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Abstract: Background: This study was designed to measure the effect of stress-induced
hyperglycemia (SIH) and diabetic hyperglycemia (DH) versus non-diabetic normoglycemia (NDN)
on the outcomes of trauma patients in the intensive care unit (ICU). Methods: Diabetes mellitus
(DM) was determined based on patient history and/or a hemoglobin A1c (HbA1c) level of ≥6.5% at
admission. The patients who had serum glucose levels of ≥200 mg/dL in the absence or presence
of DM were assigned into the groups SIH and DH, respectively. Diabetic normoglycemia (DN) and
NDN were determined based on serum glucose levels of <200 mg/dL in patients with and without
DM, respectively. Patients with burn injury or incomplete data were excluded. Detailed data of
trauma patients in the ICU of a Level-I trauma center from 1 January 2009 to 31 December 2016
were retrieved from the database of the Trauma Registry System. These patients were classified into
four exclusive groups, including NDN (n = 1745), DN (n = 306), SIH (n = 225) and DH (n = 206).
The Pearson chi-square test was used to compare categorical data between groups. Continuous
variables were compared using one-way analysis of variance along with the Games–Howell post hoc
test. To decrease the confounding effect of the differences in sex and age, preexisting comorbidities
and injury severity score (ISS) among different groups of patients, 1:1 ratio propensity score-matched
cohorts were assigned using the NCSS software. The effect of hyperglycemia on the outcomes of
patients with and without DM was assessed with a logistic regression analysis. Results: Among those
selected propensity score-matched patient cohorts, the patients with SIH and DH had a 3.88-fold
(95% CI, 2.13–7.06; p < 0.001) and 1.83-fold (95% CI, 1.00–3.34; p = 0.048) higher mortality, respectively,
than those with NDN. Moreover, the patients in the SIH group (10.0 vs. 7.4 days; p = 0.005) and those
in the DH group (10.1 vs. 7.4 days; p = 0.006) who were admitted to the ICU had a significantly longer
length of stay than those in the NDN group. In addition, the SIH group had a 2.13-fold (95% CI,
1.04–4.36; p = 0.038) higher adjusted odds ratio for mortality than the DH group. Conclusions:
This study revealed significantly worse outcomes in terms of mortality among patients with SIH and
DH who were admitted to the ICU after controlling for sex and age, preexisting comorbidities and
ISS. In addition, patients who had SIH presented significantly higher adjusted odds for mortality
than those DH patients. These results suggest that hyperglycemia is detrimental in patients with or
without DM who were admitted to the ICU, and there is a different pathophysiological mechanisms
behind the SIH and DH.
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1. Background

Hyperglycemia is commonly presented among patients in the intensive care unit (ICU). Several
published studies have indicated an association between hyperglycemia (a level of serum glucose
≥200 mg/dL) and worse outcomes in trauma patients who were admitted to the ICU [1–4]. However,
not all patients with hyperglycemia had diabetes mellitus (DM), and hyperglycemia may be due
to undiagnosed DM or may be secondary to stress [5]. In 2014, there were 21 million individuals
presenting with DM and 8.1 million individuals had undiagnosed DM, accounting for 6.7% and 2.6%
of the total population, respectively, in the United States [6]. Nearly a quarter of the trauma patients
with hyperglycemia were attributed to an undiagnosed DM, which was determined based on an
elevated HbA1c level [7]. In a study on 5117 trauma patients, DM was found in 446 patients (8.7%),
of which 137 (2.7%) were either diagnosed with occult DM, had an elevated HbA1c level or did not
have a history of DM [8]. Of the 137 patients with undiagnosed DM, 85 presented with hyperglycemia,
accounting for 16.8% of the patients with hyperglycemia [9].

