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OBJECTIVE: To evaluate contemporary hospital glycemic management in US

academic medical centers.

DESIGN: This retrospective cohort study was conducted on patients discharged

from 37 academic medical centers between July 1 and September 30, 2004; 1,718

eligible adult patients met at least 1 of the inclusion criteria: 2 consecutive blood

glucose readings >180 mg/dL within 24 hours, or insulin treatment at any time

during hospitalization. We assessed 3 consecutive measurement days of glucose

values, glycemic therapy, and additional clinical and laboratory characteristics.

RESULTS: In this diverse cohort, 79% of patients had a prior diagnosis of diabe-

tes, and 84.6% received insulin on the second measurement day. There was wide

variation in hospital performance of recommended hospital diabetes care meas-

ures such as glycosylated hemoglobin (A1C) assessment (range, 3%–63%) and

timely admission laboratory glucose measurement (range, 39%–97%). Median

glucose was significantly lower for patients in the intensive care unit (ICU) com-

pared to ward/intermediate care. ICU patients treated with intravenous insulin

had significantly lower median glucose when compared to subcutaneous insulin.

Only 25% of ICU patients on day 3 had estimated 6 AM glucose �110 mg/dL.

Hyperglycemia was common, 50% of all patients had �1 glucose measurement

�180 mg/dL on measurement days 2 and 3. Severe hypoglycemia (<50 mg/dL)

occurred in 2.8% of all patient days.

CONCLUSIONS: Despite frequent insulin use, glucose control was suboptimal.

Academic medical centers have opportunities to improve care to meet current

American Diabetes Association hospital diabetes care standards. Journal of

Hospital Medicine 2009;4:35–44. VVC 2009 Society of Hospital Medicine.
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H yperglycemia is a common occurrence in hospitalized
patients, with and without a prior diagnosis of diabetes mel-

litus.1–3 Estimates of prevalence of diabetes mellitus in hospita-
lized adult patients range from 12% to 25%.4 Hyperglycemia is a
strong predictor of adverse clinical outcome in a range of dis-
eases such as acute stroke, congestive heart failure, community-
acquired pneumonia, and acute myocardial infarction.5–8 Hyper-
glycemia is also a risk factor for surgical infection in patients
undergoing cardiac surgery.9,10 A landmark prospective rando-
mized controlled clinical trial by van den Berghe et al.11 demon-
strated that tight glucose control (target blood glucose level 80–
110 mg/dL) with intravenous insulin in critically ill surgical
patients led to dramatic reductions in acute renal failure, critical
illness polyneuropathy, hospital mortality, and bloodstream
infection. Other clinical studies have demonstrated that glycemic
control with intravenous insulin improves clinical outcomes and
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reduces length of stay in patients with diabetes
undergoing cardiac surgery.12,13

Based upon these findings, the American Col-
lege of Endocrinology (ACE) published recommen-
dations in 2004 for hospital diabetes and metabolic
control.14 Similar recommendations for hospital
glycemic control have been included in the Ameri-
can Diabetes Association (ADA) guidelines since
2005.15 There is now emerging consensus that use
of continuous insulin infusion given through a
standardized protocol is the standard of care to
control hyperglycemia in critically ill patients.16–18

Likewise, use of specific hospital insulin regimens
that include basal and short-acting insulin with
appropriate bedside glucose monitoring and avoid-
ing use of ‘‘sliding scale’’ short-acting insulin alone
has become recognized as the most effective
approach for glucose management in hospitalized
patients not requiring intravenous insulin.4,19–21

The University HealthSystem Consortium
(UHC) is an alliance of 97 academic health centers
and 153 of their associated hospitals that conducts
benchmarking studies on clinical and operational
topics with member academic medical centers
and develops new programs to improve quality of
care, patient safety, and operational, clinical, and
financial performance. In late 2004, UHC
launched the Glycemic Control Benchmarking
Project to determine the current status of glyce-
mic control in adult patients admitted to aca-
demic medical centers, types of treatment
employed to control glucose, and operational
measures and practices of care for glycemic con-
trol in the hospital setting. The goal of the project
was to describe contemporary glucose manage-
ment for the purpose of identifying best practices.
The information was later shared with each parti-
cipating medical center to allow them to better
align care delivery with ADA and ACE guidelines.
Thirty-seven academic medical centers agreed to
participate and submit patient level data as well
as an operational survey of current policies and
practices for hospital glycemic control. This report
summarizes the key findings from retrospective
analyses of hospital and patient-level data and
describes contemporary management of hypergly-
cemia in academic medical centers.

