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lucose management in a community hospital

llison Petznick, DO,a Sara Snyder, DO,a Godwin Dogbey, MPhil, MAb

rom the aFirelands Regional Medical Center, Department of Education, Sandusky, and

Ohio University College of Osteopathic Medicine, Athens, OH.
OBJECTIVES: Diabetes mellitus is a significant risk factor for morbidity and mortality in hospitalized
patients. The purpose of this study is to evaluate the treatment of diabetic patients with regard to glucose
control.
METHODS: A retrospective inpatient chart review was performed on a sample of 209 patients. Those
patients admitted to the hospital who had at least one fasting blood sugar greater than 110 mg/dL during
the month of April 2008 were included. This study was approved by the Ohio University and Firelands
Regional Medical Center Institutional Review Boards.
RESULTS: Fifty-three percent of hyperglycemic patients had no diagnosis of diabetes before admis-
sion. Of those found to be hyperglycemic, no glycemic treatment was offered in 51% of patients. Of
the patients who received insulin therapy, almost half (45%) received sliding-scale insulin coverage,
with no other treatment offered. Insulin was not titrated in 85% of patients throughout their stay. The
mean glucose reading that triggered a change in treatment was 265 mg/dL. Mean average glucose
excursion throughout the day was 87 mg/dL.
CONCLUSION: Hyperglycemic management in the inpatient setting has significant room for improvement.
Insulin use was titrated too infrequently and often too late to improve patient care. Despite its record of
ineffectiveness, the majority of patients in our study received sliding scale insulin as their only insulin
therapy. Further research is needed to explore morbidity and mortality associated with the use of sliding scale
insulin versus basal-bolus insulin, with the goal of achieving improved postprandial glucose control.
© 2010 Elsevier Inc. All rights reserved.
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Hyperglycemia increases morbidity and mortality in the
ospital setting. Decreased immune function, increased ox-
dative stress, and a procoagulant state are some of the
omplications that occur because of hyperglycemia.1 Hy-
erglycemia without a previous diagnosis of diabetes has
een shown to portend a worse prognosis. Umpirerrez et al.
valuated more than 2000 patients with hyperglycemia (re-
ardless of diabetes status) in the hospital setting. Inpatient
ortality was 16% in those with newly diagnosed hyper-

lycemia compared with 3% in those with known diabetes
nd 1.7% in those with normal glucose.2 Hospital stay was
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ine days in patients with newly diagnosed hyperglycemia
ompared with 5.5 days for those patients with a previous
iagnosis of diabetes.2 Inpatient care of uncontrolled hyper-
lycemia is associated with a significant rise in cost. Eco-
omic burden of diabetes is estimated to be $174 billion,
ith 50% of these costs attributable to inpatient care. Van
en Berghe et al. looked at cost savings from prevention of
eep sternal wound infections in cardiac surgery patients.
hey found that intensive management of hyperglycemia

ead to a cost savings of $2613 per patient.3

Postprandial hyperglycemia has become a focus of re-
earch recently owing to the links between hyperglycemia,
ncreased cardiovascular complications, and death. In the
ECODE study, 25,000 patients were followed for seven

ears after a cardiovascular event. Two-hour postprandial
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yperglycemia levels was found to have a higher correlation
ith increased mortality than fasting glucose levels.4 Con-

rol of postprandial hyperglycemia has been shown to im-
rove markers for atherosclerosis. Esposito et al. demon-
trated that a reduction in postprandial hyperglycemia in
atients with type 2 diabetes was associated with carotid
ntima media thickness regression.5

The current glucose target used in intensive care patients
as recently come into question with the NICE-SUGAR
tudy.6 This was a randomized, controlled trial that studied
ore than 6000 patients in the intensive care unit. Patients
ere randomly assigned to either intensive control maintaining

erum glucose in the range of 81 to 108 mg/dL or conventional
ontrol of �180 mg/dL. The mortality rate was statistically
ignificant, with 27.5% in the intensive group versus 24.9% in
he conventional group. Hypoglycemia also occurred more
requently in the intensive group, with 6.8% versus 0.5%.
ecause of this study, the American Diabetes Association

ADA) has developed a consensus statement that recommends
tarting treatment at a threshold of 180 mg/dL and keeping the
lood glucose between 140 and 180 mg/dL in intensive care
atients. The premeal blood glucose should be kept �140
g/dL, with a random goal of �180 mg/dL while the patient

s in the medical unit.7

The use of sliding-scale insulin (SSI), despite its popularity
n the hospital, has been proven ineffective for control of
yperglycemia and prevention of hypoglycemia. In a study by
ueale et al., the incidence of hyperglycemia was much higher

n patients who had SSI added to their regimen as opposed to
hose with no change in treatment after being admitted. In this
tudy, SSI was not adjusted in about 80% of patients.8

