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Abstract Purpose: The goal of
this study was to analyse a possible
association of admission blood glu-
cose with hospital mortality of
polytraumatised patients and to
develop an outcome prediction model
for this patient group. Methods: The
outcome of adult polytraumatised
patients admitted to the University
Hospital of Berne, Switzerland,
between 2002 and 2004 with an
ISS C 17, and more than one
severely injured organ system was
retrospectively analysed. Results:
The inclusion criteria were met by
555 patients, of which 108 (19.5%)
died. Hyperglycaemia proved to be an
independent predictor for hospital
mortality (P \ 0.0001), following
multiple regression analysis. After
inclusion of admission blood glucose,
the calculated mortality prediction
model performed better than currently
described models (P \ 0.0001, AUC

0.924). Conclusion: In this retro-
spective, single-centre study in
polytraumatised patients, admission
blood glucose proved to be an inde-
pendent predictor of hospital
mortality following regression analy-
sis controlling for age, gender, injury
severity and other laboratory param-
eters. A reliable admission blood
glucose-based mortality prediction
model for polytraumatised patients
could be established. This observation
may be helpful in improving the
precision of future outcome predic-
tion models for polytraumatised
patients. These observations warrant
further prospective evaluation.
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Introduction

Trauma is still the leading cause of death in young adults
and a major cause of morbidity and mortality at all ages.
Recent outcome observations directed the focus on the
impact of hyperglycaemia in trauma patients [1–3], par-
ticularly in patients with traumatic brain injury [4, 5].
Hyperglycaemia is also associated with poor outcome in
critically ill patients [6].

Various trauma scores for outcome prediction have
been described, but none of them incorporates blood
glucose. Since blood glucose could be an individual

surrogate parameter for stress, it may harbour the poten-
tial for improvement of the predictive value of current
trauma scores.

The current study was designed to retrospectively
investigate the association of admission blood glucose on
the outcome in polytraumatised patients, as measured by
hospital mortality. The second goal was to develop a
predictive outcome model of admission blood glucose for
outcome in this particular patient population. Our
hypothesis was that admission blood glucose may be
helpful in the determination of outcome in polytrauma-
tised patients.
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Patients and methods

Following approval of the Institutional Review Board, a
retrospective data analysis of trauma patients ([16 years)
admitted to the emergency room of the University Hos-
pital of Berne, Switzerland, between 1 January 2002 and
31 December 2004, was performed. Patients with poly-
trauma were included if at least one injury or a
combination of several injuries was life threatening and
the calculated Injury Severity Score (ISS) [7] according to
the Abbreviated Injury Scale [8] was C17. Exclusion
criteria were recognised pre-injury diagnosis of diabetes
mellitus or AIDS, other immunologically compromising
diseases or therapies or incomplete data records.

The following parameters were recorded: admission
blood glucose (in mmol/L, bedside testing within 20 min
after admission, normal range 3.66–5.55 mmol/L; hy-
perglycaemia was defined as admission blood glucose of
C5.56 mmol/L), age, gender, trauma mechanism, type
and site of injury, injury severity, concomitant head
injuries, past medical history, rescue and transport times,
pre- and post-admission fluid resuscitation and drug
administration, initial laboratory values (potassium, pH,
bicarbonate, base deficit, PaO2, PaO2/FiO2, lactate,
prothrombin time) and blood analysis, mortality
throughout hospitalisation, causes of death and survival
times.