PATIENTS AND METHODS
To be eligible for the study, hospital patients at
each participating medical center had to be �18

years of age, have a 72-hour or longer length of
stay, and be admitted with 1 or more of the fol-
lowing Diagnostic-related group (DRG) codes: 89
(simple pneumonia/ pleurisy), 109 (coronary ar-
tery bypass grafting without catheterization), 127
(heart failure and shock), 143 (chest pain), 209
(joint/limb procedure), 316 (renal failure), 478
(other vascular procedures), or 527 (percutaneous
intervention with drug eluting stent without acute
myocardial infarction). The DRG codes were
selected from analysis of the UHC Clinical Data
Base because they were the most common adult
medical and surgical admission codes that
included diabetes as a secondary diagnosis for
academic medical centers and were believed to
best represent the majority of hospital admissions.
Each participating medical center received a
secure electronic listing of their eligible patients
discharged between July 1, 2004 and September
30, 2004 from the UHC Clinical Data Base. Each
center identified data extractors who were trained
via teleconference and received technical and
content support by UHC staff. The data were col-
lected by chart review and submitted electroni-
cally to UHC from February to April 2005.

For each medical center, patients were
screened in reverse chronological order proceeding
back in time until the minimum number of 50 eli-
gible cases was obtained or until all potential cases
were screened. Although 50 cases was the recom-
mended minimum sample size per site, each med-
ical center was encouraged to submit as many
eligible cases as possible. The median number of
cases submitted by site was 50 (interquartile range
[IQR], 42–51). Cases were entered into the study if
they met the eligibility criteria and at least one of
the following inclusion criteria: (1) two consecutive
blood glucose readings >180 mg/dL within a 24–
hour period, or (2) insulin treatment at any time
during the hospitalization. Exclusion criteria
included history of pancreatic transplant, preg-
nancy at time of admission, hospice or palliative
care during hospital admission, and patients who
received insulin for a reason other than blood glu-
cose control (ie, hyperkalemia). Early in the data
collection, DRG 209 was dropped from potential
screening due to the low yield of meeting screen-
ing criteria for blood glucose readings. Of the 315
cases screened for DRG 209 only 44 met all inclu-
sion criteria and remain in the study population.

A maximum of 3 consecutive days of blood
glucose (BG) readings were collected for each
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patient, referred to as measurement day 1, mea-
surement day 2, and measurement day 3. Mea-
surement day 1 is defined as the day the first of 2
consecutive blood glucose levels >180 mg/dL
occurred during the hospitalization or as the first
day insulin was administered during the hospitali-
zation, whichever came first; 40.6% of patients
had the day of admission as their first measure-
ment day. Glucose measurements were recorded
by hour for each measurement day as available,
and if more than 1 glucose value was available
within a particular hour, only the first result was
recorded. Both bedside and laboratory serum glu-
cose values were utilized, and glycosylated hemo-
globin (A1C) values were included if they were
recorded during the hospitalization or within 30
days prior to admission;22 95.7% of patients had
BG results reported for all 3 measurement days.
We defined estimated 6 AM glucose for each sub-
ject as: the 6 AM glucose if it was available; other-
wise the average of the 5 AM and 7 AM glucose
values if at least 1 of them was available; other-
wise the average of the 4 AM and 8 AM glucose
values if at least 1 of them was available. Relevant
demographics, medical history, hospitalization
details, type and route of insulin administration,
and discharge data were also collected. For subcu-
taneous insulin administration, use of regular, lis-
pro, or aspart insulin was classified as short-acting
insulin; use of neutral protamine Hagedorn
(NPH), ultralente, or glargine insulin was classified
as long-acting insulin. For analysis of glycemic
control measures, patient-days in which location
or glucose data were not recorded were excluded
from analysis. For the analysis comparing subcu-
taneous versus intravenous insulin treatment on
glucose control, patients who received a combina-
tion of therapy with subcutaneous and intrave-
nous insulin on the same measurement day were
excluded from the analysis (44 patients on day 1,
96 on day 2, and 47 on day 3). For this retrospec-
tive analysis, UHC provided a deidentified data set
to the authors. The study protocol was reviewed
by the Vanderbilt University Institutional Review
Board and deemed to be nonhuman subject
research since the data set contained no personal
or institutional identifiers. Therefore, no informed
consent of subjects was required.

