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Abstract 

This dissertation study examined the relationship of glucose control with clinical 

outcomes, costs, discharge planning and education. Extant studies showed that 

hyperglycemia, in the presence or absence of a diabetes diagnosis, is prevalent in 

hospitalized patients. Hyperglycemia is found in one-third of all hospital admissions and is 

linked to poor clinical outcomes and increased healthcare costs. Furthermore, clinical 

evidence suggests that lack of discharge coordination associated with medical errors and 

readmission. This entire body of work contains three distinct sections: Two manuscripts 

and a grant proposal. The two manuscripts in this study were based on more current 

retrospective data at the time of the study. The first manuscript "Inpatient glycemic 

management: relationship among glucose control, clinical outcomes and costs" discussed the 

results on glucose control, clinical outcomes and costs by provider groups. The second 

manuscript "Inpatientglycemic management: team approach in diabetes education and 

discharge planning" discussed the outcomes of improved discharge planning and 

coordination with the intervention of the glycemic management team. The grant proposal 

"Inpatient glycemic management: clinical and economic impact of changing from sliding scale 

insulin to basal-bolus" was awarded $105,000 funding by a private pharmaceutical 

company. The study associated with the grant funding was a completely separate study 

done in collaboration with the grantor. 



Dedication 

This work is dedicated to my patients and many of my family members who battle 

with diabetes management everyday. Their daily struggles, including momentary lapses or 

dedicated resolve in diabetes care, minor or catastrophic health failures, and every small or 

transformational accomplishments inspire and motivate me in my work to strive for the 

best diabetes care possible for each and every one of them. Diabetes is a disease of the most 

human and humbling kind. Its complications are devastating to the people and their loved 

ones affected by the disease. Despite its grim outcomes, hope exists when individuals 

decide to take steps in healthy lifestyle changes and when we as healthcare providers 

deliver the right guidance and care. With continued collaboration of patients and 

healthcare providers, we can overcome the negative effects of this disease and improve our 

patients' chances in living longer, healthier, and more fulfilled lives. 
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CHAPTER 1:PROBLEM 

Introduction 

Diabetes is not just a U.S. national health crisis but also a worldwide epidemic. In 

2010, there were 285 million people worldwide affected by diabetes. The North American 

Continent (NAC) has 37 million people with diabetes. This is roughly 10% of the population 

of NAC with a death toll of 16%. Diabetes is the leading cause of neuropathy, nephropathy, 

retinopathy, and coronary artery diseases (IDF, 2009, 2010). Diabetes puts a heavy toll on 

the American people. In the U.S. alone, there are 25.8 million people with diabetes. This is 

8.3% of the total U.S. population and the 6th leading cause of death (CDC, 2011). The overall 

annual cost for care is a staggering $174 billion. Hospital costs of care accounts for $87 

billion or half of the annual cost. Hospital admissions for people with diabetes is prevalent, 

accounting for 7.7 million hospital admissions or one out of every five hospital admissions. 

Patients with diabetes also trigger more emergency department visits, have longer lengths 

of stay, and higher cost of care than patients without diabetes (ADA, 2008). 

Poor glycemic control in the hospital setting can lead to deleterious clinical 

outcomes and increased economic costs. That is why glycemic control is widely recognized 

as an integral part of inpatient care. Glycemic management of hospitalized patients, 

however, is complex and requires considerable hospital resources. Wide glucose variability, 

persistent hyperglycemia, recurrent, and severe hypoglycemia are implicated in poor 

outcomes (Krinsley, 2003, 2008; Krinsley & Grover, 2007). Evidence suggests that 

hyperglycemia during acute illness is a marker of poor clinical outcomes that lead to 

increased morbidity, mortality, and length of stay (Krinsley, 2004; Umpierrez et al., 2002). 

1 



When blood glucose (BG) is intensively controlled to near normal BG levels of 

approximately less than 140 mg/dl, it reduces the risks of multi-organ failure, sepsis, 

morbidity, mortality, and length of stay (Krinsley & Grissler, 2005; Van den Berghe et al., 

2001). 

