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編言 

 
 

    高雄長庚醫院外傷科一直以來除了服務南台灣之大量外傷病患，不斷

提升臨床之照護水準外，尤兢兢業業於各項臨床與基礎方面之研究工作。每

年於農曆過年前，彙整我們過去一年來由科內醫師擔任第一或指導作者所

發表之學術研究工作內容，不僅是在於對過去一路走來之足跡做一個回顧

及檢討，也在於對未來的各項研究方向括劃出一個方向。此年之研究比較特

別的是我們開始使用機器學習方法如支持向量機、決策樹、及類神經網路等

等方法進行研究，亦象徵著我們從統計分析的研究跨入數據探勘的時代，並

希望藉此能搭上人工智慧學習之列車。並期望能藉由於增加外傷醫學領域

之學術交流外，促進對外傷病患之全方面照顧。 
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此動物實驗使用先天性免疫類鐸狀受體 (TLR2、TLR4、TLR5、 TLR3、

TLR7) 剔除小鼠之神經壓砸傷模式，發現類鐸狀受體在神經壓砸傷後之

神經再生過程中扮演者重要之角色，而且其影響在遠端之神經再生而

不是近端之背側神經節的神經元細胞。鐸狀受體之剔除會減緩神經再

生的程度，並影響神經遠端去髓鞘化或再髓鞘化基因之平衡表現。 
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Trauma injury in adult underweight patients
A cross-sectional study based on the trauma registry system
of a level I trauma center
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Abstract
The aim of this study was to investigate and compare the injury characteristics, severity, and outcome between underweight and
normal-weight patients hospitalized for the treatment of all kinds of trauma injury.
This study was based on a level I trauma center Taiwan.
The detailed data of 640 underweight adult trauma patients with a bodymass index (BMI) of<18.5kg/m2 and 6497 normal-weight

adult patients (25 > BMI ≥ 18.5kg/m2) were retrieved from the Trauma Registry System between January 1, 2009, and December
31, 2014. Pearson’s chi-square test, Fisher’s exact test, and independent Student’s t-test were performed to compare the
differences. Propensity score matching with logistic regression was used to evaluate the effect of underweight on mortality.
Underweight patients presented a different bodily injury pattern and a significantly higher rate of admittance to the intensive care

unit (ICU) than did normal-weight patients; however, no significant differences in the GlasgowComa Scale (GCS) score, injury severity
score (ISS), in-hospital mortality, and hospital length of stay were found between the two groups. However, further analysis of the
patients stratified by two major injury mechanisms (motorcycle accident and fall injury) revealed that underweight patients had
significantly lower GCS scores (13.8 ± 3.0 vs 14.5±2.0, P=0.020), but higher ISS (10.1±6.9 vs 8.4±5.9, P=0.005), in-hospital
mortality (odds ratio, 4.4; 95% confidence interval, 1.69–11.35; P=0.006), and ICU admittance rate (24.1% vs 14.3%, P=0.007)
than normal-weight patients in the fall accident group, but not in the motorcycle accident group. However, after propensity score
matching, logistic regression analysis of well-matched pairs of patients with either all trauma, motorcycle accident, or fall injury did not
show a significant influence of underweight on mortality.
Exploratory data analysis revealed that underweight patients presented a different bodily injury pattern from that of normal-weight

patients, specifically a higher incidence of pneumothorax in those with penetrating injuries and of femoral fracture in those with struck
on/against injuries; however, the injury severity and outcome of underweight patients varied depending on the injury mechanism.

Abbreviations: AIS = abbreviated injury scale, BAC = blood alcohol concentration, BMI = body mass index, CAD = coronary
artery disease, CHF = congestive heart failure, CI = confidence interval, CVA = cerebral vascular accident, DM = diabetes mellitus,
ED = emergency department, ESRD = end-stage renal disease, GCS =Glasgow Coma Scale, HTN = hypertension, ICU = intensive
care unit, ISS = injury severity score, LOS = length of stay, MV = motor vehicle, NISS = new injury severity score, OR = odds ratio,
TRISS = trauma injury severity score.

Keywords: injury severity score, intensive care unit, length of stay, mortality, normal-weight, trauma, underweight
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1. Introduction

Most of the studies on trauma outcomes and body weight have
focused on obese patients, and the underweight population is
almost always neglected.[1] The odds ratio (OR) for sustaining an
injurywith an injury severity score (ISS) of≥9 had been reported to
be 1.008 (95 confidence interval [95% CI], 1.004–1.011) for each
kilogram increase in body weight.[2] Althoughminor differences in
the injury mechanisms and patterns had been reported between
obese and underweight patients,[3] a U-shaped correlation between
the body mass index (BMI) and in-hospital mortality was
described,[4,5] demonstrating a higher increase in mortality in
underweight patients than in obese patients.[5,6] In a study of 5766
adult trauma patients with an ISS of ≥16, obesity was associated
withmultiorganfailureandsepsismortality inthe long-termfollow-
up, whereas underweight was associated with an increased
mortality rate in the first 24hours.[3] In addition, a lower 90-day
survival was found in underweight patients than in normal-weight
patients in a retrospective study of 461 patients >45 years.[7]

Notably, there were relatively few researches performed on the
underweight trauma patients than those studies performed on the
obese population. According to The Trauma Registry of the
Germansociety forTraumaSurgery, the suicide rate inunderweight
patients (13.0%)wasapproximately twiceashighas thosewhohad
normal weight (6.5%) or overweight (6.1%).[3] In addition, head
injury was less frequent in the underweight and obese BMI groups,
while abdominal injury rates were highest in the underweight
subgroup.[3] Underweight athletes sustained a larger proportion of
fractures (injury proportion ratio=1.45, 95%CI: 1.10–1.92) than
normalweight athletes.[8] Among the patientswho sustained severe
blunt trauma with hemorrhagic shock, those who were under-
weight had higher lactate levels, were four times more likely to die,
and were two times more likely to undergo a laparotomy than
patients with normal weight.[9] However, in a study of traumatic
brain injuries caused by low-level falls, the patients in all BMI
groups were of similar injury severity and neurological status.[10]

Notably, beingunderweight is extensivelypromoted in themedia
as being fashionable, healthy, and highly desirable. Gaining a
greater understanding of the epidemiology of trauma in under-
weight patients is vital in integrating the knowledge of trauma care
into the local trauma system thatwouldmanage these underweight
patients. In Taiwan, around ∼11% of grade six school children
wereunderweight ina studyacross2400elementary schools[11] and
6.4% of older adults (aged ≥60) were underweight in a nationally
representative survey.[12] In Taiwan, the mechanism of trauma
injury is different from that in Western countries, with motorcycle
accidents and fall injuries comprising most of the trauma injuries
that require hospital admission.[13–15] Because the mechanism of
trauma injury is distinct, this study was designed to investigate the
injury characteristic, pattern, and severity, as well as the mortality
of underweight patients treated for all trauma injuries in southern
Taiwan, byusing thedata fromapopulation-based trauma registry.
The primary outcomewas in-hospital mortality, and the secondary
outcomes were length of stay (LOS) in the hospital and intensive
care unit (ICU) and the injury severity based on the different scoring
systems including Glasgow Coma Scale (GCS), abbreviated injury
scale (AIS), and injury severity score (ISS).
2. Methods

2.1. Ethics statement

This study was preapproved by the institutional review board
(IRB) of Chang GungMemorial Hospital with approval numbers
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104-5390B, 104-5392B, and 104-5393B. An informed consent
was waived according to IRB regulations.
2.2. Study design

This retrospective study was designed to review all the data added
to the Trauma Registry System of a 2400-bed facility and level I
regional trauma center that provides care to trauma patients
primarily from south Taiwan. Caseswere selected according to the
following inclusion criteria: (i) adult patients aged 20–65 years and
with hospitalization for the treatment of all kinds of trauma injury
and (ii) underweight patients with a BMI of <18.5kg/m2 and
normal-weight patients with a BMI of <25 but ≥18.5kg/m2

according to the definition of theWorldHealthOrganization.[6,16]

Patients with incomplete registered data or invalidated data were
excluded.To compare the injury characteristic, injury severity, and
outcome of underweight patients from those of normal-weight
patients, we reviewed all 20,106 hospitalized and registered
patients added to the Trauma Registry System from January 1,
2009, to December 31, 2014. Of the total of 20,106 patients,
11,570 adults with complete registered data were selected for
further analysis. Among them,motorcycle accident (n=5823)was
the major reason for admission, followed by falls (n=2275) and
struck on/against injuries (n=1563). Among these 11,570 adult
patients, 640 (5.5%) and 6497 (56.2%) were underweight and of
normal weight, respectively. Of the patients with motorcycle
accidents, 356 (6.1%) and 3272 (56.2%)were underweight andof
normal weight, respectively. Detailed patient information was
retrieved, including age, sex, vital signs on admission, injury
mechanism, status of helmet wearing in motorcycle riders, blood
alcohol concentration (BAC), the first GCS score at the emergency
department (ED), AIS severity score of each body region, ISS, new
ISS (NISS), trauma ISS (TRISS), LOS in the hospital, LOS in the
ICU, in-hospital mortality, and rates of associated complications.
Clinical assessment of post-traumatic impaired consciousness is
evaluated by GCS which is calculated by the addition of three
components including eye (E), verbal (V), andmotor (M) response
to external stimuli.[17] The calculated points would give a patient
GCS score between 3 (indicating deep unconsciousness) and 15
(indicating clear). AIS is a coding system to score every injury in an
anatomical region according to 6 severity points which range as
follow: minor (1 point), mild (2 point), serious (3 point), severe (4
point), critical (5 point), andmortal (6 point).[18] The ISS is the sum
of the square of AIS score of three most severe injuries, with only
consideration of 1 injury per body region.[19] The NISS is a
modification of the ISS to calculate the sum of the square of AIS
score of 3 most severe injuries, but regardless of body region.[20]

The TRISS is used to estimate the probability of survival by
calculating the patient’s age, type of injury, Revised Trauma Score
(a physiologic scoring system made up of 3 categories: GCS,
systolic blood pressure, and respiratory rate), and ISS.[21]

Preexisting comorbidities and chronic diseases, including diabetes
mellitus, hypertension (HTN), coronary artery diseases, congestive
heart failure, cerebrovascular accident, and end-stage renal
disease, were identified. The fall heights (<1 meter (m), 1–6 m,
and >6 m) of the patients who had sustained fall injuries were
identified; however, those who fell during an attempted suicide or
who had nonvalidated BMI values or incomplete data were
excluded. A BAC level of 50mg/dL at the time of arrival to the
emergency department was defined as the cutoff value for alcohol
intoxication. The SPSS v.20 statistical software (IBM, Armonk,
NY) was used to analyze the collected data for the performance of
Pearson’s chi-square test, Fisher’s exact test, or independent
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Student’s t-test, as applicable. The ORs and 95% CIs of the
associated conditions and injuries of underweight and normal-
weight patients were calculated. Adjusted ORs with 95% CIs for
mortality controlled by the confounder ISSwere also calculated. In
the assessment of mortality, propensity scores were calculated
using a logistic regression model with correction of the following
covariates: gender; age; DM; HTN; CAD; alcohol intoxication
(BAC > 50mg/dL); GCS; injuries to the head/neck, thorax, or
extremities based on AIS; and ISS to minimize confounding effects
of nonrandomized assignment. The NCSS software (NCSS 10,
NCSS Statistical software, Kaysville, UT) was used to create a 1:1
matched study group with the Greedy method, then a binary
logistic regression was used to evaluate the interventional factor of
underweight on mortality. All results for the continuous variables
are presented as themean± standarddeviation.AP-valueof<0.05
was considered statistically significant.
3. Results

3.1. Demographics and injury characteristic
of underweight patients

Of the patients with fall accidents, 108 (4.7%) patients were
underweight and 1283 (56.4%) were normal weight (Table 1).
Statistically more underweight and less normal-weight patients
were females. In addition, underweight patients were significantly
younger than normal-weight patients. Underweight patients were
significantly less likely to havehadpreexistingHTN(OR,0.5; 95%
CI, 0.35–0.69;P<0.001) than normal-weight patients. Among the
underweight patients, the traumamechanismwas similar to that of
the all trauma patients, with motorcycle accidents being the major
reason foradmission (51.4%), followedby falls (16.9%)andstruck
on/against injuries (11.7%). Moreover, motorcycle accidents
occurred more frequently in younger patients and fall accidents
inolderpatients (Fig.1).Apositivebloodalcoholconcentrationwas
significantly less frequent among underweight patients than among
normal-weight patients (5.8% vs 8.7%, P=0.013).

3.2. Injury severity and outcome of underweight patients

Regarding the GCS score or the distribution of patients at different
levels of consciousness (GCS �8, 9–12, or ≥13), there were no
significant difference between underweight and normal-weight
patients (Table 1).ThemajorGCSscores of patients in both groups
were ≥13. Concerning the AIS scores, underweight patients had a
significantly higher rate of head/neck injury than normal-weight
patients,whereasnormal-weight patients had a significantly higher
rate of extremity injury. No significant differences were found
between underweight and normal-weight patients with respect to
ISS (8.7±7.9 vs 8.2±7.2, P=0.084) regardless of the injury
severity subgroup, NISS, TRISS, in-hospital mortality, in-hospital
mortality controlled by the confounder ISS, and hospital LOS.
After propensity scorematching, 79well-balancedpairs of patients
were used for comparison of mortality (Supplementary Table 1,
http://links.lww.com/MD/B585). In these propensity score-
matched patients selected with no significant difference in gender;
age; comorbidity; alcohol intoxication; GCS; injury to head/neck,
thorax, or extremities based on AIS; and ISS, logistic regression
analysis did not show that underweight significantly influenced
mortality (OR: 1.3; 95%CI: 0.48–3.45; P=0.617). Furthermore,
underweight patients had significantly higher rate of ICU
admittance than normal-weight patients (20.6% vs 17.3%, P=
0.033), with the difference noted mainly in patients with an ISS of
3

<16. However, the ICU LOS was significantly shorter for
underweight patients than for normal-weight patients (7.0 vs
8.9 days, P=0.019).

3.3. Physiological response and procedures performed in
the ED

In the ED, underweight patients were more likely to present with
worse measurements of systolic blood pressure (SBP)<90mmHg
(OR, 1.7; 95% CI, 1.07–2.63; P=0.022), heart rate (HR) >100
beats/min (OR, 1.3; 95% CI, 1.04–1.54; P=0.018), and
respiratory rate (RR) <10 or >29 (OR, 2.6; 95% CI,
1.11–5.87; P=0.033) than normal-weight patients (Table 2).
There were no significant differences between groups with respect
to the performed procedures, including cardiopulmonary resusci-
tation, intubation, chest tube insertion, or blood transfusion.
3.4. Associated site of injuries of underweight patients

Underweight patients were more likely to have sustained a
pneumothorax (OR, 1.6; 95% CI, 1.00–2.61; P=0.047) and
femoral fracture (OR, 1.3; 95% CI, 1.01–1.70; P=0.045) than
normal-weight patients (Table 3). More underweight patients
than normal-weight patients had sustained pneumothorax in a
penetrating injury (10.0% vs 0.0%, P=0.018) (Fig. 2) and
femoral fracture in the injury mechanism of having struck on/
against an object (7.1% vs 2.3%, respectively, P=0.040) (Fig. 3).

3.5. Injured underweight motorcycle riders

Further analysis was performedwith a focus on the first twomajor
traumamechanisms (motorcycle and fall accidents) that resulted in
an admission of underweight patients. The underweight motorcy-
cle riders were significantly younger than the normal-weight
patients (33.1±13.8 and 40.7±14.4 years, respectively; P<
0.001) (Table 4). Statistically significantly fewer men and more
womenwere foundamong the underweightmotorcycle riders. The
difference in helmet wearing between underweight and normal-
weightmotorcycle riderswasnot statistically significant.However,
a positive BAC was less frequent among underweight than among
normal-weight motorcycle riders (5.3% vs 11.4%, P<0.001). No
significant differences in the GCS scores, distribution of the
proportionofpatients at different levels of consciousness (GCS�8,
9–12, or ≥13), and AIS of body regions were found between
underweight and normal-weight motorcycle riders. Also, no
significant differences were found between underweight and
normal-weight motorcycle riders for ISS regardless of the subtype
of injury severity, in-hospital mortality, in-hospital mortality
controlled by the confounder ISS, in-hospital mortality of 35 pairs
of patients after propensity score matching (Supplementary
Table 2, http://links.lww.com/MD/B585), in-hospital LOS, pro-
portion of patients admitted into the ICU, and LOS in the ICU.
Concerning the injuries associatedwithmotorcycle accidents, only
a significantly higher odds of underweight motorcycle riders had
sustained sacral vertebral fractures (OR, 3.7; 95% CI, 1.44–9.66;
P=0.013) than normal-weight patients. In contrast, a significantly
lower odds of underweight motorcycle riders had sustained rib
fractures (OR, 0.6; 95% CI, 0.36–0.86; P=0.008).

3.6. Injured underweight patients with fall accidents

In contrast to the findings in the injured underweight motorcycle
riders, there was no statistically significant difference in sex and
age between the underweight and normal-weight patients with
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Table 1

Demographics and injury characteristics of underweight and normal-weight adult patients with all trauma injuries.

Variables Underweight BMI <18.5, n=640 Normal 25> BMI ≥18.5, n=6497 Odds ratio (95% CI) P

Gender
Male 303 (47.3) 3892 (59.9) 0.6 (0.51–0.71) <0.001
Female 337 (52.7) 2605 (40.1) 1.7 (1.41–1.96) <0.001

Age, y 36.8±14.4 43.0±13.8 – <0.001
20–29 285 (44.5) 1521 (23.4) 2.6 (2.22–3.10) <0.001
30–39 98 (15.3) 1143 (17.6) 0.8 (0.68–1.06) 0.146
40–49 96 (15.0) 1285 (19.8) 0.7 (0.57–0.90) 0.004
50–59 108 (16.9) 1646 (25.3) 0.6 (0.48–0.74) <0.001
60–65 53 (8.3) 902 (13.9) 0.6 (0.42–0.75) <0.001

Comorbidity
DM 34 (5.3) 456 (7.0) 0.7 (0.52–1.06) 0.103
HTN 39 (6.1) 755 (11.6) 0.5 (0.35–0.69) <0.001
CAD 3 (0.5) 62 (1.0) 0.5 (0.15–1.56) 0.217
CHF 3 (0.5) 14 (0.2) 2.2 (0.63–7.61) 0.191
CVA 5 (0.8) 88 (1.4) 0.6 (0.23–1.42) 0.222
ESRD 2 (0.3) 5 (0.1) 4.1 (0.79–21.02) 0.125

Mechanism, n (%)
MV driver 15 (2.3) 122 (1.9) 1.3 (0.73–2.16) 0.412
MV passenger 6 (0.9) 58 (0.9) 1.1 (0.45–2.45) 0.909
Motorcycle driver 329 (51.4) 3110 (47.9) 1.2 (0.98–1.36) 0.087
Motorcycle pillion 27 (4.2) 162 (2.5) 1.7 (1.14–2.61) 0.009
Bicycle 17 (2.7) 195 (3.0) 0.9 (0.53–1.46) 0.624
Pedestrian 11 (1.7) 106 (1.6) 1.1 (0.56–1.97) 0.868
Fall 108 (16.9) 1302 (20.0) 0.8 (0.65–1.01) 0.055
Penetrating injury 34 (5.3) 396 (6.1) 0.9 (0.60–1.24) 0.427
Burn 18 (2.8) 197 (3.0) 0.9 (0.57–1.51) 0.756
Struck on/against 75 (11.7) 849 (13.1) 0.9 (0.69–1.14) 0.332
Alcohol >50 mg/dL, n (%) 37 (5.8) 562 (8.7) 0.6 (0.46–0.91) 0.013

GCS 14.2±2.5 14.3±2.2 – 0.169
�8 36 (5.6) 301 (4.6) 1.2 (0.86–1.75) 0.259
9–12 26 (4.1) 227 (3.5) 1.2 (0.77–1.77) 0.458
≥13 578 (90.3) 5969 (91.9) 0.8 (0.63–1.09) 0.171

AIS ≥1, n (%)
Head/Neck 188 (29.4) 1612 (24.8) 1.3 (1.05–1.51) 0.011
Face 139 (21.7) 1265 (19.5) 1.1 (0.94–1.40) 0.172
Thorax 74 (11.6) 772 (11.9) 1.0 (0.75–1.25) 0.811
Abdomen 40 (6.3) 431 (6.6) 0.9 (0.67–1.31) 0.709
Extremity 441 (68.9) 4730 (72.8) 0.8 (0.69–0.99) 0.035

ISS 8.7±7.9 8.2±7.2 – 0.084
<16 547 (85.5) 5555 (85.5) 1.0 (0.79–1.26) 0.982
16–24 59 (9.2) 653 (10.1) 0.9 (0.69–1.20) 0.503
≥25 34 (5.3) 289 (4.4) 1.2 (0.84–1.74) 0.316

NISS 10.1±9.7 9.5±8.7 – 0.071
TRISS 0.967±0.115 0.968±0.101 – 0.819
Mortality, n (%) 13 (2.0) 83 (1.3) 1.6 (0.89–2.89) 0.114
Controlled by ISS – – 1.4 (0.71–2.61) 0.350

LOS, d 9.5±10.0 9.3±9.9 – 0.644
Stay in ICU
Patients, n (%) 132 (20.6) 1122 (17.3) 1.25 (1.02–1.52) 0.033
<16 58 (9.1) 436 (6.7) 1.4 (1.04–1.85) 0.025
16–24 43 (6.7) 432 (6.6) 1.0 (0.73–1.40) 0.946
≥25 31 (4.8) 254 (3.9) 1.3 (0.85–1.83) 0.249

LOS in ICU, d 7.0±8.7 8.9±11.4 – 0.019

AIS= abbreviated injury scale, BMI= body mass index, CAD= coronary artery disease, CHF= congestive heart failure, CI= confidence interval, CVA= cerebral vascular accident, DM= diabetes mellitus, ESRD
= end-stage renal disease, GCS = Glasgow Coma Scale, HTN = hypertension, ICU = intensive care unit, ISS = injury severity score, LOS = length of stay, MV = motor vehicle, NISS = new injury severity score,
TRISS = trauma injury severity score.
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fall accidents (Table 5). Most of the underweight and normal-
weight patients fell from a height of<1m. These results indicated
that most of the patients were injured in a ground-level fall during
walking or in their movement; however, when stratified the
patients in groups by fall height (<1m, 1–6 m, and >6 m), there
were more underweight patients fell from a height of <1 m than
did normal-weight patients, and there were more normal-weight
4

patients fell from a height of 1–6 m than did underweight
patients. No statistically significant difference in having had a
positive BAC was found between the underweight and normal-
weight patients with fall accidents. In the group with fall
accidents, underweight patients had significantly lower GCS
scores than normal-weight patients (13.8±3.0 vs 14.5±2.0, P=
0.020). In addition, more underweight patients had a GCS of �8



Figure 1. Distribution of age and mechanism of trauma of underweight and normal-weight adult trauma patients.

Hsieh et al. Medicine (2017) 96:10 www.md-journal.com
than normal-weight patients (8.3% vs 3.7%, respectively, P=
0.037). On the contrary, fewer patients had a GCS of ≥13 than
normal-weight patients (85.2%vs93.3%, respectively,P=0.002).
No significant differences in trauma regions between underweight
and normal-weight patients with fall accidents were found
according to the analysis of AIS scores. A significant difference
in ISS (10.1±6.9 vs 8.4±5.9, P=0.005) was found between
underweight andnormal-weight patientswith fall accidents.When
stratified the injured patients into three groups (ISS of<16, 16–24,
or ≥25) by injury severity, more underweight had an ISS of ≥25
(9.3% vs 3.9%, P=0.021) than normal-weight patients. More-
over, the underweight patients with fall accidents had a
significantly higher ISS than that of underweight motorcycle
riders (10.1±6.9 vs 8.9±7.1, P<0.001). Furthermore, in fall
accidents, the underweight patients had a significantly higher in-
hospital mortality than that of normal-weight patients (5.6% vs
1.3%, P=0.006). When controlled by the confounder ISS, the
underweight patients still had a 2.9-fold higher in-hospital
mortality than normal-weight patients with fall accidents (P=
0.047). However, after propensity score matching, logistic
regression of 15 well-matched pairs did not show a significant
influence of obesity on mortality (Supplementary Table 3, http://
links.lww.com/MD/B585), indicating some factors other than ISS
may be attributed to the higher mortality of the underweight
patients with fall. Notably, significantly more fatalities were found
for underweight patients than normal-weight patients who
sustained a fall from <1 m height (4.6% vs 0.9%, P=0.007).
Table 2

Physiological response and procedures performed on arrival at the e

Variables Underweight BMI <18.5, n=640

Physiology at ED, n (%)
GCS <13 62 (9.7)
Systolic blood pressure <90 mm Hg 23 (3.6)
Heart rate >100 beats/min 142 (22.2)
Respiratory rate <10 or >29 times/min 7 (1.1)

Procedures at ED, n (%)
Cardiopulmonary resuscitation 2 (0.3)
Intubation 19 (3.0)
Chest tube insertion 14 (2.2)
Blood transfusion 22 (3.4)

BMI = body mass index, CI = confidence interval, ED = emergency department, GCS = Glasgow Com
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In addition, more underweight patients were admitted to the ICU
(24.1% vs 14.3%, P=0.007) than normal-weight patients, with
the difference noted in patients with an ISS of <16 and ≥25.
However, the LOS in the ICUwas shorter for underweight patients
than for normal-weight patients (5.6 vs 8.6 days, P=0.033). In
addition, concerning the injuries associated with fall accidents,
there were no significant differences between underweight and
normal-weight patients in those with fall accidents.
4. Discussion

This study analyzed the demographics and injury characteristics
observed in a population of underweight adult patients against
those of normal-weight patients hospitalized at a level I trauma
center. In the analysis of patients admitted by all trauma injuries,
underweight patients presented a different bodily injury pattern
and a significantly higher rate of admittance to the ICU than
normal-weight patients; however, no significant difference in the
GCS score, ISS, in-hospitalmortality, and hospital LOSwere found
between these two groups of patients. However, further analysis of
the patients stratified by injury mechanism (motorcycle accident
and fall injury) revealed different results. In the group with
motorcycle accidents, no significant differences in GCS scores, ISS,
in-hospitalmortality, proportion of patients admitted into the ICU,
and LOS in the ICUwere found between underweight and normal-
weight motorcycle riders. In contrast, in the group with fall
accidents, underweightpatientshad significantly lowerGCS scores,
mergency department.