Measures of glucose control (median glucose
and estimated 6 AM glucose) were analyzed by
patient-day,23 and were compared by a Wilcoxon
rank sum test or an analysis of variance, as indi-

cated. P values <0.05 were considered significant.
To compare effects of intravenous (IV) insulin,
subcutaneous long-acting � short-acting insulin,
and subcutaneous short-acting insulin use alone
on glycemic control, mixed effects linear regres-
sion modeling for median glucose and mixed
effects logistic regression modeling for hyperglyce-
mia and hypoglycemia were used to adjust for
fixed effects of age, gender, diabetes status, ‘‘all
patient refined diagnosis related groups’’ (APR-
DRG) severity of illness score, outpatient diabetes
treatment, patient location, admission diagnosis,
and random effect of hospital site. Separate
regression models were performed for measure-
ment days 2 and 3. Statistical analyses were per-
formed with Stata version 8 (Stata Corporation,
College Station, TX), R version 2.1.0 (R Foundation
for Statistical Computing, Vienna, Austria; www.
r-project.org), and SAS version 9 (SAS Institute,
Cary, NC).

RESULTS
Thirty-seven US academic medical centers from
24 states contributed to the analysis. A total of
4,367 cases meeting age, length of stay, and DRG
criteria were screened for inclusion in the study;
2,649 (60.7%) screened cases were excluded due
to failure to meet inclusion criteria (51%) or pre-
sence of exclusionary conditions (9.7%); 1,718
(39.3%) screened cases met all criteria and were
included in this analysis. Patient characteristics
are summarized in Table 1. A majority of patients
(79%) had a documented history of diabetes, and
most of these were classified as type 2 diabetes
in the hospital record. Of the patients who were
classified as having diabetes on admission, 50.8%
were on some form of outpatient insulin therapy
with or without oral diabetes agents. Patients
with a diagnosis of diabetes had a median admis-
sion glucose of 158 mg/dL (IQR, 118–221), which
was significantly higher than the median admis-
sion glucose of 119 mg/dL (IQR, 100–160) for
patients without diabetes (P < 0.001, rank-sum
test).

To determine overall glycemic control for the
cohort, median glucose was calculated for each
patient, stratified by diabetes status and location
for each measurement day (Table 2). Patient-days
with a location of emergency department (96
patients on day 1, 6 on day 2, and 2 on day 3) and
two patients whose location was not defined were
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excluded from the analysis. Overall, median glu-
cose declined from measurement day 1 to day 3.
For patients with diabetes, median glucose was
significantly lower in the intensive care unit (ICU)
compared to the general ward or intermediate
care for measurement days 1 and 2, but not day 3.
This difference was more pronounced in patients
without diabetes, with median glucose signifi-
cantly lower in the ICU for all 3 measurement
days compared to other locations. As expected,
median glucose was lower for patients without di-
abetes compared to patients with diabetes for all
measurement days and locations. Hyperglycemia

was common; 867 of 1,718 (50%) patients had at
least 1 glucose measurement �180 mg/dL on both
days 2 and 3; 18% of all patients had a median
glucose �180 mg/dL on all 3 measurement days.
Daily 6 AM glucose was the summary glycemic
control measure in the clinical trial by van den
Berghe et al.,11 with goal glucose of 80 to 110 mg/
dL in the intensive treatment group. Since the gly-
cemic target of the American College of Endocri-
nology Position Statement is <110 mg/dL (based
largely on van den Berghe et al.11) we also calcu-
lated estimated 6 AM glucose for ICU patient-days
to determine the proportion of patients attaining
this target.14 Estimated 6 AM glucose was lower in
ICU patients without diabetes compared to those
with diabetes. For patients with diabetes, only
20% of patients in the ICU had an estimated 6 AM

glucose �110 mg/dL on measurement day 2, and
only 24% on day 3. For patients without diabetes,
27% and 25% had an estimated 6 AM glucose �110
mg/dL on days 2 and 3, respectively.