Patients with diabetes occupy approximately 12% to 25% of all hospital beds (Cook, 

et al., 2009; Moghissi, 2004). This rate will continue to rise as the incidence of diabetes 

increases nationwide. Hospital organizations and healthcare agencies recognize that 

optimum glycemic control not only improves patient outcomes, it also reduces hospital 

costs. In an effort to improve outcomes, hospital institutions nationwide implemented 

programs to improve inpatient glycemic control. Glycemic targets for critical care units are 

mean BG levels of 140 - 180 mg/dl and less than 140 mg/dl for acute care. The American 

Diabetes Association (ADA) and the American College of Clinical Endocrinologists (AACE) 

recommended these targets with a caveat - achieve euglycemia, control hyperglycemia but 

limit the possible deleterious consequences of severe hypoglycemia (ADA, 2010; Moghissi, 

et al., 2009). 

Inpatient glycemic management is complicated because there are many factors that 

affect blood glucose control (Smith et al., 2005). Hospital organizations nationwide were 

quick to adopt various forms of insulin protocols with mixed successes and failures. The 

increased use of insulin in the hospital setting brought new challenges for clinicians and 

healthcare providers regarding patient safety issues. Insulin is the number one drug 

implicated in medication errors causing harm, according to the MEDMARX® data report (a 

national reporting program for medication errors and adverse drug reactions submitted by 
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participating hospital facilities) published by the United States Pharmacopoeia (Hicks, 

Becker, & Cousins, 2008). The AACE and ADA recognized that hospital systems might 

require administrative support and inpatient glycemic expert providers to successfully 

monitor patient safety and manage care (Moghissi, 2004; Moghissi, et al., 2009). Some 

studies demonstrated that a diabetes team approach to hospital glycemic management and 

transition to ambulatory care were effective in controlling inpatient blood glucose, 

improving post discharge A1C levels, and decreasing length of stay (Flanagan et al., 2008; 

Jakoby et al., 2008) 

Additionally, hospital organizations recognize that in the current healthcare 

environment, physicians do not have the time or the perceived expertise to manage the 

intricate daily issues related to glycemic care (Smith et al., 2005). Many hospitals turned to 

specialized glycemic management teams (GMT) to address inpatient glucose management. 

Many of these GMTs are staffed with a team of healthcare professionals, which include, but 

are not limited to, any or all of these team members: physicians, advanced practice nurses, 

diabetes nurse educators, pharmacists, and/or dietitians (Jakoby et al., 2008; Flanagan, et 

al., 2008). 

The current national economic situation and lack of access to physicians in rural 

areas are some of the reasons for the increased presence of nurse practitioners (NPs) in 

various outpatient and inpatient settings. Although there are some practice differences 

between physicians and NPs, in a study conducted by Mundinger and associates (2000), 

NPs performing at the same authority and responsibility as physicians, had comparable 

patient outcomes. 
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In the last decade, various approaches to achieving glycemic control have been 

established at several institutions in the U.S. and abroad. Despite these efforts, glycemic 

control remains suboptimal (Boord et al., 2009). While there is empirical support for the 

benefits of intensive inpatient glucose management, there is limited research on its 

economic costs or savings in relation to clinical outcomes. Moreover, there is less scientific 

evidence on the impact of GMTs in the care of patients with BG abnormalities who have 

complex and extensive healthcare needs. 

Research Aims 

Hospitals have allocated considerable resources for inpatient glycemic management 

with the use of a dedicated GMT. This retrospective research study is designed to 

determine if there are significant differences in the characteristics of a sample of patients 

receiving traditional care under a physician alone versus GMT (Also see Table 7). Study 

aims include: 

1. Characterize the study population (i.e., age, gender, ethnicity, admission diagnosis, 

admission BG, A1C level, BMI, co-morbid conditions) by type of care delivery. 

2. Examine the differences in glycemic control: mean BG, good glucose control (BG 71 

- 180 mg/dl), incidences of mild to moderate hyperglycemia (BG 181-299 mg/dl), 

severe hyperglycemia BG >300 mg/dl), mild to moderate hypoglycemia (BG 41-<60 

mg/dl), and severe hypoglycemia (<40 mg/dl), by type of care delivery. 