The effective use of SSI is to fine-tune an insulin regi-
en that is already in place; therefore, it is essential to

djust either the SSI coverage or increase the basal and/or
olus insulin regimen frequently. Basal-bolus insulin ther-
py has been shown to be more effective than SSI. The
ABBIT-2 trial evaluated glargine plus glulisine versus SSI

herapy in non�intensive care patients with type 2 diabetes.
blood glucose target of �140 mg/dL was achieved in

6% of patients in the glargine and glulisine group, com-
ared with 38% of those in the SSI group.9

This study assessed management of inpatient hypergly-
emia, with respect to the type of treatment, the control of
ostprandial hyperglycemia, and the adjustment of insulin
hen glucose is not controlled. It is our hypothesis that SSI

s used too frequently, whereas postprandial hyperglycemia
nd glucose excursions are too high and insulin is not
djusted despite continued hyperglycemia.

ethods

ettings and participants

This inpatient retrospective chart review was completed

t Firelands Regional Medical Center in Sandusky, Ohio. t
ncluded criteria were patients admitted to the hospital with
t least one fasting glucose �110 mg/dL during the month
f April 2008. A patient list was generated from a medical
ecord database of patients who had a fasting glucose of
110 mg/dL any time during their hospitalization. Chil-

ren, outpatients, and patients under observation in the
ospital were excluded from the study. This study was
pproved by the Ohio University and Firelands Regional
edical Center Institutional Review Boards.

easurements

Electronic medical records were used to obtain the data
or this study. Glucose goals of 110 mg/dL fasting and 180
g/dL random were used to determine glucose control.
hese values were based on the glucose goal recommenda-

ions by the ADA and the American Academy of Clinical
ndocrinology (AACE).10 Patient variables included sex,
ge, ethnicity, previous diagnosis of diabetes mellitus, in-
ulin use before admission, insulin use during admission,
hoice of medical unit admission (medical floor versus
ntensive care unit), length of stay, and 30-day readmission
ate. The percentage of fasting and random glucose readings
t goal was recorded. The number of hypoglycemic events
as identified and defined as �80 mg/dL for mild hypo-
lycemia, and �50 mg/dL for severe hypoglycemia. Post-
randial glucose was obtained by the difference in glucose
etween meals and bedtime. Any glucose excursion that
as �50 mg/dL was considered uncontrolled. Daily glu-

ose excursion was gathered by the difference between the
ighest and lowest glucose levels for one day and then
veraged for the length of stay. The physician who initiated
nd maintained glucose management was recorded and cat-
gorized into primary care, cardiology, critical care, sur-
ery, oncology, nephrology, and other. Adjustments to in-
ulin were noted, consisting of the number of times insulin
as adjusted, the type of insulin that was adjusted, and the
lucose level at which insulin was adjusted. Different types
f glycemic treatments were used and separated as SSI only,
SI plus oral, SSI plus basal, SSI plus basal plus prandial,
SI plus 70/30 insulin mix, SSI plus prandial, SSI plus basal
lus oral, basal only, SSI plus oral plus 70/30, 70/30 only,
nd SSI plus exenatide plus oral. Glucose control at dis-
harge was recorded for both fasting and random levels.
ther factors that were taken into account were the number
f patients who had finger-stick blood sugars performed and
atients who received either steroids or total parenteral
utrition at least one time during their hospital stay.

ata analysis

Statistical analysis was obtained through the Ohio Uni-
ersity College of Osteopathic Medicine Centers of Osteo-
athic Research and Education (OU-COM CORE) research
ffice. Cross-table analysis was used to determine whether

here was a difference in insulin prescription at discharge in
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atients whose fasting or random glucose was controlled
ersus uncontrolled during the hospitalization. Thirty-day
eadmission rates were also analyzed to identify whether
here were more patients readmitted whose fasting or ran-
om glucose was uncontrolled during the hospitalization.
esults were considered significant at p � 0.05. SSPS
ersion 17 (SPSS, Inc. Chicago, IL) was used for all anal-
ses.

esults

wo-hundred nine patients met criteria for the study. Of the
atients selected, 90% were white, 10% were African Ameri-
an, 49% were female, and 51% were male. The average age
as 68.7 years. The majority of patients were on the medical
oor (87%), whereas 13% were in a critical care setting. The
verage length of stay was 6.4 days (Table 1).