For the overall cohort, insulin was the most
common treatment for hyperglycemia, with 84.6%
of all patients receiving some form of insulin
therapy on the second measurement day. On the
second day, 30.8% received short-acting subcuta-
neous insulin only, 8.2% received intravenous in-
sulin infusion, 22.5% received both short-acting
and long-acting subcutaneous insulin, 3.9%
received oral agents, 23% received some combina-
tion of insulin therapies and/or oral agents, and
11.9% received no treatment. To determine the
effect of intravenous versus subcutaneous insulin
treatment on glycemic control, we compared
patients by insulin treatment and location for
each measurement day (Table 3). Intravenous in-
sulin was used predominantly in the ICU, and was
associated with significantly lower median glucose
compared to subcutaneous insulin in both loca-
tions for all 3 measurement days. As expected, the
average number of glucose measures per patient
was significantly higher for those receiving intra-
venous insulin. Intravenous insulin use in the ICU
was associated with a significantly lower number
of patients with hyperglycemia, defined as the
number who had 1 or more glucose values �180
mg/dL during a given measurement day. Of note,
intravenous insulin use in the ICU was associated
with a significantly higher proportion of patients
who had hypoglycemia (defined as the number of
patients who had one or more glucose values <70
mg/dL) compared to subcutaneous insulin only

TABLE 1
Characteristics of Adult Patients in 37 US Academic Medical Centers
with Two Consecutive Blood Glucose Values ‡180 mg/dL or Receiving
Insulin Therapy

n 1718

Age (years), median (IQR) 65 (56–74)

Male 928 (54)

Female 790 (46)

Admission glucose (mg/dL) 149 (111–207)

Race/Ethnicity

White 1048 (61.0)

Black 480 (27.9)

Hispanic 67 (3.9)

Other 123 (7.2)

Diabetes history 1358 (79.0)

Type 2 diabetes mellitus 996 (58.0)

Type 1 diabetes mellitus 128 (7.5)

Unspecified/other diabetes mellitus 234 (13.6)

No history of diabetes mellitus 360 (21.0)

Outpatient diabetes treatment

Insulin only 522 (30.4)

Oral agents only 505 (29.4)

Insulin and oral agents 168 (9.8)

No drug therapy 137 (8.0)

Not documented 26 (1.5)

Hospitalization DRG

127 Heart failure 443 (25.8)

109 Coronary artery bypass grafting 389 (22.6)

316 Renal failure 251 (14.6)

478 Other vascular procedure 195 (11.4)

89 Pneumonia 186 (10.8)

527 Percutaneous intervention with stent 136 (7.9)

143 Chest pain 74 (4.3)

209 Joint/limb procedure 44 (2.6)

Primary insurer

Medicare 961 (56.0)

Private/commercial 392 (22.8)

Medicaid 200 (11.6)

Government 88 (5.1)

Self-pay 67 (3.9)

Other/unknown 10 (0.6)

NOTE: Data are given as median (IQR) or n (%).

Abbreviation: DRG, diagnosis group; IQR, interquartile range.
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on measurement day 1 (8.1% versus 2.9%; P 5
0.021), but not on days 2 (12.7% versus 8.0%; P >
0.05) or 3 (12.7% versus 7.8%; P > 0.05). Severe
hypoglycemia, defined as a blood glucose record-
ing <50 mg/dL,24 was rare, and occurred in only
2.8% of all patient days. On measurement day 1,
34 patients had a total of 49 severe hypoglycemic
events; on day 2, 54 patients had 68 severe hypo-
glycemic events; on day 3, 54 patients had 68
severe hypoglycemic events. Only 3 patients had
severe hypoglycemic events on all 3 measurement
days. Analysis of severe hypoglycemia events stra-
tified by intravenous versus subcutaneous insulin
did not show any significant differences for any of
the 3 measurement days (data not shown).

We hypothesized that use of subcutaneous
long-acting (basal) insulin (with or without short-
acting insulin) would be associated with superior
glucose control compared to use of subcutaneous
short-acting insulin (sliding scale and/or sched-

uled prandial insulin) alone. We performed an ex-
ploratory multivariate regression analysis to
compare the effect of IV insulin, long acting sub-
cutaneous insulin � short acting insulin, or short
acting subcutaneous insulin alone on median glu-
cose, hyperglycemic events (glucose �180 mg/dL),
and hypoglycemic events (glucose <70 mg/dL) for
days 2 and 3 (Table 4). Compared to short-acting
subcutaneous insulin alone, use of IV insulin but
not long-acting subcutaneous insulin was predic-
tive of lower median glucose for days 2 and 3. Use
of long-acting subcutaneous insulin was not asso-
ciated with significantly lower odds of hyperglyce-
mic events for days 2 and 3, but was associated
with higher odds of hypoglycemic events on day 2
(odds ratio [OR], 1.8; P 5 0.01) when compared to
short-acting subcutaneous insulin alone.

