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ABSTRACT

Objective: Assess changes in glycemic control and basal-bolus insulin use over 4 years in 
an academic teaching hospital. Methods: Point-of-care glucose and insulin administration 
data were obtained from electronic health records for patients with diabetes mellitus (DM) 
discharged from 2011 through 2014. Changes in patient-stay mean glucose, frequency of 
hyperglycemic measurements, and basal-bolus insulin therapy were evaluated. Results: There 
were 5,386 discharges with a DM diagnosis. No demographic differences were detected across 
the 4 years. The frequency of hyperglycemia and patient-stay mean glucose both declined 
significantly (P ≤ .02). Among patients in the highest tertile of hyperglycemia frequency, 
basal-bolus insulin therapy increased (P<.01) only among surgical patients. Increasing age, 
HbA1c, frequency of hyperglycemia, steroid use, and basal-bolus insulin therapy positively 
correlated with patient-stay mean glucose, whereas year of discharge was associated with 
lower values. Age, case-mix index, HbA1c, female sex, hyperglycemia frequency, and year 
of discharge all increased the odds of basal-bolus insulin therapy. Conclusions: This analysis 
provided insight into one institution’s progress in hospital DM care over time. Considerable 
study is still needed in the area to better understand how best to organize and deliver care to 
assure the best results for the patient and the health care system.

Introduction

Diabetes mellitus (DM) is an emerging inpatient 
epidemic that has a considerable impact on the 
hospital system in the United States. During 
a 21-year period (1988 to 2009), the number 
of hospital discharges associated with DM 
nearly doubled—from 2.8 million to 5.5 
million [1]. Parallel to this national trend, the 
authors’ institution saw a surge in the volume 
of inpatient DM cases, increasing from 1,117 
discharges in 1999 to 3,305 in 2016, with DM 
now representing 23% of all hospital discharges 
(FIGURE 1). For patients with DM, hospital 
stays represent about 40% of the direct medical 
expenses attributable to DM [2], and the 

diagnosis of DM is also associated with a greater 
risk of readmissions [3,4]. Inpatient management 
of hyperglycemia has been an important focus 
of research. There is general agreement that 
patients with sustained hyperglycemia in the 
hospital have worse outcomes (e.g, increased 
surgical-site infections, higher mortality) [5,6]. 
Inpatient hypoglycemia and glucose variability 
are other factors that have been linked to 
poorer outcomes [7-13]. Consensus guidelines 
from various sources stress the importance 
of inpatient hyperglycemia management, 
suggest target glucose levels, and advocate for 
development of quality improvement programs 
that can optimize glucose control without 
increasing hypoglycemia [5,6,14]. Care of 
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hospitalized patients with DM encompasses 
many issues above and beyond just glycemic 
control, however, and should be included in the 
discussion on care. For instance, proper timing 
of mealtime insulin, assuring inpatient diabetes 
self-management education, and discharge 
planning are also essential components of care. 
The topics of quality and safety with regard to 
inpatient DM have been the subjects of extensive 
study and review. A number of institutions 
and societies have published descriptions of 
their quality improvement programs and have 
reported on various methods and provided 
guidelines aimed at enhancing management 
of inpatient DM [5,6,15-17]. The authors of 
this study first published an overview of their 
hospital’s inpatient DM care in 2007 [18]. 
Subsequently, they have been characterizing the 
care of subsets of inpatients with DM with a 
focus on glucose management and insulin use, 
including care of patients who are postoperative 
and perioperative and patients who have solid 
organ transplants and solid organ malignancies 
[19-22]. In addition, provider attitudes and 
barriers to inpatient DM care have been studied, 
and care processes have been developed and 
analyzed for patients given inpatient insulin 
pump therapy [23-26]. Notwithstanding the 
large body of work in the literature regarding 

inpatient DM care, how successful have 
hospitals been in improving glycemic control 
or in the use of effective insulin therapies 
to treat hyperglycemia? Little longitudinal 
data have been published in answer to this 
question. Rather than focusing on a subset of 
inpatients here as they have previously done, the 
authors instead return to providing an updated 
assessment of overall institutional care over 
time. Specifically analyzed were longitudinal 
changes in glycemic control and insulin use over 
a 4-year period that occurred within the context 
of institutional efforts to improve oversight of 
inpatient DM care. 

