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Background: The aim of this study is to observe the outcome of critically ill patients in relation to blood glucose level at admis-
sion and to determine the optimal range of blood glucose at admission predicting lower hospital mortality among critically ill
patients.

Methods: We conducted a retrospective cohort study of a total 1,224 subjects (males, 798; females, 426) admitted to intensive
care unit (ICU) from 1 January 2009 to 31 December 2010. Blood glucose levels at admission were categorized into four groups
(group 1, <100 mg/dL; group 2, 100 to 199 mg/dL; group 3, 200 to 299 mg/dL; and group 4, =300 mg/dL).

Results: Among 1,224 patients, 319 patients were already known diabetics, and 296 patients died in ICU. Five hundred fifty-sev-
en subjects received insulin therapy, and 118 received oral hypoglycemic agents. The overall mortality rate was 24.2% (296 pa-
tients). The causes of death and mortality rates of diabetic patients were not different from nondiabetic subjects. The mortality
curve showed ] shape, and there were significant differences in mortality between the groups of blood glucose levels at admis-
sion. Group 2 had the lowest mortality rate (P<0.05).

Conclusion: These results suggest that serum glucose levels upon admission into ICU is associated with clinical outcomes in
ICU patients. Blood glucose level between 100 and 199 mg/dL at the time of ICU admission could predict lower hospital mortal-

ity among critically ill patients.

Keywords: Blood glucose; Intensive care units; Mortality

INTRODUCTION

Hyperglycemia is common in critically ill patients during hos-
pital admission, even in those who have not been diagnosed
with diabetes mellitus [1,2]. The prevalence of hyperglycemia
among hospitalized patients is estimated to be around 40% [3].
The release of stress hormones (e.g., epinephrine and cortisol),
leads to increase in adipose tissue lipolysis and skeletal muscle
proteolysis. Hepatic glycogenolysis mediated by catechol-
amine, as well as the direct sympathetic stimulation of glyco-
gen breakdown, lead to hyperglycemia. The use of exogenous
glucocorticoids and catecholamines, in addition to the release
of proinflammatory cytokines, such as tumor necrosis factor,

interleukin (IL)-1, and IL-6 in cases of sepsis or surgical trau-
ma, also contribute to hyperglycemia in critically ill patients
[4]. The use of intravenous dextrose commonly used in paren-
teral nutrition and solutions of intravenous medication could
also contribute to hyperglycemia [5]. Hyperglycemia is linked
to poor immune response, inflammatory changes, vascular re-
sponse, thrombosis, increased cardiovascular events, brain cell
response, delayed healing, and other problems [6]. Therefore,
poorly controlled hyperglycemia is associated with increased
morbidity and mortality in critically ill patients [7]. There has
been some clinical trials of glucose management in critically
ill patients. These trials examining the effects of tight glucose
control have revealed conflicting results [8-16]. Moreover, sys-
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tematic reviews and meta-analyses have derived different con-
clusions [17,18].

In this study, we aimed to observe the outcome of critically
ill patients in relation to blood glucose levels upon admission
to intensive care unit (ICU) and to identify the optimal range
of blood glucose upon ICU admission that predicts lower hos-
pital mortality among critically ill patients.

METHODS

Subjects

We obtained data on 1,247 patients who were admitted to ICU
of Yeungnam University Medical Center from January 1 2009
to December 31 2010. 23 subjects who spent less than 24 hours
in ICU were excluded from this study. The total subjects were
composed of 798 males and 426 females.

Study design

We performed a retrospective cohort study involving both
medical and surgical patients admitted to the ICU. Our ICU is
a closed unit that does not service cardiologic and neurosurgi-
cal patients. Admission blood glucose level was defined as the
first nonfasting serum blood glucose level measured at the time
of the admission to ICU. All subjects were assigned to one of
the four groups according to admission blood glucose levels
based on previously studied clinical trials on admission blood
glucose (group 1 [n=110], below 100 mg/dL; group 2 [n=799],
above 100 mg/dL and below 200 mg/dL; group 3 [n=246],
above 200 mg/dL and below 300 mg/dL; and group 4 [n=69],
above 300 mg/dL) [19,20].

Primary outcome was defined as death from any cause. The
causes of death were divided into four categories: multiple or-
gan failure with proven septic focus, multiple organ failure
without detectable septic focus, severe brain damage, and
acute cardiovascular collapse. The mortality was analyzed ac-
cording to presence of diabetes and the use of intravenous in-
sulin to control blood glucose.

The protocol was approved by the Institutional Review
Board of Yeungnam University Medical Center. Informed
consent was exempted by the board due to the retrospective
nature of the study.