We measured the performance of recom-
mended hospital diabetes care practices (A1C
assessment, documentation of diabetes history in

TABLE 2
Glycemic Control Measures for Patients by Diabetes Status, Measurement Day, and Location

Measurement by Location

Day 1 Day 2 Day 3

Patients with diabetes

Estimated 6 AM glucose (mg/dL)

Intensive care unit 153.0 (119.0–204.0) 148.0 (118.0–183.0) 144.0 (113.0–191.0)

n 167 231 161

Median glucose (mg/dL)

General floor 186.0 (151.0–229.0) 163.0 (131.0–210.0) 161.0 (127.0–203.4)

n 681 757 758

Intermediate care 193.0 (155.3–233.8) 170.0 (137.0–215.5) 169.0 (137.9–215.6)

n 291 333 348

Intensive care unit 177.5 (149.6–213.6) 152.5 (128.3–187.0) 156.5 (124.5–194.3)

n 294 247 175

P value* 0.038y <0.001y 0.068

Patients without diabetes

Estimated 6 AM glucose (mg/dL)

Intensive care unit 133.0 (104.5–174.0) 134.0 (109.0–169.0) 128.0 (111.5–151.3)

n 98 157 80

Median glucose (mg/dL)

General floor 179.0 (149.5–209.5) 161.3 (131.4–188.3) 143.5 (122.0–170.0)

n 91 96 133

Intermediate care 168.3 (138.1–193.8) 137.0 (119.8–161.5) 129.3 (116.3–145.5)

n 46 71 86

Intensive care unit 153.8 (132.9–188.8) 136.5 (120.0–157.0) 129.0 (116.0–143.8)

n 218 186 106

P value* <0.001y <0.001y <0.001y

NOTE: Data are median (IQR) or n.

Abbreviation: IQR, interquartile range.

*P value obtained by analysis of variance.
yIntensive care unit significantly lower (P < 0.05) than all other locations by pairwise comparison.
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the hospital record, admission laboratory glucose
assessment, bedside glucose monitoring, recom-
mended insulin therapy)14,15 for all study patients,
and also stratified performance by hospital (Table 5);
98.6% of all patients with a diagnosis of diabetes
had physician documentation of their diabetes
status recorded in the hospital record, and there
was consistently high performance of this by hos-
pital (Table 5); 77% of all patients with a history
of diabetes had a laboratory blood glucose result
recorded within 8 hours of hospital admission,
and 81.3% of patients with a history of diabetes

had blood glucose monitored at least 4 times on
measurement day 2. Performance by hospital (Ta-
ble 5) varied widely for glucose monitoring (range,
56.5%–95.5% of patients by hospital) and admis-
sion laboratory glucose assessment (range, 39.0%–
97.1% of patients by hospital).

Of all patients, 31% had A1C measurement
recorded during their hospitalization or within 30
days prior to admission. There was wide variation
in hospital performance of A1C assessment in
patients with diabetes (Table 5). Patients with a di-
agnosis of diabetes had a median A1C of 7.4% (IQR,

TABLE 3
Median Glucose (in mg/dL) by Insulin Treatment Type, Location, and Day

Location/Day Outcome Intravenous Insulin Subcutaneous Insulin P Value*

Intensive Care Unit, Day 1 Patient’s glucose, median (mg/dL) 148.0 183.0 <0.001

Interquartile range 128.0–178.0 154.8–211.0

Hypoglycemic patients, n (%) 16 (8.1) 6 (2.9) 0.021

Hyperglycemic patients, n (%) 130 (66.0) 175 (85.0) <0.001

Average glucose measures/patient 8.4 4.8 <0.001

Patients, n 197 206

Intermediate/General Ward, Day 1 Patient’s glucose, median (mg/dL) 152.0 186.5 <0.001

Interquartile range 131.0–164.5 150.0–230.0

Hypoglycemic patients, n (%) 1 (4.1) 71 (7.4) ns

Hyperglycemic patients, n (%) 18 (78.3) 808 (83.9) ns

Average glucose measures/patient 9.7 3.8 <0.001

Patients, n 23 962

Intensive Care Unit, Day 2 Patient’s glucose, median (mg/dL) 124.8 159.8 <0.001

Interquartile range 110.4–140.5 138.6–197.4

Hypoglycemic patients, n (%) 15 (12.7) 14 (8.0) ns

Hyperglycemic patients, n (%) 53 (44.9) 135 (76.7) <0.001

Average glucose measures/patient 12.5 5.3 <0.001

Patients, n 118 176

Intermediate/General Ward, Day 2 Patient’s glucose, median (mg/dL) 136.0 168.8 <0.001