With the correlation between cortisol and catecholamine levels and injury severity [10], stress-induced
hyperglycemia (SIH) commonly occurs in trauma patients who have critical illnesses [9,11–16].
The neuroendocrine response to stress can increase the greater adrenal cortical output by 10 times,
including excessive glycogenolysis, gluconeogenesis and insulin resistance [17]. An increased level of the
pituitary hormone and sympathetic nervous system activation can result in a significant increase in blood
glucose levels [18]. Hyperglycemia is believed to be attributed to the insufficient secretion of insulin to
cope with the hyperglycemic effect from the catecholamine [19]. Patients with preexisting DM are more
susceptible to hyperglycemia due to insulin resistance and subsequent hyperglucagonemia as a natural
progression of the disease than in patients without DM during the acute illness [20].

The critically ill nondiabetic hyperglycemic population comprises patients with undiagnosed DM
and the patients with SIH [5,21]. The severity of SIH is characterized by its higher rates of morbidity
and mortality when compared with those without preexisting DM [13,15,16,22,23]. In the evaluation of
the differential effect of SIH versus diabetic hyperglycemia (DH) on the outcomes of trauma patients,
a significantly higher mortality rate had been reported in those patients with SIH, but not with
DH [8,24–26]. The mortality risk was two-fold higher in patients with SIH than the DH patients,
whose mortality risk did not significantly increase [8]. Among the selected propensity score-matched
patients in terms of all trauma cases, similar results were observed as those patients with SIH had
3.0-fold higher odds ratio of mortality than the patients with non-diabetic normoglycemia (NDN).
Nonetheless, patients with DH did not have a significantly increased rate of mortality than those
NDN [24]. Few studies have evaluated the differential effect of SIH versus DH on the outcomes of
critically ill trauma patients who required ICU admission [8,27]. This study was designed to measure
the effect of SIH and DH versus NDN on the outcomes of trauma patients in the ICU under the
reduction of the confounding effect of the differences in sex and age, preexisting comorbidities and
injury severity among the patient cohorts. Moreover, selected propensity score-matched patients were
evaluated for outcome assessment. We hypothesized that patients with SIH who were admitted to the
ICU had a worse outcome than those patients with DH.

2. Methods

2.1. Ethics Statement

The institutional review board (IRB) of the Kaohsiung Chang Gung Memorial Hospital, a Level I
regional trauma center in southern Taiwan [28,29], approved this study with Reference Number
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201701331B0. The need for informed consent was waived because this is a retrospective study that
used data from the registered data of the Trauma Registry System.

2.2. Study Population

This study included all adult patients who sustained a trauma injury and were admitted to the
ICU from 1 January 2009 to 31 December 2016. This study only included adult patients aged ≥20 years
with available data of serum glucose level at the emergency department (ED), as well as a history of
DM or measured HbA1c level. Patients with burn injury or incomplete data were excluded. Based on
the current recommendations of the American Diabetes Association [30], hyperglycemia is diagnosed
when there was a serum glucose level of ≥200 mg/dL at ED, and DM was defined according to
patient history and/or hemoglobin A1c (HbA1c) level of ≥6.5% upon or during the first month of
admission. Therefore, patients without hyperglycemia, but with DM were assigned to the NDN group,
and those without hyperglycemia, but with DM were assigned to the DN group. Moreover, patients
who had hyperglycemia with and without DM were assigned to the DH and SIH groups, respectively.
The study population was classified into four exclusive groups according to the abovementioned
definitions (Figure 1). The retrieved information of the patients included: age; sex; comorbidities, such
as coronary artery disease (CAD), congestive heart failure (CHF) and cerebral vascular accident (CVA),
hypertension (HTN) and end-stage renal disease (ESRD); serum glucose level upon admission to ED;
HbA1c level upon admission to ED or within 1 month of hospitalization; ISS; comorbidities such as
pneumonia or acute renal failure (ARF) diagnosed during the course of hospitalization; length of stay
(LOS) in the ICU; and mortality in the hospital.
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Figure 1. Flowchart of the allocation of patients into the non-diabetic normoglycemia (NDN), diabetic
normoglycemia (DN), stress-induced hyperglycemia (SIH) and diabetic hyperglycemia (DH) groups
according to the existence of hyperglycemia (serum glucose level ≥200 mg/dL) and DM (patient
history and/or admission HbA1c level ≥6.5%).