3. Examine which glycemic control variables predict rates of clinical outcomes 

(hospital complications, LOS, inpatient mortality, and 30-day readmission). 
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4. Assess the relationship of glycemic control variables with economic costs (overall 

hospital costs and direct costs). 

5. Examine the differences in inpatient diabetes services provided by type of care 

delivery. 

Conceptual Framework 

The conceptual framework for this study is based upon concepts derived from the 

literature. See figure 1. Inpatient glycemic management has been traditionally the 

attending physician's responsibility. Healthcare practices changed over the last few 

decades resulting in more complex inpatient management and increased healthcare 

provider responsibility. The mounting evidence of the benefits of improved glycemic 

control added another layer of responsibility to an already demanding physician schedule. 

Hence, GMT was implemented to provide assistance to physicians in improving glycemic 

control for hospitalized patients with diabetes or hyperglycemia. 

The main assumption of this study is that the GMT-managed patients, despite having 

more co-morbid conditions, will have improved glycemic control, decreased in-hospital 

complications, and decreased costs compared to patients managed alone by the physician. 

Hence, this study will focus on the differences in the clinical outcomes and economic costs 

between the two provider groups, as well as determine if there is a relationship between 

the ranges of glucose control predictor variables with various clinical and economic 

outcomes (See Figure 1). 
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Figure 1. Conceptual Model 
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CHAPTER 2: REVIEW OF LITERATURE 

There are countless research studies in inpatient hyperglycemia, hypoglycemia, and 

glucose management, especially in the first decade of the 21st century. Scientific research 

interest in inpatient glycemic control has been escalating across the globe. Since the 

general topic of hospital glycemic control is extensive, a methodical effort was made to 

present only a synopsis of the most pertinent diabetes care research studies in relation to 

this research study. The contents of this chapter are organized into ten sections. 

1. Introduction: provides a brief overview and statistical facts about inpatient diabetes. 

2. Critical care setting: reviews landmark studies that may have broadened research in 

inpatient hyperglycemia and its management. 

3. Surgical care setting: discusses the role of hyperglycemia in surgical patients. 

4. General hospital ward setting: elaborates on hyperglycemia and patient outcomes in 

this population. 

5. Hypoglycemia: discusses its role in inpatient clinical outcomes. 

6. A1C: states the role and clinical utility of obtaining the laboratory diagnostic 

measure in the hospital setting. 

7. Discharge plan: reviews the outcomes of effective discharge planning for patients 

with chronic care needs. 
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8. Role of the advanced practice nurse: discusses the important role of the nurse 

practitioner in various settings, especially in chronic care management of the 

hospitalized patient with diabetes. 

9. Conceptual framework: depicts the relationship of the provider BG management on 

the patient outcomes 

10. Summary: recaps the all the important points in this chapter leading to the methods 

and statistics chapter. 

Introduction 

Diabetes is the most common co-morbid condition for patients admitted in the 

hospital setting. In over a period of 18 years, there was a remarkable increase in hospital 

stays of patient with diabetes from 2.8 million in 1990 to 7.7 million in 2008 (Fraze, Jiang, 

& Burgess, 2010). Prior to the turn of the 21st century, inpatient hyperglycemia was poorly 

managed or ignored. The use of sliding scale insulin (SSI) was prevalent despite severe 

criticisms by diabetologists against its use. There is insufficient evidence on its benefits of 

SSI therapy in the inpatient setting (Queale, Seidler, & Bracanti, 1997). There were only a 

small number of studies focusing on inpatient glycemic management prior to the release of 

the Leuven I study in 2001 (Van Den Berghe et al., 2001). This landmark study changed the 

course of inpatient glycemic management heading into the 21st century. 
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Critical Care Setting 

The Leuven I was a prospective, randomized, controlled study conducted in Belgium. 