Normal 25> BMI ≥18.5, n=6497 Odds ratio (95% CI) P

528 (8.1) 1.2 (0.92–1.60) 0.171
141 (2.2) 1.7 (1.07–2.63) 0.022
1193 (18.4) 1.3 (1.04–1.54) 0.018
28 (0.4) 2.6 (1.11–5.87) 0.033

11 (0.2) 1.8 (0.41–8.36) 0.328
157 (2.4) 1.2 (0.76–2.00) 0.390
95 (1.5) 1.5 (0.86–2.66) 0.153
161 (2.5) 1.4 (0.89–2.20) 0.143

a Scale.
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Table 3

Associated sites of injury of underweight and normal-weight patients with all trauma injuries.

Variables Underweight BMI <18.5, n=640 Normal 25> BMI ≥18.5, n=6497 Odds ratio (95% CI) P

Head trauma, n (%)
Neurologic deficit 5 (0.8) 60 (0.9) 0.8 (0.34–2.11) 0.718
Cranial fracture 44 (6.9) 398 (6.1) 1.1 (0.82–1.56) 0.453
EDH 25 (3.9) 261 (4.0) 1.0 (0.64–1.48) 0.891
SDH 52 (8.1) 528 (8.1) 1.0 (0.74–1.35) 0.999
SAH 57 (8.9) 535 (8.2) 1.1 (0.82–1.45) 0.557
ICH 10 (1.6) 130 (2.0) 0.8 (0.41–1.49) 0.445
Cerebral contusion 31 (4.8) 315 (4.8) 1.0 (0.68–1.46) 0.996
Cervical vertebral fracture 8 (1.3) 53 (0.8) 1.5 (0.73–3.25) 0.255

Maxillofacial trauma, n (%)
Orbital fracture 14 (2.2) 146 (2.2) 1.0 (0.56–1.69) 0.922
Nasal fracture 7 (1.1) 83 (1.3) 0.9 (0.39–1.86) 0.691
Maxillary fracture 45 (7.0) 474 (7.3) 1.0 (0.70–1.32) 0.806
Mandibular fracture 24 (3.8) 185 (2.8) 1.3 (0.86–2.05) 0.196

Thoracic trauma, n (%)
Rib fracture 43 (6.7) 549 (8.5) 0.8 (0.57–1.08) 0.130
Sternal fracture 0 (0.0) 13 (0.2) – 0.622
Hemothorax 5 (0.8) 95 (1.5) 0.5 (0.22–1.31) 0.162
Pneumothorax 20 (3.1) 127 (2.0) 1.6 (1.00–2.61) 0.047
Hemopneumothorax 8 (1.3) 90 (1.4) 0.9 (0.44–1.87) 0.779
Lung contusion 10 (1.6) 64 (1.0) 1.6 (0.82–3.12) 0.169
Thoracic vertebral fracture 6 (0.9) 60 (0.9) 1.0 (0.44–2.36) 0.972

Abdominal trauma, n (%)
Intra-abdominal injury 9 (1.4) 107 (1.6) 0.9 (0.43–1.69) 0.646
Hepatic injury 17 (2.7) 134 (2.1) 1.3 (0.78–2.16) 0.319
Splenic injury 3 (0.5) 66 (1.0) 0.5 (0.14–1.46) 0.177
Retroperitoneal injury 2 (0.3) 11 (0.2) 1.8 (0.41–8.36) 0.328
Renal injury 4 (0.6) 33 (0.5) 1.2 (0.44–3.49) 0.570
Urinary bladder injury 0 (0.0) 0 (0.0) – –

Lumbar vertebral fracture 10 (1.6) 122 (1.9) 0.8 (0.43–1.59) 0.572
Sacral vertebral fracture 8 (1.3) 40 (0.6) 2.0 (0.95–4.38) 0.072

Extremity trauma, n (%)
Scapular fracture 7 (1.1) 119 (1.8) 0.6 (0.28–1.28) 0.176
Clavicle fracture 54 (8.4) 620 (9.5) 0.9 (0.65–1.17) 0.362
Humeral fracture 24 (3.8) 269 (4.1) 0.9 (0.59–1.38) 0.635
Radial fracture 61 (9.5) 688 (10.6) 0.9 (0.68–1.17) 0.405
Ulnar fracture 35 (5.5) 330 (5.1) 1.1 (0.76–1.55) 0.670
Metacarpal fracture 20 (3.1) 182 (2.8) 1.1 (0.70–1.79) 0.638
Pelvic fracture 25 (3.9) 187 (2.9) 1.4 (0.90–2.10) 0.144
Femoral fracture 70 (10.9) 558 (8.6) 1.3 (1.01–1.70) 0.045
Patella fracture 12 (1.9) 188 (2.9) 0.6 (0.36–1.16) 0.136
Tibia fracture 50 (7.8) 487 (7.5) 1.0 (0.77–1.42) 0.772
Fibular fracture 27 (4.2) 245 (3.8) 1.1 (0.75–1.69) 0.572
Calcaneal fracture 27 (4.2) 335 (5.2) 0.8 (0.54–1.21) 0.302
Metatarsal fracture 20 (3.1) 236 (3.6) 0.9 (0.54–1.36) 0.510

BMI = body mass index, CI = confidence interval, EDH = epidural hematoma, ICH = intracerebral hematoma, SAH = subarachnoid hemorrhage, SDH = subdural hematoma.

Figure 2. Proportion of underweight and normal-weight patients who had sustained pneumothorax from different trauma mechanisms.
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Figure 3. Proportion of underweight and normal-weight patients who had sustained femoral fracture from different trauma mechanisms.
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higher ISS, and higher in-hospital mortality than normal-weight
patients. Importantly, after propensity score matching, logistic
regression analysis of well-matched pairs of patients with either all
trauma, motorcycle accident or even fall injury did not show a
significant influence of underweight on mortality, indicating some
factors (e.g., older age or higher associated comorbidity in the
patients with a fall) other than ISS may be attributed to the higher
mortality of the underweight patients with fall.
Table 4

Demographics and injury characteristics of underweight and normal

Variables Underweight BMI <18.5, n=356 Nor

Gender
Male 146 (41.0)
Female 210 (59.0)

Age, y 33.1±13.8
Helmet use, n (%)
Yes 320 (89.9)
No 32 (9.0)
Unknown 4 (1.1)

Alcohol >50 mg/dL, n (%) 19 (5.3)
GCS 14.3±2.2
�8 16 (4.5)
9–12 13 (3.7)
≥13 327 (91.9)

AIS ≥1, n (%)
Head/Neck 122 (34.3)
Face 101 (28.4)
Thorax 42 (11.8)
Abdomen 24 (6.7)
Extremity 257 (72.2)

ISS 8.9±7.1
<16 308 (86.5)
16–24 32 (9.0)
≥25 16 (4.5)

Mortality, n (%) 3 (0.8)
Controlled by ISS –

LOS, d 9.0±9.6
Stay in ICU
Patients, n (%) 70 (19.7)
<16 30 (8.4)
16–24 26 (7.3)
≥25 14 (3.9)

LOS in ICU, d 5.7±5.0

AIS = abbreviated injury scale, BMI = body mass index, CI = confidence interval, GCS = Glasgow Co

7

In Taiwan, because motorcycle riding is generally forbidden on
highways and most traffic accidents occur in relatively crowded
streets, motorcycle injuries commonly occur at a relatively low
velocity.[13] In this study, although most of the patients with fall
accidents sustained a ground-level fall from <1 m height, the ISS
of underweight patients with fall accidents was still significantly
higher than that of underweight motorcycle riders (10.1±6.9 vs
8.9±7.1, P < 0.001). In consideration of the helmet-wearing
-weight adult trauma patients with motorcycle accidents.

mal 25> BMI ≥18.5, n=3272 Odds ratio (95% CI) P

1754 (53.6) 0.6 (0.48–0.75) <0.001
1518 (46.4) 1.7 (1.33–2.08) <0.001
40.7±14.4 – <0.001

2883 (88.1) 1.2 (0.84–1.72) 0.322
316 (9.7) 0.9 (0.63–1.35) 0.684
73 (2.2) 0.5 (0.18–1.37) 0.169
373 (11.4) 0.4 (0.27–0.70) <0.001
14.2±2.5 – 0.128
194 (5.9) 0.7 (0.44–1.26) 0.271
148 (4.5) 0.8 (0.45–1.43) 0.448
2930 (89.5) 1.3 (0.89–1.96) 0.173

1050 (32.1) 1.1 (0.88–1.39) 0.404
917 (28.0) 1.0 (0.80–1.30) 0.891
485 (14.8) 0.8 (0.55–1.08) 0.124
231 (7.1) 1.0 (0.62–1.47) 0.823
2396 (73.2) 0.9 (0.74–1.21) 0.675
9.3±7.5 – 0.245

2707 (82.7) 1.3 (0.98–1.84) 0.070
399 (12.2) 0.7 (0.49–1.04) 0.076
166 (5.1) 0.9 (0.52–1.49) 0.635
40 (1.2) 0.7 (0.21–2.23) 0.795

– 0.8 (0.24–2.91) 0.782
9.6±10.0 – 0.337

607 (18.6) 1.1 (0.82–1.42) 0.609
193 (5.9) 1.5 (0.98–2.19) 0.059
265 (8.1) 0.9 (0.59–1.36) 0.600
149 (4.6) 0.9 (0.49–1.50) 0.591
6.9±8.0 – 0.216

ma Scale, ICU = intensive care unit, ISS = injury severity score, LOS = length of stay.
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Table 5

Demographics and injury characteristics of underweight and normal-weight adult trauma patients with fall accidents.

Variables Underweight BMI <18.5, n=108 Normal 25> BMI ≥18.5, n=1283 Odds ratio (95% CI) P

Gender
Male 53 (49.1) 752 (58.6) 0.7 (0.46–1.01) 0.054
Female 55 (50.9) 531 (41.4) 1.5 (1.00–2.18) 0.054

Age, y 48.5±13.1 50.7±11.2 – 0.093
Height of fall, m
<1 83 (76.9) 830 (64.7) 1.8 (1.14–2.88) 0.011
1–6 22 (20.4) 425 (33.1) 0.5 (0.32–0.84) 0.006
>6 3 (2.8) 28 (2.2) 1.3 (0.38–4.28) 0.729

Alcohol >50 mg/dL, n (%) 8 (7.4) 57 (4.4) 1.7 (0.80–3.71) 0.161
GCS 13.8±3.0 14.5±2.0 – 0.020
�8 9 (8.3) 48 (3.7) 2.3 (1.12–4.91) 0.037
9–12 7 (6.5) 38 (3.0) 2.3 (0.99–5.21) 0.079
≥13 92 (85.2) 1197 (93.3) 0.4 (0.23–0.73) 0.002

AIS ≥1, n (%)
Head/Neck 31 (28.7) 302 (23.5) 1.3 (0.85–2.02) 0.227
Face 13 (12.0) 123 (9.6) 1.3 (0.70–2.37) 0.410
Thorax 14 (13.0) 134 (10.4) 1.3 (0.71–2.30) 0.415
Abdomen 8 (7.4) 90 (7.0) 1.1 (0.50–2.25) 0.878
Extremity 71 (65.7) 953 (74.3) 0.7 (0.44–1.01) 0.053

ISS 10.1±6.9 8.4±5.9 – 0.005
<16 85 (78.7) 1089 (84.9) 0.7 (0.41–1.07) 0.089
16–24 13 (12.0) 144 (11.2) 1.1 (0.59–1.98) 0.798
≥25 10 (9.3) 50 (3.9) 2.5 (1.24–5.12) 0.021

Mortality, n (%) 6 (5.6) 17 (1.3) 4.4 (1.69–11.35) 0.006
Controlled by ISS – – 2.9 (1.02–8.19) 0.047
Height of fall, m
<1 5 (4.6) 12 (0.9) 5.1 (1.78–14.88) 0.007
1–6 1 (0.9) 5 (0.4) 2.4 (0.28–20.63) 0.385

LOS, d 10.0±9.1 8.4±9.3 – 0.070
Stay in ICU
Patients, n (%) 26 (24.1) 184 (14.3) 1.9 (1.19–3.02) 0.007
<16 9 (8.3) 48 (3.7) 2.3 (1.12–4.91) 0.037
16–24 8 (7.4) 91 (7.1) 1.0 (0.49–2.22) 0.903
≥25 9 (8.3) 45 (3.5) 2.5 (1.19–5.27) 0.032

LOS in ICU, d 5.6±5.0 8.2±9.3 – 0.033

AIS = abbreviated injury scale, BMI = body mass index, CI = confidence interval, CVA = cerebral vascular accident, DM = diabetes mellitus, GCS = Glasgow Coma Scale, ICU = intensive care unit, ISS = injury
severity score, LOS = length of stay.
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habit in most of the motorcycle riders but not in patients with fall
injuries, and the existence of different presentations of GCS
scores in patients with motorcycle and fall accidents, we
suspected that the higher ISS and mortality in underweight
patients with fall accidents may be attributed to head injuries;
however, the absence of a difference in head and neck injuries
based on AIS analysis and on the incidences of associated head
trauma (Supplementary Tables 1 and 2, http://links.lww.com/
MD/B585) does not support this hypothesis. Therefore, a further
population-based analysis with direct test of helmet-wearing in
underweight population is required to achieve more solid
conclusion regarding the protective or harmful effects of
helmet-wearing. Furthermore, it had been reported that the
associated decreased caloric and functional reserve of under-
weight patients making them more vulnerable to a physiologic
stress such as a hip fracture than the obese patients.[22] The
reduced physiological reserve may be partly explained by the
findings of this study that underweight patients were more likely
to present with worse measurements of SBP <90mm Hg, HR
>100beats/min, and respiratory rate <10 or ≥29times/min than
the normal-weight patients. However, more evidence is required
to validate whether the reduced caloric and functional reserve of
underweight patients affects the outcomes for normal-weight
8

patients only in the condition with a higher ISS, such as in fall
accidents but not in motorcycle accidents in this study.
In this study, a positive BAC was less frequently observed

among underweight patients than in normal-weight patients with
all trauma injuries or with motorcycle accidents. Unsurprisingly,
prevalent high-risk behaviors such as excessive alcohol use,
which may contribute to excess body weight and the co-
occurrence of obesity, and any alcohol use were frequently
encountered.[23] Furthermore, the real incidence of alcohol
intoxication in underweight patients may be lower than that in
normal-weight patients, in consideration the requirement of a
higher amount of alcohol to reach the same level of blood alcohol
concentration in a patient with a higher body fat mass;[24]

however, this suggestion could not be verified in this study
because of its retrospective design. In addition, in a study of 1976
patients with traumatic hemorrhagic shock, underweight patients
received significantly higher volumes of blood transfusion than
did normal-weight patients (4751±470mL vs 3182±125mL,
P<0.001) within 12hours of injury.[9] Although higher
transfusion rates in underweight patients, because of their low
functional reserves and a suspected higher impact of equivalent
blood loss in trauma, are suspected, no statistically significant
relationship between the packed red blood cell transfusion rates
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during resuscitation had been reported between underweight and
normal-weight patients.[3] In this study, there were no significant
differences between groups with respect to blood transfusion and
other performed procedures such as cardiopulmonary resuscita-
tion, intubation, and chest tube insertion.
Notably, in this study, more underweight patients had

sustained a pneumothorax in a penetrating injury (0.0% vs
10.0%, P=0.018) than did normal-weight patients. It had been
reported that underweight patients were more likely to have a
thoracotomy/sternotomy/video-assisted thoracoscopic surgery
(OR, 2.10; 95% CI, 1.14–3.85; P<0.017) than normal-weight
patients.[9] In addition, in an evaluation of the depths to which
acupuncture needles can be inserted safely in the chest
acupuncture points, and the variations in safe depth according
to sex, age, body weight, and BMI, an increase in the BMI was
significantly correlated with the increase in safe depth.[25] The
safe depth in the obesity group was 1.23–1.75 times deeper than
that in the underweight group.[25] Reasonably, the higher
incidence of pneumothorax may be related to the thin skin
and soft tissue coverage of the chest of underweight patients. In
this study, more underweight patients also had sustained a
femoral fracture in struck on/against injuries (2.3% vs 7.1%, P=
0.040) than did normal-weight patients. In a hospital-based
cohort study of 1614 postmenopausal Japanese women followed
for 6.7 years, the incidence rates of femoral neck and long-bone
fractures in the underweight group were higher than those in the
overweight and obese group by 2.15 (95% CI, 0.73–6.34) and
1.51 (95%CI, 0.82–2.77), respectively.[26] A positive correlation
had been reported between bone mineral density and BMI;[27]

however, as increased body fat also has a negative effect on
attaining the peak bone mass and bone mineral content,[28] the
effect of underweight on the peak bone mass and bone mineral
content as well as the fracture incidence are less explored.
Moreover, some authors proposed the presence of a “cushion
effect” that protects overweight patients from immediate death
during a motor vehicle crash.[29] Whether there is less “cushion
effect” in underweight patients to protect them from sustaining a
pneumothorax in a crash injury and a direct contusion force on
the femur resulting in fracture is interesting and warrant further
investigation. Notably, in a study of all elderly patients receiving
urgent hip fracture repairs, those who were underweight had a
significantly higher risk of developingmyocardial infarction (OR,
1.44; 95% CI, 1.0–2.1; P=0.05) and arrhythmias (OR, 1.59;
95% CI, 1.0–2.4; P=0.04) than normal-BMI patients.[22]

Therefore, it had been suggested that maintaining an optimal
body weight can reduce the risk of chronic diseases and mortality
in polytraumatic underweight patients.[3]

The limitations of this study include the use of a retrospective
design with its inherent selection bias. The lack of data on the
circumstances of the mechanisms of injury, in terms of the impact
type and force, as well as the use of any other protective materials,
also limit the interpretation of the analyzed data. Moreover, the
Trauma Registry Database only registered those patients who
hospitalized for treatment, but not included those injured persons
who received treatment in clinics, those patients who died before
hospital arrival or at accident scene, and therefore confers a bias in
the analysis. Finally, this study is only descriptive in nature and
therefore is unable to assess the effects of any particular treatment
intervention. We could only rely on the assumption that the
assessment and management were uniform between the under-
weight and normal-weight patients. The effect of underweight on
the incidenceof associated injuries andoutcomes in traumapatients
remains inconclusive without a matched cohort prospective study.
9

5. Conclusion

Exploratory data analysis revealed that underweight patients
presented different injury characteristics and bodily injury
patterns, specifically a higher incidence of pneumothorax from
a penetrating injury and of femoral fracture from a struck on/
against injury, and a significantly higher rate of admittance to the
ICU than the analyzed normal-weight patients. However,
compared with normal-weight patients, the presentation of
injury severity (GCS scores and ISS) and outcome (mortality and
proportion of patients admitted to the ICU) varied when these
underweight patients were stratified by injury mechanism
(motorcycle accident and fall injury).
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Abstract: Background: Hyponatremia has been proposed as a contributor to falls in the elderly, which
have become a major global issue with the aging of the population. This study aimed to assess the
clinical presentation and outcomes of elderly patients with hyponatremia admitted due to fall injuries
in a Level I trauma center. Methods: We retrospectively reviewed data obtained from the Trauma
Registry System for trauma admissions from January 2009 through December 2014. Hyponatremia
was defined as a serum sodium level <135 mEq/L, and only patients who had sustained a fall at
ground level (<1 m) were included. We used Chi-square tests, Student t-tests, and Mann-Whitney
U tests to compare elderly patients (age ≥65 years) with hyponatremia (n = 492) to those without
(n = 2002), and to adult patients (age 20–64 years) with hyponatremia (n = 125). Results: Significantly
more elderly patients with hyponatremia presented to the emergency department (ED) due to falls
compared to elderly patients without hyponatremia (73.7% vs. 52.6%; OR: 2.5, 95% CI: 2.10–3.02;
p < 0.001). Elderly patients with hyponatremia presented with a worse outcome, measured by
significantly higher odds of intubation (OR: 2.4, 95% CI: 1.15–4.83; p = 0.025), a longer in-hospital
length of stay (LOS) (11 days vs. 9 days; p < 0.001), higher proportion of intensive care unit (ICU)
admission (20.9% vs. 16.2%; OR: 1.4, 95% CI: 1.07–1.76; p = 0.013), and higher mortality (OR: 2.5,
95% CI: 1.53–3.96; p < 0.001), regardless of adjustment by Injury Severity Scores (ISS) (AOR: 2.4,
95% CI: 1.42–4.21; p = 0.001). Conclusions: Our results show that hyponatremia is associated with
worse outcome from fall-related injuries in the elderly, with an increased ISS, longer LOS, and a
higher risk of death.

Keywords: hyponatremia; fall injury; elderly; injury severity score; trauma; mortality

1. Background

The increasing proportion of elderly people in the population has become a major global issue
in recent years; Taiwan is soon set to become an aged society [1,2]. In addition to old age-related
medical problems, falls are particularly common and burdensome, causing physical injury and limiting
social and physical ability, resulting in reduced independence and the potential for subsequent
falls [3–9]. In emergency departments (ED), falls are often seen to cause trauma in the old-age
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population. Approximately one-third of the older population experiences at least one fall each year;
a worldwide study of disease burden for 21 regions has estimated that falls are responsible for
35 million disability-adjusted life years [10,11]. However, vigilance among the elderly for preventing
falls is still low, and the proportion of old aged community-dwellers at risk of falls who are aware of
this risk and prioritize for preventive care is small [12].

Hyponatremia has been proposed to be among the factors related to elderly falls, along with
neuromuscular diseases, hypoglycemia, postural hypotension, and medication use [13]. Hyponatremia
is prevalent in the ED, and is more commonly seen in the elderly than in other adult populations [14].
The incidence of hyponatremia in the elderly is reported at almost 20%. In ambulatory care settings,
it is also the most common electrolyte imbalance, occurring in approximately 7–11% of outpatient
geriatric patients [14,15] and around 18% of long-term care residents [16]. Even mild hyponatremia has
been shown to cause other forms of potential danger besides falls among the elderly, including altered
mental status, osteoporosis and fractures, and gastrointestinal disturbances [13,16]. Furthermore,
correction of hyponatremia in this population has the potential to impact socioeconomic status by
reducing morbidity and mortality [17].

There is strong evidence that elderly trauma patients are at an increased risk of morbidity and
mortality compared to younger patients [18–20]. In addition, because of the unique pathophysiology
and physical capacity of the elderly with hyponatremia, their clinical presentation following a
falling injury may differ from that of elderly patients without hyponatremia. However, there
is limited information regarding their injury characteristics and outcome in such circumstances.
Therefore, the purpose of this study was to assess the clinical presentation and outcomes of elderly
patients with hyponatremia admitted for treatment following a falling injury in a Level I trauma center
over a six-year period using trauma registry data.

2. Methods

We designed a retrospective study to review all patients whose data were entered into the Trauma
Registry System between January 2009 and December 2014. Detailed patient information was retrieved
from the Trauma Registry System of our institution, which included the following variables: age,
gender, co-morbidities such as cerebral vascular accident (CVA), hypertension (HTN), coronary artery
disease (CAD), congestive heart failure (CHF), diabetes mellitus (DM), end-stage renal disease (ESRD),
and dementia, as well as vital signs, injury severity score (ISS), and serum sodium level on arrival;
Glasgow coma scale (GCS) score; abbreviated injury scale (AIS); hospital length of stay (LOS); intensive
care unit (ICU) LOS; in-hospital mortality; procedures performed in the ED; and associated trauma in
each body region. This study was approved by the institutional review board (IRB) of the Kaohsiung
Chang Gung Memorial Hospital (IRB approved No. 104-8790B), a 2400-bed facility and Level I regional
trauma center that provides care to trauma patients primarily from Southern Taiwan.

In this study, hyponatremia and normonatremia are defined as serum sodium levels <135 mEq/L
and between 135 and 145 mEq/L, respectively. Only the patients having sustained a fall <1 m,
indicating a ground level fall, were included. Elderly patients were defined as patients aged ≥65 years,
while adult patients were defined as patients aged 20–64 years. Patients with hypernatremia were
excluded from the study. To evaluate the clinical presentation of the elderly with hyponatremia and
having sustained a falling injury, elderly patients with hyponatremia (n = 492) were compared with
elderly patients without hyponatremia (n = 2002), and with adult patients with hyponatremia (n = 125)
using the SPSS v.20 statistical software (IBM, Armonk, NY, USA). For categorical variables, Chi-square
tests were used to determine the significance of the associations between the predictor and outcome
variables. For continuous variables, student t-tests were applied to analyze normally distributed data,
while Mann-Whitney U tests were used to compare non-normally distributed data. Univariate logistic
regression analyses were initially performed to identify the significant predictor variables of the injury
or mortality risk. The corresponding crude odds ratios (ORs) with 95% confidence intervals (CIs) for
each variable were obtained. We also estimated the adjusted odds ratio (AOR) and 95% CI for mortality
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through stepwise model selection of a multiple regression model that was adjusted by controlling
the ISS or with the additional confounding variable of underlying co-morbidities (CVA, HTN, CAD,
CHF, DM, ESRD, and dementia). All of the results were presented as the mean ± standard deviation.
A p-value < 0.05 was considered statistically significant.

This study was pre-approved by the Institutional Review Board (IRB) of the Chang Gung
Memorial Hospital (approval number No. 104-8790B). Informed consent was waived according
to IRB regulations.