2.3. Statistical Analysis

Statistical analysis was performed using Windows Version 22.0 SPSS software (IBM Corp.,
Armonk, NY, USA). Mortality of the patients in the hospital was the primary outcome of the study.
The secondary outcomes included LOS in the ICU and the prevalence rate of pneumonia and ARF
during hospitalization. The odds ratios (ORs) with 95% CIs of the associated conditions of the
patients were presented. The Levene’s test was used to estimate the homogeneity of variance of
the continuous variables. For the continuous variables, the one-way analysis of variance (ANOVA)
with the Games–Howell post hoc test was used to evaluate the differences among groups of patients.
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Continuous data were expressed as the mean ± the standard deviation. The ISS was expressed as the
median and interquartile range (IQR, Q1–Q3). To reduce the confounding effects of a non-randomized
assignment in assessing outcomes of patients, the NCSS software (NCSS 10; NCSS Statistical Software,
Kaysville, UT, USA) was used to create a 1:1 matched patient cohort according to the propensity
scores calculated with the greedy method with the following covariates: sex and age, preexisting
comorbidities and ISS. The mortality outcomes, as well as the prevalence rates of pneumonia and
ARF were assessed using a binary logistic regression model. The LOS in the ICU was calculated with
ANOVA. Statistically significance was indicated when there was a p-value < 0.05.

3. Results

3.1. Patient and Injury Characteristics

During the study period, a total of 2482 patients were enrolled in this study (Figure 1) and
assigned into four groups: NDN (n = 1745), DN (n = 306), SIH (n = 225) and DH (n = 206) (Table 1).
Compared with the NDN group, a significant predominant female population was observed in the
patients with DN and DH (Table 2). However, in terms of sex, there was no significant difference
between the SIH and NDN group. The patients with DN and DH were significantly older than those
with NDN. However, no significant difference was found between the patients in the SIH and NDN
groups in terms of age. In addition, the patients with SIH were significantly younger than those with
DH. The prevalence rates of DN and DH among individuals with comorbidities were significantly higher
than those with NDN. However, no significant difference was observed in the SIH group compared with
the NDN group in terms of the prevalence rates of comorbidities. The prevalence rates of preexisting
comorbidities, such as HTN, CAD and CVA, were significantly lower among patients with SIH than those
patients with DH. With a higher ISS, the individuals with SIH (median (IQR, Q1–Q3), 24 [16–29]) had a
significantly severe injury compared to those with NDN (16 [13–24]), DN (16 [9–20]) and DH (17 [14–25]).
Compared with NDN, DH had a significantly higher ISS. However, DN had a significantly lower ISS.
In addition, more patients with SIH had an ISS of ≥25 than those patients in the NDN, DN or DH group.

Table 1. Epidemiological characteristics of the patients.

Variables NDN (n = 1745) DN (n = 306) SIH (n = 225) DH (n = 206)

Sex

Male 1144 (65.6) 164 (53.6) 145 (64.4) 117 (56.8)
Female 601 (34.4) 142 (46.4) 80 (35.6) 89 (43.2)

Age 53.3 ± 20.5 69.1 ± 11.8 54.0 ± 17.9 65.5 ± 12.9

Comorbidity
HTN 407 (23.3) 209 (68.3) 51 (22.7) 128 (62.1)
CAD 79 (4.5) 37 (2.1) 9 (4.0) 29 (14.1)
CHF 8 (0.5) 7 (2.3) 3 (1.3) 6 (2.9)
CVA 60 (3.4) 43 (14.1) 3 (1.3) 20 (9.7)
ESRD 3 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

ISS, median = (IQR) 16 (13–24) 16 (9–20) 24 (16–29) 17 (14–25)
<16 542 (31.1) 108 (35.3) 40 (17.8) 55 (26.7)
16–24 809 (46.4) 142 (46.4) 75 (33.3) 92 (44.7)
≥25 394 (22.6) 56 (18.3) 110 (48.9) 59 (28.6)

Mortality, n (%) 161 (9.2) 27 (8.8) 77 (34.2) 41 (19.9)
ICU LOS (days) 6.7 ± 7.8 8.9 ± 10.9 10.1 ± 12.0 10.1 ± 11.2
Pneumonia 74 (4.2) 28 (9.2) 12 (5.3) 20 (9.7)
ARF 19 (1.1) 8 (2.6) 4 (1.8) 3 (1.5)

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive
care unit; LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic
normoglycemia; SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia.
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Table 2. Comparison of the characteristics, injury severities and outcomes among the patient groups.