The investigators examined 1,548 cardiovascular post-operative patients in the surgical 

intensive care setting. The patients were given insulin therapy to manage their BGs. A total 

of 783 patients were assigned to conventional therapy with a mean BG goal of 180 mg/dl to 

200 mg/dl. The other group of 765 patients was intensively controlled to a mean BG goal of 

80 mg/dl to 110 mg/dl. Results were favorable in the intensively treated group with 

decreased intensive care unit (ICU) mortality by 34%, sepsis by 46%, dialysis by 41%, 

blood transfusion by 50%, and polyneuropathy by 44% (Van Den Berghe et al., 2001). 

Following the tremendous success of the Leuven I study, Van den Berghe and 

colleagues (2006) conducted the Leuven II study. This prospective, randomized, controlled 

study of 1,200 medical intensive care (MICU) patients investigated the reduction of 

morbidity and mortality with intensive insulin therapy. The findings suggested that there 

was no overall decrease in mortality in the intensively treated group versus the control 

group. Mortality rate slightly increased in patients who received intensive insulin therapy 

who stayed in the ICU less than 3 days. However, for those intensively treated patients who 

stayed in the ICU greater than 3 days, the mortality rate decreased. Morbidity was reduced 

in the intensively treated group. Furthermore, intensive glucose control prevented new 

kidney injury, reduced the duration of mechanical ventilation, and shortened ICU stay (Van 

den Berghe et al., 2006). 

Two years after the publication of the Leuven I study, Krinsley (2003) examined 

glucose control outcomes in a mixed medical and surgical ICU in Stamford Hospital, 
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Stamford, Connecticut. Retrospective data was collected from 1,826 consecutive patients 

between October 1999 and April 2002. Patients with mean BG values between 80 mg/dl 

and 99 mg/dl had the lowest ICU mortality of 9.6%. Mortality rate progressively worsened 

with the increase in mean BG values reaching 42.5% on patients with mean BG values 

greater than 300 mg/dl (Krinsley, 2003). 

Following his 2003 publication, Krinsley (2004) assessed the effects of intensive 

glucose management using a protocol in the same heterogeneous ICU setting. A total of 800 

well-matched participants were enrolled in the study. The use of the protocol significantly 

improved mean BG levels from pre-intervention baseline to post-intervention (baseline 

group= 152.3 mg/dl to 130.7 mg/dl vs. treatment= 130.7 mg/dl to 119 mg/dl) without 

significantly increasing the risk for severe hypoglycemia less than 40 mg/dl (0.35% to 

0.34%). The number of patients with new kidney dysfunction and the need for blood 

transfusion decreased after protocol implementation. The number of hospital-acquired 

infections did not significantly change. Mortality rate decreased from 29.3% to 20.9%, and 

mean length of stay (LOS) decreased from a baseline 3.58 days to 3.19 days with treatment 

(Krinsley, 2004). 

In 2008, Krinsley presented his results on the role of glycemic variability (GV) in 

hospital mortality. This study was a retrospective review of 3,250 prospectively evaluated 

patients from October 1999 to October 2007. BG ranges were grouped into four standard 

deviation (SD) quartiles with quartile 1 having the lowest SD and quartile 4 with the 

highest SD. The study showed that GV is a strong independent predictor of mortality. The 
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lower SD quartile was associated with a lower mortality rate. As the SD quartile increased, 

mortality rate also correspondingly increased (Krinsley, 2008). 

The most current study to date was a large international multicenter study 

conducted by the NICE SUGAR study investigators in 2009. A sample size of 6,104 non-

eating patients with hyperglycemia [with or without history of diabetes) was examined. 

This is a parallel group, randomized, controlled study looking at MICU and S1CU patients in 

42 hospitals (38 academic and 4 community hospitals) in the United States, Australia, and 

New Zealand. The intensively controlled (IC) group of 3,054 patients had a mean BG goal of 

81-108 mg/dl while the control group (CG) of 3,050 patients had a mean BG goal of less 

than or equal to 180 mg/dl. The primary endpoint was death within 90 days of study 

enrollment. The secondary endpoints were survival after 90 days, cause of death, duration 

of mechanical ventilation, renal failure, 1CU stay, and hospital stay. Tertiary endpoints are 

death from any cause within 28 days, place of death (ICU or another level of care), 

incidence of new organ failure, positive blood cultures, and need for blood transfusions. 