Interquartile range 116.0–168.0 136.1–215.5

Hypoglycemic patients, n (%) 2 (6.7) 113 (11.3) ns

Hyperglycemic patients, n (%) 18 (60.0) 784 (78.6) 0.015

Average glucose measures/patient 11.0 4.6 <0.001

Patients, n 30 996

Intensive Care Unit, Day 3 Patient’s glucose, median (mg/dL) 123.5 171.0 <0.001

Interquartile range 110.0–137.1 137.3–198.5

Hypoglycemic patients, n (%) 7 (12.7) 11 (7.8) ns

Hyperglycemic patients, n (%) 24 (43.6) 101 (71.1) <0.001

Average glucose measures/patient 11.4 4.8 <0.001

Patients, n 54 141

Intermediate/General Ward, Day 3 Patient’s glucose, median (mg/dL) 129.8 166.0 <0.001

Interquartile range 120.5–142.3 131.5–208.0

Hypoglycemic patients, n (%) 3 (13.6) 104 (9.8) ns

Hyperglycemic patients, n (%) 13 (59.1) 773 (72.7) ns

Average glucose measures/patient 10.3 4.3 <0.001

Patients, n 22 1,055

NOTE: ‘‘Hypoglycemic patients’’ is the number of patients who had 1 or more glucose values <70 mg/dL. ‘‘Hyperglycemic patients’’ is the number who had 1 or more glucose values �180 mg/dL. ‘‘Average glu-

cose measures/patient’’ is the mean number of glucose measurements per patient.

Abbreviation: ns, not significant.

*P values are from Wilcoxon rank sum tests comparing intravenous versus subcutaneous insulin treatment.
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6.4%–8.9%; n 5 473), and those without a diagnosis
of diabetes had a median A1C of 5.9% (IQR, 5.6%–
6.4%; n 5 70). Of the patients with a history of dia-
betes who had A1C recorded, 59% had a value >7%.
Of the patients without a history of diabetes who
had A1C recorded, 43% had a value >6.0%, suggest-
ing previously undiagnosed diabetes.25

We found wide variation among hospitals
(range, 12.1%–76.5%) in use of recommended regi-
mens of insulin therapy, defined as short-acting
and long-acting subcutaneous insulin or IV insulin
infusion or insulin pump therapy on second mea-
surement day. Endocrine/diabetes consultation
was infrequent, only 9% of all patients were evalu-

ated by an endocrinologist or diabetologist at any
time during the hospitalization.

DISCUSSION
In this retrospective analysis of hospitalized
patients who had 2 consecutive blood glucose
values �180 mg/dL and/or received insulin ther-
apy, hyperglycemia was common and hypoglyce-
mia was infrequent. Use of intravenous insulin
was associated with better glucose control, and
did not increase the frequency of severe hypogly-
cemic events (glucose <50 mg/dL). The majority
of patients with a history of diabetes had physi-
cian documentation in the hospital chart, labora-

TABLE 5
Hospital Performance of Recommended Diabetes Care Measures for 37 US Academic Medical Centers

Diabetes Care Measure
Mean Hospital
Performance (%)

Standard
Deviation (%) Range (%)

Physician documentation of diabetes history in medical record 98.8 2.1 91.5–100

A1C assessment documented for diabetes patients (measured during hospitalization or within 30 days prior

to admission) 33.7 15.4 3.1–62.9

Laboratory glucose assessment within 8 hours of hospital presentation for diabetes patients 77.0 13.4 39.0–97.1

Blood glucose monitoring at least 4 times on second measurement day for diabetes patients 81.6 10.8 56.5–95.5

Percentage of patients receiving insulin therapy who were given short and long-acting insulin OR IV insulin

infusion OR insulin pump therapy on second measurement day 44.9 14.3 12.1–76.5

NOTE: Performance for each measure was calculated as number of cases who received the measure divided by total number of cases submitted for that hospital.

Abbreviation: A1C, glycosylated hemoglobin.