3. Results

As shown in Figure 1, for elderly patients with hyponatremia, 492 out of 668 patients (73.6%)
were injured due to a fall. Other injuries included motorcycle accidents (90/668; 13.5%), bicycle
accidents (28/668; 4.2%), falls from height ≥1 m (25/668; 3.7%), being struck by/against objects
(18/668; 2.7%), pedestrians in an accident (13/668; 1.9%), and automobile accidents (2/668; 0.3%).
For elderly patients without hyponatremia, the leading causes of injury were falls (2002/3804; 52.6%),
followed by motorcycle (1017/3804; 26.7%) and bicycle (246/3804; 6.5%) accidents, and the leading
causes of injury for adult patients with hyponatremia were motorcycle accidents (219/494; 44.3%),
falls (125/494; 25.3%), and being struck by/against objects (70/494; 14.2%).
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Figure 1. The relative proportions of different trauma mechanisms among elderly and adult patients
with or without hyponatremia in the emergency department. y/o = years old.

Significantly more elderly patients with hyponatremia presented to the ED due to falls compared
with elderly patients without hyponatremia (73.7% vs. 52.6%; OR: 2.5, 95% CI: 2.10–3.02; p < 0.001).
The mean serum sodium levels were 130.5 ± 4.1 mEq/L, 138.8 ± 2.3 mEq/L, and 130.7 ± 4.6 mEq/L
in elderly patients with hyponatremia, elderly patients without hyponatremia, and adult patients
with hyponatremia, respectively (Table 1). Significantly less elderly patients with hyponatremia had
hemoglobin levels of ≥10.0 when compared with elderly patients without hyponatremia, while more
elderly with hyponatremia patients are anemic and had hemoglobin levels between 8.0–9.9 and of ≤7.9
in comparison with elderly patients without hyponatremia. Elderly patients with hyponatremia had
higher odds of CVA, CAD, DM, and ESRD than elderly patients without hyponatremia, and higher
odds of CVA, HTN, CAD, ESRD, and dementia than adult patients with hyponatremia. There was no
significant difference in GCS scores between the elderly with and without hyponatremia or between
the elderly and adult patients with hyponatremia. A significantly higher ISS was found in the elderly
patients with hyponatremia than in those without (9.8 ± 4.3 vs. 9.2 ± 4.2, respectively; p = 0.008);
however, their ISS was not significantly higher than that of adult patients with hyponatraemia.
Analysis of AIS revealed that the elderly patients with hyponatremia had sustained significantly
higher rates of thoracic injury than elderly patients without hyponatremia (4.5% vs. 2.5%, respectively;
p = 0.026) but lower rates of injury to the extremities (75.8% vs. 80.2%, respectively; p = 0.035).
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Table 1. Demographics and injury characteristics of elderly patients with hyponatremia who had sustained falls.

Variables
(Fall < 1 m)

Patients ≥ 65 y/o
with Hyponatremia

n = 492

Patients ≥ 65 y/o
without Hyponatremia

n = 2002

Patients 20–64 y/o
with Hyponatremia

n = 125

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients ≥ 65 y/o without

Hyponatremia

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients 20–64 y/o with

Hyponatremia

Na Level 112~134 135~147 107~134 - - - -
Mean ± SD 130.5 ±4.1 138.8 ±2.3 130.7 ±4.6 - - - -

Gender
Male 181 (36.8) 584 (29.2) 76 (60.8) 1.4 (1.15–1.74) 0.001 0.4 (0.25–0.56) <0.001
Female 311 (63.2) 1418 (70.8) 49 (39.2) 0.7 (0.58–0.87) 0.001 2.7 (1.78–3.99) <0.001

Hemoglobin n = 492 n = 2001 n = 125
≥10.0 367 (74.6) 1681 (84.0) 98 (78.4) 0.6 (0.44–0.71) <0.001 0.8 (0.51–1.30) 0.417
8.0–9.9 90 (18.3) 272 (13.6) 18 (14.4) 1.4 (1.10–1.85) 0.008 1.3 (0.77–2.31) 0.357
≤7.9 35 (7.1) 48 (2.4) 9 (7.2) 3.1 (1.99–4.87) <0.001 1.0 (0.46–2.11) 1.000

Co-Morbidity
CVA 88 (17.9) 275 (13.7) 9 (7.2) 1.4 (1.05–1.78) 0.022 2.8 (1.37–5.75) 0.002
HTN 327 (66.5) 1269 (63.4) 56 (44.8) 1.1 (0.93–1.41) 0.209 2.4 (1.64–3.64) <0.001
CAD 74 (15.0) 183 (9.1) 8 (6.4) 1.8 (1.32–2.35) <0.001 2.6 (1.21–5.52) 0.011
CHF 17 (3.5) 54 (2.7) 4 (3.2) 1.3 (0.74–2.25) 0.222 1.1 (0.36–3.28) 1.000
DM 201 (40.9) 606 (30.3) 59 (47.2) 1.6 (1.30–1.95) <0.001 0.8 (0.52–1.15) 0.224
ESRD 37 (7.5) 89 (4.4) 25 (20.0) 1.7 (1.18–2.60) 0.006 0.3 (0.19–0.57) <0.001
Dementia 33 (6.7) 112 (5.6) 1 (0.8) 1.2 (0.81–1.81) 0.389 8.9 (1.21–65.83) 0.007

GCS 14.5 ±1.8 14.5 ±1.7 14.0 ±2.6 - 0.415 - 0.096
1–8 14 (2.8) 48 (2.4) 8 (6.4) 1.2 (0.65–2.18) 0.627 0.4 (0.18–1.05) 0.063
9–12 23 (4.7) 73 (3.6) 7 (5.6) 1.3 (0.80–2.09) 0.295 0.8 (0.35–1.97) 0.816
13–15 455 (92.5) 1881 (94.0) 110 (88.0) 0.8 (0.54–1.16) 0.255 1.7 (0.89–3.17) 0.147

ISS 9.8 ±4.3 9.2 ±4.2 9.6 ±5.8 - 0.008 - 0.809
1–8 67 (13.6) 394 (19.7) 39 (31.2) 0.6 (0.49–0.85) 0.002 0.3 (0.22–0.55) <0.001
9–15 358 (72.8) 1369 (68.4) 56 (44.8) 1.2 (0.99–1.54) 0.064 3.3 (2.20–4.93) <0.001
16–24 49 (10.0) 194 (9.7) 24 (19.2) 1.0 (0.74–1.43) 0.865 0.5 (0.27–0.79) 0.006
≥25 18 (3.7) 45 (2.2) 6 (4.8) 1.7 (0.95–2.88) 0.079 0.8 (0.29–1.94) 0.603
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Table 1. Cont.

Variables
(Fall < 1 m)

Patients ≥ 65 y/o
with Hyponatremia

n = 492

Patients ≥ 65 y/o
without Hyponatremia

n = 2002

Patients 20–64 y/o
with Hyponatremia

n = 125

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients ≥ 65 y/o without

Hyponatremia

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients 20–64 y/o with

Hyponatremia

AIS
Head/Neck 114 (23.2) 384 (19.2) 41 (32.8) 1.3 (1.00–1.61) 0.051 0.6 (0.40–0.95) 0.029
Face 12 (2.4) 74 (3.7) 5 (4.0) 0.7 (0.35–1.21) 0.214 0.6 (0.21–1.74) 0.358
Thorax 22 (4.5) 51 (2.5) 7 (5.6) 1.8 (1.08–2.98) 0.026 0.8 (0.33–1.89) 0.636
Abdomen 9 (1.8) 53 (2.6) 2 (1.6) 0.7 (0.34–1.40) 0.336 1.1 (0.24–5.37) 1.000
Extremity 373 (75.8) 1605 (80.2) 84 (67.2) 0.8 (0.61–0.98) 0.035 1.5 (1.00–2.34) 0.053

Mortality 28 (5.7) 48 (2.4) 7 (5.6) 2.5 (1.53–3.96) <0.001 1.0 (0.43–2.39) 1.000

ISS(AOR) - - - 2.4 (1.42–4.21) 0.001 1.4 (0.53–3.90) 0.473
ISS+CO(AOR) - - - 2.5 (1.41–4.32) 0.001 2.7 (0.49–4.49) 0.255

Hospital LOS
(days) 11.1 ±1.0 9.1 ±8.0 11.6 ±11.9 - <0.001 - 0.663

ICU stay 103 (20.9) 324 (16.2) 26 (20.8) 1.4 (1.07–1.76) 0.013 1.0 (0.62–1.64) 1.000

ICU LOS (days) 9.2 ±13.1 8.1 ±11.3 9.4 ±11.3 - 0.430 - 0.941

AIS = Abbreviated Injury Scale; AOR = adjusted odds ratio; CO = Co-morbidities; CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral
vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; HTN = hypertension; ICU = intensive care unit; ISS = injury severity score;
LOS = length of stay; OR = odds ratio; SD = standard deviation; y/o = years old. One datum of the serum hemoglobin level was missing in the elderly patients without hyponatremia.
The values with significant difference between groups are expressed in bold.
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In addition, compared to adult patients with hyponatremia, the elderly patients with
hyponatremia had sustained significantly lower rates of head/neck injury (23.2% vs. 32.8%,
respectively; p = 0.029). Elderly patients with hyponatremia had higher odds of mortality than
elderly patients without hyponatremia (OR: 2.5, 95% CI: 1.53–3.96; p < 0.001). Even when mortality was
adjusted using ISS scores or ISS scores with the co-morbidities, higher mortality rate (AOR: 2.4, 95% CI:
1.42–4.21; p = 0.001 and AOR: 2.5, 95% CI: 1.41–4.32; p = 0.001, respectively) was noted in elderly
patients with hyponatremia than in those without. No significant difference was found between the
mortality rates of elderly and adult patients with hyponatremia, even after adjustment for the ISS score
and other co-morbidities. Furthermore, the hospital LOS of elderly patients with hyponatremia was
significantly longer than that of elderly patients without hyponatremia (average 11 days vs. 9 days;
p < 0.001). A higher proportion of elderly patients with hyponatremia were admitted to the ICU
than elderly patients without hyponatremia (20.9% vs. 16.2%; OR: 1.4, 95% CI: 1.07–1.76; p = 0.013),
while the ICU LOS was not significantly different between the two groups. Compared to adult patients
with hyponatremia, elderly patients with hyponatremia did not show significantly longer hospital or
ICU LOS, nor was there a difference in the proportion of patients admitted to the ICU.

Upon arrival at the ED, no significant differences were found for GCS of <13, systolic blood
pressure (SBP) of <90 mmHg, or heart rate of >100 beats/min between the elderly patients with or
without hyponatremia (Table 2). More elderly patients with hyponatremia were intubated compared
with elderly patients without hyponatremia (2.4% vs. 1.0%; OR: 2.4, 95% CI: 1.15–4.83; p = 0.025).
Furthermore, no significant differences were found in the odds of needing chest tube insertion or
blood transfusions at the ED between the two groups of elderly patients. In comparison with adult
patients with hyponatremia, the elderly patients with hyponatremia had significant lower odds of
SBP <90 mmHg (1.8% vs. 27.2%; OR: 0.1, 95% CI: 0.02–0.11; p < 0.001) but higher odds of heart
rates >100 beats/min (17.5% vs. 1.6%; OR: 13.0, 95% CI: 3.16–53.70; p < 0.001). Neither group had
significantly higher odds for requiring intubation, chest tube insertion, or blood transfusions at the ED.

Those injuries with significant difference in the affected body regions between groups are shown
in Table 3, while information on all injuries is shown in the Supplementary Materials Table S1.
Elderly patients with hyponatremia sustained a significant higher incidence of thoracic vertebral
fracture, but fewer radial and ulnar fractures than elderly patients without hyponatremia. In contrast,
compared to those adult patients with hyponatremia, elderly patients with hyponatremia sustained a
significantly lower percentage of cranial fractures, epidural hematoma, and intracerebral hematoma,
but a higher percentage of femoral fracture.
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Table 2. Physiological response and procedures performed upon arrival at the emergency department.

Variable
(Fall < 1 m)

Patients ≥ 65 y/o
with Hyponatremia

n = 492

Patients ≥ 65 y/o
without Hyponatremia

n = 2002

Patients 20–64 y/o
with Hyponatremia

n = 125

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients ≥ 65 y/o without

Hyponatremia

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients 20–64 y/o with

Hyponatremia

Physiology at ED, n (%)
GCS < 13 37 (7.5) 121 (6.0) 15 (12.0) 1.3 (0.86–1.85) 0.255 0.6 (0.32–1.13) 0.147

SBP < 90 mmHg 9 (1.8) 18 (0.9) 34 (27.2) 2.1 (0.92–4.60) 0.087 0.1 (0.02–0.11) <0.001
Heart rate > 100 beats/min 86 (17.5) 324 (16.2) 2 (1.6) 1.1 (0.85–1.43) 0.497 13.0 (3.16–53.70) <0.001

Procedures at ED, n (%)
Intubation 12 (2.4) 21 (1.0) 4 (3.2) 2.4 (1.15–4.83) 0.025 0.8 (0.24–2.39) 0.752

Chest tube insertion 1 (0.2) 7 (0.3) 0 (0.0) 0.6 (0.07–4.73) 0.708 - 1.000
Blood transfusion 18 (3.7) 48 (2.4) 3 (2.4) 1.5 (0.89–2.68) 0.156 1.5 (0.45–5.33) 0.593

ED = emergency department; GCS = Glasgow Coma Scale; SBP = systolic blood pressure. The values with significant difference between groups are expressed in bold.

Table 3. Significantly associated injuries among elderly patients with hyponatremia.

Variables
(Fall < 1 m)

Patients ≥ 65 y/o
with Hyponatremia

n = 492

Patients ≥ 65 y/o
without Hyponatremia

n = 2002

Patients 20–64 y/o
with Hyponatremia

n = 125

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients ≥ 65 y/o without

Hyponatremia

OR (95% CI) p
Patients ≥ 65 y/o with

Hyponatremia
vs. Patients 20–64 y/o with

Hyponatremia

Cranial fracture 6 (1.2) 38 (1.9) 7 (5.6) 0.6 (0.27–1.52) 0.347 0.2 (0.07–0.63) 0.007
Epidural hematoma (EDH) 7 (1.4) 27 (1.3) 7 (5.6) 1.1 (0.46–2.44) 1.000 0.2 (0.08–0.71) 0.012

Intracerebral hematoma (ICH) 8 (1.6) 34 (1.7) 6 (4.8) 1.0 (0.44–2.08) 1.000 0.3 (0.11–0.96) 0.044
Thoracic vertebral fracture 9 (1.8) 15 (0.7) 0 (0.0) 2.5 (1.07–5.67) 0.038 - 0.216

Radial fracture 23 (4.7) 222 (11.1) 4 (3.2) 0.4 (0.25–0.61) <0.001 1.5 (0.50–4.37) 0.627
Ulnar fracture 10 (2.0) 91 (4.5) 4 (3.2) 0.4 (0.23–0.84) 0.015 0.6 (0.19–2.04) 0.498

Femoral fracture 280 (56.9) 1070 (53.4) 33 (26.4) 1.2 (0.94–1.40) 0.173 3.7 (2.38–5.69) <0.001

The values with significant difference between groups are expressed in bold.
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4. Discussion

As one of the most common electrolyte imbalance disorders among the elderly, hyponatremia
was previously reported as a predictor of falls in a geriatric trauma population [13]. In this study,
approximately 2.5-fold more elderly patients with hyponatremia presented to the ED due to falls
than elderly patients without hyponatremia, suggesting a correlation between hyponatremia and
elderly falls, consistent with similar reports in the literature. Asymptomatic hyponatremia has been
reported to significantly increase the OR of falls in a population of ED admissions when controlling
for multiple covariates (AOR: 67.43, 95% CI: 7.48–607.42; p < 0.001), which is believed to be a result of
the significant gait and attention impairments that come with hyponatremia [21]. In a population of
community-dwelling individuals, Gunathilake et al. demonstrated approximately 8-fold higher odds
of falls in the elderly with hyponatremia after adjusting for age, sex, and diuretic use [22]. The study
also reported that a serum sodium drop of 5 mEq/L (from 135 to 130 mEq/L) was correlated with a
32% increased risk of fall (OR: 1.32, 95% CI: 1.04–1.64) [22]. Tolouian et al. also reported increased odds
of falls when adjusting for age (AOR: 4.80, 95% CI: 1.06–21.67; p = 0.04) in a population of patients
admitted to the hospital for hip fractures secondary to a fall [17].

In this study, elderly patients with hyponatremia had a higher prevalence of CVA, HTN, CAD,
and ESRD than adult patients with hyponatremia, which may be due to the age differences between
the two groups. Furthermore, co-morbidities such as CVA, CAD, and DM were significantly more
common in elderly patients with hyponatremia than in elderly patients without hyponatremia. In the
literature, the formation of coronary atherosclerotic plaques in CAD was reported to be associated
with serum sodium concentration. A multiple linear regression analysis demonstrated that sodium
level was significantly and independently associated with the Gensini score [23]. This measure
defines the severity of coronary atherosclerosis and is computed by assigning a severity score to each
coronary stenosis according to the degree of luminal narrowing and its geographic importance. Further
multinomial logistic regression analysis concluded that hyponatremia is a risk factor for higher Gensini
score, indicating greater severity of atherosclerotic plaque formation [24]. In addition, the essential
pathophysiology of DM is also closely related to electrolyte regulation, especially sodium regulation,
and DM serves as a well-known cause of dysnatremias through various underlying mechanisms [25,26].
A previous study by Beukhof et al. reported that DM is associated with hyponatremia independent of
drugs or hyperglycemia [27]. In community subjects aged ≥55 years, DM has also been reportedly
associated with hyponatremia (OR = 1.98, 95% CI: 1.47–2.68) [26]. Proposed underlying mechanisms
for DM and hyponatremia include altered vasopressin metabolism and the interaction between insulin
and vasopressin—both of which function in the renal collecting duct—as well as the reabsorption of
more hypotonic fluid due to slower stomach emptying [28–30]. Strict control of serum glucose was
reported to be beneficial to prevent dysnatremias in these diabetic patients [31].

According to previous studies, patients with hyponatremia have higher mortality rates and longer
hospital LOS [32–35]. With a cohort of 4123 elderly patients, Terzian et al. proposed that after adjusting
for age, sex, LOS, and several clinical factors, hyponatremia was a significant independent predictor of
mortality [32]. In a study of patients admitted with CHF, hyponatremia was independently associated
with major complications during hospitalization, longer LOS, and greater inpatient mortality [33].
Significantly greater in-hospital and 60-day mortality was documented in patients with hyponatremia
who were hospitalized for worsening heart failure compared with patients with normal or high
serum sodium [34]. In a study conducted on patients with acute ST-elevation myocardial infarction,
hyponatremia at admission or during the first 72 h of hospitalization was an independent predictor of
30-day mortality [35]. In the present study, elderly patients with hyponatremia had approximately
2.5-fold higher odds of mortality than elderly patients without hyponatremia, regardless of adjustment
by other co-morbidities and ISS scores. In contrast, the mortality rates of elderly and adult patients
with hyponatremia were not significantly different, even after adjustment with other co-morbidities
and ISS scores. This phenomenon implies that hyponatraemia, but not age, has an important impact on
increased mortality of trauma patients. Furthermore, elderly patients with hyponatremia had worse
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outcomes than elderly patients without hyponatremia, since they had significantly higher odds of
intubation at ED, a longer in-hospital LOS, and a higher proportion of ICU admission.

Hyponatremia has also been reported to be a risk factor for elderly people with osteoporosis and
fragility fractures [36,37]. Cumming et al. claimed that in elderly patients with fragility fractures,
hyponatremia was highly prevalent, with the most common potentially causative factors including
dehydration, along with the prescription of thiazide diuretics and proton pump inhibitors [38].
Gankam Kengne et al. proposed that even mild asymptomatic hyponatremia is associated with bone
fractures among the ambulatory elderly (AOR: 4.16, 95% CI: 2.24–7.71) [39]. Sandhu et al. reported that
the incidence of hyponatremia in patients with fractures was more than twice that of the non-fracture
patients (9.1% and 4.1%, respectively; p = 0.007), with the degree of hyponatremia being mild to
moderate (mean serum sodium level = 131 ± 2 mEq/L) [40]. In this study, elderly patients with
hyponatremia had higher odds of thoracic vertebral fracture, but a lower rate of radial and ulnar
fracture, than elderly patients without hyponatremia. Some results from this study are contrary those
of previous reports; however, because the elderly patients with hyponatremia had a significantly
higher ISS, and the impact mechanisms of the falls were unknown, the reasons behind the lower radial
and ulnar fracture rates remain to be answered.

There are several limitations to this study. The retrospective design has an inherent selection bias,
which is a major limitation here. A second source of potential bias may come from the exclusion of
patients declared dead (either on hospital arrival or at the accident scene) and injured patients who
were discharged against the advice of the ED. In addition, patient medication use, muscle power, sugar
level, and other electrolyte imbalances were not recorded in the trauma registry system and could not
be evaluated in this study, but represent other important risk factors for falls. We also lacked data
regarding the circumstances of the injury. Furthermore, the documented indications for ICU discharge
may result in a bias in the evaluation of the ICU LOS. Finally, the study population was limited to a
single urban trauma center in southern Taiwan, which may not be representative of other populations.
Moreover, a further subgroup analysis according to the sodium level of these hyponatremia may
provide more information but was not performed because of expected reduced statistical power by
decreased sample size.

5. Conclusions

This study based on trauma admissions at a Level I trauma center shows that elderly patients
with hyponatremia that presented to the ED from January 2009 to December 2014 were more likely to
have experienced injuries from falls than those without hyponatremia. These patients also had anemia
and co-morbidities (CVA, CAD, and DM), a higher ISS, a longer hospital LOS, higher ICU admission
rates, and higher mortality rates.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/5/460/s1,
Table S1: All injuries among elderly patients with hyponatremia.

Acknowledgments: We appreciated the Biostatistics Center, Kaohsiung Chang Gung Memorial Hospital for
statistics work. This research was supported by a grant from Chang Gung Memorial Hospital CDRPG8C0033
& CMRPG8F0261.

Author Contributions: Spencer C. H. Kuo wrote the manuscript; Pao-Jen Kuo and Cheng-Shyuan Rau analyzed
the tables; Shao-Chun Wu helped in the interpretation of the analyzed data; Shiun-Yuan Hsu collected the data,
performed the statistical analyses, and is responsible for the integrity of the registered data; and Ching-Hua Hsieh
designed the study and contributed to the analysis and interpretation of data. All authors have read and approved
the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lin, P.S.; Hsieh, C.C.; Cheng, H.S.; Tseng, T.J.; Su, S.C. Association between Physical Fitness and Successful
Aging in Taiwanese Older Adults. PLoS ONE 2016, 11, e0150389. [CrossRef] [PubMed]

 www.mdpi.com/1660-4601/14/5/460/s1
http://dx.doi.org/10.1371/journal.pone.0150389
http://www.ncbi.nlm.nih.gov/pubmed/26963614


Int. J. Environ. Res. Public Health 2017, 14, 460 10 of 11

2. Chang, H.T.; Lai, H.Y.; Hwang, I.H.; Ho, M.M.; Hwang, S.J. Home healthcare services in Taiwan:
A nationwide study among the older population. BMC Health Serv. Res. 2010, 10, 274. [CrossRef] [PubMed]

3. Tromp, A.M.; Smit, J.H.; Deeg, D.J.; Bouter, L.M.; Lips, P. Predictors for falls and fractures in the Longitudinal
Aging Study Amsterdam. J. Bone Miner Res. 1998, 13, 1932–1939. [CrossRef] [PubMed]

4. Batra, A.; Page, T.; Melchior, M.; Seff, L.; Vieira, E.R.; Palmer, R.C. Factors associated with the completion of
falls prevention program. Health Educ. Res. 2013, 28, 1067–1079. [CrossRef] [PubMed]

5. Scheffer, A.C.; Schuurmans, M.J.; van Dijk, N.; van der Hooft, T.; de Rooij, S.E. Fear of falling: Measurement
strategy, prevalence, risk factors and consequences among older persons. Age Ageing 2008, 37, 19–24.
[CrossRef] [PubMed]

6. Stel, V.S.; Smit, J.H.; Pluijm, S.M.; Lips, P. Consequences of falling in older men and women and risk factors
for health service use and functional decline. Age Ageing 2004, 33, 58–65. [CrossRef] [PubMed]

7. Lamb, S.E.; Jorstad-Stein, E.C.; Hauer, K.; Becker, C. Development of a common outcome data set for fall
injury prevention trials: The Prevention of Falls Network Europe consensus. J. Am. Geriatr. Soc. 2005, 53,
1618–1622. [CrossRef] [PubMed]

8. Stevens, J.A.; Mack, K.A.; Paulozzi, L.J.; Ballesteros, M.F. Self-reported falls and fall-related injuries among
persons aged > or = 65 years—United States, 2006. J. Saf. Res. 2008, 39, 345–349. [CrossRef] [PubMed]

9. Deandrea, S.; Lucenteforte, E.; Bravi, F.; Foschi, R.; La Vecchia, C.; Negri, E. Risk factors for falls in
community-dwelling older people: A systematic review and meta-analysis. Epidemiology 2010, 21, 658–668.
[CrossRef] [PubMed]

10. Murray, C.J.; Vos, T.; Lozano, R.; Naghavi, M.; Flaxman, A.D.; Michaud, C.; Ezzati, M.; Shibuya, K.;
Salomon, J.A.; Abdalla, S.; et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in
21 regions, 1990–2010: A systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012, 380,
2197–2223. [CrossRef]

11. Palumbo, P.; Palmerini, L.; Bandinelli, S.; Chiari, L. Fall Risk Assessment Tools for Elderly Living in the
Community: Can We Do Better? PLoS ONE 2015, 10, e0146247. [CrossRef] [PubMed]

12. Jansen, S.; Schoe, J.; van Rijn, M.; Abu-Hanna, A.; van Charante, E.P.M.; van der Velde, N.; de Rooij, S.E.
Factors associated with recognition and prioritization for falling, and the effect on fall incidence in community
dwelling older adults. BMC Geriatr. 2015, 15, 169. [CrossRef] [PubMed]

13. Rittenhouse, K.J.; To, T.; Rogers, A.; Wu, D.; Horst, M.; Edavettal, M.; Miller, J.A.; Rogers, F.B. Hyponatremia
as a fall predictor in a geriatric trauma population. Injury 2015, 46, 119–123. [CrossRef] [PubMed]

