
Top 3 preferred formats 
were an alert indicator in 
the patient header, secure 
text message, and alert 
prompt displayed in 
existing glucose 
management reports. 
Least desired formats 
were an Epic InBasket 
message, a patient system 
list, and a pop-up BPA. 
Other key design 
requirements and 
preferences identified are 
the alert should be 
sufficiently accurate, 
nondisruptive, 
communicated in near 
real-time to the 
responsible clinician, and 
recommend next steps in 
care. 
 
 
 
 
 
 

 
 

https://doi.org/10.2196/31214
https://doi.org/10.2196/31214
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Maynard, G. A., Childers, D., Holdych, J., Kendall, H., Hoag, T., & Harrison, K. (2017). Improving glycemic control safely in non-critical care patients: A 
collaborative systems approach in nine hospitals. Joint Commission Journal on Quality and Patient Safety, 43(4), 179-188. 
Level: III A 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The authors hypothesized 
they could overcome 
barriers to improve 
inpatient glycemic 
control through the 
implementation of 
mutually reinforcing 
evidence-based 
interventions. 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Nonrandomized, 
longitudinal, before-after 
study where the control 
comparator was usual 
diabetes management 
prior to implementation 
of the multicomponent 
intervention. 2011 was 
the baseline year and the 
collaborative 
improvement effort 
spanned 2012-2014. 

Non-critical care adult 
inpatients across nine 
hospitals in and around 
Sacramento and San 
Francisco Bay admitted 
to medical, surgical, 
orthopedics, or telemetry 
units with at least four 
POC BG readings in at 
least two calendar days of 
an inpatient stay. 
Critically ill, outpatients, 
pediatric, and maternal 
child health patients were 
excluded.  

Standardized insulin 
order sets with CDSS in 
an existing CPOE, active 
surveillance via daily 
report with chart review 
and feedback to treatment 
team, and hypoglycemia 
treatment bundle.  

Glucometrics included 
patient-day weighted 
mean BG in mg/dL, % 
patient days with BG 
>299mg/dL, and % 
patient days with BG 
<70mg/dL. 

The day-weighted mean 
BG for the population 
improved significantly by 
11.4mg/dL, decreasing 
from 169.2 to 157.8 
mg/dL. 6 out of 9 sites 
met the goal of <160 
mg/dL with the 
remaining 3 improving 
numerically but nearly 
missing the threshold for 
goal. % of patient days 
with BG >299 mg/dL 
improved from 11.6% to 
8.8%. % of patient-days 
with any BG < 70 mg/dL 
remained low and 
essentially unchanged at 
3.6%. 

https://doi.org/10.1016/j.jcjq.2017.01.003
https://doi.org/10.1016/j.jcjq.2017.01.003
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Nimri, R., Battelino, T., Laffel, L. M., Slover, R. H., Schatz, D., Weinzimer, S. A., Dovc, K., Danne, T., & Phillip, M. (2020). Insulin dose optimization using 
an automated artificial intelligence-based decision support system in youths with type 1 diabetes. Nature Medicine, 26(9), Article 9. 
Level: I A 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The authors of the study 
hypothesized frequent 
optimization of insulin 
pump therapy based on 
continuous glucose 
monitoring (CGM) 
readings using artificial 
intelligence-decision 
support systems (AI-
DSS) would result in 
non-inferior glycemic 
control compared with 
dose adjustments 
performed by physicians 
from specialized 
academic diabetes 
centers. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

6 month, multicenter, 
multinational, single-
blind, parallel, 
randomized controlled, 
prospective, non-
inferiority trial evaluating 
the equivalence of 
frequent insulin dose 
adjustments at three-
week intervals on the 
percentage of time in the 
targeted glucose range 
made using AI-DSS 
compared with 
adjustments made by 
physicians. 