Three common trauma scores were calculated for each
patient: A Severity Characterization of Trauma (ASCOT)
[9], ISS, Revised Trauma Score (RTS) [10], and Trauma
and Injury Severity Score (TRISS) [11]. Statistical anal-
ysis was performed using SPSS, Chicago, IL (Release
13.0, 2000). Univariate analysis was performed by anal-
ysis of variance. Student’s t test and Fisher’s exact test
were performed to detect significant differences among
groups stratified to admission blood glucose, investigating
various outcome parameters. Correlation between
admission blood glucose and linear parameters or trauma
scores was performed by Pearson’s correlation test, and
for non-parametric data with Spearman’s rank correlation
test. A P value of 0.05 was deemed to be statistically
significant throughout the study. Odds ratios from con-
tingency tables and regression analysis were calculated as
usual. Confidence intervals (CI) in this study were 95%
CI. The standardised mortality ratio according to the
ASCOT was calculated by dividing the observed by
expected mortality rate for exclusion of over- or under-
mortality. The impact of admission blood glucose on
hospital mortality rate was assessed using univariate and
multiple logistic regression analysis (forward and back-
ward models), controlling for age, gender, injury severity
measured by the above trauma scores, laboratory param-
eters and severity of traumatic brain injury. Cross
validation was performed to assess the accuracy of the
predicting regression models. These results were

compared by receiver-operating-characteristic (ROC)
curve analysis. The Youden Index [12] was calculated for
investigation of thresholds of admission blood glucose.
Finally, the data was split in 80–20% and the regression
models were recalculated.

Results

In the study phase, 1,675 patients were admitted to the
emergency room of the University Hospital of Berne,
Switzerland with polytrauma criteria being fulfilled in 603
patients [16 years of age. Of these, 48 patients were
excluded (43 patients due to incomplete records, 1 due to
AIDS and 4 due to known diabetes mellitus) leaving 555
patients for analysis. The study population characteristics
are shown in Table 1. In total, 108 (19.5%) patients died.
The standardised mortality ratio was 0.82 (P = 0.036,
CI 0.64–0.98). Out of 555 patients, 521 (94.0%) were
hyperglycaemic on admission. Patients were stratified
arbitrarily according to admission blood glucose into five
groups: group 1 (admission blood glucose\5.56 mmol/L)
with 35 patients, group 2 (C5.56–7.5 mmol/L) with 205
patients, group 3 (C7.5–10 mmol/L) with 173 patients,
group 4 (C10–15 mmol/L) with 111 patients, and group 5
(C15 mmol/L) with 31 patients.

Hospital mortality was significantly higher in groups
with high admission blood glucose (groups 3–5) com-
pared to the normoglycaemic group 1 (Fig. 1; Table 2).
Admission blood glucose was significantly higher in
patients who died than in those who survived. Patients
who died due to uncontrollable haemorrhage displayed
statistically significant highest admission blood glucose
(Table 3). Polytrauma patients with haemorrhagic shock
displayed a significantly higher admission blood glucose
compared to those without (11.3 mmol/L, P \ 0.0001).

Table 1 Characteristics of polytrauma study population

n = 555 Mean/
number

Standard
deviation/
percentage

Age 43.91 19.54
Gender female/male

(number, percent)
139/416 25.0%/75.0%

Non-survivors 108 19.5%
Admission blood glucose

in mmol/L (range 2.6–24.7)
8.8 3.2

ISS (range 17–75) 30.1 11.1
RTS (range 0.000–7.841) 6.4 1.9
ASCOT (range 0.6–99.5) 23.9 30.5
TRISS (range 0.4–99.7) 73.9 30.2

ISS injury severity score, RTS revised trauma score, ASCOT a
severity characterization of trauma, TRISS trauma and injury
severity score, ICU intensive care unit
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The common trauma scores failed to detect significant
differences in these patients compared to other non-
survivors.

Admission blood glucose showed no co-linearity when
compared to all other investigated factors. The logistic
regression analysis revealed the admission blood glucose
to be an independent predictor of mortality (probability of

mortality = 1/1 ? e (-4.86?0.369admission blood glucose), as
depicted in the receiver-operating-characteristic (ROC)
curve analysis. The mortality prediction model was fur-
ther improved (area under the curve of 0.924) by
combining admission blood glucose with ASCOT
(Fig. 2).

In patients with moderate or severe traumatic brain
injury, hyperglycaemia had a higher predictive power on
fatal outcome than in patients with no or minor traumatic
brain injury (Fig. 3). The odds ratios for the probability
of hospital mortality in polytraumatised patients with
moderate or severe traumatic brain injury and an
admission blood glucose of 10–15 mmol/L was 14
(P = 0.012, CI 12–38), and increased significantly with
admission blood glucose[15 mmol/L to 58 (P \ 0.0001,
CI 11–176). In polytraumatised patients with none
or minor traumatic brain injury and admission blood
glucose [15 mmol/L the odds ratio was 17 (P = 0.023,
CI 7–42).