14. Nelson, J.M.; Robinson, M.V. Hyponatremia in older adults presenting to the emergency department.
Int. Emerg. Nurs. 2012, 20, 251–254. [CrossRef] [PubMed]

15. Siregar, P. The risk of hyponatremia in the elderly compared with younger in the hospital inpatient and
outpatient. Acta Med. Indones. 2011, 43, 158–161. [PubMed]

16. Soiza, R.L.; Talbot, H.S.C. Management of hyponatraemia in older people: Old threats and new opportunities.
Ther. Adv. Drug Saf. 2011, 2, 9–17. [CrossRef] [PubMed]

17. Tolouian, R.; Alhamad, T.; Farazmand, M.; Mulla, Z.D. The correlation of hip fracture and hyponatremia in
the elderly. J. Nephrol. 2012, 25, 789–793. [CrossRef] [PubMed]

18. Pandya, S.R.; Yelon, J.A.; Sullivan, T.S.; Risucci, D.A. Geriatric motor vehicle collision survival: The role of
institutional trauma volume. J. Trauma 2011, 70, 1326–1330. [CrossRef] [PubMed]

19. Caterino, J.M.; Valasek, T.; Werman, H.A. Identification of an age cutoff for increased mortality in patients
with elderly trauma. Am. J. Emerg. Med. 2010, 28, 151–158. [CrossRef] [PubMed]

20. Min, L.; Ubhayakar, N.; Saliba, D.; Kelley-Quon, L.; Morley, E.; Hiatt, J.; Cryer, H.; Tillou, A. The vulnerable
elders survey-13 predicts hospital complications and mortality in older adults with traumatic injury: A pilot
study. J. Am. Geriatr. Soc. 2011, 59, 1471–1476. [CrossRef] [PubMed]

21. Renneboog, B.; Musch, W.; Vandemergel, X.; Manto, M.U.; Decaux, G. Mild chronic hyponatremia is
associated with falls, unsteadiness, and attention deficits. Am. J. Med. 2006, 119, e71–e78. [CrossRef]
[PubMed]

22. Gunathilake, R.; Oldmeadow, C.; McEvoy, M.; Kelly, B.; Inder, K.; Schofield, P.; Attia, J. Mild hyponatremia is
associated with impaired cognition and falls in community-dwelling older persons. J. Am. Geriatr. Soc. 2013,
61, 1838–1839. [CrossRef] [PubMed]

23. Gensini, G.G. A more meaningful scoring system for determining the severity of coronary heart disease.
Am. J. Cardiol. 1983, 51, 606. [CrossRef]

http://dx.doi.org/10.1186/1472-6963-10-274
http://www.ncbi.nlm.nih.gov/pubmed/20854692
http://dx.doi.org/10.1359/jbmr.1998.13.12.1932
http://www.ncbi.nlm.nih.gov/pubmed/9844112
http://dx.doi.org/10.1093/her/cyt099
http://www.ncbi.nlm.nih.gov/pubmed/24122324
http://dx.doi.org/10.1093/ageing/afm169
http://www.ncbi.nlm.nih.gov/pubmed/18194967
http://dx.doi.org/10.1093/ageing/afh028
http://www.ncbi.nlm.nih.gov/pubmed/14695865
http://dx.doi.org/10.1111/j.1532-5415.2005.53455.x
http://www.ncbi.nlm.nih.gov/pubmed/16137297
http://dx.doi.org/10.1016/j.jsr.2008.05.002
http://www.ncbi.nlm.nih.gov/pubmed/18571577
http://dx.doi.org/10.1097/EDE.0b013e3181e89905
http://www.ncbi.nlm.nih.gov/pubmed/20585256
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://dx.doi.org/10.1371/journal.pone.0146247
http://www.ncbi.nlm.nih.gov/pubmed/26716861
http://dx.doi.org/10.1186/s12877-015-0165-2
http://www.ncbi.nlm.nih.gov/pubmed/26678437
http://dx.doi.org/10.1016/j.injury.2014.06.013
http://www.ncbi.nlm.nih.gov/pubmed/25065652
http://dx.doi.org/10.1016/j.ienj.2012.02.002
http://www.ncbi.nlm.nih.gov/pubmed/22981422
http://www.ncbi.nlm.nih.gov/pubmed/21979280
http://dx.doi.org/10.1177/2042098610394233
http://www.ncbi.nlm.nih.gov/pubmed/25083198
http://dx.doi.org/10.5301/jn.5000064
http://www.ncbi.nlm.nih.gov/pubmed/22135036
http://dx.doi.org/10.1097/TA.0b013e31820e327c
http://www.ncbi.nlm.nih.gov/pubmed/21427616
http://dx.doi.org/10.1016/j.ajem.2008.10.027
http://www.ncbi.nlm.nih.gov/pubmed/20159383
http://dx.doi.org/10.1111/j.1532-5415.2011.03493.x
http://www.ncbi.nlm.nih.gov/pubmed/21718276
http://dx.doi.org/10.1016/j.amjmed.2005.09.026
http://www.ncbi.nlm.nih.gov/pubmed/16431193
http://dx.doi.org/10.1111/jgs.12468
http://www.ncbi.nlm.nih.gov/pubmed/24117308
http://dx.doi.org/10.1016/S0002-9149(83)80105-2


Int. J. Environ. Res. Public Health 2017, 14, 460 11 of 11

24. Jia, E.Z.; Yang, Z.J.; Zhu, T.B.; Wang, L.S.; Chen, B.; Cao, K.J.; Huang, J.; Ma, W.Z. Serum sodium
concentration is significantly associated with the angiographic characteristics of coronary atherosclerosis.
Acta Pharmacol. Sin. 2007, 28, 1136–1142. [CrossRef] [PubMed]

25. Liamis, G.; Tsimihodimos, V.; Doumas, M.; Spyrou, A.; Bairaktari, E.; Elisaf, M. Clinical and laboratory
characteristics of hypernatraemia in an internal medicine clinic. Nephrol. Dial. Transplant. 2008, 23, 136–143.
[CrossRef] [PubMed]

26. Liamis, G.; Rodenburg, E.M.; Hofman, A.; Zietse, R.; Stricker, B.H.; Hoorn, E.J. Electrolyte disorders in
community subjects: Prevalence and risk factors. Am. J. Med. 2013, 126, 256–263. [CrossRef] [PubMed]

27. Beukhof, C.M.; Hoorn, E.J.; Lindemans, J.; Zietse, R. Novel risk factors for hospital-acquired hyponatraemia:
A matched case-control study. Clin. Endocrinol. 2007, 66, 367–372. [CrossRef] [PubMed]

28. Bankir, L.; Bardoux, P.; Ahloulay, M. Vasopressin and diabetes mellitus. Nephron 2001, 87, 8–18. [CrossRef]
[PubMed]

29. Bustamante, M.; Hasler, U.; Kotova, O.; Chibalin, A.V.; Mordasini, D.; Rousselot, M.; Vandewalle, A.;
Martin, P.Y.; Féraille, E. Insulin potentiates AVP-induced AQP2 expression in cultured renal collecting duct
principal cells. Am. J. Physiol. Renal Physiol. 2005, 288, F334–F344. [CrossRef] [PubMed]

30. Davis, F.B.; Davis, P.J. Water metabolism in diabetes mellitus. Am. J. Med. 1981, 70, 210–214. [CrossRef]
31. Liamis, G.; Liberopoulos, E.; Barkas, F.; Elisaf, M. Diabetes mellitus and electrolyte disorders. World J.

Clin. Cases 2014, 2, 488–496. [CrossRef] [PubMed]
32. Terzian, C.; Frye, E.B.; Piotrowski, Z.H. Admission hyponatremia in the elderly: Factors influencing

prognosis. J. Gen. Intern. Med. 1994, 9, 89–91. [CrossRef] [PubMed]
33. Chin, M.H.; Goldman, L. Correlates of major complications or death in patients admitted to the hospital

with congestive heart failure. Arch. Intern. Med. 1996, 156, 1814–1820. [CrossRef] [PubMed]
34. Klein, L.; O’Connor, C.M.; Leimberger, J.D.; Gattis-Stough, W.; Piña, I.L.; Felker, G.M.; Adams, K.F.;

Califf, R.M.; Gheorghiade, M. Lower serum sodium is associated with increased short-term mortality
in hospitalized patients with worsening heart failure: Results from the Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) study. Circulation 2005,
111, 2454–2460. [PubMed]

35. Goldberg, A.; Hammerman, H.; Petcherski, S.; Zdorovyak, A.; Yalonetsky, S.; Kapeliovich, M.; Agmon, Y.;
Markiewicz, W.; Aronson, D. Prognostic importance of hyponatremia in acute ST-elevation myocardial
infarction. Am. J. Med. 2004, 117, 242–248. [CrossRef] [PubMed]

36. Soiza, R.L.; Hoyle, G.E.; Chua, M.P. Electrolyte and salt disturbances in older people: Causes, management
and implications. Rev. Clin. Gerontol. 2008, 18, 143–158. [CrossRef]

37. Usala, R.L.; Fernandez, S.J.; Mete, M.; Cowen, L.; Shara, N.M.; Barsony, J.; Verbalis, J.G. Hyponatremia Is
Associated With Increased Osteoporosis and Bone Fractures in a Large US Health System Population. J. Clin.
Endocrinol. Metab. 2015, 100, 3021–3031. [CrossRef] [PubMed]

38. Cumming, K.; Hoyle, G.E.; Hutchison, J.D.; Soiza, R.L. Prevalence, incidence and etiology of hyponatremia
in elderly patients with fragility fractures. PLoS ONE 2014, 9, e88272. [CrossRef] [PubMed]

39. Gankam Kengne, F.; Andres, C.; Sattar, L.; Melot, C.; Decaux, G. Mild hyponatremia and risk of fracture in
the ambulatory elderly. Qjm 2008, 101, 583–588. [CrossRef] [PubMed]

40. Sandhu, H.S.; Gilles, E.; DeVita, M.V.; Panagopoulos, G.; Michelis, M.F. Hyponatremia associated with
large-bone fracture in elderly patients. Int. Urol. Nephrol. 2009, 41, 733–737. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1745-7254.2007.00597.x
http://www.ncbi.nlm.nih.gov/pubmed/17640474
http://dx.doi.org/10.1093/ndt/gfm376
http://www.ncbi.nlm.nih.gov/pubmed/17932111
http://dx.doi.org/10.1016/j.amjmed.2012.06.037
http://www.ncbi.nlm.nih.gov/pubmed/23332973
http://dx.doi.org/10.1111/j.1365-2265.2007.02741.x
http://www.ncbi.nlm.nih.gov/pubmed/17302870
http://dx.doi.org/10.1159/000045879
http://www.ncbi.nlm.nih.gov/pubmed/11174021
http://dx.doi.org/10.1152/ajprenal.00180.2004
http://www.ncbi.nlm.nih.gov/pubmed/15494547
http://dx.doi.org/10.1016/0002-9343(81)90428-9
http://dx.doi.org/10.12998/wjcc.v2.i10.488
http://www.ncbi.nlm.nih.gov/pubmed/25325058
http://dx.doi.org/10.1007/BF02600208
http://www.ncbi.nlm.nih.gov/pubmed/8164083
http://dx.doi.org/10.1001/archinte.1996.00440150068007
http://www.ncbi.nlm.nih.gov/pubmed/8790075
http://www.ncbi.nlm.nih.gov/pubmed/15867182
http://dx.doi.org/10.1016/j.amjmed.2004.03.022
http://www.ncbi.nlm.nih.gov/pubmed/15308433
http://dx.doi.org/10.1017/S0959259809002822
http://dx.doi.org/10.1210/jc.2015-1261
http://www.ncbi.nlm.nih.gov/pubmed/26083821
http://dx.doi.org/10.1371/journal.pone.0088272
http://www.ncbi.nlm.nih.gov/pubmed/24505459
http://dx.doi.org/10.1093/qjmed/hcn061
http://www.ncbi.nlm.nih.gov/pubmed/18477645
http://dx.doi.org/10.1007/s11255-009-9585-2
http://www.ncbi.nlm.nih.gov/pubmed/19472069
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.


w.sciencedirect.com

b i om e d i c a l j o u r n a l 4 0 ( 2 0 1 7 ) 1 2 1e1 2 8
Available online at ww
ScienceDirect

Biomedical Journal
journal homepage: www.elsevier .com/locate/b j
Original Article
Motorcycle-related hospitalizations of the elderly
Ching-Hua Hsieh*, Hang-Tsung Liu, Shiun-Yuan Hsu, Hsiao-Yun Hsieh,
Yi-Chun Chen

Department of Plastic Surgery, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of

Medicine, Taoyuan, Taiwan
a r t i c l e i n f o

Article history:

Received 2 August 2015

Accepted 4 October 2016

Available online 8 May 2017

Keywords:

Elderly

Helmet

Injury Severity Score (ISS)

Mortality

Motorcycle
* Corresponding author. Department of Plast
833, Taiwan.

E-mail address: m93chinghua@gmail.com

Peer review under responsibility of Chan
http://dx.doi.org/10.1016/j.bj.2016.10.006
2319-4170/© 2017 Chang Gung University. P
license (http://creativecommons.org/license
a b s t r a c t

Background: To investigate the injury pattern, mechanisms, severity, and mortality of the

elderly hospitalized for treatment of trauma following motorcycle accidents.

Methods: Motorcycle-related hospitalization of 994 elderly and 5078 adult patients from the

16,548 hospitalized patients registered in the Trauma Registry System between January 1,

2009 and December 31, 2013.

Results: The motorcycle-related elderly trauma patients had higher injury severity, less

favorable outcomes, higher proportion of patients admitted to the intensive care unit (ICU),

prolonged hospital and ICU stays and higher mortality than those adult motorcycle riders.

It also revealed that a significant percentage of elderly motorcycle riders do not wear a

helmet. Compared to patients who had worn a helmet, patients who had not worn a

helmet had a lower first Glasgow Coma Scale (GCS) score, and a greater percentage pre-

sented with unconscious status (GCS score �8), had sustained subdural hematoma, sub-

arachnoid hemorrhage, cerebral contusion, severe injury (injury severity score 16e24 and

�25), had longer hospital stay and higher mortality, and had required admission to the ICU.

Conclusions: Elderly motorcycle riders tend to present with a higher injury severity, worse

outcome, and a bodily injury pattern differing from that of adult motorcycle riders, indi-

cating the need to emphasize use of protective equipment, especially helmets, to reduce

their rate and severity of injury.
The elderly patients sustain distinct patterns of injuries from

causes that differ from those of adults because of their unique

anatomical, physiologic, and behavioral characteristics. The

rapid growth in the geriatric population has had a consider-

able impact on healthcare system [1]. Injury in the elderly is

increasing at a rate seven times that of adults [2]. In 2010, the

elderly accounted for only 17% of the population but 55% of

injury-related discharge in the United States [2]. In addition,

there is strong evidence that elderly trauma patients are at an
ic Surgery, Kaohsiung Ch

(C.-H. Hsieh).

g Gung University.
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increased risk of morbidity and mortality compared with

younger patients [3e5].

Motor vehicle collisions are a major cause of trauma

among the elderly [6]. In Taiwan, motorcyclists are a major

portion of the trauma population. This is of particular concern

as the average age of motorcyclists is increasing [1]. However,

motorcyclists are 35 times more likely than passenger-car

occupants to die in a motor vehicle traffic crash and 8 times

more likely to be injured per vehicle mile [7]. The advanced
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At a glance commentary

Scientific background on the subject

With a rapid growth in the geriatric population, identi-

fication of high-risk distinct injury patterns in the elderly

patients from those of adults may lead to improved

health care. The purpose of this study is to investigate

the injury pattern, severity, and mortality of the elderly

patients treated for injuries sustained in motorcycle ac-

cidents in a level I trauma center in southern Taiwan

using data from a population-based trauma registry.

What this study adds to the field?

This study revealed that elderly motorcycle riders are

injured more severely, present with a different bodily

injury pattern, and have higher mortality than adult

riders. It also found that no helmet-wearing in a signifi-

cant percentage of elderly motorcycle riders had put

them at high risk of injury with worse outcome.

b i om e d i c a l j o u r n a l 4 0 ( 2 0 1 7 ) 1 2 1e1 2 8122
age had been shown to be an independent predictor of inpa-

tient hospitalization, poor outcome, need for intensive care

unit (ICU) care among motorcycle-related trauma patients

[1,8]. The identification of high-risk injury patterns may lead

to improved care and ultimately further improvements in

outcome in the elderly admitted to the hospital with trauma

[9]. The purpose of this epidemiologic study is to investigate

the injury pattern, severity, and mortality of the elderly pa-

tients treated for injuries sustained inmotorcycle accidents in

a level I trauma center in southern Taiwan using data from a

population-based trauma registry.
Fig. 1 Flow chart of studie
Methods

Study design

The studywas conducted at Kaohsiung Chang GungMemorial

Hospital, a 2400-bed facility and a Level I regional trauma

center that provides care to trauma patients primarily from

South Taiwan. Approval for this study was obtained by the

hospital institutional review board (approval number 103-

2571B) before its initiation. This retrospective study was

designed to review all the data added to the Trauma Registry

System from January 1, 2009 to December 31, 2013 for selec-

tion of cases that met the inclusion criteria of (1) age � 65

years and (2) hospitalization for treatment of trauma sus-

tained in a motorcycle accident. For comparison, data

regarding adults aged 20e64 years old were also collected.

Among the 16,548 hospitalized registered patients entered

in the database, 4011 (24.2%) were �65 years of age (hereafter

referred to as elderly) and 10,234 (61.8%) were 20e64 years of

old (hereafter referred to as adults). Among them, 994 (24.8%)

elderly and 5078 (49.6%) adults had been admitted due to a

motorcycle accident [Fig. 1]. Detailed patient information was

retrieved from the Trauma Registry System of our institution

and included data regarding age, sex, admission vital signs,

injury mechanism, helmet use, the first Glasgow Coma Scale

(GCS) in the emergency department, Abbreviated Injury Scale

(AIS) of each body region, Injury Severity Score (ISS), New

Injury Severity Score (NISS), Trauma-Injury Severity Score

(TRISS), length of hospital stay (LOS), length of intensive care

unit stay (LICUS), in-hospital mortality, and associated com-

plications. The data collected regarding the combined popu-

lation of drivers and passengers (hereafter referred to as

riders) were compared using SPSS v.20 statistical software

(IBM, Armonk, NY) for performance of Pearson's chi-squared

test, Fisher's exact test, or the independent student's t test,

as applicable. All results are presented as themean ± standard
d groups of patients.
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Table 1 Demographics of hospitalized trauma patients of
the elderly and the adults.

Variable Elderly
N ¼ 4011

Adult
N ¼ 10,234

p

Age 75.9 ± 7.2 42.8 ± 13.4 <0.001
Gender, n (%) <0.001
Male 1687 (42.1) 6481 (63.3)

Female 2324 (57.9) 3753 (36.7)

Mechanism, n (%) <0.001
Driver of MV 24 (0.6) 207 (2.0)

Passenger of MV 11 (0.3) 102 (1.0)

Driver of Motorcycle 937 (23.4) 4831 (47.2)

Passenger of Motorcycle 57 (1.4) 247 (2.4)

Bicycle 245 (6.1) 278 (2.7)

Pedestrian 122 (3.0) 149 (1.5)

Fall 2403 (59.9) 1909 (18.7)

Unspecific 212 (5.2) 2511 (24.6)

Time, n (%) <0.001
7:00e17:00 2421 (60.4) 5683 (55.5)

17:00e23:00 894 (22.3) 2900 (28.3)

23:00e7:00 685 (17.1) 1646 (16.1)

Unspecific 11 (0.3) 5 (0.1)

ISS 9.6 ± 6.1 8.1 ± 7.3 <0.001
ISS 0.014

<16 3404 (84.9) 8832 (86.3) 0.027

16e24 446 (11.1) 972 (9.5) 0.004

�25 161 (4.0) 430 (4.2) 0.613

NISS 10.8 ± 8.2 9.4 ± 8.9 <0.001
TRISS 0.98 ± 0.16 0.99 ± 0.12 <0.001
Mortality, n (%) 132 (3.3) 145 (1.4) <0.001

Table 2 Injury characteristics of the elderly and adult
motorcycle riders.

Motorcycle accident

Variable Elderly N ¼ 994 Adult N ¼ 5078 p

Age 72.1 ± 5.5 40.9 ± 14.0 <0.001
Gender, n (%) 0.522

Male 578 (58.1) 2897 (57.1)

Female 416 (41.9) 2181 (42.9)

Helmet wearing, n (%)

Drivers 0.003

Yes 792 (79.7) 4245 (83.6)

No 125 (12.6) 487 (9.6)

Passengers 0.347

b i om e d i c a l j o u r n a l 4 0 ( 2 0 1 7 ) 1 2 1e1 2 8 123
deviation (SD). A p-value less than 0.05 was considered sta-

tistically significant.
Yes 45 (4.5) 209 (4.1)

No 10 (1.0) 32 (0.6)

Unknown 22 (2.2) 105 (2.0)

GCS 14.2 ± 2.5 14.2 ± 2.4 0.661

GCS 0.891

�8 55 (5.5) 296 (5.8)

9e12 42 (4.2) 225 (4.4)

�13 897 (90.3) 4557 (89.7)

AIS �3, n (%) 0.006

Head/Neck 246 (24.7) 970 (19.1) <0.001
Face 1 (0.1) 21 (0.4) 0.159

Thorax 108 (10.9) 443 (8.7) 0.035
Results

Patient characteristics

The mean age was 75.9 ± 7.2 and 42.8 ± 13.4 years, respec-

tively, in the elderly and adult patient groups [Table 1]. Sta-

tistically significant difference was found between the groups

regarding sex. More female were found in the elderly patients.

Of the 4011 elderly patients, 1687 (42.1%) were male and 2324
Fig. 2 Number of elderly patients admitted for treatment of

all trauma injury and number admitted for treatment of

motorcycle-related trauma injury.
(57.9%), female. Of the 10,234 adult patients, 6487 (63.3%) were

male and 3753 (36.7%) were female. In the elderly patients, fall

presented the major mechanism for admission (59.9%), fol-

lowed by motorcycle accident (24.8%) and bicycle accident

(6.1%). Only 35 (0.9%) of the elderly patients had been riders in

an automobile. In contrast, most of the injured adult patients

were motorcycle riders, with 4831 (47.24%) adult drivers and

247 (2.4%) adult passengers.

The data regarding the 994 (24.8%) elderly and 5078

(49.6%) adult patients who had been motorcycle riders were

further compared for identification of differences regarding

motorcycle-relatedmajor trauma injury. As shown in Fig. 2, of

the 940, 914, 906, 703, 385, and 163 hospitalized patients aged

65e69, 70e74, 75e79, 80e84, 85e89, and �90 years, respec-

tively, 399, 290, 197, 81, 20, and 7 patients, respectively, had

been admitted for treatment subsequent to a motorcycle
Abdomen 14 (1.4) 130 (2.6) 0.030

Extremity 302 (30.4) 1109 (21.8) <0.001
ISS 10.6 ± 8.2 9.3 ± 7.4 0.040

ISS 0.001

<16 779 (78.4) 4222 (83.1) <0.001
16e24 155 (15.6) 600 (11.8) 0.001

�25 60 (6.0) 256 (5.1) 0.197

NISS 12.4 ± 9.9 10.9 ± 9.0 0.045

TRISS 0.96 ± 0.20 0.99 ± 0.10 <0.001
Mortality, n (%) 30 (3.0) 76 (1.5) 0.001

LOS (days) 11.1 ± 11.5 9.4 ± 10.1 <0.001
ICU

Patients, n (%) 221 (22.2) 898 (17.7) 0.001

<16 76 (9.8) 315 (7.5) 0.028

16e24 96 (61.9) 370 (61.7) 0.951

�25 49 (81.7) 213 (83.2) 0.776

LICUS (days) 9.5 ± 12.7 7.0 ± 8.1 <0.001
<16 6.9 ± 9.0 4.9 ± 4.9 <0.001
16e24 9.0 ± 10.6 6.3 ± 5.5 <0.001
�25 14.5 ± 18.9 11.2 ± 12.8 0.001
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Table 3 Associated injuries of the hospitalized elderly and
adult motorcycle riders.