Primary care physicians, including family physicians
nd internists, initiated and maintained glucose manage-
ent 78% of the time. Surgeons were the next largest

roup of physicians who initiated and maintained man-
gement, at 16%.

Mean admission glucose was 166 mg/dL, with a range of
6 to 747 mg/dL. Patients met the fasting goal 23.3% of the
ime and the random goal 63.9% of the time. At discharge,
asting glucose was uncontrolled in 71% of patients and
andom glucose was uncontrolled in 41% of patients. The
verage glucose excursion between breakfast and lunch was
3 mg/dL, between lunch and dinner 79 mg/dL, and be-
ween dinner and bedtime 89 mg/dL. Only positive glucose
xcursions between meals were calculated. Postprandial
lucose was controlled in 69% of patients. The average
aily glucose excursion at the patient level was 87 mg/dL,
ith a range of 10 to 262 mg/dl. Mild hypoglycemia oc-

Table 1 Descriptive statistics on continuous variables

Age (years)
No diabetes diagnosis before admission
Admission glucose (mg/dL)
Glucose readings at goal
Fasting glucose readings at goal
Random glucose readings at goal
Length of stay (days)
Glucose change from breakfast to lunch (mg/dL)
Glucose change from lunch to dinner (mg/dL)
Glucose change from dinner to bedtime (mg/dL)
Time of PPG control (� �50 mg/dL)
Average glucose excursion (mg/dL)
Fasting glucose uncontrolled at discharge
Hypoglycemia
30-day readmission
urred in 22 patients, with severe hypoglycemia in only
ight patients. Thirty-day readmission occurred in 19% of
atients (Table 1).

More than half of the patients in this study (53%) had no
revious diagnosis of diabetes (Table 1) and 75% were not
aking insulin before admission. Fifty-one percent of the
atients in the study were taking no diabetic medications
efore or during the study, and no insulin was administered
n 55% of those patients admitted.

For the patients who received insulin in the hospital,
liding scale was the only insulin used in 45/94 (48%)
atients. SSI plus basal insulin was used in 37/94 (39%)
atients (Figure 1). Only nine patients were on combination
f a SSI, basal, and prandial insulin. Seven of those nine
ere on a 70/30 mix regimen. Only two patients of the 209

tudied (0.9%) were on a true basal, bolus, corrective com-
ination. Twenty-five percent of patients before admission
ere receiving insulin compared with 31% of patients re-

eiving insulin at discharge.
Insulin was not adjusted in 85% of the patients during

heir stay. Of the remaining patients, adjustments were
ade only one time in 18/35 (51%) patients, two times in

um Maximum Mean/Percentage

99 68.7
53%

747 166
40.5%
23.3%
63.9%

33 6.4
254 93
272 79
287 89
100% 69%
262 87

71%
1.2%

19%
Minim

20

36

1
6
1
4
0%

10
Figure 1 Type of insulin coverage.
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39Petznick et al Glucose Management in a Community Hospital
/35 (17%) patients, three times in 2/35 (5.7%) patients,
our times in 1/35 (2.9%) patients, and seven times in 1/35
2.9%) patients (Figure 2). Basal insulin was adjusted the
ajority of the time and accounted for 72% of the adjust-
ents. SSI was adjusted in only five patients. The glucose

evel triggering insulin adjustments was an average of 266
g/dL for basal insulin, 334 mg/dL for prandial insulin, and

62 mg/dL for SSI (Figure 3).
Not all patients in this study had finger-stick blood sugar

onitoring before meals and at bedtime. Almost half (49%)
f patients had finger-stick blood monitoring as part of their
are. Total parenteral nutrition was used in 2% of patients,
nd steroids were given in 29% of patients at least one time
uring their hospitalization.

Cross-tabulation analysis was used to determine whether
asting and random euglycemia had any effect on insulin
sage at discharge or 30-day readmission rates. When fast-
ng euglycemia was not achieved, 26/85 (31%) patients
ere receiving insulin at discharge compared with 59/85

69%) patients who were not placed on insulin at discharge.
ighteen percent of patients in the uncontrolled fasting
lucose at discharge group were readmitted within 30 days.
his was not statistically significant compared with the
atients with controlled fasting glucose at discharge (20%).
n the 13 patients who did not achieve random euglycemia

Figure 2 Adjustment of insulin.
Figure 3 Glucose triggering insulin adjustment.
t discharge, five (38%) patients were on insulin at dis-
harge compared with eight (62%) patients who were not on
nsulin. Only 15% of patients with uncontrolled random
lucose at discharge were readmitted within 30 days, which
as not statistically significant, with a p-value of 0.121

Tables 2 and 3).