Statistical analysis
The baseline characteristics of subjects were collected, includ-

ing demographic, clinical characteristics, past medical history,
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and medication history. Mean +standard deviation was calcu-
lated for continuous variables. Comparisons of continuous
variables between groups were carried out using Student #-test
and one-way analysis of variance when appropriate. A two-
level logistic regression analysis was used to determine the re-
lationship between admission blood glucose level and mortal-
ity. The mortality rates between the groups were compared
with Kaplan-Meier curves. All statistical analyses were per-
formed using SPSS version 20.0 for Windows (IBM Co., Ar-

Table 1. Clinical characteristics of study subjects

Characteristic Total Non-DM bM
(n=1,224) (n=905) (n=319)
Male 798 (65.2) 578 (63.9) 220 (69.0)
Age, yr 63.48+£13.68 63.04t14.3 64.73+£11.65
BMI, kg/m2 22.47+3.45 22.46+3.42 22.52+3.54
Hypertension 375 (30.6) 207 (22.9) 168 (52.7)
history*
Use of insulin®® 557 (45.5) 268 (29.6) 289 (90.6)
Use of OHA™ 118 (9.6) 11(1.2) 107 (33.5)
Glucose® 170.78+67.83 165.43+64.44 185.97+74.69
BUN, mg/dL* 19.37+18.97 17.86+16.28 23.66+24.61
Creatinine, mg/dL*  1.57+5.42 1.18+1.62 2.69+10.2
AST, mg/dL 85.69+£30.11 95.45+34.63 58.07+£36.85
ALT, mg/dL 66.88+£34.11 76.31+£39.90 40.21+£38.03
Diagnostic category
Respiratory 227 (22.6) 195 (21.5) 82 (25.7)
GI or liver 269 (22.0) 207 (22.9) 62 (19.4)
Hematologic/ 288 (23.5) 228 (25.2) 60 (18.8)
Oncologic
Other sepsis 43 (3.5) 34(3.8) 9(2.8)
Cardiovascular 197 (16.1) 141 (15.6) 56 (17.6)
Neurologic 68 (5.6) 44 (4.9) 24(7.5)
Renal 36 (2.9) 24(2.7) 12 (3.8)
Metabolic 24 (2.0) 17 (1.9) 7(2.2)
Other 22(1.8) 15(1.7) 7(2.2)
Length of 25.4+25.1 25.7£26.0 24.9+22.5
ICU stay, day
Mortality, % 296 (24.2) 213 (23.5) 83 (26.0)

Values are presented as number (%) or mean +standard deviation.
DM, diabetes mellitus; BMI, body mass index; OHA, oral hypoglyce-
mic agent; BUN, blood urea nitrogen; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; GI, gastrointestinal; ICU, inten-
sive care unit.

*P<0.05 between diabetic and nondiabetic groups, *Use during ICU
stay.
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monk, NY, USA) with 5% significance level (P<0.05).

RESULTS

Study population

The baseline characteristics of the subjects are shown in Table
1. The mean age of subjects was 63.48+13.68 years, and 65.2%
of subjects were male. Of 1,224 total subjects, 319 were already
known diabetics, and 905 were not. Five hundred and fifty-
seven patients received insulin therapy, and 118 had received
oral hypoglycemic agents (OHAs) during ICU stay. The histo-
ry of hypertension, frequency of insulin or OHA using and
mean serum glucose, blood urea nitrogen, creatinine were sig-
nificantly higher among diabetic patients (P<0.05). The diag-
nosis at admission was divided into nine categories: respirato-
ry, gastrointestinal or liver, hemato-oncologic, other sepsis,
cardiovascular, neurologic, renal, metabolic diseases, and oth-
ers. The distribution of diagnosis at admission was not differ-
ent between diabetics and nondiabetics. The mean length of
stay in ICU was 25.44 days, which was not different between
the two groups.

Mortality

The total mortality rate was 24.2% (296 subjects), and it was
not different between diabetic and nondiabetic subjects (Table
1). The mortality rate was not significantly different between
diabetics and nondiabetic subjects (26.0% vs. 23.4%; P=0.40),
and the causes of death were also not different. Mortality rates
according to admission blood glucose levels are shown in Fig.
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1. The mortality rate was the lowest in the group 2, and mor-
tality curve showed ] shape (group 1, 31%; group 2, 20%;
group 3, 24%; group 4, 52%; P<0.05 for trend). These tenden-
cies were maintained when the subjects were divided into the
diabetic (group 1, 25%; group 2, 21%; group 3, 25%; group 4,
68%; P<0.05 for trend) and nondiabetic patients (group 1,
34%; group 2, 20%; group 3, 25%; group 4, 45%; P<0.05 for
trend). In a two-level logistic regression analysis, the odds ra-
tio of mortality for group 1, group 3, and group 4 were 1.41
(95% confidence interval [CI], 1.36 to 1.49), 1.33 (95% CI, 1.26
to 1.39), and 1.97 (95% CI, 1.83 to 2.12) compared to group 2
(P<0.05). Group 2 had the highest survival rate in Kaplan-
Meier curves (Fig. 2). The mortality rates were not different
statistically between insulin group (28.7%, n=160) and nonin-
sulin group (20.3%, n=136).
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Fig. 2. Kaplan-Meier survival analysis between each blood
glucose groups. ICU, intensive care unit.