138 individuals were 
assessed for eligibility; 
122 were randomized and 
108 participants were 
included in the intention-
to-treat analysis. 
Children, adolescents, 
and young adults who 
had type 1 diabetes for at 
least one year and were 
treated with insulin pump 
therapy were eligible for 
participation in the trial. 
Trial was conducted at 
seven clinical sites; four 
in the USA, two in 
Europe, and one in Israel. 
Inclusion criteria: ages 
10-21, glycated 
hemoglobin level from 7-
10%, use of insulin pump 
therapy for at least 4 
months compatible with 
the diabetes management 
system app used in the 
study, BMI below 97th 
percentile for age, 
minimum level of 
computer skills and 
navigating the internet, 
willingness to use a 
Dexcom CGM, and have 
a smartphone. Exclusion 
criteria: episode of 

Trial consisted of a 3-
week run-in period in 
which participants 
continued regular 
treatment and used the 
CGM provided in the 
study. Participants were 
then randomized to either 
the AI-DSS or physician 
arms. Every three weeks 
participants uploaded 
insulin pump and CGM 
data using a diabetes 
management system 
(DMS) app. Participants 
then received insulin 
pump settings 
recommendations either 
from the physician or AI-
DSS according to their 
randomization for a 24-
week period. 

The primary efficacy 
outcome was the percent 
of time spent in an 
optimal blood glucose 
target range between 70-
180mg/dL, while the 
primary safety outcome 
was the percent of time 
spent with sensor glucose 
values below 54mg/dL. 
Other exploratory 
outcomes included 
changes in glycated 
hemoglobin from 
baseline to end of study 
and mean glucose levels 
and insulin dose. 

The percentage of time 
spent within target 
glucose range in the AI-
DSS arm was statistically 
non-inferior to the 
physician arm 
(50.2±11.1% versus 
51.6±11.3%, 
respectively) (95% lower 
confidence bound CI: 
−3.3%, P<1×10−7). The 
percentage of readings 
below 54mg/dL was 
statistically non-inferior 
between the AI-DSS and 
physician arms (1.3 ± 
1.4% and 1.0 ± 0.9%, 
respectively. P < 0.0001). 
A statistically significant 
reduction of 0.32% in 
mean glycated 
hemoglobin level from 
baseline to end of study 
was observed in the AI-
DSS arm (two-sided 95% 
CI of −0.55% to −0.08%, 
P = 0.008). Mean total 
daily insulin and daily 
basal insulin doses were 
not statistically different. 

https://doi.org/10.1038/s41591-020-1045-7
https://doi.org/10.1038/s41591-020-1045-7
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diabetic ketoacidosis 
within a month before 
study entry, any 
significant disease or 
condition affecting the 
subject’s ability to 
complete the study or 
compromise safety, 
current participation in 
other studies, allergy to 
trial products, pregnant or 
lactating, severe 
hypoglycemia within 6 
months prior to 
enrollment, and current 
use of medications to 
lower blood glucose or 
which would be a 
contraindication to 
participation. 
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Pichardo-Lowden, A. R., Haidet, P., Umpierrez, G. E., Lehman, E. B., Quigley, F. T., Wang, L., Rafferty, C. M., DeFlitch, C. J., & Chinchilli, V. M. (2022). 
Clinical decision support for glycemic management reduces hospital length of stay. Diabetes Care, 45(11), 2526-2534.  
Level: III B 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

CDS tool can reduce 
hospital LOS among 
adult patients admitted to 
non-intensive care 
settings. 
  
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Interrupted time series 
design activating and 
deactivating the CDS tool 
every 3 months. 
Providers were informed 
about GlucAlert-CDS 
tool during meetings and 
via email notifications.  

The population included 
22,395 admissions 
corresponding to 16,499 
unique patients. The 
sample consisted of 3,482 
patients ≥18 years of age 
in whom glycemic gaps 
in care (GIC) were 
identified at an academic 
medical center from 
March 2018 to February 
2019. Admissions with 
GIC crossing over 
periods were excluded 
from the analysis to avoid 
crossover bias. 