Methods

 � Facility description

The authors’ academic teaching hospital is a 
268-bed facility located in the metropolitan 
Phoenix, Arizona. All adult general medical and 
surgical specialties are represented, including 
solid organ and bone marrow transplantation 
programs. The hospital does not provide 
inpatient care for obstetric or pediatric 
patients. Numerous accredited residency and 
fellowship programs are represented, and the 
facility serves as a training site for several allied 
health schools.
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Figure 1: Changes in discharges (1999 to 2016) with diabetes mellitus as any listed diagnosis at 
an academic hospital located in the Southwest. A) Total number of diabetes discharges. B) Diabetes 
discharges as a percentage of all discharges.
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 � Oversight of inpatient DM-related 
policies and practices

Beginning in 2006, a steering committee was 
formed to provide oversight of the hospital’s 
inpatient DM activities. In 2011, the committee 
became recognized by the institution and was 
granted subcommittee status, reporting to the 
institution’s hospital practice subcommittee. It 
is a multidisciplinary group with representation 
from endocrinology (including DM nurse 
educators), hospital internal medicine, general 
surgery, nutrition services, informatics, laboratory 
medicine, pharmacy, intensive and nonintensive 
care nursing, patient and staff education, and 
quality personnel. The charge of the Inpatient 
Diabetes Subcommittee (IDSC) has been to 
promote standards of care and safety and to 
improve outcomes and transitions of hospitalized 
patients with DM. The IDSC accomplishes 
its charge via a number of activities, including 
developing, implementing, and measuring the 
impact of strategies to enhance care; providing 
staff education; monitoring of clinical practice 
and regulatory guidelines; and oversight and 
development of policies and procedures. 

 � Policies and procedures for managing 
quality and safety of inpatient DM care

Multiple policies and procedures have been 
implemented to standardize management of 
inpatient care for DM and to assure patient 
safety at the authors’ institution. For instance, 
a number of policies have been written for 
glucose monitoring, hypoglycemia detection 
and treatment, insulin administration, and 
use of insulin pump and continuous glucose 
monitoring systems in the hospital. Insulin 
and bedside glucose monitoring are ordered 
electronically. Additionally, the electronic health 
record links bedside glucose monitors directly 
to the laboratory information system. Allied 
health education pertaining to DM is conducted 
regularly. Finally, any changes in procedures 
are transmitted electronically via newsletters. 
The IDSC monitors and analyzes high-risk 
scenarios, such as insulin administration errors 
and develops corrective action plans to mitigate 
events.

 � Case selection

This analysis employed previously published 
methods for case selection, evaluation of 
glucose control, and assessment of insulin use 
in the hospital [18,21,27]. Briefly, we examined 
electronic hospital data for the calendar years 

from 2011 through 2014. This timeframe was 
selected because a new electronic health record 
was introduced in 2010; and after 2014, a new 
point-of-care technology was implemented 
to measure bedside glucose levels. Patients 
discharged with an International Classification 
of Diseases, 9th Revision, Clinical Modification 
diagnosis code for diabetes (Code 250.xx) were 
identified from the hospital’s electronic billing 
records. In keeping with our previous methods, 
this analysis included only patients who did 
not require a stay in the intensive care unit. 
Data collected included patients’ demographic 
characteristics, use of glucocorticoids, and case-
mix index as a measure of case complexity. The 
case-mix index used by the authors’ hospital is a 
measure of the relative cost or resources needed to 
treat the mix of patients and is calculated on the 
basis of the principal and secondary diagnoses, 
age, procedures performed, the presence of 
comorbidities and/or complications, discharge 
status, and sex [28]. Additionally, the primary 
inpatient service caring for the patient was 
obtained and categorized into 3 groups: hospital 
internal medicine (HIM), surgical, and other 
(e.g, neurology, internal medicine subspecialties, 
transplant).