TABLE 4
Regression Analysis of Glycemic Control Measures Comparing Effect of Long-Acting (6Short-Acting)
Subcutaneous Insulin and Intravenous Insulin Infusion to Short-Acting Subcutaneous Insulin Alone

Glucose Control Measure Intravenous Insulin Infusion Long-Acting Subcutaneous Insulin

Median glucose

Day 2, n 5 1,297 232.0 (245.4 to 218.5); P < 0.001* 25.1 (213.8 to 3.6); P 5 0.25*

Day 3, n 5 1,251 233.0 (248.9 to 217); P < 0.001* 3.4 (25.2 to 11.9); P 5 0.44*

Patient has �1 hyperglycemic eventy

Day 2, n 5 1,298 0.4 (0.2–0.6); P < 0.001{ 0.7 (0.5–1.1); P 5 0.11{

Day 3, n 5 1,261 0.6 (0.3–1.1); P 5 0.11{ 0.8 (0.6–1.1); P 5 0.24{

Patient has �1 hypoglycemic event§

Day 2, n 5 1,298 2.1 (1.0–4.7); P 5 0.07{ 1.8 (1.2–2.9); P 5 0.010{

Day 3, n 5 1,261 4.0 (1.6–9.8); P 5 0.003{ 1.4 (0.9–2.3); P 5 0.13{

NOTE: Mixed effects linear regressions for median glucose and mixed effects logistic regressions for hyperglycemia and hypoglycemia were used to adjust for

the effects of location, primary diagnosis, diabetes type, age, gender, preexisting diabetes therapy type, and severity of illness score (all modeled as fixed effects),

and for site (modeled as a random effect). Separate regression models were performed for measurement days 2 and 3.

* Values are mean difference (95% CI) and P value. Mean difference is in median glucose in mg/dL compared to short-acting insulin monotherapy.
yHyperglycemic event is defined as 1 or more glucose values �180 mg/dL.
{ Values are OR (95% CI) and P value.
§ Hypoglycemic event is defined as 1 or more glucose values <70 mg/dL.

Abbreviation: OR, odds ratio; CI, confidence interval.
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tory serum glucose obtained within 8 hours of
hospital admission, and at least 4 blood glucose
determinations on the second measurement day.

Only 35% of patients with diabetes had an
A1C measurement and of these almost 60% had
an A1C level >7%. Though the A1C may not
greatly affect acute glucose management in the
hospital setting, it does identify patients that may
require intensification of diabetes therapy at hos-
pital discharge and coordination of outpatient fol-
low-up. A report of a UHC clinical benchmarking
project of ambulatory diabetes care in academic
medical centers demonstrated high rates of diag-
nostic testing, but only 34% of patients were at
the A1C goal, and only 40% of patients above the
A1C goal had adjustment of their diabetes regi-
men at their last clinic visit.26 In a retrospective
study of patients with diabetes mellitus admitted
to an academic teaching hospital, only 20% of dis-
charges indicated a plan for diabetes follow-up.27

Thus, intensification of antihyperglycemic therapy
and formulation of a diabetes follow-up plan on
hospital discharge in those patients with A1C >7%
represents an opportunity to improve glycemic
control in the ambulatory setting. Also, measure-
ment of A1C can be used for diabetes case-finding
in hospitalized patients with hyperglycemia.25 Pre-
viously unrecognized diabetes is a common find-
ing in patients admitted with cardiovascular
disease. In a study of patients admitted with myo-
cardial infarction, 25% were found to have pre-
viously undiagnosed diabetes.28 Hospital patients
with hyperglycemia but without a prior diagnosis
of diabetes who have an elevation of A1C >6.0%
can be identified as at-risk for diabetes and post-
discharge glucose evaluation can be arranged.

The target of maintaining all glucose values
�180 mg/dL recommended in the 2005–2007
American Diabetes Association guidelines for hos-
pital diabetes management was not commonly
achieved, with over 70% of patients who received
subcutaneous insulin therapy having 1 or more
glucose values >180 on all 3 measurement days,
regardless of patient location.15 The target of
maintaining critically ill patients as close to 110
mg/dL as possible was also difficult to achieve,
with only 25% of ICU patients having an esti-
mated 6 AM glucose <110 mg/dL on measurement
day 3. A prospective cohort study of 107 inpatients
with diabetes at Brigham and Women’s Hospital
showed a 76% prevalence of patients with at least
one BG >180 mg/dL.29 In that study, 90% of