DN vs. NDN SIH vs. NDN DH vs. NDN SIH vs. DH

Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Sex <0.001 0.741 0.013 0.104
Male 0.61 (0.48–0.78) 0.95 (0.71–1.27) 0.69 (0.52–0.93) 1.38 (0.94–2.03)
Female 1.65 (1.29–2.11) 1.05 (0.79–1.40) 1.45 (1.08–1.94) 0.73 (0.49–1.07)

Age - <0.001 - 0.544 - <0.001 - <0.001

Comorbidity
HTN 7.08 (5.43–9.23) <0.001 0.96 (0.69–1.34) 0.826 5.40 (3.99–7.30) <0.001 0.18 (0.12–0.27) <0.001
CAD 2.90 (1.92–4.38) <0.001 0.88 (0.44–1.78) 0.719 3.46 (2.20–5.43) <0.001 0.25 (0.12–0.55) <0.001
CHF 5.08 (1.83–14.12) 0.003 2.93 (0.77–11.14) 0.122 6.51 (2.24–18.96) 0.002 0.45 (0.11–1.83) 0.321
CVA 4.59 (3.04–6.94) <0.001 0.38 (0.12–1.22) 0.091 3.02 (1.78–5.12) <0.001 0.13 (0.04–0.43) <0.001
ESRD - 1.000 - 1.000 - 1.000 - -

ISS, median (IQR) - <0.001 - <0.001 - 0.194 - <0.001
Mortality, n (%) 0.95 (0.62–1.46) 0.822 5.12 (3.72–7.05) <0.001 2.45 (1.67–3.57) <0.001 2.09 (1.35–3.25) 0.001
ICU LOS (days) - 0.001 - <0.001 - <0.001 - 0.986
Pneumonia 2.27 (1.45–3.58) <0.001 1.27 (0.68–2.38) 0.450 2.43 (1.45–4.07) 0.001 0.52 (0.25–1.10) 0.084
ARF 2.44 (1.06–5.62) 0.049 1.64 (0.55–4.88) 0.324 1.34 (0.39–4.58) 0.500 1.23 (0.27–5.54) 1.000

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular accident;
ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive care unit;
LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic normoglycemia;
SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia; CI = confidence interval; OR = odds ratio.

3.2. Outcomes of the Patients

The SIH group had 5.12-fold higher rates of mortality (95% CI, 3.72–7.05; p < 0.001) and a
significantly longer stay in the ICU (10.1 vs. 6.7 days, respectively; p < 0.001) than the NDN group.
However, no significant difference was found in the odds for pneumonia and ARF. Compared to
NDN, DH had 2.45-fold higher odds for mortality (95% CI, 1.67–3.57; p < 0.001), a longer LOS in the
ICU (10.1 vs. 6.7 days, respectively; p < 0.001) and higher odds for patients to sustain pneumonia
complication (OR, 2.43; 95% CI, 1.45–4.07; p = 0.001). However, there was no significant difference in
terms of the prevalence rate of ARF between the DH and the NDN groups. The DN group did not have
a significantly higher odds of mortality than the NDN group; however, the DN group had a longer
LOS in the ICU and higher rates of pneumonia (OR, 2.27; 95% CI, 1.45–3.58; p < 0.001), as well as ARF
(OR, 2.44; 95% CI, 1.06–5.62; p = 0.049). Compared to the DH group, the SIH group had significantly
higher odds for mortality, but no significant differences were observed in the LOS in the ICU, as well
as in the odds for patients with pneumonia and ARF between these two groups of patients.