 � Assessment of glycemic control

Retrieval and analyses of inpatient glycemic data 
followed previously described methods [18-
22,27]. To summarize, point-of-care bedside 
glucose (POC-BG) data were analyzed as the 
means to assess inpatient glycemic control. The 
POC-BG values for the cases selected, as described 
above, were obtained from the linked laboratory 
information system. Measurements were 
performed with standardized instrumentation 
(Accucheck Inform, Roche Diagnostics). 
Commercial software (Medical Automation 
Systems) facilitates the interfacing of glucometer 
data with the electronic laboratory file. The 
patient-stay mean POC-BG was calculated for 
the entire length of stay for each patient. The 
percentages of hyperglycemic (glucose >180 
mg/dL) and hypoglycemic (glucose<70 mg/dL) 
values in the POC-BG data were calculated by 
dividing the number of values per patient by 
the total number of bedside measurements per 
patient and then multiplying by 100 as previously 
described [18,19,21,22,27]. Hemoglobin A1c 
[HbA1c] was included when available.

 � Assessment of inpatient insulin use

The best approach to managing hyperglycemia 
in noncritically ill inpatients is via a basal-bolus 
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insulin program. This regimen uses a combination 
of long- or intermediate-acting insulin with a 
short- or rapid-acting insulin given with meals, 
supplemented by correction doses for high 
glucose values [29-32]. Use of correction insulin 
only (ie, sliding-scale insulin) without basal 
insulin results in ineffective glycemic control 
[29-33]. To analyze inpatient insulin use for 
various levels of hyperglycemia, the authors used 
previously published methods [18,19,21,22,27]. 
Only insulin actually administered to the patient 
was evaluated and was determined by linking 
to data in the inpatient electronic pharmacy 
records. The insulin types on formulary at the 
authors’ hospital were used in the analysis: 
basal, or long-acting insulin therapy (glargine 
or [neutral protamine Hagedorn] NPH); and 
short-acting, or rapid- or short-acting insulin 
(regular or aspart), if given as a prandial dose or 
as a correction dose, or both. Patterns of insulin 
administration were then classified as none, basal 
only, short-acting only, or basal plus short-acting. 
When identified in the data, premixed insulin 
was categorized as basal plus short-acting. As the 
value of intensifying insulin therapy is unclear 
in patients with short hospital stays, analysis was 
restricted as per the authors’ prior convention to 
cases where length of stay was 3 days or longer 
[18,19,21,22,27].

 � Data analysis

The primary objective of this analysis was to 
provide a longitudinal assessment of inpatient 
DM care. Therefore, frequencies and proportions 
for categorical variables were determined. Mean 
(SDs) were calculated for continuous variables; 
and univariate analyses were conducted to 
compare the outcomes and demographic 
characteristics according to year of admission. 
Comparisons between the groups were based 
on the independence assumption, using the 
nonparametric Kruskal-Wallis test for continuous 
variables and the Pearson χ2 test for categorical 
variables. Insulin use was assessed overall. Insulin 
use was also specifically assessed in the patient 
group whose hyperglycemia frequency fell into 
the highest tertile of measurements because 
these cases should have had the greatest use of 
basal-bolus insulin therapy. Results with P<.05 
were considered significant. The authors were 
interested in examining variables associated 
with patient- stay mean glucose. Additionally, 
variables that predicted use of basal-bolus insulin 
therapy were evaluated. These comparisons 
were tested, as was done previously, by using a 
generalized estimating equation (GEE) model 

to account for potential multiple observations 
(ie, hospitalizations) for a person [27]. Statistical 
analyses were performed using the software 
packages SAS Studio 3.4 (SAS Institute Inc) and 
R version 3.1.2 (The R Foundation).