Motorcycle accident

Variable Elderly
N ¼ 994

Adult
N ¼ 5078

p

Head trauma, n (%)

Neurologic deficitþ 3 (0.3) 52 (1.0) 0.028

Cranial fractureþ 39 (3.9) 437 (8.6) <0.001
Epidural hematoma (EDH)þ 26 (2.6) 272 (5.4) <0.001
Subdural hematoma (SDH)* 147 (14.8) 492 (9.7) <0.001
Subarachnoid hemorrhage (SAH) 125 (12.6) 583 (11.5) 0.325

Intracerebral hematoma (ICH) 28 (2.8) 122 (2.4) 0.441

Cerebral contusion 66 (6.6) 305 (6.0) 0.446

Cervical vertebral fracture 4 (0.4) 49 (1.0) 0.081

Maxillofacial trauma, n (%)

Maxillary fractureþ 64 (6.4) 543 (10.7) <0.001
Mandibular fractureþ 5 (0.5) 192 (3.8) <0.001
Orbital fractureþ 9 (0.9) 151 (3.0) <0.001
Nasal fractureþ 6 (0.6) 83 (1.6) 0.013

Thoracic trauma, n (%)

Rib fracture* 176 (17.7) 596 (11.7) <0.001
Sternal fracture 2 (0.2) 6 (0.1) 0.509

Hemothorax 24 (2.4) 104 (2.0) 0.462

Pneumothorax 21 (2.1) 103 (2.0) 0.864

Lung contusion 9 (0.9) 82 (1.6) 0.092

Hemopneumothorax 18 (1.8) 83 (1.6) 0.691

Thoracic vertebral fracture 9 (0.9) 39 (0.8) 0.655

Abdominal trauma, n (%)

Intra-abdominal injury 9 (0.9) 75 (1.5) 0.158

Hepatic injuryþ 3 (0.3) 140 (2.8) <0.001
Splenic injuryþ 3 (0.3) 77 (1.5) 0.002

Retroperitoneal injury 2 (0.2) 10 (0.2) 0.978

Renal injury 4 (0.4) 34 (0.7) 0.329

Urinary bladder injury* 5 (0.5) 8 (0.2) 0.031

Lumbar vertebral fracture 18 (1.8) 58 (1.1) 0.083

Sacral vertebral fracture 2 (0.2) 30 (0.6) 0.121

Extremity trauma, n (%)

Scapular fracture 32 (3.2) 127 (2.5) 0.195

Clavicle fractureþ 100 (10.1) 761 (15.0) <0.001
Humeral fracture 59 (5.9) 282 (5.6) 0.632

Radial fracture 89 (9.0) 559 (11.0) 0.055

Ulnar fracture 43 (4.3) 276 (5.4) 0.152

Femoral fracture* 159 (16.0) 456 (9.0) <0.001
Patella fracture 24 (2.4) 143 (2.8) 0.479

Tibia fracture* 128 (12.9) 241 (10.7) 0.041

Fibular fracture* 95 (9.6) 271 (5.3) <0.001
Metacarpal fracture 34 (3.4) 192 (3.8) 0.583

Metatarsal fracture 29 (2.9) 126 (2.5) 0.425

Calcaneal fracture 65 (6.5) 273 (5.4) 0.144

Pelvic fracture 36 (3.6) 176 (3.5) 0.807

þ and * indicated significant lower and higher incidences of the

associated injury, respectively, in elderly motorcycle riders than

those adult patients (p < 0.05).
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accident. Among these elderly motorcycle riders, 89.1%

(n ¼ 886) were aged less than 80 years. Comparison of trauma

injury scores for the elderly and adult groups indicated sig-

nificant difference regarding ISS (9.6 ± 6.1 vs. 8.1 ± 7.3,

respectively, p < 0.001). Significant difference (p ¼ 0.014) was

found between the elderly and adult patients regarding dis-

tribution of patients at different levels of injury severity

(ISS < 16, 16e24, or �25). There were significant less elderly

patients in the subgroup of ISS <16 (84.9% vs. 86.3%, respec-

tively, p ¼ 0.027) and more elderly patients in the subgroup of

ISS between 16 and 24 (11.1% vs. 9.5%, respectively, p ¼ 0.004)

in comparison with those of adult patients. In addition, the

motorcycle-related elderly trauma patients had higher injury

severity regarding NISS (10.8 ± 8.2 vs. 9.4 ± 8.9, respectively,

p < 0.001), TRISS (0.98 ± 0.16 vs. 0.99 ± 0.12, respectively,

p < 0.001), and in-hospital mortality (3.3% vs. 1.4%, respec-

tively, p < 0.001) than those adult motorcycle riders.

As shown in Table 2, of the 994 elderly and 5078 adult

motorcycle riders, the mean age was 72.1 ± 5.5 and 40.9 ± 14.0

years, respectively. No statistically significant difference was

found regarding sex was found between the elderly motor-

cycle riders, of whom 578 (58.1%) were male and 416 (41.9%)

female, and the adult motorcycle riders, of whom 2897 (57.1%)

were male and 2181 (42.9%) female. Analysis of the data

regarding helmet-wearing status, which were recorded for

97.8% of the elderly and 98.0% of the adult patients, revealed

that significantly more elderly motorcycle drivers had not

been wearing a helmet compared to the adult motorcycle

drivers (12.6% vs. 9.6%, respectively, p ¼ 0.003). In contrast, no

significant difference regarding helmet-wearing status was

found between the elderly and adult motorcycle passengers.

No significant difference was found between the elderly

and adult patients regarding GCS score (14.2± 2.5 vs. 14.2± 2.4,

respectively, p ¼ 0.661) or distribution of patients at different

levels of consciousness (p¼ 0.891). Analysis of AIS�3 revealed

that the elderly patients had sustained significantly higher

rates of head/neck (24.7% vs. 19.1%, respectively, p < 0.001),

thorax injury (10.9% vs. 8.7%, respectively, p ¼ 0.035), and

extremity injury (30.4% vs. 21.8%, respectively, p < 0.001) than

adult patients, while the adult patients had sustained higher

significantly higher rates of abdomen injury (2.6% vs. 1.4%,

respectively, p ¼ 0.030). On the other hand, no significant

differences regarding injury to the face region between the

elderly and adult patients.

The elderly motorcycle riders have a higher severe injury

score than the adult motorcycle riders (10.6 ± 8.2 vs. 9.6 ± 6.1,

respectively, p < 0.001). Likewise, comparison of trauma injury

scores for the elderly and adult motorcycle riders indicated

significant difference regarding ISS (10.6 ± 8.2 vs. 9.3 ± 7.4,

respectively, p¼ 0.040) and distribution of patients at different

levels of injury severity (p ¼ 0.001). There were significant less

elderly patients in the subgroup of ISS <16 (78.49% vs. 83.1%,

respectively, p < 0.001) and more elderly patients in the sub-

group of ISS between 16 and 24 (15.6% vs. 11.8%, respectively,

p ¼ 0.001) in comparison with those of adult patients. There

were also significant difference regarding NISS (12.4 ± 9.9 vs.

10.9 ± 9.0, respectively, p ¼ 0.045), TRISS (0.96 ± 0.20 vs.

0.99 ± 0.10, respectively, p < 0.001), and in-hospital mortality

(3.0% vs. 1.5%, respectively, p ¼ 0.001) in these two groups of

patients. Significant differences were found between the
elderly and adult motorcycle riders regarding hospital LOS

(11.1 days vs. 9.4 days, respectively, p < 0.001), proportion of

patients admitted to the ICU (22.2% vs. 17.7%, respectively,

p ¼ 0.001), or LICUS (9.5 days vs. 7.0 days, respectively,

p < 0.001). More elderly patients with ISS <16 (22.2% vs. 17.7%,

respectively, p¼ 0.001) had been admitted into the ICU and the

elderly patients had a longer LICUS in either subgroup of

injury severity (<16, 16e24, �25).

Table 3 shows the findings regarding injury associated

with motorcycle accidents. As can be observed, a

http://dx.doi.org/10.1016/j.bj.2016.10.006
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Table 4 Injury characteristics of the elderly motorcycle
riders according to helmet-wearing status.

Motorcycle accident (Elderly)

Helmetþ
N ¼ 837

Helmet�
N ¼ 135

p

Gender, n (%) 0.299

Male 481 (57.5) 84 (62.2)

Female 356 (42.5) 51 (37.8)

GCS 14.4 ± 2.1 13.4 ± 3.5 <0.001
GCS <0.001
�8 32 (3.8) 16 (11.9) <0.001
9e12 30 (3.6) 8 (5.9) 0.426

�13 775 (92.6) 111 (82.2) 0.327

AIS �3, n (%) <0.001
Head/Neck 169 (20.2) 64 (47.4) <0.001
Face 1 (0.1) 0 (0.0) 1.000

Thorax 85 (10.2) 19 (14.1) 0.177

Abdomen 11 (1.3) 3 (2.2) 0.428

Extremity 269 (32.1) 28 (20.7) 0.009

Head trauma, n (%)

Neurologic deficit 3 (0.4) 0 (0.0) 0.486

Cranial fracture 30 (3.6) 7 (5.2) 0.367

Epidural hematoma (EDH) 19 (2.3) 6 (4.4) 0.139

Subdural hematoma (SDH)* 93 (11.1) 43 (31.9) <0.001
Subarachnoid

hemorrhage (SAH)*

82 (9.8) 30 (22.2) <0.001

Intracerebral

hematoma (ICH)

20 (2.4) 7 (5.2) 0.067

Cerebral contusion* 40 (4.8) 21 (15.6) <0.001
Cervical vertebral fracture 3 (0.4) 1 (0.7) 0.520

Maxillofacial trauma, n (%)

Maxillary fracture 53 (6.3) 10 (7.4) 0.638

Mandibular fracture* 3 (0.4) 2 (1.5) 0.091

Orbital fracture 8 (1.0) 0 (0.0) 0.254

Nasal fracture 6 (0.7) 0 (0.0) 0.324

ISS 9.8 ± 7.2 13.5 ± 8.7 <0.001
ISS <0.001
<16 690 (82.4) 78 (57.8) <0.001
16e24 111 (13.3) 40 (29.6) <0.001
�25 36 (4.3) 17 (12.6) <0.001

NISS 11.5 ± 8.9 15.8 ± 11.1 <0.001
TRISS 0.94 ± 0.12 0.88 ± 0.20 <0.001
Mortality, n (%) 16 (1.9%) 8 (5.9%) 0.005

LOS (days) 10.8 ± 11.0 12.2 ± 13.3 0.019

ICU

Patients, n (%) 162 (19.4) 46 (34.1) <0.001
LIS (days) 9.2 ± 12.3 10.3 ± 14.6 0.188

* indicated significant higher incidence of the associated injury in

elderly motorcycle riders without helmet-wearing than those pa-

tients with helmet-wearing (p < 0.05).
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significantly higher percentage of elderly motorcycle riders

had sustained subdural hematoma (14.8% vs. 9.7%, respec-

tively, p < 0.001), rib fracture (17.7% vs. 11.7%, respectively,

p < 0.001), urinary bladder injury (0.5% vs. 0.2%, respectively,

p ¼ 0.031), femoral fracture (16.0% vs. 9.0%, respectively,

p < 0.001), tibia fracture (12.9% vs. 10.7%, respectively,

p ¼ 0.041), and fibular fracture (9.6% vs. 5.3%, respectively,

p < 0.001) but a significantly a lower percentage sustained

neurologic deficit (0.3% vs. 1.0%, respectively, p ¼ 0.028), cra-

nial fracture (3.9% vs. 8.6%, respectively, p < 0.001), epidural

hematoma (2.6% vs. 5.4%, respectively, p < 0.001), maxillary

fracture (6.4% vs. 10.7%, respectively, p < 0.001), mandibular
fracture (0.5% vs. 3.8%, respectively, p < 0.001), orbital fracture

(092% vs. 3.0%, respectively, p < 0.001), nasal fracture (0.6% vs.

1.6%, respectively, p ¼ 0.013), hepatic injury (0.3% vs. 2.8%,

respectively, p < 0.001), splenic injury (0.3% vs. 1.5%, respec-

tively, p ¼ 0.002), and clavicle fracture (10.1% vs. 15.0%,

respectively, p < 0.001) than adult motorcycle riders.

Table 4 shows the results of analysis of helmet-wearing

status among elderly riders. As can be observed, elderly rid-

ers who had not worn a helmet presented with a significantly

lower first GCS score (13.4 ± 3.5 vs. 14.4 ± 2.1, respectively,

p < 0.001) and distribution of patients at different levels of

consciousness (p < 0.001) compared to those who had worn a

helmet. A significantly greater percentage of elderly riders

who had not worn a helmet presented with uncon-

scious status as assessed by GCS score �8 (11.9% vs. 3.8%,

respectively, p < 0.001), more head/neck injury (47.4% vs.

20.2%, respectively, p < 0.001) based on AIS �3, while a

significantly lower percentage presented with extremity

injury (20.7% vs. 32.1%, respectively, p ¼ 0.009). A significantly

greater percentage of elderly riders who had not worn a hel-

met presented with more subdural hematoma, subarachnoid

hemorrhage, and cerebral contusion. In contrast, no signifi-

cant differences were found between elderly riders who had

and had not worn a helmet regarding incidence of maxillo-

facial trauma, regardless of the type of trauma (maxillary

fracture, mandibular fracture, orbital fracture, or nasal frac-

ture). The elderly patients who had not worn a helmet had

sustained more severe injury regarding ISS (13.5 ± 8.7 vs.

9.8 ± 7.2, respectively, p < 0.001) and distribution of patients at

different levels of injury severity (p < 0.001) than those who

hadworn a helmet.While significantlymore patientswho had

not worn a helmet had sustained severe injury (ISS 16e24;

29.6% vs. 13.3%, respectively, p < 0.001, and ISS�25; 12.6% vs.

4.3%, respectively, p < 0.001), significantly fewer patients who

had not worn a helmet had an ISS less than 16 (57.8% vs.

82.4%, respectively, p < 0.001). In those elderly riders who had

not worn a helmet, there were significant higher NISS

(15.8 ± 11.1 vs. 11.5 ± 8.9, respectively, p < 0.001), lower TRISS

(0.88 ± 0.20 vs. 0.94 ± 0.12, respectively, p < 0.001), and higher

in-hospital mortality (5.9% vs. 1.9%, respectively, p ¼ 0.005)

when compared to those hadworn a helmet in themotorcycle

accident. Significant differences were also found between the

elderly riders with or without helmet-wearing regarding

hospital LOS (10.8 days vs. 12.2 days, respectively, p ¼ 0.019)

and proportion of patients admitted to the ICU (19.4% vs.

34.1%, respectively, p < 0.001), but not LICUS (9.2 days vs. 10.3

days, respectively, p ¼ 0.188).

Additionally, Table 5 shows the results of analysis of

helmet-wearing status among adult riders. As can be

observed, adult riders who had not worn a helmet presented

with a significantly lower first GCS score (12.5 ± 3.9 vs.

14.4 ± 2.0, respectively, p < 0.001) and had a significant dis-

tribution of patients in different level of consciousness

(p < 0.001) compared to those who had worn a helmet. A

significantly greater percentage of adult riders who had not

worn a helmet presentedwith unconscious status as assessed

by GCS score �8 (19.1% vs. 3.7%, respectively, p < 0.001) or

between 9 and 12 (11.4% vs. 3.4%, respectively, p < 0.001),

more head/neck injury (45.5% vs. 15.3%, respectively,

p < 0.001) and face injury (1.2% vs. 0.3%, respectively,
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Table 5 Injury characteristics of the adult motorcycle
riders according to helmet-wearing status.

Motorcycle accident (Adult)

Helmetþ
N ¼ 4454

Helmet�
N ¼ 519

p

Gender, n (%) <0.001
Male 2461 (55.3) 365 (70.3)

Female 1993 (44.7) 154 (29.7)

GCS 14.4 ± 2.0 12.5 ± 3.9 <0.001
GCS <0.001
�8 167 (3.7) 99 (19.1) <0.001
9e12 153 (3.4) 59 (11.4) <0.001
�13 4134 (92.8) 361 (69.6) <0.001

AIS �3, n (%) <0.001
Head/Neck 682 (15.3) 236 (45.5) <0.001
Face 15 (0.3) 6 (1.2) 0.017

Thorax 371 (8.3) 56 (10.8) 0.068

Abdomen 114 (2.6) 13 (2.5) 1.000

Extremity 1027 (23.1) 71 (13.7) <0.001
Head trauma, n (%)

Neurologic deficit 41 (0.9) 10 (1.9) 0.039

Cranial fracture* 281 (6.3) 131 (25.2) <0.001
Epidural hematoma (EDH)* 168 (3.8) 87 (16.8) <0.001
Subdural hematoma (SDH)* 319 (7.2) 146 (28.1) <0.001
Subarachnoid

hemorrhage (SAH)*

420 (9.4) 134 (25.8) <0.001

Intracerebral

hematoma (ICH)*

84 (1.9) 29 (5.6) <0.001

Cerebral contusion* 212 (4.8) 74 (14.3) <0.001
Cervical vertebral fracture 39 (0.9) 9 (1.7) 0.090

Maxillofacial trauma, n (%)

Maxillary fracture* 445 (10.0) 82 (15.8) <0.001
Mandibular fracture 160 (3.6) 25 (4.8) 0.176

Orbital fracture 125 (2.8) 20 (3.9) 0.213

Nasal fracture* 63 (1.4) 16 (3.1) 0.007

ISS 8.7 ± 6.7 13.0 ± 9.4 <0.001
ISS <0.001
<16 3841 (86.2) 323 (62.2) <0.001
16e24 444 (10.0) 131 (25.2) <0.001
�25 169 (3.8) 65 (12.5) <0.001

NISS 10.1 ± 8.0 15.9 ± 12.5 <0.001
TRISS 0.973 ± 0.084 0.927 ± 0.166 <0.001
Mortality, n (%) 37 (0.8) 21 (4.0) <0.001
LOS (days) 9.0 ± 9.2 12.0 ± 12.6 <0.001
ICU

Patients, n (%) 656 (14.7) 195 (37.6) <0.001
LIS (days) 6.6 ± 7.7 7.5 ± 7.9 0.173

* indicated significant higher incidence of the associated injury in

elderly motorcycle riders without helmet-wearing than those pa-

tients with helmet-wearing (p < 0.05).
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p ¼ 0.017) based on AIS �3, while a significantly lower per-

centage presented with extremity injury (13.7% vs. 23.1%,

respectively, p < 0.001). A significantly greater percentage of

adult riders who had not worn a helmet presented with more

cranial fracture, epidural hematoma, subdural hematoma,

subarachnoid hemorrhage, intracerebral hemorrhage, cere-

bral contusion, maxillary fracture, and nasal fracture. In

contrast, no significant differences were found between adult

riders who had and had not worn a helmet regarding inci-

dence of mandibular fracture and orbital fracture. The adult

patients who had not worn a helmet had sustained more
severe injury regarding ISS (13.0 ± 9.4 vs. 8.7 ± 6.7, respec-

tively, p < 0.001) and distribution of patients at different levels

of injury severity (p < 0.001) than those who had worn a hel-

met. While significantly more patients who had not worn a

helmet had sustained severe injury (ISS 16e24; 25.2% vs.

10.0%, respectively, p < 0.001, and ISS �25; 12.5% vs. 3.8%,

respectively, p < 0.001), significantly fewer patients who had

not worn a helmet had an ISS less than 16 (62.2% vs. 86.2%,

respectively, p < 0.001). In those adult riders who had not

worn a helmet, there were significant higher NISS (15.9 ± 12.5

vs. 10.1 ± 8.0, respectively, p < 0.001), lower TRISS (0.93 ± 0.17

vs. 0.97 ± 0.08, respectively, p < 0.001), and higher in-hospital

mortality (4.0% vs. 0.8%, respectively, p < 0.001) when

compared to those had worn a helmet in the motorcycle ac-

cident. Significant differences were also found between the

adult riders with or without helmet-wearing regarding hos-

pital LOS (9.0 days vs. 12.0 days, respectively, p < 0.001) and

proportion of patients admitted to the ICU (14.7% vs. 37.6%,

respectively, p < 0.001), but not LICUS (6.6 days vs. 7.5 days,

respectively, p ¼ 0.173).
Discussion

This study analyzed the demographics and characteristics of

injuries observed in a geriatric population with motorcycle-

related injuries presenting at a level I trauma center. Anal-

ysis of the data indicates that elderlymotorcycle riders have a

higher severe injury score, present with a different bodily

injury pattern, and have worse outcome and higher mortality

than those adult motorcycle riders. It also revealed that a

significant percentage of elderly motorcycle riders do not

wear a helmet, which puts them at high risk of injury with

worse outcome.

In the current study, compared to adult patients, there

were significant less elderly patients in the subgroup of ISS

<16 and more elderly patients in the subgroup of ISS between

16 and 24. In these two groups of patients, there were also

significant difference regarding NISS, TRISS, in-hospital mor-

tality, hospital LOS, proportion of patients admitted to the

ICU, and longer ICU stay. These results of the motorcycle-

related trauma in the elderly are generally in agreement

with the reports of literature that higher injury severity, less

favorable outcomes, prolonged hospital stays, and higher

mortality in the elderly trauma patients [6,10]. Although some

reports had indicated that the severe injury rate in the elderly

was almost 5 times greater than in adults [2] and there was an

overall mortality rate of 14.8% in a meta-analysis of 65,897

pooled geriatric trauma patients [10], we did not found such

obvious difference in injury severity and mortality in the

motorcycle-related elderly patients in this study. Considering

that almost all of motorcycles are forbidden on highways in

Asian cities and that most traffic accidents occur in relatively

crowded streets in these cities, we hypothesize that the

reason for the discrepancy between our findings and those of

prior studies is that most motorcycle injuries in the Asian

region occur at relatively low velocity. In addition, different

trauma mechanism as there are less motorcycles used in the

racing, recreation, and off-road use in the Asian cities may

also contribute the discrepancy of the reported mortality.
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Based on analysis of AIS, the elderlymotorcycle riderswere

found to have presented with a different bodily injury pattern

compared to the adult motorcycle riders. Elderly drivers were

found to have a higher incidence of potentially fatal injuries

such as intracranial hemorrhage and chest injuries when

compared with younger individuals [6]. In this study, the

elderly motorcycle riders presented with a higher rate of

injury to the head/neck, thorax, and extremity region but less

to the abdomen area based on AIS �3, and a higher rate of

subdural hematoma, rib fracture, urinary bladder injury,

femoral fracture, tibia fracture, and fibular fracture. In elderly

motorcycle riders, a higher rate of injury to the thorax was

associated with a higher incidence of rib fracture. Notably, the

elderly motorcycle riders sustained a greater incidence of

urinary bladder injury than adult motorcycle riders, whereas

the latter sustained a significantly higher rate of injuries

around the abdomen. Although urinary bladder injury is re-

ported to be associated with a concomitant pelvic fracture, in

such condition the blunt force trauma also place the bladder

and urethra at risk for injury [11,12], there was no significant

difference regarding pelvic fracture in the elderly and adult

motorcycle riders (3.6% vs. 3.5%, respectively, p¼ 0.807) in this

study [Table 3]. The reason that the adult motorcyclists had a

significantly higher rate of abdominal injury in this study is

unknown, although we had suspected there may exist a

higher impact of handle bar collision of these adult motorcy-

clists who may drive faster and more recklessly than older

motorcyclists [13]; however, further analysis is not possible

due to insufficient documentation of the circumstances of

injury events and a lack of applicable emergency codes spe-

cific for handle bar injury [14]. Addition, with a higher rate of

injury to extremity, the elderly motorcycle riders also sus-

tained a greater incidence of bone fractures in the lower ex-

tremities than adult motorcycle riders.

In Taiwan, motorcyclist fatality accounts for nearly 60%

of all driving fatalities in the country [15]. Analysis of the

collected data revealed an association between higher fatality

rates and the factors of male sex, advanced age, unlicensed

status, not wearing a helmet, riding after alcohol consump-

tion, and alcohol consumption of more than 550 cc [15]. In

this current study, 30 of 132 (22.7%) fatalities among the

elderly and 76 of 145 (52.4%) among adults were found to have

involved motorcycle use; however, there was twice in-

hospital mortality of the elderly motorcyclists than the

adult motorcyclists (3.0% vs. 1.5%, respectively, p ¼ 0.001),

which reflect the vulnerability of the elderly motorcyclist and

the importance of the protection intervention. Among several

preventive measures, helmet wearing in particular has been

shown to protect against head and other serious injuries and

to be cost effective [16e20]. Recent studies have shown that

helmets reduce head injury rates by up to 72 per cent in

motorcycle trauma [21e23]. In the current study, elderly

motorcycle drivers, but not passengers, were found less likely

to wear a helmet than adult motorcycle drivers. In the elderly

motorcyclists, compared to patients who had worn a helmet,

patients who had not worn a helmet had a lower first GCS

score, and a greater percentage presented with unconscious

status (GCS score �8); had sustained subdural hematoma,

subarachnoid hemorrhage, cerebral contusion, and severe

injury (ISS 16e24 and �25); had longer hospital stay and
higher mortality; and had required admission to the ICU. In

the adult motorcyclists, the results are similar to those in the

elderly motorcyclists. Compared to patients who had worn a

helmet, patients who had not worn a helmet had a lower first

GCS score, and a greater percentage presented with a GCS

score �8 or between 9 and 12; had sustained epidural he-

matoma, subdural hematoma, subarachnoid hemorrhage,

intracerebral hematoma, cerebral contusion, and severe

injury (ISS 16e24 and �25); had longer hospital stay and

higher mortality; and had required admission to the ICU.

These findings indicate that wearing a helmet may prevent

head injury and reduce injury severity among both elderly

and adult motorcycle riders.

The limitations of this study include the use of a retro-

spective design and the lack of availability of data regarding

the circumstances of the mechanism of injury. Lack of data

regarding the motorcycle speed during accidents, the type of

motorcycle, type of helmet material, and the use of any other

protective materials, such as knee braces, prevented analysis

of motorcycle-related hospitalization based on exposure-

based risk. Furthermore, the use of psychoactive drugs or

alcohol was not identified and analyzed and may be a

confound factor. In addition, the impact of preexisting

comorbidities in the elderly on the hospitalization course and

on the mortality remained unclarified.
Conclusion

Elderly motorcycle riders tends to present with a higher

injury severity compared to adult patients and a bodily

injury pattern differing from that of adult motorcycle riders,

indicating the need to emphasize the use of protective

equipment, especially helmets, to reduce their rate of

trauma to head and maxillary regions and the severity of

injury.
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Background: Female patients present with unique physiological and behavioral character-

istics compared to male patients. The aim of this study was to investigate and compare the

injury patterns, injury characteristics, and mortality of male and female patients hospi-

talized for treatment of motorcycle accident-related trauma in a level I trauma center.

Methods: Retrospective analysis of motorcycle-related injuries from the Trauma Registry

System was performed to identify and compare 4028 male and 2919 female patients hos-

pitalized for treatment between January 1, 2009 and December 31, 2013.

Results: The female patients were younger, less often drunken, more often wore helmets,

were transported by emergency medical services, and arrived at the emergency depart-

ment between 7 a.m. and 5 p.m. compared to male patients. Analysis of Abbreviated Injury

Scale scores revealed that female patients sustained significantly higher rates of injuries to

the extremities, but lower rates of injuries to the head/neck, face, and thorax than male

patients did. Female patients had a significant lower Injury Severity Score (ISS) and

adjusted odds ratio of in-hospital mortality (AOR 0.83, 95% CI: 0.83e0.86) after adjustment

by ISS. However, the logistic regression analysis of propensity score-matched patients with

adjusted confounders including helmet-wearing status and alcohol intoxication revealed

that the gender did not significantly influence mortality (OR 0.82, 95% CI 0.47e1.43;

p ¼ 0.475), implying the an associated risky behaviors may attribute to the difference of

odds of mortality between the male and female patients. In addition, a significantly fewer

female patients were admitted to the intensive care unit (ICU), and female patients had a

significantly shorter hospital and ICU length of stay.