The results were significant for intensively controlled group versus the control group as 

follows: mean BG of 107 mg/dl vs. 142 mg/dl, increased insulin use with 97.2% vs. 69%, 

increased mortality with 27.5% vs. 24.9%, 1CU mortality of 62.9% vs. 66.3%, and increased 

risk of severe hypoglycemia <40 mg/dl with 6.8% vs. 0.5%, respectively. It is important to 

note that a major limitation of this study is that a substantial portion of the intensively 

treated patients in the study did not achieve target BG goal (NICE SUGAR Investigators, 

2009). 
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Surgical Care Setting 

In Portland, Oregon, Furnary and his colleagues (2003) evaluated 3,554 post 

coronary artery bypass surgery (CABG) patients from 1987 to 2001. Patients where placed 

on subcutaneous insulin and patients from 1992 to 2001 were on continuous insulin 

infusion (CII) for aggressive hyperglycemia management. The results from this 

observational study indicated that mortality rate was lower for insulin infusion (2.5%) 

compared to subcutaneous insulin (5.3%). Furthermore, perioperative glycemic control 

using continuous insulin infusion on the day of surgery through post-operative day two 

showed an absolute mortality rate of 57% in the diabetes population. 

Furnary and Wu (2006) released findings on coronary artery bypass graft (CABG) 

patients - an ongoing prospective, nonrandomized, interventional study of 5,534 patients 

with diabetes who were placed on CII for 3 days (on the day of surgery through post­

operative day two). Associations of various outcomes to levels of hyperglycemia were 

found including: (1) inpatient mortality rate increased corresponding to increases in BG 

levels with a marked increase at BGs > 250 mg/dl; (2) deep sternal wound infection (DSWl) 

rates sharply increased at BG levels > 175 mg/dl; (3) length of stay (LOS) gradually 

increased corresponding to incremental increases in BG levels: and, (4) inpatient 

complications, i.e., blood transfusions, new onset atrial fibrillation, any type of infection, 

low cardiac output syndrome, prolonged ventilation, pneumonia, and cerebrovascular 

accidents correlated to increases in BG levels. Tight glycemic control for the first 3 days 

post-surgery effectively reduced BGs to near normal levels, reduced mortality rate by 65%, 

DSWl by 63%, and LOS by 2 days. Based on the results of this study, Furnary and his 
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associates advocated tightening BG control on the first 3 days post-CABG, also known as 3-

BG (Furnary & Wu, 2006). 

Some studies were also conducted on noncardiac surgical patients to evaluate 

glucose control outcomes for this population. Umpierrez and his colleagues (2011) 

examined 211 patients who were randomly assigned to two treatment groups: basal-bolus 

insulin regimen (n=104), and sliding scale regimen (n=107). The purpose of the study was 

to evaluate optimal treatment of hyperglycemia for this population to prevent poor 

outcomes. Since these patients did not require an ICU stay, subcutaneous insulin regimen 

was the treatment of choice. The study showed that the patients who were placed on basal-

bolus insulin regimen had improved glycemic control and reduced complications compared 

to the patients on sliding scale insulin regimen. 

Frisch and colleagues (2010) conducted a retrospective study at Emory University 

Hospital in Atlanta, GA on 3,184 patient medical records. The patients in the sample had 

any of the following surgeries: general, neurosurgery, oncology, orthopedic, vascular, 

thoracic, urology, otolaryngology, and gynecology. The objective of the study was to 

determine the impact of perioperative hyperglycemia on clinical outcomes such as, LOS, 

complications, and mortality. Overall 30-day mortality was 2.3% significantly higher in 

patients with higher BG levels before and after surgery, than patients with lower BG levels. 

Perioperative hyperglycemia was associated with longer hospital and ICU LOS, with higher 

incidences of postoperative pneumonia, systemic blood infections, urinary tract infections, 

and acute myocardial infections. In a multivariate analysis adjusted for age, gender, 
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ethnicity, and severity of surgery, mortality risk increased in proportion to perioperative 

BG levels in patients with no prior history of diabetes. 