Active vs inactive 
periods of the CDS tool 
were considered the 
exposure variable. Alerts 
were notifications evoked 
in real time in the MER 
about a GIC only during 
the active period which 
was received by a 
provider caring for the 
patient.  

GIC defined as the 
presence of a glycemic 
abnormality identified by 
the CDS tool. GIC 
categories and criteria 
were severe or recurrent 
hyperglycemia, 
impending or established 
hypoglycemia, and an 
inappropriate insulin use 
category. These 
categories of GIC events 
represented the 
independent variables 
and LOS represented the 
dependent variable. 

The average LOS of all 
admissions with and 
without GIC was 87.2 
and 89 hours respectively 
(P=0.053). Average LOS 
of admissions without 
GIC was 79.3 and 80.7 
hours during active and 
inactive periods 
respectively (P=0.128). 
Average LOS of 
admissions with at least 
one GIC was 125.2 and 
130.9 hours during the 
active and inactive 
periods, respectively 
(P=0.057). There was a 
longer LOS when there 
were glycemic GIC and 
even longer when the tool 
was inactive. LOS was 
reduced among all 
admissions by 5.7 hours 
(P=0.57), among 
admissions with at least 
one hyperglycemic event 
by 6.4 hours (P=0.054), 
and among admissions 
with at least one stress 
hyperglycemia event by 
31 hours (P=0.053). 
 

 
 

https://doi.org/10.2337/dc21-0829
https://doi.org/10.2337/dc21-0829
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Pichardo-Lowden, A., Umpierrez, G., Lehman, E. B., Bolton, M. D., DeFlitch, C. J., Chinchilli, V. M., & Haidet, P. M. (2021). Clinical decision support to 
improve management of diabetes and dysglycemia in the hospital: A path to optimizing practice and outcomes. BMJ Open Diabetes Research & Care, 9(1), 
e001557. 
Level: III B 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The authors hypothesize 
a diabetes CDS tool will 
reduce recurrent and 
severe hyperglycemia 
and hypoglycemia and 
the inappropriate use of 
insulin by providing 
recommendations 
specific to the practice 
context. 
 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Pragmatic, interrupted 
time series study where 
the electronic medical 
record (EMR) CDSS was 
active (ON) for 6 months 
and then inactive (OFF) 
for 6 months. Gaps in 
care were identified and 
compared prospectively 
between ON and OFF 
periods, however alerts 
were not viewable during 
the OFF period. In-
person information 
sessions were held to 
inform hospital providers 
of this new practice 
resource. 

52,611 hospital inpatients 
≥18 years of age admitted 
to the emergency 
department, observation 
units, inpatient units, or 
same-day admission with 
or without diabetes at an 
academic quaternary care 
medical center from 
March 2018 to February 
2019. A total of 15,454 
admissions correspond to 
patients in whom CDS 
recommendations could 
have been evoked if 
criteria were met. 

CDS tool designed to 
identify clinical 
situations requiring 
intervention through the 
EMR: severe or recurrent 
hyperglycemia in 
diabetic patients, 
impending or established 
hypoglycemia, and 
inappropriate sliding 
scale insulin 
monotherapy in 
hyperglycemia or 
anytime in patients with 
type 1 diabetes. 
Automated messages 
were evoked in real time 
to denote the problem 
detected, a statement 
emphasizing potential 
outcomes, patient 
specific glucose data 
trends, and management 
recommendations in line 
with practice guidelines 
and hospital resources. 

Identification of gaps in 
care related to glucose 
control and insulin 
therapy. Statistical 
analysis was performed, 
gap in care events were 
compared using binomial 
generalized estimating 
equations (GEE), and 
odds ratios (ORs) were 
used to quantify the 
magnitude and direction 
of differences. 