For mortality prediction, the cutoff point of admission
blood glucose (Youden Index) was 10.7 mmol/L for all
patients, 8.9 mmol/L for patients with moderate or severe
traumatic brain injury, and 11.0 mmol/L for patients with
no or minor traumatic brain injury.

Cardiopulmonary resuscitation was performed in 36
patients (6.5%) pre- or post-admission. Their mean
admission blood glucose was 9.8 mmol/L (SD 3.8 mmol/
L, range 5.6–24.7 mmol/L) and did not differ statistically
from patients without cardiopulmonary resuscitation.
Moreover, no significant influence of pre-admission
administered catecholamines on admission blood glucose
could be detected. Initial body temperature and rescue
times (mean time from accident to admission to the
emergency room, 82 min; range, 15–245 min) showed
no significant influence on hospital mortality or admis-
sion blood glucose. No correlation was found between
requirement for volume resuscitation or blood product
transfusion and admission blood glucose. The trauma
mechanism (blunt or penetrating) or injury localisation
and pattern did not influence admission blood glucose.

All patients in the ICU (382, 68.8%) received a rou-
tine intensive insulin therapy according to the protocol of
Van den Berghe et al. [13] upon arrival to the intensive
care unit.

Discussion

In this retrospective, single-centre study in polytrauma-
tised patients, admission blood glucose proved to be an
independent predictor of hospital mortality following
regression analysis controlling for age, gender, injury
severity and laboratory parameters. A reliable admission
blood glucose-based mortality prediction model for
polytraumatised patients could be determined.
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Fig. 1 Observed hospital mortality of all polytraumatised patients
stratified by admission blood glucose. High admission blood
glucose ([7.5 mmol/L) was associated with statistically signifi-
cantly higher hospital mortality

Table 2 Odds ratios for hospital mortality in dependency of
admission blood glucose (P for all test \0.0001)

Group Admission blood
glucose in mmol/L

Odds
ratio

95% Confidence
interval

1 B5.55 – –
2 5.56–7.5 1.2 0.26–5.7
3 7.5–10 3.2 0.72–14.0
4 10–15 9.7 2.2–42.4
5 C15 47.4 9.2–244.2

Table 3 Comparison of admission blood glucose in survivors and
non-survivors

Outcome Admission blood
glucose in mmol/L

P

Survivors (n = 447) 8.08 ± 2.38
All non-survivors (n = 108) 11.80 ± 4.08 \0.0001a

Non-survivors in haemorrhagic
shock (n = 26)

14.73 ± 4.50 \0.0001b

Non-survivors in the emergency
room (n = 39)

13.65 ± 4.37 0.001b

Non-survivors within the first
24 h (n = 65)

12.60 ± 4.11 0.01c

Non-survivors throughout
hospitalisation (n = 43)

10.59 ± 3.71 \0.0001a

a Compared to survivors
b Compared to all other non-survivors
c Compared to in-hospital non-survivors after 24 h
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The main features of the study population (Table 1)
were comparable to other trauma studies [2, 14, 15].
Admission blood glucose showed no co-linearity with
other investigated co-factors. This was unexpected,
because factors such as prothrombin time, lactate and base

deficit have been considered to be useful in previous
prediction models [16, 17]. Admission blood glucose
could therefore be seen as an independent prediction
parameter reflecting physiological stress response to
trauma, acute blood loss or rapid volume shifts. These
factors have been neglected so far in current measure-
ments of injury severity and may have an impact on the
outcome. This hypothesis is supported by a higher
admission blood glucose in patients with haemorrhagic
shock compared to those without. Furthermore, patients
dying from uncontrollable haemorrhage displayed the
highest admission blood glucose in comparison to all other
non-survivors. Admission blood glucose could distinguish
patients who died in haemorrhagic shock from those who
survived. The calculated trauma scores failed to detect this
difference. Of course, admission blood glucose may only
reflect excessive catecholamine-mediated stress response,
but no significant increase of admission blood glucose was
observed in patients receiving epinephrine during cardio-
pulmonary resuscitation.