General Hospital Ward Setting 

Hyperglycemia is not unique in the 1CU setting yet majority of the earlier studies 

conducted since Leuven I in 2001 and other studies through 2004 were primarily on 

critical care patients. In 2002, Umpierrez and his associates published their retrospective 

study on hyperglycemia as a marker for inpatient mortality in the general inpatient (ICU 

and non-ICU) population. They evaluated 2,030 consecutive adult patients with 

hyperglycemia (with or without prior history of diabetes) in Georgia Baptist Medical 

Center in Atlanta, Georgia. The study period was from July 1,1998 to October 20,1998. The 

primary endpoint was death. The secondary endpoints were treatment of hyperglycemia, 

LOS, and disposition at discharge. Hyperglycemia was defined as a fasting BG >126 mg/dl 

or a random BG > 200 mg/dl twice during the hospital stay. Results showed that 

hyperglycemia was present in 38% of the total hospital population (26% with history of 

diabetes and 12% with no prior history of diabetes). New hyperglycemia was associated 

with increase in mortality rate of 16% vs. 3% on patients with history of diabetes. New 

hyperglycemia was also associated with increased LOS and admission to the ICU. 

Furthermore, hyperglycemia was also associated with decreased likelihood of patients 

being discharged to home and increased transfer to transitional care units or long-term 

care facilities. 

Umpierrez and associates (2002) showed that new hyperglycemia caused poor 

outcomes in the acute care population. The effects of admission hyperglycemia in the acute 
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care setting on patients with type 2 diabetes who were admitted into the hospital for the 

first time with pneumonia was investigated by a group of researches in Denmark in 2007. 

They retrospectively examined whether patients with type 2 diabetes had increased 

mortality and complications after pneumonia. They also wanted to know if there was any 

value of admission hyperglycemia in this cohort. 29,900 patients were admitted for the 

first time into the hospital for pneumonia between 1997 and 2004 in North Jutland and 

Aarhus counties. A total of 2,931 pneumonia patients with type 2 diabetes met study 

criteria. A regression model was applied to assess for relative risk of pneumonia, 

bacteremia, and mortality rates. The results showed that there were increased mortality 

rates among the patients with diabetes than patients with no diabetes, 19.9% vs. 15.1% 

after 30 days, and 27% vs. 21.6% after 90 days. The presence of type 2 diabetes was not 

predictive of pulmonary complications and bacteremia. This study showed that type 2 

diabetes and admission hyperglycemia are associated with pneumonia-related deaths. 

Hypoglycemia 

Hypoglycemia is not an uncommon problem in hospitals nationwide. The first 

national and emergency department-based epidemiological study reported approximately 

5 million emergency department (ED) visits over 12 years (1993-2005) that was related to 

hypoglycemia. 25% of these visits resulted in a hospital admission. This is approximately 

34 per 1000 patients who have diabetes. The rate of hypoglycemia-related visits in the ED 

did not increase over time despite increase emphasis on tight glucose control (TGC) (Ginde 

etal., 2008). 
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Tightening control of BGs can increase the risk of acute hypoglycemia. Many of the 

inpatient studies related to TGC reported incidences acute hypoglycemia. Whether acute 

hypoglycemia is a marker of poor prognosis or an independent cause of mortality is still 

inconclusive. Nevertheless, hypoglycemia management requires increased hospital 

resources; it is an unpleasant and dangerous adverse reaction from severe illness or insulin 

therapy; and, both acute and chronic hypoglycemia has been associated with increased 

mortality. 

Most notable randomized controlled trials (RCTs) and other observational studies 

reported incidences of severe hypoglycemia with BGs <40 mg/dl. The RCTs that reported 

acute hypoglycemia are the Leuven I, Leuven II, and VISEP studies. Observational studies 

targeting the ICU population were reported in the Krinsley (Stamford, CT) and Vriesendorp 

(Belgium) studies. Turchin and colleagues also published a study on hypoglycemia in 

hospitalized patients with diabetes in the general acute care setting. 