3.3. Outcomes of the Selected Propensity Score-Matched Patients

With the decrease in the effect of the differences in sex and age, preexisting comorbidities and ISS of
the patient population on the outcome assessment, patients in propensity score-matched cohorts were
selected for further comparison. Using the NDN group as the control, 290, 214 and 200 well-balanced
pairs of individuals with DN, SIH and DH, respectively, were selected. Using the DH group as the
control, 106 balanced pairs of individuals with SIH were selected. There were no significant differences
among the selected pairs of propensity score-matched patients in terms of sex, age, comorbidity and
ISS (Table 3). As shown in Table 4, outcomes of the propensity score-matched patients revealed that,
compared to the NDN group, the patients with SIH had 3.88-fold higher odds for mortality (95% CI,
2.13–7.06; p < 0.001), and the LOS in the ICU was significantly longer (10.0 vs. 7.4 days, respectively;
p = 0.005). However, no significant differences were observed in the prevalence rates of pneumonia
and ARF between the SIH and NDN groups. The patients with DH had a 1.83-fold higher odds for
mortality (95% CI, 1.00–3.34; p = 0.048), and the LOS in the ICU was significantly longer (10.1 vs.
7.4 days, respectively; p = 0.006) than the patients with NDN. However, there were no differences
regarding the prevalence rates of pneumonia and ARF between the SIH and NDN groups. Between the
NDN and DN groups, the mortality rate, LOS in the ICU or prevalence rates of pneumonia and ARF
did not significantly differ. Compared to those patients with DH, the patients with SIH still present
2.13-fold higher odds for mortality (95% CI, 1.04–4.36; p = 0.038). No differences were observed in the
LOS in the ICU and prevalence rates of pneumonia and ARF between the SIH and DH groups.
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Table 3. Assessment of covariates in patients adjusted in 1:1 greedy propensity-score matching.

Propensity-Score Matched Cohort

DN vs. NDN DN (n = 290) NDN (n = 290) OR (95% CI) p

Sex 1.00 (0.72–1.39) 1.000
Male 158 (54.5) 158 (54.5)
Female 132 (45.5) 132 (45.5)

Age 69.1 ± 11.8 69.1 ± 12.0 0.992

Comorbidity
HTN 195 (67.2) 195 (67.2) 1.00 (0.71–1.42) 1.000
CAD 27 (9.3) 27 (9.3) 1.00 (0.57–1.75) 1.000
CHF 1 (0.3) 1 (0.3) 1.00 (0.06–16.06) 1.000
CVA 33 (11.4) 33 (11.4) 1.00 (0.60–1.67) 1.000
ESRD 0 0 - -

ISS, median (IQR) 16 (9–20) 16 (9–20) - 0.696

SIH vs. NDN SIH (n = 214) NDN (n = 214) OR (95% CI) p

Sex 1.00 (0.67–1.49) 1.000
Male 138 (64.5) 138 (64.5)
Female 76 (35.5) 76 (35.5)

Age 53.8 ± 17.6 53.5 ± 17.7 - 0.883

Comorbidity
HTN 48 (22.4) 48 (22.4) 1.00 (0.64–1.58) 1.000
CAD 6 (2.8) 6 (2.8) 1.00 (0.32–3.15) 1.000
CHF 0 (0.0) 0 (0.0) - -
CVA 3 (1.4) 3 (1.4) 1.00 (0.20–5.01) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 24 (16–29) 24 (16–29) - 0.964

DH vs. NDN DH (n = 200) NDN (n = 200) OR (95% CI) p

Sex 1.00 (0.67–1.49) 1.000
Male 115 (57.5) 115 (57.5)
Female 85 (42.5) 85 (42.5)