The current literature suggests that hyperglycaemia
may be a predictor of negative outcome, reflecting physi-
ological stress reactions. Studies in internal medicine
patients have shown increased morbidity and mortality in
hyperglycaemic compared to normoglycaemic patients
[18–21]. Investigations in surgical patients have demon-
strated a lower percentage of skin graft uptake and a higher
risk of postoperative infections due to hyperglycaemia [22–
24]. In the trauma situation, this correlation has also been
demonstrated in animal models and patients suffering from
traumatic brain injury [25, 26]. In moderately injured
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Fig. 2 The receiver-operating-characteristics (ROC) curve analysis
compare the accuracy (area under the curve, AUC) of four mortality
prediction models in polytraumatised patients. The predicted
probability of each model is the probability for hospital mortality.
Admission blood glucose as a single predictive factor, two common
trauma scores and the combination of admission blood glucose and
ASCOT were compared showing the highest predictive accuracy in
the latter. The Hosmer and Lemeshow statistics for the mortality

prediction models displayed a P value of 0.51 for the admission
blood glucose model, 0.08 for the ASCOT model, 0.36 for the
TRISS model, and 0.84 for the ASCOT? admission blood glucose
model. The goodness of fit of every test is shown by Nagelkerke’s
R2 values and the correct classification rates (CCR) and their CI are
presented in percent. ASCOT A Severity Characterization of
Trauma, TRISS Trauma and Injury Severity Score, CI confidence
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trauma populations, hyperglycaemia was shown to be a
predictor of mortality [1, 2, 15]. The current study con-
firmed these observations in polytraumatised patients.

Trauma and critical illness are known to increase
hepatic gluconeogenesis despite hyperglycaemia, abun-
dantly released insulin and impaired glucose uptake in
muscles [27] resulting in ‘‘diabetes of injury’’ [28, 29].
Counterregulatory hormonal responses and signals from
nervous system further affect glucose metabolism [29,
30]. Although ‘‘diabetes of injury’’ was initially inter-
preted as an important adaptive stress response for
survival, current data underline various negative effects of
hyperglycaemia resulting from an overwhelming stress
response [31]. The pathophysiological mechanism by
which the documented hyperglycaemia influences out-
come remains open to discussion. Hyperglycaemia is
known for its immunosuppressive effects [32–35]. To
date, it is unclear whether hyperglycaemia is a direct
cause for a poor outcome, or whether peripheral insulin
resistance plays the major role. A combination of both
factors may be responsible for poor outcome in poly-
traumatised patients with high admission blood glucose.

The calculated prognostic mortality model combining
admission blood glucose and ASCOT reached an area
under the curve of 0.924, and was superior to previously
described prediction models [36–41]. Undoubtedly, one
limitation is the retrospective, not blinded, single-centre
design. Therefore, these observations have to be confirmed
by a prospective trial. A second limitation is the small
number of surviving patients with severe hyperglycaemia
([15 mmol/L, n = 8), which decreased the power of the
statistical analysis. Finally, the exclusion of patients with
diabetes, AIDS and immunosuppression limits the gener-
alisation of these observations onto these patient groups.

Admission blood glucose is an easily measurable,
independent parameter, which was strongly associated
with the outcome of polytraumatised patients and which
may additionally facilitate an early detection of patients at
risk for life-threatening complications. The incorporation
of admission blood glucose into trauma scores may
further increase their already high predictive precision.

Conclusions

In this retrospective, single-centre study in polytrauma-
tised patients, admission blood glucose proved to be an
independent predictor of hospital mortality following
regression analysis controlling for age, gender, injury
severity and other laboratory parameters. A reliable
admission blood glucose-based mortality prediction
model for polytraumatised patients could be established.
This observation may be helpful in improving the
precision of future outcome prediction models for
polytraumatised patients. These observations warrant
further prospective evaluation.
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