Conclusion: Female motorcycle riders have different injury characteristics, lower ISS and in-

hospital mortality, and present with a bodily injury pattern that differs from that of male

motorcycle riders.

Level of evidence: Epidemiologic study, level III.
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At a glance commentary

Scientific background on the subject

Although strong evidence indicates that the risk of road

traffic injury varies by sex, there remains a lack of

consensus over the detailed characteristics of injury

pattern and injury severity between women and men in

motorcycle traffic accidents.

What this study adds to the field

This study revealed that the female motorcycle riders

had a lower mortality than male motorcycle riders.

However, analysis of propensity score-matched patients

with adjusted confounders including helmet-wearing

status and alcohol intoxication revealed that the asso-

ciated risky behaviors, but not the gender, may attribute

to the difference of odds of mortality.
Motorcycle use is popular in many cities as a less expensive,

easier, and more fuel-efficient means of transportation. Road

traffic accidents involving motorcycle riders often result in

severe morbidity and mortality. Motorcyclists make up 13%

and 16% of all annual traffic-related fatalities and inpatient

injuries, respectively, despite being a small fraction of the

travel [1]. The National Highway Traffic Safety Administration

(NHTSA) reported that at the national level, motorcyclists

were approximately 30 times more likely to die in a motor

vehicle crash than a motor vehicle occupant in 2011 [2]. In

addition, motorcycle riders were 8 times more likely to be

injured per vehicle mile [3], and 58 times more likely to be

killed on a per-trip basis [4]. Women have been reported to

have a significantly higher risk of slight injury thanmenwhen

travelling by bus, bicycle, and car, but no differences are

observed between the sexes as pedestrians, nor as motorcycle

or moped drivers [5]. Analysis using a travel-basedmeasure of

exposure in a U.S. state with a population with roughly equal

numbers of men and women revealed that the women

accounted for 39% of traffic-related inpatient injuries and 32%

of traffic-related fatalities [1]. The higher risk of non-fatal

injury among female drivers has also been reported in

studies that used driving distance as a measure of exposure

[6,7]. In contrast, some authors reported themale:female ratio

in motorcycle injuries was as high as 4.8:1 [8]. However,

although strong evidence indicates that the risk of road traffic

injury varies by sex [4,5,9], there remains a lack of consensus

over the detailed characteristics of injury pattern, and

whether injury is higher among women or men in motorcycle

traffic accidents.

Identifying high-risk injury patterns and gaining a greater

understanding major trauma epidemiology in different sexes

is vital to the integration of trauma knowledge in the trauma

system to maximize the provision of services and the quality

of care delivered [10,11]. Moreover, considering that nearly all

motorcycles are forbidden on highways in Asian cities, and

that most traffic accidents occur in relatively crowded streets
in these cities at relatively low speeds, we hypothesize that

the discrepancy between the sexes might differ from those of

previous Western studies. This study investigated the injury

pattern, mechanisms, severity, and mortality of male and fe-

male patients treated for injuries sustained in motorcycle

accidents in a level I trauma center in Taiwan using data from

a population-based trauma registry.
Methods

Ethics statement

This study was approved by the hospital institutional review

board (IRB) with approval number 103-3020B before its initia-

tion. An informed consent was waived according to the

regulation of IRB.
Study design

This retrospective study reviewed all of the data added to the

Trauma Registry System of a 2400-bed Level I regional trauma

center, which provides care to trauma patients primarily from

South Taiwan. Cases of hospitalization for trauma sustained

in motorcycle accidents from January 1, 2009 to December 31,

2013 were selected. Among the 6947 registered patients

entered in the database, 4028 (58.0%) were male and 2919

(42.0%) were female. Detailed patient information was

retrieved from the Trauma Registry System of our institution,

which included patient age, admission vital signs, injury

mechanism, and helmet use. Themethod of transportation to

the emergency department was also examined, and included

emergencymedical services (EMS), private vehicle, or transfer

by ambulance from another hospital. Other data collected

included the first Glasgow Coma Scale (GCS) in the emergency

department, details of the procedures performed at the

emergency department (cardiopulmonary resuscitation,

intubation, chest tube insertion, and blood transfusion), an

Abbreviated Injury Scale (AIS) of each body region, Injury

Severity Score (ISS), New Injury Severity Score (NISS), Trauma-

Injury Severity Score (TRISS), hospital length of stay (LOS),

intensive care unit (ICU) LOS, in-hospital mortality, and

associated complications. Adjusted odd ratios (AORs) and 95%

confidence intervals (CI) for mortality according to age and

stratified ISS were calculated. In our study, the primary out-

comes were injury severity as measured by different scoring

system (GCS, AIS, ISS, NISS, and TRISS) and in-hospital mor-

tality. The secondary outcomes were the associated compli-

cations, and hospital and ICU LOS. The data collected were

analyzed using SPSS v. 20 statistical software (IBM, Armonk,

NY) for Pearson's chi-squared tests, Fisher's exact tests, or the

independent Student's t-tests, as applicable. A 1:1 matched

study group was created by the Greedy method using NCSS

software (NCSS 10; NCSS Statistical software, Kaysville, Utah).

After adjusting for confounding factors such as status of

helmet-wearing and alcohol intoxication, a conditional logis-

tic regression was used for evaluating the effect of gender on

mortality. All results are presented as the mean ± standard

http://dx.doi.org/10.1016/j.bj.2016.10.005
http://dx.doi.org/10.1016/j.bj.2016.10.005


Table 1 Demographics of hospitalized trauma male and
female motorcycle riders.
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error. A p-value less than 0.05 was considered statistically

significant.
Variables Male
N ¼ 4028

Female
N ¼ 2919

p

Age 40.4 ± 19.3 44.8 ± 18.5 0.115

0-9 34(0.8) 34(1.2) 0.180

10-19 518(12.9) 287(9.8) <0.001
20-29 989(24.6) 513(17.6) <0.001
30-39 590(14.6) 288(9.9) <0.001
40-49 570(14.2) 377(12.9) 0.138

50-59 521(12.9) 684(23.4) <0.001
60-69 421(10.5) 526(18.0) <0.001
70-79 292(7.2) 195(6.7) 0.359

80-89 86(2.1) 15(0.5) <0.001
S90 7(0.2) 0(0.0) 0.024

Seat <0.001
Driver 3836(95.2) 2608(89.3)

Pillions 192(4.8) 311(10.7)

Transpose, n(%)

EMS 1910(47.4) 1552(53.2) <0.001
Private vehicle 674(16.7) 489(16.8) 0.983

Transferred 1444(35.8) 878(30.1) <0.001
Helmet, n(%)

Yes 3379(83.9) 2595(88.9) <0.001
No 551(13.7) 275(9.4) <0.001
Unspecific 98(2.4) 49(1.7) 0.031

Time, n(%)

7:00e17:00 2022(50.2) 1799(61.6) <0.001
17:00e23:00 1261(31.3) 733(25.1) <0.001
23:00e7:00 742(18.4) 384(13.2) <0.001
Unspecific 3(0.1) 3(0.1) e

Alcohol>50, n(%) 564(14.0) 69(2.4) <0.001
GCS 14.0 ± 2.6 14.4 ± 2.1 <0.001
�8 282(7.0) 124(4.2) <0.001
9-12 208(5.2) 93(3.2) <0.001
�13 3538(87.8) 2702(92.6) <0.001

AIS,n(%)

Head/Neck 1419(35.2) 869(29.8) <0.001
Face 1094(27.2) 642(22.0) <0.001
Thorax 723(17.9) 366(12.5) <0.001
Abdomen 301(7.5) 197(6.7) 0.248

Extremity 2853(70.8) 2215(75.9) <0.001
ISS 10.0 ± 7.9 8.7 ± 7.1 <0.001

<16 3202(79.5) 2404(82.4) 0.003

16-24 581(14.4) 339(11.6) 0.001

�25 245(6.1) 176(6.0) 0.927

NISS 11.8 ± 9.7 10.1 ± 8.4 <0.001
TRISS 0.960 ± 0.109 0.964 ± 0.108 0.001

Mortality, n(%) 77(1.9) 34(1.2) 0.014

AOR 0.83 <0.001
[95% CI ¼ 0.83e0.86]

LOS in hospital (days) 10.1 ± 10.8 9.1 ± 9.2 <0.001
LOS in ICU

Patients, n(%) 859(21.3) 431(14.8) <0.001
<16 281(8.8) 154(6.4) 0.001

16-24 364(62.7) 180(53.1) 0.004

�25 214(87.3) 97(55.1) <0.001
LOS in ICU (days) 7.6 ± 9.3 6.5 ± 7.7 0.002
Results

Patient characteristics

As shown in Table 1, the mean patient age was 40.4 ± 19.3 and

44.8 ± 18.5 years, respectively, in the male and female patient

groups. Among women, fewer patients were aged between 10

and 19, 20e29, 30e39, and 80e89 years, but a greater number

of patients were aged between 50e59 and 60e69 years. Most of

the injured patients were drivers, with significant more male

drivers and female pillions. There were significantly more

women transported to the hospital by EMS than men

(p < 0.001). In contrast, significantly more men than women

were transferred by ambulance from other hospitals

(p < 0.001). Helmet-wearing status was recorded as 97.6% and

98.3% for men and women, respectively; however, at the time

of injury, significantly more female patients were wearing

helmets than male patients (88.9% vs. 83.9%, p < 0.001). More

female patients arrived at the emergency department be-

tween 7 a.m. and 5 p.m. (p < 0.001), while more male patients

arrived between 5 p.m. and 11 p.m. and 11 p.m.e7 a.m.

(p < 0.001). A positive blood alcohol content (BAC) was more

frequent among men than women (14.0% vs. 2.4%, respec-

tively; p < 0.001).

We found a significant difference in GCS scores between

male and female patients (14.0 ± 2.6 vs. 14.4 ± 2.1, respec-

tively; p < 0.001), as well as the distribution of scores among

the patients (GCS �8, 9e12, or �13). Female patients had

higher GCS scores than did male patients, and a higher pro-

portion of patients with a GCS score of �13 were women. In

contrast, a higher proportion of patients with a GCS score of

either �8 or between 9 and 12 were men. Our analysis of AIS

scores revealed that male patients had sustained significantly

higher rates of injuries to the head/neck, face, and thorax,

while female patients sustained significantly higher rates of

injuries to the extremities [Table 1]. The comparison of

trauma injury scores between the male and female patients

indicated significant differences regarding the ISS (10.0 ± 7.9

vs. 8.7 ± 7.1, respectively; p < 0.001). When stratified by injury

severity (ISS of <16, 16e24, or�25), more women had an ISS of

<16 compared to men (82.4% vs. 79.5%, respectively;

p ¼ 0.003), while more men had an ISS between 16 and 24,

compared to women (14.4% vs. 11.6%, respectively; p ¼ 0.001).

There was no significant difference in the sex of the patients

with an ISS of �25. We also found significant differences in

male and female patients regarding NISS (11.8 ± 9.7 vs.

10.1 ± 8.4, respectively; p < 0.001), TRISS (0.960 ± 0.109 vs.

0.964 ± 0.108, respectively; p < 0.001), and in-hospital mor-

tality rates (1.9% vs. 1.2%, respectively; p ¼ 0.014). After

adjusting for ISS, we found that female patients had a

significantly lower AOR for patient mortality than did male

patients (AOR 0.83, 95% CI 0.83e0.86), indicating that the dif-

ferences in injury severity between the sexes are not wholly

responsible for their different mortality rates. The mortality

of male and female patients is shown based on age-group in

Fig. 1, revealing that there was a narrower age-range among
women experiencing fatalities compared to men. Further,

mortality increased in older patients, regardless of sex. The

major injuries associated with mortality are listed in Table 2,

and reveal that there was no significant difference between

the sexes in trauma causing mortality, except that the female

patients had higher odds for sustaining subarachnoid
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Fig. 1 Mortality percentage of male and female patients

admitted for treatment of motorcycle-related trauma injury

under stratification by age of decade.
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hemorrhage (SAH) (OR 3.33, 95% CI 1.58e9.09; p < 0.001) than

the male patients. Women experienced a significantly shorter

hospital LOS thanmen did (9.1 days vs. 10.1 days, respectively;

p < 0.001). A significantly smaller proportion of female pa-

tients was admitted to the ICU compared to male patients

(14.8% vs. 21.3%, respectively; p < 0.001) regardless of ISS

stratification (<16, 16e24, or �25).

To clarify the influence of alcohol consumption in

different gender, further analysis of the patients who have a

positive or negative BAC in the subgroup of male and female

patients revealed the impact of alcohol intoxication is similar

in different gender regarding GCS score, ISS, injury areas

based on the AIS, hospital LOS, the proportion of patients

admitted to the ICU [Table 3]. However, the significant higher

mortality in the patients with a positive BAC than those who

had a negative BAC in the male patients (OR 2.4, 95% CI

1.41e2.92; p < 0.001) was not found in the female patients (OR

2.6, 95% CI 0.62e11.20; p ¼ 0.191). Additionally, the significant

longer ICU LOS in the patients with a positive BAC than those

who had a negative BAC in the male patients (p ¼ 0.009) was
Table 2 Injuries attributed to the fatality of male and female m

Variables Male N ¼ 77

Epidural hematoma (EDH) 23(29.9)

Subdural hematoma (SDH) 42(54.5)

Subarachnoid hemorrhage (SAH) 16(20.8)

Intracerebral hematoma (ICH) 10(13.0)

Cerebral contusion 17(22.1)

Hemothorax 8(10.4)

Pneumothorax 3(3.9)

Hemopneumothorax 7(9.1)

Lung contusion 11(14.3)

Hepatic injury 9(11.7)

Splenic injury 7(9.1)

Pelvic fracture 6(7.8)
not revealed in the female patients (p ¼ 0.411). In addition, to

investigate the impact of wearing status of helmet on the

outcome in different gender, further analysis revealed the

impact of helmet-wearing status is similar in different

gender regarding GCS score, ISS, injury areas based on the

AIS except the abdomen, mortality, the proportion of pa-

tients admitted to the ICU, and the ICU LOS [Table 4]. A sig-

nificant longer hospital LOS in the patients without helmet-

wearing than those with helmet-wearing was found in the

male patients (p < 0.001), but not the female patients

(p ¼ 0.324). Adjusted mortality in propensity-score matched

patient population.

To reduce the impact of difference of associated helmet-

wearing status and alcohol intoxication on the mortality

assessment between the male and female patients, 111 well-

balanced pairs of patients were selected for comparison

[Table 5]. In these propensity scoreematched patients, there

was no significant difference in helmet-wearing status and

alcohol intoxication. The conditional logistic regression

analysis of these well-balanced pairs of patients showed that

the gender did not significantly influence mortality (OR 1.11,

95% CI 0.74e1.68; p ¼ 0.606), implying the higher odds of

mortality of the male patients were attributed to population

with a risky behaviors that associated with mortality, such as

no helmet-wearing and alcohol intoxication, but not the

gender per se.

Female patients had lower odds ratios (ORs) for presenting

with more severe hemodynamic measures than did the male

patients [Table 6]. These measures included heart rates of

>100 beats/min (OR 0.83, 95% CI 0.75e1.68; p ¼ 0.009) and

shock indices of >0.9 (OR 0.77, 95% CI 0.64e0.94; p ¼ 0.010). No

significant difference was noted between the sexes in the

measures of systolic blood pressure (SBP) of <90 mmHg and

respiratory rate of <10 or >29 times/min. In addition, women

had lower odds of requiring procedures at the emergency

department, including intubation (OR 0.48, 95% CI 0.36e0.60;

p < 0.001) and chest tube insertion (OR 0.38, 95% CI 0.26e0.57;

p < 0.001) than men, but similar requirements for cardiopul-

monary resuscitation or blood transfusion.

Table 7 shows the findings regarding the types of injuries

associated with motorcycle accidents. A significantly higher

percentage of femalemotorcycle riders sustained SAH, as well

as lumbar vertebral, sacral vertebral, humeral, radial, ulnar,

pelvic, tibial, and calcaneal fractures. However, compared to
otorcycle riders.

Female N ¼ 34 Odds ratio (95% CI) p

9(26.5) 0.83(0.48e2.92) 0.715

20(58.8) 1.25(0.53e2.70) 0.676

17(50.0) 3.33(1.58e9.09) 0.002

4(11.8) 0.91(0.26e3.03) 0.858

11(32.4) 1.67(0.69e4.17) 0.251

2(5.9) 0.53(0.11e2.70) 0.445

3(8.8) 2.50(0.46e12.5) 0.290

2(5.9) 0.63(0.12e3.13) 0.568

3(8.8) 0.59(0.15e2.22) 0.424

2(5.9) 0.48(0.10e2.33) 0.345

1(2.9) 0.30(0.04e2.56) 0.248

1(2.9) 0.36(0.04e3.13) 0.332
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Table 4 Comparison of injury characteristics between those male and female patients with or without helmet-wearing.

Male Female

Helmet(�)
n ¼ 551

Helmet(þ)
n ¼ 3379

OR(95%CI) p Helmet(�)
n ¼ 275

Helmet(þ)
n ¼ 2595

OR(95%CI) p

GCS 12.6 ± 3.8 14.3 ± 2.1 e <0.001 13.4 ± 3.3 14.5 ± 1.8 e <0.001
ISS 12.9 ± 9.0 9.4 ± 7.3 e <0.001 11.6 ± 8.9 8.2 ± 6.3 e <0.001
AIS� 2, n(%)

Head/Neck 281(51.0) 670(19.8) 4.2(3.49e5.07) <0.001 110(40.0) 431(16.6) 3.3(2.58e4.35) <0.001
Face 140(25.4) 573(17.0) 1.7(1.35e2.06) <0.001 50(18.2) 316(12.2) 1.6(1.15e2.23) 0.006

Thorax 74(13.4) 482(14.3) 0.9(0.72e1.21) 0.645 30(10.9) 248(9.6) 1.2(0.78e1.73) 0.520

Abdomen 33(6.0) 217(6.4) 0.9(0.64e1.35) 0.709 25(9.1) 146(5.6) 1.7(1.08e2.61) 0.024

Extremity 235(42.6) 2199(65.1) 0.4(0.33e0.48) <0.001 141(51.3) 1815(69.9) 0.5(0.35e0.58) <0.001
Mortality 22(4.0) 41(1.2) 3.4(2.00e5.73) <0.001 8(2.9) 15(0.6) 5.2(2.17e12.27) 0.001

Hospital LOS

days 12.2 ± 12.7 9.5 ± 9.7 e <0.001 9.6 ± 9.8 9.0 ± 9.1 e 0.324

ICU LOS

n (%) 213(38.7) 594(17.6) 3.0(2.44e3.58) <0.001 83(30.2) 330(12.7) 3.0(2.24e3.93) <0.001
days 7.9 ± 9.8 7.3 ± 8.8 e 0.368 6.5 ± 6.0 6.4 ± 8.0 e 0.918

Table 5 Covariates of the trauma patients before and after propensity score matching (1:1 greedy matching) for mortality
assessment.

Before After

Death
n ¼ 111

Survival
n ¼ 6836

OR(95%CI) p Death
n ¼ 111

Survival
n ¼ 111

OR(95%CI) p

Helmet, n(%)

Yes 56(50.5) 5918(86.6) 0.2(0.11e0.23) <0.001 56(50.5) 56(50.5) 1.0(0.59e1.69) 1.000

No 30(27.0) 796(11.6) 2.8(1.84e4.30) <0.001 30(27.0) 30(27.0) 1.0(0.55e1.81) 1.000

Unspecific 25(22.5) 122(1.8) 16.0(9.90e25.85) <0.001 25(22.5) 25(22.5) 1.0(0.53e1.88) 1.000

Alcohol>50, n(%) 23(20.7) 610(8.9) 2.7(1.67e4.25) <0.001 23(20.7) 23(20.7) 1.0(0.52e1.91) 1.000

Table 3 Comparison of injury characteristics between those patients who have a positive or negative BAC in the male and
female patients.

Male Female

Alcohol>50
n ¼ 564

Alcohol&50
n ¼ 3464

OR(95%CI) p Alcohol>50
n ¼ 69

Alcohol&50
n ¼ 2850

OR(95%CI) p

GCS 12.1 ± 3.9 14.3 ± 2.2 e <0.001 11.6 ± 4.0 14.4 ± 2.0 e <0.001
ISS 13.2 ± 9.8 9.5 ± 7.4 e <0.001 13.3 ± 10.7 8.6 ± 6.9 e 0.001

AIS�2, n(%)

Head/Neck 249(44.1) 762(22.0) 2.8(2.33e3.37) <0.001 30(43.5) 537(18.8) 3.3(2.04e5.38) <0.001
Face 192(34.0) 542(15.6) 2.8(2.29e3.39) <0.001 27(39.1) 354(12.4) 4.5(2.76e7.44) <0.001
Thorax 94(16.7) 484(14.0) 1.2(0.97e1.57) 0.092 9(13.0) 274(9.6) 1.4(0.69e2.87) 0.306

Abdomen 55(9.8) 205(5.9) 1.7(1.26e2.35) 0.001 12(17.4) 162(5.7) 3.5(1.84e6.64) 0.001

Extremity 252(45.0) 2216(64.0) 0.5(0.39e0.55) <0.001 36(52.2) 1941(68.1) 0.5(0.32e0.83) 0.006

Mortality 21(3.7) 56(1.6) 2.4(1.41e2.92) <0.001 2(2.9) 32(1.1) 2.6(0.62e11.20) 0.191

Hospital LOS

days 12.2 ± 11.6 9.7 ± 10.7 e <0.001 12.2 ± 10.0 9.0 ± 9.2 e 0.010

ICU LOS

n (%) 214(37.9) 645(18.6) 2.7(2.21e3.23) <0.001 23(33.3) 408(14.3) 3.0(1.80e4.99) <0.001
days 6.5 ± 6.3 8.0 ± 10.1 e 0.009 7.8 ± 8.0 6.4 ± 7.7 e 0.411
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men, women had a significantly lower percentage of cranial,

cervical vertebral, maxillary, mandibular, nasal, rib, scapular,

femoral, and patella fractures, as well as epidural (EDH),

subdural (SDH), and intracerebral (ICH) hematomas, pneu-

mothorax, hemopneumothorax, lung contusions, and splenic,

retroperitoneal, and renal injuries.
Discussion

In the present study, the influential role of sex upon different

characteristics of motorcycle accident-related injuries was

investigated. The female patients were younger, more often
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Table 6 Physiological status on arrival and procedures performed at the emergency department.

Variables Male N ¼ 4028 Female N ¼ 2919 Odds Ratio (95%CI) p

Physiology at ER, n(%)

SBP < 90 mmHg 104(2.6) 71(2.4) 0.91(0.22e1.28) 0.695

Heart rate > 100 beats/min 825(20.5) 524(18.0) 0.83(0.75e1.68) 0.009

Respiratory rate <10 or >29 34(0.8) 16(0.5) 0.67(0.36e1.18) 0.150

Shock index >0.9 298(7.4) 170(5.8) 0.77(0.64e0.94) 0.010

Proceduresat ER, n(%)

Cardiopulmonary resuscitation 9(0.2) 6(0.2) 0.91(0.33e2.56) 0.874

Intubation 255(6.3) 89(3.0) 0.48(0.36e0.60) <0.001
Chest tube 115(2.9) 33(1.1) 0.38(0.26e0.57) <0.001
Blood transfusion 159(3.9) 105(3.6) 0.91(0.70e1.16) 0.451
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pillions, wore helmets, were transported by EMS, and arrived

at the emergency department between 7 a.m. and 5 p.m. The

age distribution of the female patients is different from that of

the male patients; fewer female patients were aged between

10e39 and 80e89 years, whilemore female patients were aged

between 50 and 69. This finding is partly consistent with the

report that among youngmotorcycle drivers (14e24 years), the

risk of slight injury is higher in men than in women, a trend

which is reversed in older age groups (25e54 and 65e74 years)

[5]. Some authors have reported the relationship between this

increased risk for young men and their greater inclination to

engage in risky behaviors, such as speeding, consumption of

alcohol or drugs, etc., compared to women [12e14]. In the

current study, a positive BAC was found more frequently

among men than women. Notably, it has been reported in

Taiwan that those patients having undergone an alcohol test

also had higher ISS, NISS, and in-hospital mortality [15].

According to the analysis of 10,607motorcyclists who were

admitted to hospital following accidents in the Netherlands

[15], upper extremity and spine injuries (25.7% and 5.9%,

respectively) were the most common injury types. When

considering only the most severe injuries, severe thorax

(24.3%) and severe lower extremity (39.1%) injuries were most

common [15]. In this study, the distribution of the injury

location was different from that of previous reports. Based on

analysis of AIS, our study revealed that 73.0% of injuries were

localized to the extremities, followed by head/neck (32.9%)

and face (25.0%). In addition, the women presented with a

different bodily injury pattern than the men. Female patients

sustained significantly higher rates of extremity injuries, but

lower rates of head/neck, face, and thorax injuries than male

patients did. The injury types are different between the sexes;

a significantly higher percentage of female motorcycle riders

sustained SAH, as well as lumbar vertebral, sacral vertebral,

humeral, radial, ulnar, pelvic, tibial, and calcaneal fractures.

Investigation of the impact of wearing status of helmet on the

outcome in different gender revealed the wearing of helmet

was associated with a higher incidence of injures to the ex-

tremities than those without helmet-wearing both in male

and female patients. Furthermore, the female riders still

sustained a higher incidence of extremities than those male

riders regardless of helmet-wearing status. Therefore, the

reason that the female motorcycle riders tend to have more

limb injuries thanmale patients could not be explained by the

helmet-wearing status. Additionally, the patients without

helmet-wearing sustained an remarkably significant higher
incidence of injuries to head/neck region than those who had

worn the helmet regardless the gender of patients; therefore,

the fewer incidence of head/neck injuries in female thanmale

patients could not be explained by a higher incidence of

helmet-wearing of female motorcycle riders and may be due

to other unidentified factors.