patients had a sliding-scale order, 36% received an
oral diabetes agent, and 43% received basal insu-
lin at some time during hospitalization. A recently
published analysis by Wexler et al.30 compiled
data of hospitalized patients with diabetes from
an earlier 2003 UHC Diabetes Benchmarking Pro-
ject (n 5 274) and patients from 15 not-for-profit
member hospitals of VHA, Incorporated (n 5 725)
to examine the prevalence of hyperglycemia and
hypoglycemia. Hyperglycemia (defined as a single
BG value >200 mg/dL) was common, occurring in
77% of patients in the UHC cohort and 76% in the
VHA, Inc. cohort. This was comparable to our
findings that 76.7% of ICU patients and 78.6% of
ward patients treated with subcutaneous insulin
had 1 or more BG values �180 mg/dL on mea-
surement day 2. Wexler et al.30 also determined
that use of basal insulin was associated with a
higher prevalence of hyperglycemia and hypogly-
cemia in their study. Our regression analysis find-
ing that long-acting (basal) insulin use was not
associated with improvement in glycemic control
is consistent with the findings of the aforemen-
tioned study. There are a number of potential
explanations for this: (1) underdosing of basal in-
sulin or lack of adequate prandial insulin coverage
for nutritional intake; (2) lack of effective titration
in response to hyperglycemia; and (3) variation in
the ordering and administration of basal insulin at
different hospital sites.

Use of both manual and computerized IV in-
sulin protocols has been shown to provide effec-
tive glucose control in critically ill patients.16–18

Though intravenous insulin use was associated
with better overall glucose control in our study;
only about 50% of ICU patients received it on
measurement day 1. A recent prospective rando-
mized clinical trial demonstrated superior glyce-
mic control in non–critically ill hospitalized
patients with type 2 diabetes with basal/bolus in-
sulin therapy compared to sliding scale insulin
alone.31 Use of basal/bolus insulin regimens as
part of a comprehensive hospital diabetes man-
agement program has been shown to improve gly-
cemic control in an academic medical center.20

Therefore, we do not believe that our regression
analysis findings invalidate the concept of basal/
bolus insulin for inpatients with hyperglycemia,
but rather indicate the need for more research
into subcutaneous insulin regimens and hospital
care practices that lead to improved glucose con-
trol. We found wide variation in hospital use of
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basal/bolus insulin regimens. Overall only 22.5%
of all patients on the second measurement day
received both short-acting and long-acting subcu-
taneous insulin, compared to 30.8% who received
short-acting subcutaneous insulin only. A recent
consensus statement on inpatient glycemic con-
trol by the American College of Endocrinology and
American Diabetes Association highlighted the
systematic barriers to improved glycemic control
in hospitals, such as inadequate knowledge of dia-
betes management techniques, fear of hypoglyce-
mia, and skepticism about benefits of tighter
glucose control.32

There are some important limitations to this
study. The data are retrospective and only a lim-
ited number of hospital days and clinical variables
could be assessed for each patient. As indicated in
Table 3, there were significant differences in the
frequency of glucose measurement depending on
treatment, which can potentially bias estimated
prevalence of hyperglycemia and hypoglycemia.
We did not have a practical method to assess
nutritional status or the adequacy of insulin dos-
ing over time for each patient. We also could not
assess the association of glycemic control on clini-
cal outcomes such as hospital mortality or infec-
tion rates. Since this study was exclusively in
academic medical centers, the generalization of
findings to community-based medical centers
may be limited. The risk-benefit of tight glycemic
control in medical ICU patients based on clinical
trial evidence has been unclear, and there is
not broad agreement among clinicians on the
recommended target for glycemic control in this
group.33–35 When we analyzed glycemic control in
ICU patients we did not have a practical method to
control for type of ICU and variations in individual
ICU glycemic control targets. We recognize that the
2004 American College of Endocrinology recom-
mendation of maintaining glucose �110 mg/dL
may not be appropriate for all critically ill patients.14

Finally, clinical trial data are lacking on the effect of
tight glucose control on major clinical outcomes for
non–critically ill hospital patients. This has led to
significant controversy regarding glycemic targets
for different subgroups of hospitalized patients.34,36

In summary, we found a high prevalence of
persistent hyperglycemia in this large cohort of
hospitalized patients, and hypoglycemia was infre-
quent. Use of IV insulin was associated with
improvement in glycemic control, but was used in
less than half of ICU patients. There was wide var-

iation in hospital performance of recommended
diabetes care measures. Opportunities to improve
care in academic medical centers include
expanded use of intravenous and subcutaneous
basal/bolus insulin protocols and increased fre-
quency of A1C testing.
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