The CDS program 
resulted in a 10% 
reduction of recurrent 
hyperglycemia in 
subjects with type 1 or 2 
diabetes, 43% less 
recurrent hyperglycemia 
in subjects with stress 
hyperglycemia, and 55% 
and 8% reduction in 
inappropriate insulin use 
in subjects with type 1 
and type 2 diabetes 
respectively. The tool did 
not result in additional 
hypoglycemic events due 
to intensification of 
management, and the 
mean of hypoglycemia 
events following a 
previous hypoglycemia 
alert was decreased 
suggestive of a trend for 
prevention of 
hypoglycemia after an 
alert is evoked. 

https://doi.org/10.1136/bmjdrc-2020-001557
https://doi.org/10.1136/bmjdrc-2020-001557
https://doi.org/10.1136/bmjdrc-2020-001557
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Sly, B., Russell, A. W., & Sullivan, C. (2022). Digital interventions to improve safety and quality of inpatient diabetes management: A systematic 
review. International Journal of Medical Informatics, 157, 104596. 
Level: III A 

Purpose or Hypothesis 
Type of Evidence and 

Research Design 
Sample (population, 

size, setting) 
Intervention 
Procedures 

Primary 
Outcome/Measures Results/Conclusions 

The authors’ objective is 
to review evidence for 
digitally enabled 
interventions including 
electronic medical record 
(EMR), computerized 
provider order entry 
(CPOE), CDSS, and 
data-visibility solutions 
for improving the safety 
and quality of routine 
inpatient diabetes 
management. 

Systematic review of 
RCT’s, non-randomized 
studies, before-after 
studies, interrupted time-
series studies, and 
historically controlled 
studies published in 
English reported 
according to PRISMA 
guidelines. Studies were 
identified by the primary 
author then reviewed by 
two authors with any 
discrepancies discussed 
until consensus was 
reached. Meta-analysis 
was not performed 
because of the large 
number of heterogeneous 
study designs with 
various interventions and 
outcomes. 
 
 
 
 
 
 
 
 
 
 

 

The population included 
non-critical care adult 
inpatients with diabetes. 
PubMed, Embase, and 
Cochrane were searched 
and only studies 
published between 
January 2005 to 
September 2020 were 
included. 42 articles met 
inclusion criteria: 3 
cluster RCTs, 1 non-
randomized study, 1 
observational case-
control study, and 37 
before-after studies; 31 
were from the USA, 3 
from Austria, 2 from 
Taiwan, and 6 from other 
countries producing a 
single study. Exclusion 
criteria were populations 
of critically ill patients, 
pregnant, pediatric, 
outpatient, or part of an 
ambulatory cohort. 
Studies not reporting 
outcomes of diabetes 
safety and quality were 
excluded as well. 

Technology-enabled 
interventions including 
EMR, CDSS (both EMR 
and mobile based), and 
data visibility solutions 
aimed at improving 
quality and safety of 
inpatient diabetes care 
were compared to routine 
care as a control cohort 
either prior to 
intervention or a 
randomized control 
group. Studies with non-
controlled groups were 
included. 

The primary outcomes 
were quality and safety 
outcomes such as 
glucometric outcomes, 
medication errors, length 
of stay, protocol 
adherence, adherence to 
evidence-based 
prescribing, and end user 
acceptance of digital 
interventions. 

Many heterogeneous 
digital interventions are 
shown to have a positive 
impact on inpatient 
diabetes, particularly by 
improving glucometric 
outcomes and increasing 
evidence-based 
prescribing. CDSS in the 
form of insulin order-sets 
are recommended by 
guidelines, however 
outcomes depend on 
implementation process. 
Data visibility solutions 
allowing remote targeted 
review through proactive 
action achieves improved 
glucometric outcomes. 
Paper based systems are 
unable to match the 
innovation potential or to 
support new ways of 
working with aggregated 
data enabled by digital 
systems. 

https://doi.org/10.1016/j.ijmedinf.2021.104596
https://doi.org/10.1016/j.ijmedinf.2021.104596
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Table 3 
 

Evidence Review Synthesis Table 
 

PICOT:  Among hospitalized adults over 18 years of age in the non-critical care setting, does healthcare staff’s use of protocols with CDSS versus without 
CDSS increase appropriate management of hypoglycemia events? 
 