iscussion

n general, glucose goals were not achieved in this study
opulation. Insulin was used predominantly as sliding-scale
overage, which historically has not been effective in
chieving improved glucose control. More than half of the
atients in the study were hyperglycemic at admission but
ad no history of diabetes. This is likely a reflection of the
ommon occurrence for patients to find out that they have
iabetes when they are admitted to the hospital for another
edical illness. Regardless, this group is at high risk for

omplications and should be treated for hyperglycemia.
Despite 148 (71%) patients having fasting glucose un-

ontrolled at discharge, only 65 patients were discharged on
nsulin, with only 13 new initiations of insulin. Only 18% of
atients had insulin adjustments while in the hospital, and if
here was a treatment adjustment, this occurred only once.
his is remarkable given the mean length of stay was six
ays.

The majority of adjustments were made with basal insu-
in, whereas only five patients had their sliding-scale insulin
djusted. Therefore, when sliding scale was used, it was
sed inappropriately because only a minority achieved glu-
ose goals. The most judicious use of sliding-scale insulin is
o use the previous day’s insulin coverage and add it to the
asal or bolus coverage the following day. When adjust-

Table 2 Insulin prescribed at discharge

No Yes Total

Fasting euglycemia
Not achieved 59 26 85
Achieved 84 39 123

Random euglycemia
Not achieved 8 5 13
Achieved 90 60 150

Table 3 Thirty day readmission

No Yes Total

Fasting euglycemia
Not achieved 70 15 85
Achieved 98 25 123

Random euglycemia
Not achieved 11 2 13
Achieved 121 29 150
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ents were made, the glucose level was 1.9 to 2.4 times
reater than the glucose goals recommended by the ADA.
he mean glucose that triggered an adjustment in glucose-

owering treatment was �250 mg/dL, indicating that phy-
icians were waiting too long before responding to hyper-
lycemia. This may be caused by a lack of recognition of
lucose goals, failure to recognize hyperglycemia, lack of
onfidence in the benefits of tighter glucose control, or
hoosing to address other problems for the patient.

The NICE SUGAR study was published after the com-
letion of this study, and new recommendations have been
ade by the AACE and ADA, as stated previously. Even

aking into account the new less stringent glucose goals, the
lucose levels in this study are still much higher than was
een in the NICE SUGAR routine care group.

Atherosclerosis has been linked to two-hour postprandial
lucose control and excessive glucose excursions. Sliding-
cale insulin increases this risk because it is a reactive
pproach causing wide fluctuations in glucose control. This
s exemplified by the mean glucose excursions in the pa-
ients, found to be 87 mg/dL. Despite the evidence that
liding-scale insulin is ineffective, 52% who were on insulin
ere given sliding scale alone. Only two patients (0.9%)
ere on a true basal, bolus, corrective therapy. No insulin
as used in 55% of patients.
We were unable to attain statistical significance for the

utcomes of insulin prescribed at discharge and 30-day
eadmission. This was believed to be a result of the small
atient population in this study. Despite this, there was
vidence demonstrating poor control of hyperglycemia in
he hospital, identifying many areas for improvement.

This study has a number of significant limitations. The
mall number of participants limited power in this study and
eneralizability of the results. The participants in this study
ere a heterogeneous population, including patients who
ere on corticosteroids and total parenteral nutrition; these
atients are known to have difficulty with glucose control.
ecause this was a retrospective chart review, postprandial
lucose was obtained by a change in glucose between meals
nstead of a true two-hour postprandial reading. This may
lter the findings because of different time frames between
eadings in each patient. Only increases in glucose between
eals were calculated for analysis.

ummary

yperglycemia continues to be poorly controlled in hospi-
alized patients despite multiple studies showing poor out-
omes with ineffective glucose control. Insulin treatment
egimens are adjusted infrequently in hospitalized patients.
he glucose level triggering adjustment is well beyond that

hich is recommended by the ADA and AACE. Sliding-
cale insulin continues to be relied on as the sole glucose
anagement in the majority of patients and is not adjusted

roperly when it is used. Glucose control does not seem to
e a priority, despite a risk of increased morbidity and
ortality. Hyperglycemia does not merely affect a single

ody system; it causes systemic harm and prevents the
ealing process. When hyperglycemia is not addressed ap-
ropriately, patients may be unnecessarily exposed to pos-
ible complications.

Future research is needed to evaluate additional strate-
ies that can be implemented to improve glucose control in
he hospital. We need to further explore morbidity and
ortality measures in patients on SSI versus basal-bolus

nsulin. Further research should be pursued to determine the
ffect on patient outcomes of postprandial hyperglycemia in
ospitalized patients.
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