Results

 � Patient characteristics

There were 5,386 hospitalizations analyzed for 
DM patients who met the inclusion criteria 
(noncritically ill, length of stay ≥ 3 days). The 
mean patient age was 67 years, and most patients 
were men and white (TABLE 1). The mean case-
mix index was approximately 2, length of stay was 
8 days, and HbA1c was 6.9%. Glucocorticoids 
were administered to 39% of patients. Most 
patients were cared for on the HIM services, 
about 25% by one of the surgical specialties 
and the remainder by other inpatient specialties. 
The population remained stable over the 4-year 
analytic period, with no differences across years 
in age, sex, race, case-mix index, length of stay, 
or use of glucocorticoids. There was variation in 
HbA1c levels. The distribution of the inpatient 
services varied over time, although HIM did 
remain the principal service caring for DM 
patients in each year (TABLE 1).

 � Changes in glycemic control

For the entire cohort, the frequency of 
hyperglycemia (percent of measurements that 
were >180 mg/dL) decreased from 28% in 2011 
to 25% in 2014 (P=.02) (FIGURE 2A). Because 
HIM and surgical patients represented nearly 
two-thirds of inpatients with DM, the remainder 
of the analysis excluded patients on other services. 
For patients cared for on the HIM services, the 
percentage of values >180 mg/dL decreased 
from 30% to 26% (P=.02), and in the surgical 
services, the frequency decreased from 25% to 
18% from 2011 through 2014 (P=.01). When 
patient-stay mean glucose values were analyzed, 
changes occurred in parallel with those seen 
with hyperglycemic frequency. For all patients 
and all years combined, a slight but significant 
decrease was noted from 2011 through 2014 
(FIGURE 2B). In 2011, mean (SD) glucose 
was 157 mg/dL; and by 2014, it was 153 mg/
dL (P=.01). Among patients cared for on the 
HIM services, a significant decrease was seen: 
mean glucose was 160 mg/dL in 2011, declining 
to 153 mg/dL by 2014 (P<.01). Patient-stay 
mean glucose also improved significantly over 
time for the surgical services, decreasing from 
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Table 1. Characteristics of Inpatients with diabetes mellitus according to year of hospital 
dischargea (n=5,386 discharges)

  Year of Discharge  
  2011 

(N=1,320)
2012 

(N=1,354)
2013 

(N=1,354)
2014 

(N=1,358)
Total 

(N=5,386)
 

Characteristics P Value
Age, mean (SD), y 67 (14.0) 67 (14) 67.0 (13) 67 (13) 67 (14) 0.5
Men, % 61 61 61 62 61 0.94
White, % 87 89 86 88 87 0.74
Case-mix index 2.1 (1.7) 2.2 (1.8) 2.2 (1.7) 2.2 (1.7) 2.2 (1.7) 0.54
Length of stay, mean (SD), d 7.9 (5.9) 8.3 (6.6) 7.9 (5.9) 7.8 (5.4) 8.0 (6.0) 0.14
Hemoglobin A1c, % 6.8 (1.4) 6.9 (1.2) 6.8 (1.3) 7.0 (1.4) 6.9 (1.3) 0.03
Glucocorticoids, % 38 37 41 39 39 0.46
Inpatient service, %           <.01

Hospital internal medicine 44 40 43 38 41  
Surgical 24 26 24 30 26  
All others 32 34 33 32 33  

a Data are mean (SD) or no. (%), as 
applicable.            

Figure 2: Glycemic control over a 4-year period for the entire analytic cohort (n=5,386 discharges) 
and for hospital internal medicine (HIM) and the surgical services. A) Frequency of hyperglycemic 
measurements >180 mg/dL. B) Patient-stay mean glucose. C) Frequency of measurements <70 mg/dL.
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155 mg/dL in 2011 to 144 mg/dL in 2014 
(P<.01). Finally, the frequency of hypoglycemia 
(the percentage of POC-BG measurements <70 
mg/dL) in the data was determined (FIGURE 
2C). Hypoglycemia frequency varied during the 
4-year period, and no definite patterns were seen. 
Significant variations in hypoglycemia data were 
seen for the entire cohort (P=.04). No change 
in hypoglycemia frequency was detected in the 
HIM data (P=.15). Hypoglycemic events were 
higher but not significantly so in the surgical 
patients, increasing from 0.8% to 1.6% (P=.07). 