Category (Level Type) Total Number of 
Sources 

Quality Ratings 
And Authors 

Synthesis of Findings  

Level 1 - Experimental study · RCT · Systematic review of RCTs 
with or without meta-analysis 

1 RCT 
 

1 SR of RCTs 

Nimri et al. A 
 

Jia et al. B 

Nimri et al. (2020) found insulin 
dose adjustments guided by an AI-
DSS is as effective and safe as those 
guided by physicians in keeping 
glucose levels at an optimal range. 
Jia et al. (2020) similarly found 
insulin dose advice from a CDSS is 
effective and may lead to either 
reduced HbA1c, reduced insulin 
doses, or reduced frequency of 
hypoglycemia. 

Level II · Quasi-experimental studies · Systematic review of a 
combination of RCTs and quasi-experimental studies, or quasi-
experimental studies only, with or without meta-analysis  

   

Level III · Non-experimental study · Systematic review of a 
combination of RCTs, quasi-experimental, and non-experimental 
studies, or non-experimental studies only, with or without meta-
analysis · Qualitative study or systematic review of qualitative 
studies with or without meta-synthesis  

1 Pragmatic clinical 
trial 

 
1 Mixed methods 
qualitative study 

 
1 Before-after non-
randomized cohort 

study 
 

2 Interrupted time 
series studies 

 
1 SR of a combination 

of RCTs, quasi-
experimental, and  

Lichtenegger et al. B 
 
 

Mathioudakis et al. B 
 
 

Maynard et al. A 
 
 
 

Pichardo-Lowden et al. 
B & B 

 
Sly et al. A 

Lichtenegger et al. (2021) found the 
use of CDSS in a real-world setting 
facilitates safe and efficacious 
inpatient diabetes care by increasing 
user adherence to standardized 
workflows and maintaining BG 
within optimal range. Mathioudakis 
et al. (2021) found stakeholders 
prefer real time CDSS alerts which 
are nonintrusive, accurate, and 
provide recommendations for 
treatment. Maynard et al. (2017) 
found multicomponent intervention 
consisting of standardized insulin 
order sets with CDSS and active 
surveillance through daily reports 
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non-experimental 
studies 

with chart review and feedback to 
treating team decreased patient day-
weighted mean BG levels and 
improved the % of days patients’ 
BG levels were in optimal range. 
Pichardo-Lowden et al. found 
CDSS can reduce recurrent 
hyperglycemia in patients with 
diabetes and stress hyperglycemia 
and reduce inappropriate insulin use 
without increasing incidence of 
hypoglycemia (2021); and reduce 
hospital length of stay (2022). 
Sly et al. (2021) found 
heterogenous digital interventions 
have a positive impact on inpatient 
diabetes management by improving 
glucometric outcomes.  

Level IV · Opinion of respected authorities and/or reports of 
nationally recognized expert committees/consensus panels based 
on scientific evidence  

1 Clinical practice 
guideline from a 

professional 
committee 

American Diabetes 
Association 

Professional Practice 
Committee A 

The ADA’s Standards of Care in 
Diabetes (2024) recommend 
institutions conduct regular audits 
to monitor proper use of protocols 
and episodes of hypoglycemia be 
documented in the EHR and tracked 
for quality assessment and 
improvement. 