70% 70% r
, 0% @ 60% 60% f
-~ w
5 50% T 50% S 50% [
w I o~
E 4%} S g
g = g 40% 2 40% f
= 4 =
a o L < 7
§ 30% £.30% § 30% -
£ 200 | s £
= 5 20% S 20%
5 = 8
= 10% f 10% = 109 |
o N 9 9 N 0% ‘ ‘ ‘ 0%
S 9 O N N S) S} o N S} Sy M
£ S Sk v > & & 2 N o & 2
A v S > N >

()

Blood glucose levels (mg/dL)

Blood glucose levels (mg/dL)

(5] (C]

Blood glucose levels (mg/dL)

Fig. 1. (A-C) Relationship between blood glucose levels and mortality rate in each subjects group (P<0.05 for trend). *P<0.05.
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DISCUSSION

Hyperglycemia is associated with increased mortality and
poor outcome in hospitalized patients, even those who have
not previously had diabetes. Traditionally, acute hyperglyce-
mia has been defined as random glucose concentration greater
than 200 mg/dL [21], but in 2010, the American Diabetes As-
sociation proposed a threshold of 140 mg/dL [22].

Stress hyperglycemia occurs in acute injury and illness due
to several mechanisms, and it alters the immune system, me-
diators of inflammation, vascular response, and brain-cell re-
sponse [3]. Hyperglycemia itself causes immunosupression
leading to infection, and it also increases blood pressure and
natriuretic peptide levels. Hyperglycemia also results in nu-
merous adverse effects on the cardiovascular system, including
impaired protective mechanism against cardiac insult. Acute
hyperglycemia induces platelet hyperactivity causing throm-
botic events in hospitalized patients and is associated with en-
hanced neuronal damage inducing brain ischemia [23]. There-
fore, the recently published guidelines have recommended a
blood glucose target between 140 and 180 mg/dL for critically
ill patients [24,25].

In one study of 6,891 community acquired pneumonia pa-
tients, those with mild hyperglycemia upon admission (serum
glucose levels, 108 to 198 mg/dL) had a significantly increased
risk of death at 90 days (hazard ratio, 1.56), which increased to
2.37 when admission blood glucose levels were >252 mg/dL
[26]. In another study of 1,550 critically ill children, patients
with high serum glucose level in the first day of pediatric ICU
admission (>200 mg/dL) had longer mechanical ventilation
days, longer pediatric ICU length of stay, and lower percentage
of survival than those with normal serum glucose (<200 mg/
dL) [27]. Furthermore, patients with admission hyperglyce-
mia (>135 mg/dL) had higher hospital mortality than those
with normoglycemia (<100 mg/dL) in polytraumatised pa-
tients [19]. Although this study did not include cardiologic
and neurosurgical patients, admission blood glucose was also
associated with in-hospital mortality in acute ST-elevation
myocardial infarction [28] and with severity, mortality, and
poor functional recovery in patients with intracerebral hem-
orrhage [20,29].

Our study showed that blood glucose levels upon admission
influences mortality. The patients who had admission blood
glucose ranging between 100 and 199 mg/dL had the lowest
mortality rate, which is similar to previous studies. The mor-
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tality demonstrated a J shaped curve. A recent large random-
ized NICE-SUGAR study including 6,104 patients in ICU re-
ported that intensive glucose control group (target blood glu-
cose range, 81 to 108 mg/dL) had higher risk of severe hypo-
glycemia and increased mortality than conventional control
group (target of 180 mg/dL or less) among patients in ICU
[16]. Additionally, in a study of 66,684 critically ill patients,
early hypoglycemia (within 24 hours of admission, blood glu-
cose <81 mg/dL) was associated with increased risk of hospi-
tal death (odds ratio, 1.36) [30]. It is possible that the risk of
hypoglycemia is higher in group 1, which may have contribut-
ed to increased mortality of this group.

The admission blood glucose range with the lowest mortali-
ty rate was not significantly different between diabetes and
nondiabetes nor was the mortality rate of subjects with diabe-
tes different from those who without diabetes. Furthermore,
the mortality rate was not influenced by insulin therapy. The
lack of differences in mortality rate between diabetics and
nondiabetics or insulin therapy and oral pharmacologic thera-
py may be due to stress hyperglycemia per se more influencing
mortality more powerfully than the pathophysiology underly-
ing the hyperglycemia.

Our study has several limitations. We didn’t divide subjects
into surgical or medical patients. The assessment of degrees of
disease severity, such as Acute Physiology and Chronic Health
Evaluation score, which was missed in our analysis could af-
fect mortality. Another limitation is the lack of duration of di-
abetes and hemoglobin Alc on ICU admission, which may be
important confounders. In addition, other confounders, such
as the use of glucocorticoids, exogenous catecholamine, and
parenteral nutrition, were not evaluated in this study, which
could also influence hyperglycemia and mortality. However,
since this study evaluated the association between mortality
and blood glucose levels upon ICU admission, rather than
those during ICU stay, we could exclude the effects of glucose-
lowering interventions on mortality. This study was an obser-
vational study which identified the optimal range of admission
serum glucose concentrations predicting lower in-hospital
mortality.

In conclusion, the blood glucose concentrations upon ICU
admission was associated with clinical outcomes in ICU pa-
tients, and admission blood glucose ranges of 100 to 199 mg/dL
predicted lower hospital mortality among critically ill patients.
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