 � Insulin use

There were no changes (P=.20) in basal-bolus 
insulin use over the 4 years for the entire cohort 
selected for analysis. No differences in use of 
basal-bolus insulin therapy were detected within 
the 4 years of data in either the HIM or surgical 
services (all, P ≥ .60) (FIGURE 3A). Use of 
basal-bolus insulin therapy was next evaluated in 
patients who had the most frequent occurrence 
of hyperglycemic measurements—those who 
were in the highest tertile of measurements 
(>180 mg/dL) (FIGURE 3B). These patients 
would have been candidates for more aggressive 

use of basal-bolus insulin treatment. In the entire 
sample set, the frequency of basal-bolus insulin 
use increased from 63% in 2011 to 69% in 2014, 
but the change was not significant (P=.33). In 
this subset of patients, no significant changes in 
use of basal-bolus insulin therapy were detected 
for the HIM patients (P=.57). However, in the 
surgical services, basal-bolus insulin therapy 
increased from 41% to 76% (P < .01).

 � Variables associated with patient-stay 
mean glucose

GEE linear regression modeling was conducted 
to determine variables associated with patient-
stay mean glucose among the HIM and surgical 
patients (TABLE 2). Increasing age, HbA1c, and 
frequency of glucose measurements >180 mg/dL 
were positively correlated with higher patient-
stay mean glucose. Additionally, glucocorticoid 
use and use of basal-bolus insulin therapy 
were positively associated. Year of analysis was 
negatively associated with patient-stay mean 
glucose so that by 2014 mean glucose was 
significantly lower than in 2011. Case-mix index, 
race/ethnicity, and sex were not significantly 
correlated (TABLE 2). 

Figure 3: Use of basal-bolus insulin therapy over a 4-year period. A) Basal-bolus insulin therapy for the 
entire cohort (n=5,386 discharges) and specifically for hospital internal medicine (HIM) and the surgical 
services. B) Basal-bolus insulin therapy for patients in the highest tertile (ie, percent of measurements 
>180 mg/dL) for the entire cohort and for HIM and surgical service categories.
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 � Variables associated with use of basal-
bolus insulin therapy

GEE logistic regression modeling was used to 
evaluate for variables associated with the use of 
basal-bolus insulin therapy among the HIM and 
surgical patients (TABLE 3). Each year increase 
in age resulted in a very slight but significant 
decrease in use of basal-bolus insulin. Every unit 
increase in case-mix index increased the odds of 
treatment by 8%. Each HbA1c increase of 1% 
was associated with a 98% increase in the use of 
basal-bolus insulin treatment. Every 1% increase 
in the frequency of glucose measurements >180 
mg/dL increased the use by 3%. Women also 
had a 26% lower chance of receiving basal-bolus 
insulin. After adjusting for the other variables in 
(TABLE 3), basal-bolus insulin therapy increased 
over time, such that by the year 2014, the odds of 
administration rose by 45% compared to 2011. 
After adjusting the other variables in the table, 

the odds of basal-bolus insulin therapy were 39% 
less in the surgical services compared with HIM. 