A previous study found that the risk of fatal injury is higher

in men than in women aged 25e34 years when using time

travelled as a measure of exposure [5]. In a time-series study

with data from 580 motorcyclist fatalities in the Brazilian

Federal District from 1996 to 2007, most of the deaths were in

men (94.3%) and those aged between 20 and 39 years (73.8%)

[16]. When comparing age-groups for the 10,607 hospitalized

Dutch motorcyclists, the relative risk (RR) of death following a

motorcycle accident after hospital admission was highest in

the youngest age group (RR: 1.64, 95% CI:1.24e2.16) [15]. In

Taiwan, motorcyclist fatalities account for nearly 60% of all

driving fatalities [17], often associated with men, and factors

including advanced age, unlicensed status, not wearing a

helmet, and riding under the influence of alcohol, particularly

after heavy alcohol consumption (>550 cc) [17]. In this study,

after the reduction of the impact of associated helmet-

wearing status and alcohol intoxication on the mortality

assessment between the male and female patients, the lo-

gistic regression analysis of these propensity score-matched

patients showed that the gender did not significantly influ-

ence mortality (OR 0.82, 95% CI 0.47e1.43; p ¼ 0.475), implying

the an associated risky behaviors may attribute to the differ-

ence of odds of mortality between the male and female pa-

tients. In the current study, head injuries (including EDH, SDH,

SAH, ICH, and cerebral contusions) were the major factor

leading to mortality, followed by thoracic (including hemo-

thorax, hemopneumothorax, and lung contusion), and

abdominal (including hepatic and splenic) injuries. Of note,

our data also shows that besides the aforementioned injuries,

pelvic injuries also caused fatalities in motorcycle riders,

regardless of sex.

In the 10,607 hospitalized Dutch motorcyclists, those who

were fatally injured were most frequently diagnosed with

severe head injury (47%), followed by thoracic injury (20%) [15].

Among a number of preventive measures, helmet-wearing in

particular has been shown to both protect against head and

other serious injuries, and be cost effective [18e20]. In the

current study, the female motorcycle riders were more likely

to wear a helmet than the male motorcycle riders. A signifi-

cant difference in GCS scores and the distribution of scores
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Table 7 Associated injuries of the male and female
motorcycle riders.

Variables Male
N ¼ 4028

Female
N ¼ 2919

p

Head trauma, n(%)

Neurologic deficit 40(1.0) 21(0.7) 0.228

Cranial fracture* 443(11.0) 157(5.4) <0.001
Epidural hematoma (EDH)* 288(7.1) 91(3.1) <0.001
Subdural hematoma (SDH)* 502(12.5) 240(8.2) <0.001
Subarachnoid

hemorrhage (SAH)þ
293(7.3) 319(10.9) <0.001

Intracerebral hematoma (ICH)* 113(2.8) 55(1.9) 0.014

Cerebral contusion 257(6.4) 164(5.6) 0.189

Cervical vertebral fracture* 38(0.9) 14(0.5) 0.027

Maxillofacial trauma, n(%)

Maxillary fracture* 454(11.3) 241(8.3) <0.001
Mandibular fracture* 164(4.1) 89(3.0) 0.025

Orbital fracture 126(3.1) 72(2.5) 0.102

Nasal fracture* 74(1.8) 31(1.1) 0.009

Thoracic trauma, n(%)

Rib fracture* 506(12.6) 278(9.5) <0.001
Sternal fracture 5(0.1) 4(0.1) 0.883

Hemothorax 88(2.2) 45(1.5) 0.054

Pneumothorax* 108(2.7) 38(1.3) <0.001
Lung contusion* 82(2.0) 20(0.7) <0.001
Hemopneumothorax* 87(2.2) 25(0.9) <0.001
Thoracic vertebral fracture 30(0.7) 20(0.7) 0.772

Abdominal trauma, n(%)

Intra-abdominal injury 68(1.7) 42(1.4) 0.411

Hepatic injury 119(3.0) 68(2.3) 0.112

Splenic injury* 74(1.8) 31(1.1) 0.009

Retroperitoneal injury* 12(0.3) 1(0.0) 0.012

Renal injury* 37(0.9) 10(0.3) 0.004

Urinary bladder injury 12(0.3) 3(0.1) 0.084

Lumbar vertebral fractureþ 36(0.9) 46(1.6) 0.009

Sacral vertebral fractureþ 17(0.4) 23(0.8) 0.047

Extremity trauma, n(%)

Scapular fracture* 118(2.9) 49(1.7) 0.001

Clavicle fracture 554(13.8) 361(12.4) 0.092

Humeral fractureþ 150(3.7) 219(7.5) <0.001
Radial fractureþ 334(8.3) 386(13.2) <0.001
Ulnar fractureþ 176(4.4) 179(6.1) 0.001

Metacarpal fracture 158(3.9) 97(3.3) 0.190

Pelvic fractureþ 122(3.0) 122(4.2) 0.010

Femoral fracture* 494(12.3) 267(9.1) <0.001
Patella fracture* 146(3.6) 49(1.7) <0.001
Tibial fractureþ 406(10.1) 349(12.0) 0.013

Fibular fracture 239(5.9) 162(5.5) 0.499

Calcaneal fractureþ 197(4.9) 181(6.2) 0.018

Metatarsal fracture 97(2.4) 89(3.0) 0.102

* Indicates a higher incidence of male than female patients;

þ indicates a higher incidence of female than male patients.
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between the sexes (GCS �8, 9e12, or �13) was also found. In

addition, female motorcycle riders sustained a significantly

lower percentage of intracranial injuries including cranial

fracture, EDH, SDH, and ICH. These findings indicate that

helmet-wearingmay have prevented head injuries among the

female motorcycle riders studied. However, a significantly

higher percentage of female motorcycle riders sustained SAH.

Women experience a greater number of intracranial aneu-

rysms than men [21,22]. It has been reported that not only do

more women suffer from SAH, but that the average age of

female SAH survivors is greater, compared to male survivors;
however, the overall mortality and neurological outcomes for

men are not better, despite their younger age [23]. Sex appears

to influence the risk, initial impact, and early phase of SAH,

while age influences its outcome [23,24].

The limitations of this study include its retrospective

design and the lack of available data regarding injury mecha-

nism and circumstance, includingmotorcycle speed and type,

helmet material, and exposure data (e.g., number of trips,

hours of riding, and/or miles traveled). Although some iden-

tified factors may explain a better outcome of the female

motorcycle riders than those male patients, however, these

factorsmay not be independent from each other (for example,

those who was drunken when riding tend not to wear the

helmet, and BAC level had been reported to be related to the

sustained injury severity [25e27]) and it is hard to clarify their

real impacts on the outcome from this retrospective study.

Additionally, the number of patients we included in the study

was not adequate to analyze the association of age with

different accident characteristics, other than mortality. Thus,

it is not possible to describe the effect of age on the various risk

factors experienced by the two sexes, as has been previously

described [5,28]. Finally, the injured patients who were pro-

nounced dead at the scene of the accident or those who were

discharged from theemergencydepartmentwerenot included

in the sample, which may have introduced a survival bias.
Conclusion

This study analyzed the differences between the sexes in the

demographics and injury characteristics of patients hospital-

ized at a level I trauma center with motorcycle-related.

Analysis of the data indicates that women motorcycle riders

have unique injury characteristics, including bodily injury

pattern, as well as a lower ISS and in-hospital mortality when

compared to male motorcycle riders.
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The protective effect of helmet use in
motorcycle and bicycle accidents: a
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Abstract

Background: Transportation by motorcycle and bicycle has become popular in Taiwan, this study was designed
to investigate the protective effect of helmet use during motorcycle and bicycle accidents by using a propensity
score–matched study based on trauma registry system data.

Methods: Data of adult patients hospitalized for motorcycle or bicycle accidents between January 1, 2009 and
December 31, 2015 were retrieved from the Trauma Registry System. These included 7735 motorcyclists with
helmet use, 863 motorcyclists without helmet use, 76 bicyclists with helmet use, and 647 bicyclists without helmet
use. The primary outcome measurement was in-hospital mortality. Secondary outcomes were the hospital length of
stay (LOS), intensive care unit (ICU) admission rate, and ICU LOS. Normally distributed continuous data were
analyzed by the unpaired Student t-test, and non-normally distributed data were compared using the Mann–
Whitney U-test. Two-sided Fisher exact or Pearson chi-square tests were used to compare categorical data.
Propensity score matching (1:1 ratio using optimal method with a 0.2 caliper width) was performed using NCSS
software, adjusting for the following covariates: sex, age, and comorbidities. Further logistic regression was used to
evaluate the effect of helmet use on mortality rates of motorcyclists and bicyclists, respectively.

Results: The mortality rate for motorcyclists with helmet use (1.1%) was significantly lower than for motorcyclists
without helmet use (4.2%; odds ratio [OR] 0.2; 95% confidence interval [CI]: 0.17–0.37; p < 0.001). Among bicyclists,
there was no significant difference in mortality rates between the patients with helmet use (5.3%) and those without
helmet use (3.7%; OR 1.4; 95% CI: 0.49–4.27; p = 0.524). After propensity-score matching for covariates, including sex,
age, and comorbidities, 856 well-balanced pairs of motorcyclists and 76 pairs of bicyclists were identified for outcome
comparison, showing that helmet use among motorcyclists was associated with lower mortality rates (OR 0.2; 95% CI:
0.09–0.44; p < 0.001). In contrast, helmet use among bicyclists was not associated with a decrease in mortality (OR 1.3;
95% CI: 0.30–5.96; p = 0.706). The hospital LOS was also significantly shorter for motorcyclists with helmet use than for
those without (9.5 days vs. 12.0 days, respectively, p < 0.001) although for bicyclists, helmet use was not associated
with hospital LOS. Fewer motorcyclists with helmet use were admitted to the ICU, regardless of the severity of injury;
however, no significant difference of ICU admission rates was found between bicyclists with and without helmets.
(Continued on next page)
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Conclusions: Motorcycle helmets provide protection to adult motorcyclists involved in traffic accidents and their use is
associated with a decrease in mortality rates and the risk of head injuries. However, no such protective effect of helmet
use was observed for bicyclists involved in collisions.

Keywords: Bicyclist, Motorcyclist, Helmet, Head injury, Injury severity score, Mortality, Trauma registry system

Background
Traveling by motorcycle has been a common part of
daily living for years and remains a crucial mode of
transportation in Taiwan, due to the country’s suitable
climate and high population density [1, 2]. According to
a published study in Taiwan, 3323 persons were killed by
traffic accidents in 2011, and more than 60 % of whom
were motorcycle riders or passengers [2]. Bicycling has
also become popular in Taiwan, not only as a means of
transportation, but also as a symbol of personal fitness.
In the United States, national statistics report that
500,000 people sustain bicycle-related injuries per year,
resulting in approximately 800 deaths [3]. It is estimated
that for every 2 million trips, 600 injuries will occur and
one bicyclist will die in a collision [4]. In Taiwan, a retro-
spective cohort study revealed that bicyclists had a 1.2-
fold higher adjusted odds ratio (AOR) of in-hospital
mortality than motorcyclists [5]. Among patients with
injury severity score (ISS) ≥25, bicyclists had a 4.4 times
increased odds of mortality compared to motorcyclists
(95% confidence interval [CI]: 1.95–9.82) [5].
Although the protective effect of motorcycle helmets

is already well-established in the literature [6–14], head
injury is still regarded as a critical cause of mortality
among victims of motorcycle collisions. Head injury is
also the main cause of hospitalization of bicycle-related
injuries [15]. Data from an estimate in 2000 noted that
approximately $8 billion is spent annually in the United
States in the care of bicycle crash victims, which is a sig-
nificant cost from a public health perspective [16]. Head
injuries often occur in motorcycle and bicycle traffic ac-
cidents and have severe consequences [17, 18], however,
the current laws in Taiwan only enforce the use of hel-
mets on motorcyclists, while helmet use remains op-
tional for bicyclists. As a result, helmet use is more
common among motorcycle riders than bicycle riders.
Furthermore, most bicycle helmets are smaller, thinner,
and lighter, than motorcycle helmets, thus they may pro-
vide less protection to riders during collisions. Moreover,
because of different riding speeds, the impact energy
may differ between collisions involving motorcyclists
and those involving bicyclists. There is scarce informa-
tion on the protective effect of helmet use in Taiwan,
where motorcycle and bicycle accidents occur on rela-
tively crowded streets [19]. Therefore, in this study we
aimed to investigate the protective effect of helmet use

during motorcycle and bicycle accidents by using a pro-
pensity score–matched study based on trauma registry
system data over a seven-year period.

Methods
This study was approved by the institutional review board
(IRB) of the Kaohsiung Chang Gung Memorial Hospital
(reference number 201600005B0), a Level I regional
trauma center providing care to trauma patients, primarily
from southern Taiwan. We designed a retrospective study
to review the data of all adult motorcyclists and bicyclists
(n = 9321) entered into the Trauma Registry System be-
tween January 1, 2009 and December 31, 2015 (Fig. 1). Pa-
tients who had sustained an injury other than motorcycle
or bicycle accident or whose registered data were incom-
plete were excluded. Detailed patient information was re-
trieved from the Trauma Registry System of our
institution, including the following variables: age; sex;
body mass index (BMI); co-morbidities, such as diabetes
mellitus (DM), hypertension (HTN), coronary artery dis-
ease (CAD), congestive heart failure (CHF), cerebral vas-
cular accident (CVA), and end-stage renal disease (ESRD);
vital signs on arrival; blood alcohol concentration (BAC)
on arrival; Glasgow Coma Scale (GCS) score; Abbreviated
Injury Scale (AIS); and ISS on arrival; length of stay (LOS)
in the hospital and intensive care unit (ICU); in-hospital
mortality; procedures performed in the emergency depart-
ment (ED); and associated head and maxillofacial trauma.
In order to evaluate the relationship between helmet

use and traffic accident injury severity and outcome, the
data of patients presenting to the ED following motor-
cycle and bicycle traffic accidents were analyzed. Motor-
cyclists with helmet use (n = 7735) were compared with
motorcyclists without helmet use (n = 863), and bicy-
clists with helmet use (n = 76) were compared with bicy-
clists without helmet use (n = 647) using the SPSS v.20
statistical software (IBM, Armonk, NY). The primary
outcome of the study was in-hospital mortality, and the
secondary outcomes were hospital LOS, ICU admission
rate, and ICU LOS. For categorical variables, Chi-square
tests were used to determine the significance of the asso-
ciations between the predictor and outcome variables.
For continuous variables, Student t-tests were applied to
analyze normally distributed continuous data, while
Mann-Whitney U tests were used to compare non-
normally distributed data. Univariate logistic regression
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analyses were performed to identify the significant pre-
dictor variables of the mortality risk. The corresponding
crude odds ratio (OR) with 95% CI for each variable was
calculated. Pearson’s correlation coefficient (r) was used
for bivariate correlation to analyze the relationships be-
tween items of co-morbidity, including DM, HTN, CAD,
CHF, CVA, and ESRD. Thereafter, to minimize the con-
founding effects due to a nonrandomized assignment in
the evaluation of the effect of helmet use on mortality,
propensity scores were calculated using SPSS v.20 statis-
tical software with helmet use as dependent variable and
the following covariates as independent variables: sex;
age; and comorbidities (Additional file 1: Table S1).
Using NCSS software (NCSS 10; NCSS Statistical soft-
ware, Kaysville, Utah), the optimal method was used to
create 1:1 matched study groups with a 0.2 caliper width.
After adjusting for these confounding factors, binary lo-
gistic regression was used to evaluate the interventional
factor of helmet use by motorcyclists and bicyclists on
mortality. All results are presented as the mean ± stand-
ard deviation. A p-value <0.05 was considered statisti-
cally significant.

Results
Demographics and injury characteristics of patients
The mean age of subjects was 46.0 ± 17.5 years,
48.8 ± 18.6 years, 48.8 ± 13.7 years, and 63.1 ± 15.6 years
for motorcyclists with helmet use, motorcyclists without
helmet use, bicyclists with helmet use, and bicyclists with-
out helmet use, respectively. The BMI distribution was
comparable between motorcyclists with and without hel-
met use, but in the bicyclist group, significantly more

patients had helmets in the overweighted subgroup (35.5%
vs. 22.7%, OR: 1.9 [95% CI: 1.13–3.10], p = 0.013). Fewer
motorcyclists with helmet use had HTN compared to mo-
torcyclists without helmet use. Fewer bicyclists with hel-
met use had DM and HTN compared with bicyclists
without helmet use. Among motorcyclists, significantly
fewer patients with helmet use had a BAC level of
>50 mg/dl compared to motorcyclists without helmet use
(7.1% vs. 24.0%, OR: 0.2 [95% CI: 0.20–0.29], p < 0.001).
For bicyclists, there was no difference in terms of BAC
level between those with helmets and without helmets
(2.6% vs. 5.4%, OR: 0.5 [95% CI: 0.11–2.01], p = 0.414).

Covariates and outcome of the patients
The covariates and outcome of adult traffic accident hel-
met users and nonusers before and after propensity score
matching were summarized in Table 1 (motorcyclists) and
Table 2 (bicyclists). After propensity score matching, the
difference of age, gender, and comorbidities, which in-
cluded DM, HTN, CAD, CHF, CVA, and ESRD, between
the helmet users and non-users was adjusted.
For the motorcyclist group before matching (Table 1),

the average GCS score was significantly higher for pa-
tients with helmet use. Significantly fewer motorcyclists
with helmet use had a GCS score ≤ 12 upon arrival to
the ED and a significantly greater number had a GCS
score ≥ 13 compared with motorcyclists without helmet
use. Fewer patients with helmet use had an AIS ≥3 over
the head/neck, face, thorax, and extremities, compared
with patients without helmet use. A lower median ISS (8
[4–10] vs. 10 [5–18], p < 0.001) was also observed in
motorcyclists with helmet use and significantly fewer

Fig. 1 Flow chart of the studied adult trauma population in motorcycle and bicycle accidents

Kuo et al. BMC Public Health  (2017) 17:639 Page 3 of 10



patients were severely injured (ISS between 16 and 24
and ≥25) compared with patients without helmet use.
The hospital LOS was also significantly shorter for mo-
torcyclists with helmet use than for those without hel-
met use (9.5 days vs. 12.0 days, respectively, p < 0.001),
and significantly fewer patients with helmet use were

admitted to the ICU. No significant difference of the
ICU LOS was found. The mortality rate for motorcy-
clists with helmet use was significantly lower than for
motorcyclists without helmet use (1.1% vs. 4.2%, OR: 0.2
[95% CI: 0.17–0.37], p < 0.001). After propensity score
matching, the outcomes were generally comparable with

Table 1 Covariates and outcome of adult motorcycle traffic accident helmet users and nonusers before and after propensity score
matching (1:1 matching)

Before matching After matching

Covariates Helmet use
Yes n = 7735

Helmet use
No n = 863

Odds ratio
(95%CI)

P Helmet use
Yes n = 856

Helmet use
No n = 856

Mean
Difference

Standardized
Difference

Age 46.0 ± 17.5 48.8 ± 18.6 — <0.001 48.6 ± 18.6 48.6 ± 18.6 −0.01168 −0.06(%)

Sex

Male 4248(54.9) 592(68.6) 0.6(0.48–0.65) <0.001 588(68.7) 588(68.7) 1.0(0.82–1.23) 0.00(%)

Female 3487(45.1) 271(31.4) 1.8(1.54–2.09) <0.001 268(31.3) 268(31.3) 1.0(0.82–1.23) 0.00 (%)

Comorbidity

DM 831(10.7) 106(12.3) 0.9(0.69–1.07) 0.169 102(11.9) 102(11.9) 1.0(0.75–1.34) 0.00 (%)

HTN 1539(19.9) 201(23.3) 0.8(0.69–0.97) 0.019 197(23.0) 197(23.0) 1.0(0.80–1.25) 0.00 (%)

CAD 156(2.0) 23(2.7) 0.8(0.48–1.17) 0.206 20(2.3) 20(2.3) 1.0(0.53–1.87) 0.00 (%)

CHF 27(0.3) 7(0.8) 0.4(0.19–0.99) 0.076 4(0.5) 4(0.5) 1.0(0.25–4.01) 0.00 (%)

CVA 95(1.2) 15(1.7) 0.7(0.41–1.22) 0.206 11(1.3) 11(1.3) 1.0(0.43–2.32) 0.00 (%)

ESRD 2(0.0) 0(0.0) — 1.000 0(0.0) 0(0.0) — —

Outcome

GCS 14.4 ± 2.1 12.8 ± 3.8 — <0.001 14.4 ± 2.0 12.8 ± 3.8 — <0.001

≤ 8 305(3.9) 145(16.8) 0.2(0.16–0.25) <0.001 34(4.0) 145(16.9) 0.2(0.14–0.30) <0.001

9–12 256(3.3) 79(9.2) 0.3(0.26–0.44) <0.001 31(3.6) 77(9.0) 0.4(0.25–0.58) <0.001

≥ 13 7174(92.7) 639(74.0) 4.5(3.76–5.34) <0.001 791(92.4) 634(74.1) 4.3(3.17–5.73) <0.001

AIS ≥ 3, n (%)

Head/Neck 1288(16.7) 399(46.2) 0.2(0.20–0.27) <0.001 149(17.4) 398(46.5) 0.2(0.19–0.30) <0.001

Face 22(0.3) 7(0.8) 0.3(0.15–0.82) 0.022 4(0.5) 7(0.8) 0.6(0.17–1.95) 0.364

Thorax 685(8.9) 105(12.2) 0.7(0.56–0.87) 0.001 98(11.4) 104(12.1) 0.9(0.70–1.25) 0.653

Abdomen 192(2.5) 21(2.4) 1.0(0.65–1.61) 0.930 21(2.5) 21(2.5) 1.0(0.54–1.85) 1.000

Extremity 1898(24.5) 138(16.0) 1.7(1.41–2.06) <0.001 190(22.2) 137(16.0) 1.5(1.17–1.91) 0.001

ISS, median (IQR) 8(4–10) 10(5–18) — <0.001 9(4–12) 10(5–18) — <0.001

< 16 6570(84.9) 530(61.4) 3.5(3.05–4.12) <0.001 687(80.3) 524(61.2) 2.6(2.07–3.20) <0.001

16–24 829(10.7) 224(26.0) 0.3(0.29–0.41) <0.001 144(16.8) 223(26.1) 0.6(0.45–0.73) <0.001

≥ 25 336(4.3) 109(12.6) 0.3(0.25–0.40) <0.001 25(2.9) 109(12.7) 0.2(0.13–0.32) <0.001

Hospital LOS (days) 9.5 ± 9.7 12.0 ± 12.9 — <0.001 9.5 ± 9.7 12.0 ± 12.9 — <0.001

ICU

Patients, n (%) 1291(16.7) 338(39.2) 0.3(0.27–0.36) <0.001 156(18.2) 336(39.3) 0.3(0.28–0.43) <0.001

< 16 447(5.8) 85(9.8) 0.6(0.44–0.72) <0.001 48(5.6) 84(9.8) 0.5(0.38–0.80) 0.001

16–24 545(7.0) 155(18.0) 0.3(0.29–0.42) <0.001 83(9.7) 154(18.0) 0.5(0.37–0.65) <0.001

≥ 25 299(3.9) 98(11.4) 0.3(0.25–0.40) <0.001 25(2.9) 98(11.4) 0.2(0.15–0.37) <0.001

ICU LOS (days) 6.9 ± 8.3 7.6 ± 9.0 — 0.172 6.1 ± 6.8 7.6 ± 9.1 — 0.043

Mortality 83(1.1) 36(4.2) 0.2(0.17–0.37) <0.001 7(0.8) 36(4.2) 0.2(0.09–0.44) <0.001

CI confidence interval, BMI body mass index, DM diabetes mellitus, HTN hypertension, CAD coronary artery disease, CHF congestive heart failure, CVA cerebral
vascular accident, ESRD end-stage renal disease, BAC blood alcohol concentration, GCS Glasgow Coma Scale, AIS Abbreviated Injury Scale, ISS injury severity score,
IQR interquartile range, LOS length of stay, ICU intensive care unit
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those before matching. However, the ICU LOS came out
significantly shorter for motorcyclists with helmet use
(6.1 ± 6.8 days vs. 7.6 ± 9.1 days, p = 0.043). The mortal-
ity remained significantly lower for motorcyclists with
helmet use (0.8% vs. 4.2%, OR: 0.2 [95% CI: 0.09–0.44],
p < 0.001).