Age 65.4 ± 13.0 65.8 ± 13.3 - 0.767

Comorbidity
HTN 124 (62.0) 124 (62.0) 1.00 (0.67–1.50) 1.000
CAD 27 (13.5) 27 (13.5) 1.00 (0.56–1.78) 1.000
CHF 1 (0.5) 1 (0.5) 1.00 (0.06–16.10) 1.000
CVA 20 (10.0) 20 (10.0) 1.00 (0.52–1.92) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 17 (14–25) 17 (13.25–25) - 0.767

SIH vs. DH SIH (n = 106) DH (n = 106) OR (95% CI) p

Sex 1.00 (0.58–1.72) 1.000
Male 61 (57.5) 61 (57.5)
Female 45 (42.5) 45 (42.5)

Age 61.8 ± 15.0 61.5 ± 13.9 - 0.872

Comorbidity
HTN 42 (39.6) 42 (39.6) 1.00 (0.58–1.73) 1.000
CAD 5 (4.7) 5 (4.7) 1.00 (0.28–3.56) 1.000
CHF 0 (0.0) 0 (0.0) - -
CVA 3 (2.8) 3 (2.8) 1.00 (0.20–5.07) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 20 (16–25) 20 (16–25) - 0.998

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive care
unit; LOS = length of stay; NDN = nondiabetic normoglycemia; DN = diabetic normoglycemia; SIH = stress-induced
hyperglycemia; DH = diabetic hyperglycemia.
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Table 4. Outcomes comparison among the selected propensity score-matched patients.

Propensity-Score Matched Cohort

DN vs. NDN DN (n = 290) NDN (n = 290) OR (95% CI) p

Mortality, n (%) 26 (9.0) 33 (11.4) 0.70 (0.39–1.25) 0.226
ICU LOS (days) 8.5 ± 10.2 7.3 ± 8.0 - 0.108
Pneumonia 26 (9.0) 18 (6.2) 1.47 (0.78–2.75) 0.232
ARF 7 (2.4) 2 (0.7) 3.77 (0.76–18.63) 0.103

SIH vs. NDN SIH (n = 214) NDN (n = 214) OR (95% CI) p

Mortality, n (%) 69 (32.2) 30 (14.0) 3.88 (2.13–7.06) <0.001
ICU LOS (days) 10.0 ± 11.6 7.4 ± 6.8 - 0.005
Pneumonia 12 (5.6) 12 (5.6) 1.24 (0.48–3.19) 0.651
ARF 4 (1.9) 3 (1.4) 0.75 (0.15–3.70) 0.723

DH vs. NDN DH (n = 200) NDN (n = 200) OR (95% CI) p

Mortality, n (%) 39 (19.5) 25 (12.5) 1.83 (1.00–3.34) 0.048
ICU LOS (days) 10.1 ± 11.2 7.4 ± 8.3 - 0.006
Pneumonia 19 (9.5) 13 (6.5) 1.57 (0.70–3.52) 0.270
ARF 2 (1.0) 2 (1.0) 0.66 (0.09–5.08) 0.691

SIH vs. DH SIH (n = 106) DH (n = 106) OR (95% CI) p

Mortality, n (%) 33 (31.1) 20 (18.9) 2.13 (1.04–4.36) 0.038
ICU LOS (days) 10.3 ± 12.9 9.0 ± 9.2 - 0.395
Pneumonia 6 (5.7) 10 (9.4) 0.64 (0.21–1.94) 0.425
ARF 1 (0.9) 2 (1.9) 0.58 (0.05–6.59) 0.658

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive
care unit; LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic
normoglycemia; SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia; CI = confidence interval;
OR = odds ratio.

4. Discussion

Among the patients admitted to the ICU, those with hyperglycemia had a significantly higher
mortality rate than those patients with NDN, regardless of whether it was attributed to stress or DM.
Even after adjusting the differences in sex and age, comorbidities and injury severity among trauma
patients, the mortality rate was 3.88- and 1.83-fold higher in the patients with SIH and DH, respectively,
than that in patients with NDN. This result was not in accordance with that observed in hospitalized
trauma patients in a study by Kerby et al. [8] and our previous report [26], which demonstrated a
significantly higher adjusted mortality for the patients who had SIH, but not for those patients with
DH. For the patients with DH, the difference in the outcome of patients staying in the ICU and staying
in ward indicates that patients with DM who were critically ill had a worse outcome than those with
less severe injury. This study also confirmed the results of previous studies on the different effects of
hyperglycemia on patients with and without DM [26,30].