Discussion

DM, which is epidemic in US hospitals [1], has a 
considerable financial impact on hospital systems 
and accounts for a substantial number of inpatient 
hospital days [2]. Additionally, inpatient DM 
care is complex and must include provisions for 
glucose monitoring and control, hypoglycemia 
risk management, proper application of insulin 
therapy, discharge planning, patient and staff 
education, and developing processes for high-risk 
and unusual scenarios (eg, use of insulin pump 
therapy in the hospital). Quality improvement 
measures and care must also align with clinical 
practice guidelines that have emerged over recent 
years. Although all of the above factors must be 
considered in the care of hospitalized patients 

Table 2. Variables associated with patient-stay mean glucose
Characteristic Estimate SE 95% CI P Value

Age, y 0.07 0.03 0.02 to 0.12 <.01
Case-mix index −0.12 0.17 −0.46 to 0.21 0.47

Hemoglobin A1c, % 0.74 0.29 0.17 to 1.31 <.01
Glucose measurements 

>180, % 1.32 0.02 1.28 to 1.36 <.01

White (vs. other) 0.67 1.08 −1.45 to 2.80 0.53
Women (vs. men) −1.13 0.66 −2.43 to 0.17 0.09

Glucocorticoids (vs. none) 2.22 0.73 0.79 to 3.66 <.01
Basal-bolus insulin (vs. 

other therapy) 8.71 1.32 6.12 to 11.31 <.01

Year of discharge (vs. 
2011)        

2012 −1.49 0.92 −3.30 to 0.31 0.1
2013 −1.10 0.91 −2.88 to 0.68 0.22
2014 −2.14 0.89 −3.89 to −0.39 0.02

Surgery (vs. hospital 
internal medicine) 1.08 0.62 −0.14 to 2.30 0.08

Table 3. Variables associated with use of basal-bolus insulin therapy
Characteristic Odds Ratio 95% CI P Value

Age, y 0.99 0.98-0.99 <.01
Case-mix index 1.08 1.01-1.16 0.02

Hemoglobin A1c, % 1.98 1.78-2.21 <.01
Glucose measurements >180, 

% 1.03 1.02-1.03 <.01

White (vs. other) 0.88 0.62-1.25 0.47
Women (vs. men) 0.74 0.59-0.93 0.01

Glucocorticoids (vs. none) 1.23 0.99-1.53 0.06
Year of discharge (vs. 2011)      

2012 1.33 1.00-1.77 0.05
2013 1.28 0.96-1.71 0.09
2014 1.45 1.08-1.95 0.01

Surgery (vs. hospital internal 
medicine) 0.61 0.49-0.76 <.01
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with DM, hyperglycemia has been a major focus 
of conversations about management. Numerous 
societies have recommended protocols for 
effective management of hyperglycemia, and 
consensus advocates good glucose control in 
the hospital to optimize patient outcomes 
[5,6,14,34]. The Joint Commission has 
developed guidelines to assist hospitals in 
achieving certification in inpatient DM care 
[35]. Although many institutions—including 
that of the authors of this report—have published 
descriptions of their quality improvement 
efforts, little is known about the success of these 
initiatives, and institutions need to begin the 
process of assessing the effectiveness of their 
glucose management programs over time. Since 
the last published analysis, the authors’ hospital 
has made strides toward developing high-level 
oversight of its inpatient population with DM 
[18]. A multidisciplinary committee endorsed 
by the institution was formed; and policies and 
guidelines related to glucose monitoring, insulin 
administration, and hypoglycemia management 
were reviewed and updated. Computerized 
order entry was established, provider attitudes 
towards inpatient DM care were evaluated, and 
attention was focused on care of populations 
with specific diagnoses (eg, transplant or 
cancer). In this analysis, the authors returned to 
examining overall glycemic control and insulin 
management at the institutional level as a means 
to assess institutional progress. This report 
summarizes 4-year data regarding changes in 
glucose control and insulin use in noncritically 
ill patients. Additionally, data from HIM and 
surgical services were examined, and variables 
associated with both glycemic control and basal-
bolus insulin therapy were evaluated.