In the Leuven I study with 1,548 patients in the surgical intensive care unit, severe 

hypoglycemia with BG <40 mg/dl occurred in 5.1% (39/765) of the intensively treated 

group versus 0.8% (6/783) of the controlled group (Van den Berghe et al., 2001). In the 

Leuven II study with 1,200 patients in the medical intensive care unit, 18.7% (111/595) 

patients in the intensively treated group had severe hypoglycemia compared to 3.1% 

(19/605) of the control group (Van den Berghe et al., 2006). When the data for the Leuven I 

and II were pooled together, severe hypoglycemia occurred in 11.3% (154/1360) of 

patients in the intensively treated group and 1.8% (25/1388) of patients in the control 

group (Van den Berghe et al., 2001; 2006). 
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The Efficacy of Volume Substitution and Insulin Therapy in Severe Sepsis study 

(VISEP) was study conducted in Germany with 537 severe sepsis patients. It was widely 

publicized because the study was abruptly terminated due to the high incidence of 

hypoglycemia 17% (42/247) in the intensively treated group compared to 4.1% (12/290) 

in the control group (Brunkhorst et al., 2008). 

In the study done by Krinsley (2005) with 1600 patients (800 patient pre- and 800 

post glucose management protocol institution), the incidences of hypoglycemia with BG 

<40 mg/dl were 0.35% and 0.34% respectively. The findings were not significant between 

the two groups. In a subsequent retrospective study by Krinsley and Grover (2007) with 

5365 patients (2666 pre and 2699 post implementation of TGC), the incidences of severe 

hypoglycemia were 1.5% and 1.3%, respectively. 

Vriesendorp and colleagues (2006) examined the short-term consequences of 

hypoglycemia (coma, seizures and death) in the ICU. They examined 245 occurrences of 

BGs <45 mg/dl with 156 patients over a period of 2 years. The researchers found that 

seizures and coma occurred infrequently with their study population. Furthermore, they 

found no relationship between incidental hypoglycemia and mortality. However, with a 

small data set and lack of randomization, they could not fully exclude hypoglycemia having 

a causative role in mortality in patients admitted to the ICU. 

Turchin and colleagues (2009) published a retrospective study on the relationship 

of hypoglycemia with BG <50 mg/dl and clinical outcomes on patients with diabetes 

admitted to the general ward. They studied a cohort 4,368 admissions of 2,582 patients 

between January 2003 and August 2004. Hypoglycemia was observed in 7.7% of the 

17 



admissions. The results showed that hypoglycemia was associated with increased mortality 

during the hospital stay and 1-year from discharge. Each additional day of hypoglycemia 

was associated with an increase of 85.3% odds of death and three-fold increase odds of 

death for every lOmg/dl decrease in the lowest BG during hospitalization. LOS also 

increased by 2.5 days for each additional day with hypoglycemia. This means that inpatient 

mortality and LOS increased gradually as the number of hypoglycemic events rose. 

Glycosylated Hemoglobin A1C 

AiC assays are traditionally used in the outpatient setting to measure average blood 

glucose during the previous two to three months. AiC assays are expressed as the 

percentage of hemoglobin that is glycated. AiC assays are becoming a routine part of 

laboratory testing for patients with diabetes (Nathan, et al. 2008). Normal AiC level is 4-6%. 

An AiC of >6.5% is predictive of diabetes. Good glucose control is an AiC of <7% (ADA, 

2011). Both patients and practitioners generally have to find a conversion chart to find the 

average glucose corresponding to the AiC. Nathan and his associates (2008) examined 507 

participants with type 1 diabetes (n=268), type 2 diabetes (n=159), and patients with no 

diabetes (n=80) to determine if AiC can be accurately expressed as an average glucose 

(eAG). The linear regression equations did not differ significantly across the study sample. 

In 2009, the Internal Expert Committee on the role of the AiC assay in the diagnosis of 

diabetes recommended the routine use of AiC in the diagnosis of diabetes (The 

International Expert Committee, 2009). 

The use of AiC assay was uncommon in the inpatient setting until the last decade of 

the 20th century. AiC assays are increasingly being utilized in the inpatient setting due to 
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