The difference in the observations may be attributed to the use of mortality as the primary
outcome. DM-specific microvascular disease leads to blindness, atherosclerosis, nerve damage and
renal failure, with an increased risk of myocardial infarction, stroke and limb amputation [31]. Many
studies have also revealed the detrimental effects of hyperglycemia on the immune function [32] and
infection [12,33]. However, the detrimental effect of hyperglycemia may not significantly affect the
prevalence rates of pneumonia and ARF, as well as result in a prolonged stay at the ICU, as shown in
this study. Second, the different observations may be due to the different etiologies between trauma
patients who need to or need not stay in the ICU. Moreover, hyperglycemia had a differential impact on
critically ill patients from different etiological groups [34] because a blood glucose level of >200 mg/dL
was associated with mortality in patients admitted to the ICU due to acute myocardial infarction, but
not in those with sepsis [34]. In the ICU, more patients were prone to severe traumatic brain injury, as
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well as chest and abdomen penetration injury. Moreover, these patients were more likely to experience
hypovolemic shock than those admitted in the ICU.

Hyperglycemia presents a more deleterious effect on critically ill participants without DM
than those with DM [35]. A question frequently asked is whether the preexisting DM may play
a protective role in critically ill patients [35]. Patients with DM may be tolerant to degrees of moderate
hyperglycemia and therefore may be able to adapt to a high-range fluctuations of glucose levels,
whereas patients without DM are less tolerant to even moderate hyperglycemia, thus sustaining an
impaired immune defense and perturbation of the microvascular environment, which may lead to
organ failure in some cases [5]. Moreover, patients with preexisting DM undergo cellular adaptation to
hyperglycemia owing to the reduction of produced reactive oxygen species [36], which is the main
molecular mechanism for glucose-mediated vascular damage [37]. In this study, although a higher
mortality rate was observed among the patients with SIH or DH than those with NDN who were
admitted to the ICU, patients with SIH still had 2.13-fold higher odds of adjusted mortality than those
patients with DH. This result suggests that the mechanisms behind the detrimental effects in these two
hyperglycemia states in critically ill trauma patients were different. Notably, this study revealed that
the mortality rate and LOS in the ICU among patients with DN did not significantly differ compared
to those with NDN. Therefore, we did not agree with the assumption regarding the protective role of
DM in critically ill patients. However, we prefer the concept that the adverse effect of hyperglycemia is
less pronounced in critically ill patients with DM than those without DM.

There were some limitations in this study. First, a retrospective design study may carry a selection
bias. Second, the patients declared to be dead at the scene of the accident or upon arrival at the
ED were not included in the Trauma Registry System, and this might have resulted in selection
bias on mortality outcome assessment. Third, stress might also induce hyperglycemia in patients
with DM [38]. Therefore, without the measurement of catecholamine or stress hormone level, the
estimation of the hazards ratio of mortality between the SIH and DH groups may be biased. Fourth,
the appropriate glucose targets and strategies for sugar control have been inconclusive and may
vary among different ICUs. Therefore, we could only assume that all patients had received uniform
management in the clinical setting. Finally, the HbA1c level may be not accurate in patients receiving
blood transfusions [39], and its value may vary by racial or ethnic group [40]. Thus, it may lead to bias.

5. Conclusions

This study revealed that significantly adverse outcomes in terms of mortality were observed
among trauma patients with SIH and DH who were admitted to the ICU after controlling for sex and
age, preexisting comorbidities and injury severity. In addition, the patients with SIH had significantly
higher adjusted odds for mortality than the patients with DH. Clinicians should be aware that patients
without DM who were admitted to the ICU are not the only ones who are most likely to have adverse
outcomes. In fact, those who were diagnosed with DM may have a significantly worse outcome.
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