Level V · Evidence obtained from literature reviews, quality 
improvement, program evaluation, financial evaluation, or case 
reports · Opinion of nationally recognized expert(s) based on 
experiential evidence  

   

Overall Quality Rating and Recommendations Based on Evidence Synthesis: B Overall, the heterogenous interventions and outcomes of included studies 
make comparison difficult since each has its own strengths and limitations. Some strengths include real world application, as many studies were carried out in 
inpatient hospital settings, as well as relatively positive effects on glucometric outcomes with little to no unintended harm. Some limitations include the 
inability to randomize groups or apply blinding with this type of intervention within hospital settings. However, the positive impact on optimization of blood 
glucose levels and relative safety of CDS interventions makes it a practical and feasible component of any future practice change to improve quality of care 
related to glycemic control. Furthermore, the recommendations of the ADA highlight the importance of monitoring the proper use of hospital protocols related 
to diabetes care which this improvement project aims to do. Thus, there is adequate relevant and current evidence of good quality to move forward with this 
implementation project. 

 
  



HYPOGLYCEMIA PROTOCOL ADHERENCE 32 

Figure 1  
 
Fishbone Diagram of Causes of Nursing Nonadherence to Inpatient Glycemic Management Guidelines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What is the practice problem? 
 
Inpatient glycemic management 
guideline nonadherence 
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Figure 2 
 
Quality Improvement Framework 
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Figure 3 
 
Prior Process Map 
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Figure 4 
 
Desired Process Map 
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Figure 5 
 
Documentation Adherence Run Chart 

 

 
Note. This figure demonstrates weekly adherence percentages for hypoglycemia events documented within the standardized diabetes 
management flowsheet by nurses. Low adherence during week 8 was attributed to the onboarding of newly hired staff unfamiliar with 
the hypoglycemia protocol.  
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Figure 6 
 
Timely Blood Glucose Recheck Adherence Run Chart 

 

 
Note. This figure demonstrates weekly adherence percentages for hypoglycemia events in which nurses rechecked blood glucose 
values either within 15 minutes of treatment or within 30 minutes of the initial low value. The staffing shortage during week 3 resulted 
in nurses floating from other units who were unfamiliar with the hypoglycemia protocol.  
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Figure 7 
 
Treatment Adherence Run Chart 

 

 
Note. This figure demonstrates weekly adherence percentages for hypoglycemia events in which nurses provided appropriate 
treatment via the correct dose and route per protocol or provider orders.   
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Figure 8 
 
Overall Hypoglycemia Protocol Adherence Run Chart 

 

 
Note. This figure demonstrates weekly adherence percentages for hypoglycemia events in which all three measured components of the 
hypoglycemia protocol were achieved. 
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Appendix A 
 
PubMed Citation Manager 
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Appendix B 
 
PRISMA Search Flow Diagram 
 

1. Records obtained using PubMed.  
Keywords: hypoglycemi* AND 
hospital* AND “decision support”  
(n=120) 

2. Title screen conducted on 120 
titles for match to PICOT 

 

4. Abstract and full text screen 
conducted on 13 articles for 
relevance, design, and method 
details 

 

3. Titles excluded after title screen (n=107) 
Reasons: 

¥ Different outcome or comparison (107) 
¥ 13 retained for further screening 
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5. Titles excluded after abstract and full text screen (n =5) 
Reasons: 

¥ Not JHNEBP Level III or higher (5) 
¥ 8 retained for further screening 

 

6. Studies included for Evidence 
Review (n=8) 
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Appendix C 
 
Adult Hypoglycemia Patient Care Protocol CDS Tool 
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Appendix D 
 
Project Timeline GANTT Chart 
 

 
 
Note. Gantt Chart depicting QI project timeline and activities. Some dates are estimated.  
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Appendix E  
 
Measurement/Audit Tool 

 
https://rs.igs.umaryland.edu/surveys/?s=84PR4XHNFRTT7NRY 
 

https://rs.igs.umaryland.edu/surveys/?s=84PR4XHNFRTT7NRY
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Appendix F 
 

Hypoglycemia Protocol Adherence Survey Data Codebook 
 

 