To our knowledge, this is the first analysis that has 
assessed demographic characteristics, glycemic 
control, or insulin use over time for inpatients 
with DM. During the 4 years, there was some 
variation in HbA1c, but otherwise age, sex, race/
ethnicity, case-mix index, and glucocorticoid use 
remained constant. There were some differences 
in the relative proportions in the services to 
which patients were assigned, but throughout 
the analytic period, nearly two-thirds of patients 
with DM were consistently cared for either by 
HIM or one of the surgical services. The overall 
stability in demographic characteristics and 
disease severity indicates that at least for now, 
adaptive redesign of inpatient DM education 
or care processes to accommodate a changing 
patient demographic may not be required. For 

glycemic control, slight but significant decreases 
in hyperglycemia frequency and in patient-stay 
mean glucose were seen over time. After adjusting 
for other variables and limiting the analysis to 
just HIM and surgical patients, a significant 
decrease in patient-stay mean glucose was 
confirmed by year 2014. Although significant, 
these modest improvements in glucose control 
may not have an impact on outcomes such as 
length of stay, surgical site-infection rates, or 
mortality. The improvements in glycemic control 
occurred without a simultaneous, excessive 
increase in the risk of hypoglycemic events by 
2014. Mean glucose and hyperglycemic values 
remained well below benchmark data [36]. 
The data here indicate that the institution as 
a whole is moving in a positive direction with 
glycemic control for inpatients with DM. No 
changes in overall use of basal-bolus insulin 
therapy occurred over the 4 years. When only 
those patients who had the highest frequency of 
hyperglycemic measurements were considered, 
a significant increase in use of this regimen 
was observed for the surgical patients. This 
increase was very likely due to interventions that 
specifically targeted these services, beginning in 
2011 [22,37]. However, after adjusting for other 
variables, the odds of basal-bolus insulin therapy 
were still significantly lower for surgical than for 
HIM patients, indicating that efforts to improve 
care in the surgical services must continue. 
In adjusted analysis, variables associated with 
patient-stay mean glucose included increasing 
age, higher HbA1c at admission, frequency of 
hyperglycemia, and use of glucocorticoids. The 
observation that basal-bolus insulin therapy 
positively correlated with mean glucose is an 
indication that practitioners were responding to 
observed hyperglycemic episodes. In addition 
to the service type and year of discharge, other 
variables positively associated with basal-
bolus insulin therapy were case-mix index (a 
reflection of complexity of patient care), HbA1c 
(a reflection of historical outpatient glycemic 
control), and the frequency of hyperglycemic 
measurements >180 mg/dL. Increasing age was 
associated with slightly less use of basal-bolus 
insulin, but the difference was small and may 
not be clinically important. The observation that 
women were provided less access to recommended 
treatment requires further investigation. It 
should be noted that approximately 40% of 
patients overall with the highest frequency of 
hyperglycemia still did not receive basal-bolus 
insulin. The above results could be used to 
develop care pathways that anticipate the need 
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for more intensive hyperglycemic therapy earlier 
in the hospital stay. For instance, it should be 
anticipated that patients who present with 
greater acuity, the need for glucocorticoids, or 
higher HbA1c levels would need basal-bolus 
insulin, which could then be started earlier in 
the hospitalization. There are limitations to the 
current analysis. First, it represents data from a 
single institution, so observations derived cannot 
be generalized to other facilities. Second, this 
analysis addressed only the noncritically patient 
population, and additional study is needed on 
how DM care is being delivered in the critically 
ill population. Third, data on outpatient DM 
therapy was not readily available and could 
have provided additional information as to the 
need for inpatient insulin treatment. Finally, 

the authors cannot say yet whether the time 
and investment made in developing a program 
of overseeing care for the general inpatient DM 
population has yielded any positive dividends 
on outcomes, including lower costs and patient 
and staff satisfaction with the care delivered. 
Despite the limitations, few institutions have 
reported longitudinal data on the status of their 
inpatient glucose control efforts. This study 
provides insight into various aspects of DM care 
at the authors’ hospital over time, including 
demographic characteristics, glycemic control, 
and insulin-use data. Considerable study is still 
needed in the area of inpatient DM care to better 
understand how best to organize and deliver care 
to assure the best results for the patient and the 
health care system.
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