For the bicyclist group before propensity score match-
ing (Table 2), no significant difference in terms of GCS
was found between those with and without helmet use.
Significantly fewer patients with helmet use had an AIS
≥3 over the head/neck region. The median ISS was also
significantly lower (5.5 [4–9] vs. 9 [4–10], p = 0.029) for

Table 2 Covariates and outcome of adult bicycle traffic accident helmet users and nonusers before and after propensity score
matching (1:1 matching)

Before matching After matching

Covariates Helmet use
Yes n = 76

Helmet use
No n = 647

Odds ratio
(95%CI)

P Helmet use
Yes n = 76

Helmet use
No n = 76

Mean
Difference

Standardized
Difference

Age 48.8 ± 13.7 63.1 ± 15.6 — <0.001 48.8 ± 13.7 48.7 ± 13.8 0.09211 0.67(%)

Sex

Male 60(78.9) 355(54.9) 3.1(1.74–5.47) <0.001 60(78.9) 60(78.9) 1.0(0.46–2.18) 0.00(%)

Female 16(21.1) 292(45.1) 0.3(0.18–0.58) <0.001 16(21.1) 16(21.1) 1.0(0.46–2.18) 0.00 (%)

Comorbidity

DM 3(3.9) 86(13.3) 0.3(0.08–0.87) 0.019 3(3.9) 3(3.9) 1.0(0.20–5.12) 0.00 (%)

HTN 12(15.8) 221(34.2) 0.4(0.19–0.68) 0.001 12(15.8) 12(15.8) 1.0(0.42–2.39) 0.00 (%)

CAD 1(1.3) 22(3.4) 0.4(0.05–2.85) 0.498 1(1.3) 1(1.3) 1.0(0.06–16.29) 0.00 (%)

CHF 0(0.0) 4(0.6) — 1.000 0(0.0) 0(0.0) — —

CVA 0(0.0) 28(4.3) — 0.063 0(0.0) 0(0.0) — —

ESRD 0(0.0) 2(0.3) — 1.000 0(0.0) 0(0.0) — —

Outcome

GCS 14.5 ± 2.4 14.2 ± 2.4 — 0.303 14.5 ± 2.4 14.2 ± 2.6 — 0.538

≤ 8 3(3.9) 34(5.3) 0.7(0.22–2.47) 0.788 3(3.9) 4(5.3) 0.7(0.16–3.42) 1.000

9–12 0(0.0) 31(4.8) — 0.065 0(0.0) 2(2.6) — 0.497

≥ 13 73(96.1) 582(90.0) 2.7(0.83–8.87) 0.085 73(96.1) 70(92.1) 2.1(0.50–8.67) 0.494

AIS ≥ 3, n (%)

Head/Neck 9(11.8) 166(25.7) 0.4(0.19–0.80) 0.008 9(11.8) 14(18.4) 0.6(0.24–1.47) 0.258

Face 0(0.0) 1(0.2) — 1.000 0(0.0) 0(0.0) — —

Thorax 4(5.3) 33(5.1) 1.0(0.36–3.00) 1.000 4(5.3) 3(3.9) 1.4(0.29–6.26) 1.000

Abdomen 0(0.0) 7(1.1) — 1.000 0(0.0) 0(0.0) — —

Extremity 20(26.3) 208(32.1) 0.8(0.44–1.29) 0.301 20(26.3) 19(25.0) 1.1(0.52–2.22) 0.853

ISS, median (IQR) 5.5(4–9) 9(4–10) — 0.029 5.5(4–9) 7(4–10) — 0.808

< 16 68(89.5) 523(80.8) 2.0(0.94–4.30) 0.065 68(89.5) 63(82.9) 1.8(0.68–4.51) 0.240

16–24 5(6.6) 88(13.6) 0.4(0.18–1.14) 0.084 5(6.6) 11(14.5) 0.4(0.14–1.26) 0.113

≥ 25 3(3.9) 36(5.6) 0.7(0.21–2.32) 0.788 3(3.9) 2(2.6) 1.5(0.25–9.37) 1.000

Hospital LOS (days) 7.0 ± 9.5 8.9 ± 10.2 — 0.116 7.0 ± 9.5 6.7 ± 6.4 — 0.858

ICU

Patients, n (%) 9(11.8) 139(21.5) 0.5(0.24–1.01) 0.049 9(11.8) 11(14.5) 0.8(0.31–2.04) 0.631

< 16 4(5.3) 38(5.9) 0.9(0.31–2.57) 1.000 4(5.3) 1(1.3) 4.2(0.46–38.17) 0.367

16–24 2(2.6) 69(10.7) 0.2(0.05–0.94) 0.026 2(2.6) 8(1.1) 0.2(0.05–1.12) 0.050

≥ 25 3(3.9) 32(4.9) 0.8(0.24–2.64) 1.000 3(3.9) 2(2.6) 1.5(0.25–9.37) 1.000

ICU LOS (days) 11.0 ± 20.1 7.4 ± 9.5 — 0.612 11.0 ± 20.1 4.3 ± 2.3 — 0.346

Mortality 4(5.3) 24(3.7) 1.4(0.49–4.27) 0.524 4(5.3) 3(3.9) 1.3(0.30–5.96) 0.706

CI confidence interval, BMI body mass index, DM diabetes mellitus, HTN hypertension, CAD coronary artery disease, CHF congestive heart failure, CVA cerebral
vascular accident, ESRD end-stage renal disease, BAC blood alcohol concentration, GCS Glasgow Coma Scale, AIS Abbreviated Injury Scale, ISS injury severity score,
IQR interquartile range, LOS length of stay, ICU intensive care unit
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bicyclists with helmet use than for those without helmet
use. However, the distribution of ISS according to the
stratification of ISS (<16, 16–24, ≥25) showed no signifi-
cant difference between the helmet users and non-users.
The hospital LOS and ICU LOS were not significantly
different between bicyclists with or without helmet use,
but fewer bicyclists with helmet use were admitted to
the ICU. There was no significant difference in mortality
rates among bicyclists, with or without helmet use (5.3%
vs. 3.7%, OR: 1.4 [95% CI: 0.49–4.27], p = 0.524). After
propensity score matching, there was no significant dif-
ference in terms of the GCS, AIS ≥ 3, and the ISS among
bicyclists with or without helmet use. The hospital LOS
and ICU LOS were also comparable between the two
groups. Still, helmet use in bicyclists was not signifi-
cantly associated with mortality in this study, although
the odds of mortality in bicyclists with helmet use was
1.3 times that of bicyclists without helmet use (OR: 1.3
[95% CI: 0.30–5.96], p = 0.706).

Associated injuries at ED
Physiological parameters and life-saving procedures, includ-
ing cardiopulmonary resuscitation, intubation, chest tube
insertion, and blood transfusion performed in the ED are
summarized in Table 3 (motorcyclists) and Table 4 (bicy-
clists). In the motorcyclists group, helmet use was associ-
ated with a decreased number of patients with a heart
rate > 100 beat/min and a respiratory rate < 10/min or
>29/min, and significantly lower intubation rates. After pro-
pensity score matching, we only found a significantly lower
intubation rate for motorcyclists with helmet use. For bicy-
clists, helmet use was not associated with a significantly im-
proved physiological response or with fewer life-saving
procedures before or after propensity score matching.
Regarding the associated injuries in the head and face re-

gion, significantly fewer motorcyclists with helmet use suf-
fered head and maxillofacial trauma, including neurological

deficit, cranial fracture, epidural hematoma (EDH), subdural
hematoma (SDH), subarachnoid hemorrhage (SAH), intra-
cerebral hemorrhage (ICH), cerebral contusion, cervical ver-
tebra fracture, nasal fracture, maxillary fracture, and
mandibular fracture were found than those motorcyclists
without helmet use before propensity score matching (Table
5). However, this protective effect of helmets was not ob-
served in the bicyclists group, except there was a reduced
risk of developing SDH among bicyclists with helmet use
than those without (2.6% vs. 13.2%, OR: 0.2 [95% CI: 0.04–
0.84], p = 0.031) (Table 6). After propensity score matching,
the same protective effect of helmets could still be observed
in the motorcycle group, but not in the bicycle group.

Discussion
The results of this study highlight the protective effect of
motorcycle helmets, with a significantly lower mortality
rate among motorcyclists with helmet use than among
motorcyclists without helmet use. The well-balanced pro-
pensity score-matched model, which eliminated the con-
founding effects of sex, age, and comorbidities, further
strengthened our conclusion on the protective effect of
motorcycle helmets. Furthermore, motorcycle helmet
users also had higher GCS scores and a lower ISS scores
on presentation, shorter hospital LOS, and lower ICU ad-
mission rates. The protective effect of bicycle helmets was
not demonstrated in the bicyclists group, despite the use
of propensity score-matched populations of bicyclists.
The protective effect of motorcycle helmets is well

established in the literature [6–14]. Helmet use among
motorcyclists was found to benefit both riders and soci-
ety, with improved discharge outcomes, as well as a re-
duction in mortality rates, traumatic brain injuries, and
costs of hospitalization [6–14]. Hooten et al. concluded
that motorcycle helmets significantly decrease overall
mortality, improve outcome at discharge, and are cost-
effective, resulting in healthcare savings [6]. A systemic

Table 3 Physiological parameters and life-saving procedures performed at ED for adult motorcycle traffic accident trauma patients

Original cohort Propensity score-matched cohort

Parameters Helmet use
Yes n = 7735

Helmet use
No n = 863

Odds ratio
(95%)

P Helmet use
Yes n = 856

Helmet use
No n = 856

Odds ratio
(95%)

P

Physiology at ED, n (%)

SBP < 90 mmHg 163(2.1) 24(2.8) 0.8(0.49–1.16) 0.198 18(2.1) 24(2.8) 0.7(0.40–1.38) 0.349

Heart rate > 100 beats/min 1363(17.6) 182(21.1) 0.8(0.67–0.95) 0.012 159(18.6) 181(21.1) 0.9(0.67–1.08) 0.183

Respiratory rate < 10 or >29 /min 34(0.4) 11(1.3) 0.3(0.17–0.68) 0.004 5(0.6) 11(1.3) 0.5(0.16–1.31) 0.132

Procedures at ED, n (%)

Cardiopulmonary resuscitation 8(0.1) 2(0.2) 0.4(0.09–2.10) 0.265 1(0.1) 2(0.2) 0.5(0.05–5.52) 1.000

Intubation 147(1.9) 57(6.6) 0.3(0.20–0.38) <0.001 17(2.0) 57(6.7) 0.3(0.16–0.49) <0.001

Chest tube insertion 108(1.4) 16(1.9) 0.8(0.44–1.27) 0.285 14(1.6) 16(1.9) 0.9(0.42–1.80) 0.713

Blood transfusion 266(3.4) 38(4.4) 0.8(0.55–1.09) 0.146 37(4.3) 38(4.4) 1.0(0.61–1.55) 0.906

ED = emergency department; SBP = systolic blood pressure
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review published in 2008 by Liu et al. also concluded
that motorcycle helmets reduce the risk of death and
head injury among motorcycle riders involved in colli-
sions [7]. Another retrospective study conducted by
Sosin et al., found that motorcycle helmets not only re-
duce the severity of nonfatal head injuries, but also
lower the rate of fatal injuries [8]. The legal enforcement
of helmet use for motorcycle riders is therefore of cru-
cial importance. Kraus et al. found that the enactment of
motorcycle helmet law in California of USA significantly
reduces the fatality rate in motorcycle accidents, as well
as the number and severity of head injuries [9]. More-
over, Hotz et al. reported a significantly increased num-
ber and severity of brain injuries following the repeal of
a motorcycle helmet law [10]. The data on cervical spine
protection is controversial, with some studies reporting

that the use of motorcycle helmets may increase the rate
of cervical spine injury [20, 21], and others reporting sta-
tistically similar, or even lower risks of cervical spine in-
jury [22–26]. In this study, although the neurological
damage from cervical spine injury was not evaluated,
motorcycle helmet use was associated with a signifi-
cantly lower rate of cervical vertebra fractures.
The protective effect of bicycle helmets has been re-

ported in the literature. Heng et al. found that helmet
use was associated with fewer injuries to the head and
face, as well as a lower ISS, in bicycle crashes [15]. In
two case-control studies published by Thompson et al.,
bicycle helmet use was associated with a decreased risk
of head injuries among injured bicyclists [27, 28]. A
case-control study also reported a 74% reduced risk of
head injury among bicyclists with helmet use involved in

Table 4 Physiological parameters and life-saving procedures performed at ED for adult bicycle traffic accident trauma patients

Original cohort Propensity score-matched cohort

Parameters Helmet use
Yes n = 76

Helmet use
No n = 647

Odds ratio
(95%)

P Helmet use
Yes n = 76

Helmet use
No n = 76

Odds ratio
(95%)

P

Physiology at ED, n (%)

SBP < 90 mmHg 1(1.3) 13(2.0) 0.7(0.08–5.04) 1.000 1(1.3) 1(1.3) 1.0(0.06–16.29) 1.000

Heart rate > 100 beats/min 7(9.2) 105(16.2) 0.5(0.23–1.17) 0.110 7(9.2) 9(11.8) 0.8(0.27–2.14) 0.597

Respiratory rate < 10 or >29 /min 0(0.0) 5(0.8) — 1.000 0(0.0) 0(0.0) — —

Procedures at ED, n (%)

Cardiopulmonary resuscitation 1(1.3) 2(0.3) 4.3(0.39–47.99) 0.284 1(1.3) 0(0.0) — 1.000

Intubation 1(1.3) 19(2.9) 0.4(0.06–3.34) 0.712 1(1.3) 1(1.3) 1.0(0.06–16.29) 1.000

Chest tube insertion 0(0.0) 7(1.1) — 1.000 0(0.0) 1(1.3) — 1.000

Blood transfusion 2(2.6) 23(3.6) 0.7(0.17–3.17) 1.000 2(2.6) 1(1.3) 2.0(0.18–22.84) 1.000

ED emergency department, SBP systolic blood pressure

Table 5 Associated injuries among adult motorcycle traffic accident trauma patients

Original cohort Propensity score-matched cohort

Associated injuries Helmet use
Yes n = 7735

Helmet use
No n = 863

Odds ratio
(95%)

P Helmet use
Yes n = 856

Helmet use
No n = 856

Odds ratio
(95%)

P

Head trauma, n (%)

Neurologic deficit 69(0.9) 15(1.7) 0.5(0.29–0.89) 0.017 8(0.9) 15(1.8) 0.5(0.22–1.25) 0.142

Cranial fracture 444(5.7) 175(20.3) 0.2(0.20–0.29) <0.001 53(6.2) 173(20.2) 0.3(0.19–0.36) <0.001

Epidural hematoma (EDH) 283(3.7) 124(14.4) 0.2(0.18–0.28) <0.001 38(4.4) 12(14.5) 0.3(0.19–0.40) <0.001

Subdural hematoma (SDH) 647(8.4) 245(28.4) 0.2(0.20–0.27) <0.001 87(10.2) 245(28.6) 0.3(0.22–0.37) <0.001

Subarachnoid hemorrhage (SAH) 770(10.0) 228(26.4) 0.3(0.26–0.36) <0.001 91(10.6) 227(26.5) 0.3(0.25–0.43) <0.001

Intracerebral hemorrhage (ICH) 169(2.2) 48(5.6) 0.4(0.27–0.53) <0.001 19(2.2) 48(5.6) 0.4(0.22–0.66) <0.001

Cerebral contusion 353(4.6) 120(13.9) 0.3(0.24–0.37) <0.001 43(5.0) 120(14.0) 0.3(0.23–0.47) <0.001

Cervical vertebra fracture 60(0.8) 15(1.7) 0.4(0.25–0.78) 0.004 4(0.5) 15(1.8) 0.3(0.09–0.80) 0.011

Maxillofacial trauma, n (%)

Nasal fracture 111(1.4) 20(2.3) 0.6(0.38–0.99) 0.045 12(1.4) 20(2.3) 0.6(0.29–1.22) 0.153

Maxillary fracture 731(9.5) 123(14.3) 0.6(0.51–0.77) <0.001 85(9.9) 122(14.3) 0.7(0.49–0.89) 0.006

Mandibular fracture 234(3.0) 39(4.5) 0.7(0.47–0.93) 0.018 21(2.5) 39(4.6) 0.5(0.31–0.90) 0.018
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accidents with motor vehicles [29]. Another recent study
of 13,500 bicyclist injuries in France, conducted by
Amoros et al., found a lower risk of all head injuries
among bicyclists with helmet use, in both urban and
rural environments [30]. However, Sethi et al. studied in-
jured bicyclists in a level I regional trauma center and
found no significant difference in mortality rates be-
tween patients with and those without helmet use [3]. In
this study, we only observed a reduced risk of developing
SDH among bicyclists with helmet use compared to
those without after propensity score matching, while the
mortality rate and the risks of all the other associated
head injuries, other than SDH, were not significantly re-
duced. Therefore, unlike helmet use among motorcy-
clists, protective effect of helmet use in lowering
mortality rates could not be identified among bicyclists.
A number of reasons for the lack of a protective effect

of bicycle helmets in lowering mortality rates and rates
of a range of head injuries in this study were identified.
Firstly, the design and material of bicycle helmets are
significantly different to those of motorcycle helmets,
thus less protection could be expected. Secondly, it is
reasonable to postulate that the distinct contusion force
and trauma mechanism of bicycle traffic accidents can
result in differences in the severity and presentation of
intracranial hemorrhage between traffic accidents involv-
ing bicyclists and those involving motorcyclists. There-
fore, the protective effect of bicycle helmets against
death and different types of head injuries could not be
demonstrated in relatively minor crashes. Thirdly, the
sample size of bicyclists in our study may not be suffi-
ciently large to generate a significant difference in mor-
tality rates and rates of head injuries between bicyclists

with and without helmet use. Further studies involving a
larger series or involving a controlled crash scenario
may provide more robust evidence of a protective effect
of bicycle helmets.
A specific strength of our study was the propensity

score-matching model, which markedly reduced bias on
mortality. However, the results after matching depended
on the specification of the logistic regression model and
the potential confounders measured in this study. There-
fore, balance between the comparison groups regarding
unmeasured confounders could not be fully guaranteed.
This study also presented a number of limitations. First,
the inherent bias of retrospective studies must be con-
sidered. Second, the lack of available data regarding the
circumstances of the crash, the mechanism of injury, the
number of riders and their status of helmet-wearing on
the same motorcycle or bike, the speed of the motor-
cycle or bike, and the type of helmet used, could also
lead to a bias. Third, injured patients who were dis-
charged against advice from the ED, those who were not
brought to a level I trauma center after the crash, on-
site deaths, those who were discharged but got re-
admitted into hospital not via the ED, and those who
were discharged but died from a complication directly
related to the trauma, were not included in this study.
This may represent a sample bias in the assessment of
mortality. Notably, because there were more on-site
deaths in motorcycle crashes than in bicycle crashes in
our hospital, the extent of difference in terms of mortal-
ity in this study would be expected to be greater in the
motorcyclists compared with that in the bicyclists. In
addition, other important data, such as surgical outcome
and complications, were not evaluated in this study.

Table 6 Associated injuries among adult bicycle traffic accident trauma patients

Original cohort Propensity score-matched cohort

Associated injuries Helmet use
Yes n = 76

Helmet use
No n = 647

Odds ratio
(95%)

P Helmet use
Yes n = 76

Helmet use
No n = 76

Odds ratio
(95%)

P

Head trauma, n (%)

Neurologic deficit 0(0.0) 3(0.5) — 1.000 0(0.0) 0(0.0) — —

Cranial fracture 4(5.3) 37(5.7) 0.9(0.32–2.64) 1.000 4(5.3) 5(6.6) 0.8(0.20–3.06) 1.000

Epidural hematoma (EDH) 1(1.3) 34(5.3) 0.2(0.03–1.78) 0.163 1(1.3) 5(6.6) 0.2(0.02–1.66) 0.209

Subdural hematoma (SDH) 2(2.6) 95(14.7) 0.2(0.04–0.65) 0.004 2(2.6) 10(13.2) 0.2(0.04–0.84) 0.031

Subarachnoid hemorrhage (SAH) 8(10.5) 80(12.4) 0.8(0.39–1.80) 0.643 8(10.5) 9(11.8) 0.9(0.32–2.41) 0.797

Intracerebral hemorrhage (ICH) 1(1.3) 16(2.5) 0.5(0.07–4.02) 1.000 1(1.3) 0(0.0) — 1.000

Cerebral contusion 3(3.9) 45(7.0) 0.6(0.17–1.81) 0.319 3(3.9) 4(5.3) 0.7(0.16–3.42) 1.000

Cervical vertebra fracture 2(2.6) 9(1.4) 1.9(0.41–9.04) 0.325 2(2.6) 1(1.3) 2.0(0.18–22.84) 1.000

Maxillofacial trauma, n (%)

Nasal fracture 1(1.3) 5(0.8) 1.7(0.20–14.85) 0.488 1(1.3) 2(2.6) 0.5(0.04–5.56) 1.000

Maxillary fracture 9(11.8) 34(5.3) 2.4(1.11–5.27) 0.035 9(11.8) 4(5.3) 2.4(0.71–8.22) 0.147

Mandibular fracture 2(2.6) 9(1.4) 1.9(0.41–9.04) 0.325 2(2.6) 0(0.0) — 0.497
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Finally, the study population, limited to a single urban
trauma center in southern Taiwan, may not be represen-
tative of other populations.

Conclusion
This study, conducted at a Level I trauma center, revealed
that motorcycle helmets provide protection to adult
motorcyclists involved in traffic accidents and their use is
associated with a decrease in mortality rates and the risk
of different head injuries. Motorcycle helmet users also had
a higher GCS score and a lower ISS score, a shorter hos-
pital LOS, and a lower ICU admission rate. In contrast, for
bicyclists, helmet use was not associated with a decrease in
mortality rates and the risk of different head injuries other
than SDH. This study therefore did not identify any pro-
tective effect of bicycle helmets for adult bicyclists involved
in traffic accidents in Taiwan to keep them away from the
risk of different head injuries and mortality.
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Abstract: Purpose: This study aimed to determine the patterns associated with adult mandibular
fractures from a Level-I trauma center in southern Taiwan. Methods: The data of adult trauma
patients admitted between 1 January 2009 and 31 December 2014 were retrieved from the Trauma
Registry System and retrospectively reviewed. Fracture site and cause of injury were categorized into
groups for comparison, and corresponding odds ratios (ORs) and 95% confidence intervals (CIs) were
obtained by multivariate logistic regression. Results: Motorcycle accidents were the most common
cause of mandibular fractures (76.3%), followed by falls (10.9%), motor vehicle accidents (4.8%), and
being struck by/against objects (4.5%). Of the 503 cases of mandibular fractures, the condylar neck
and head were the most common sites (32.0%), followed by the parasymphysis (21.7%), symphysis
(19.5%), angle and ramus (17.5%), and body (9.3%). The location of mandibular fractures in patients
who had motorcycle accidents was similar to that in all patients. Motor vehicle accidents resulted
in a significantly higher number of body fractures (OR 3.3, 95% CI 1.24–8.76, p = 0.017) and struck
injury in a significantly higher number of angle and ramus fractures (OR 3.9, 95% CI 1.48–10.26,
p = 0.006) compared to motorcycle accidents. The helmet-wearing status and body weight were not
associated with the location of mandibular fractures in motorcycle accidents. Conclusions: Our study
revealed that the anatomic fracture sites of mandible were specifically related to different etiologies.
In southern Taiwan, motorcycle accidents accounted for the major cause of mandibular fractures and
were associated with the condylar neck and head as the most frequent fracture sites. In contrast, motor
vehicle accidents and struck injuries tended to cause more body fracture as well as angle and ramus
fracture compared to motorcycle accidents. Furthermore, the status of helmet-wearing and body
weight were not associated with the location of mandible fractures caused by motorcycle accidents.

Keywords: trauma; mandibular fracture; motorcycle accident; helmet

1. Background

Mandibular fracture is one of the most common trauma injuries [1]. In Taiwan, among 6013 patients
of a 15-year retrospective study, the mandibles were the second most commonly fracture sites (24.7%),
followed by the nasal bones (22.8%), but less than the malar and maxillary bones (48.0%) [2]. A review
of the literature indicates that the most common causes of a mandibular fracture are interpersonal
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conflicts or motor vehicle collisions [3–5]. In contrast, in an evaluation of epidemiological data from
two European centers, fractures resulted mainly because of assaults and falls [6]. Notably, various
fracture sites of the mandible are indicated in different studies [6–8]. Christopher et al. reported
that the leading anatomic fractures were most commonly located at the angle (27%), followed by the
symphysis (21.3%), condyle and subcondyle (18.4%), and body (16.8%) [8]. Fridrich et al. described
that the mandibular angle (28.5%) is the most common site of fractures, followed by the mandibular
symphysis (21.4%) [4], while King el al. described that parasymphyseal fractures were the most
frequent, followed by condyle/head, body, and angle fractures [5]. Obviously, a strong relationship
exists between the cause of trauma and anatomic sites of mandibular fractures [4,8,9]. In an analysis
of 4143 mandibular fractures, the mandibular angle was the most common fracture site (31.5%) in
low-velocity blunt injuries (interpersonal conflict, falls, sports-related injury, and struck by falling
object), while high-velocity blunt injuries (motor vehicle collisions, motorcycle collisions, and collisions
between a motor vehicle and a pedestrian) resulted in a larger number of condylar fractures (25.4%),
followed by symphysis fractures (22.8%) [8]. Zhou et al. reported that falls at a ground level and from a
height were associated with a 9.64-fold and 9.17-fold risk of mandibular condylar fractures, respectively,
while no significant relationship existed between assault and condylar fractures [9]. Bolagi et al. found
that the increasing trend of interpersonal violence caused a shift in the location of mandible fractures
from symphyseal–condylar complex to angle–body/parasymphyseal complex [10].

In Taiwan, traveling by motorcycle has been a common part of daily life and remains a crucial
mode of transportation [11,12], and as a result, motorcyclists comprise a major portion of the trauma
population [13–15]. Therefore, the cause and location of mandibular fractures in Taiwan may differ
from that observed in Western countries and should be re-evaluated, especially considering that almost
all motorcycles are forbidden on highways in Taiwan and most motorcycle traffic accidents occur in
relatively crowded streets and at low velocities [13,16,17]. Under the hypothesis that the anatomic
fracture sites of mandible are specifically related to different trauma mechanisms, this study examined
patients with mandibular fractures in Taiwan with a specific focus on motorcycle accidents as a cause
and provides an epidemiological picture from a Level-I trauma center in southern Taiwan.

2. Methods

The study was conducted at Kaohsiung Chang Gung Memorial Hospital, a 2400-bed facility and
Level-I trauma center that provides care to trauma patients, primarily from the southern region of
Taiwan. This study was approved by the institutional review board (IRB) of Kaohsiung Chang Gung
Memorial Hospital with approval number 105-1108C. Informed consent was waived according to
IRB regulations. A retrospective study was designed to review all data of patients who were entered
into the Trauma Registry System between 1 January 2009 and 31 December 2014. The inclusion
criteria were as follows: (1) age ≥20 years, (2) patients suffering from mandibular fracture. Patients
with incomplete registered data were excluded from this study. Detailed patient information was
retrieved from the Trauma Registry System of our institution and included data regarding age, sex,
cause of injury (motorcycle accident, fall accident, motor vehicle accident, struck by/against objects,
bicycle accident, and pedestrian injury in a traffic accident), helmet use, the first Glasgow Coma
Scale (GCS) during admission in the emergency department, the GCS and associated head injury.
Underweight patients were defined as a body mass index (BMI) of <18.5 kg/m2 and normal-weight
patients with a BMI of <25 but ≥18.5 kg/m2, overweight patients with a BMI ≥25 but <30 kg/m2,
and obese patients with a BMI ≥ 30 kg/m2. Multivariate logistic regression were used to compare
the category variables and corresponding odds ratios (ORs) and 95% confidence intervals (CIs) were
obtained, taking the cause of motorcycle accidents as the reference category. In motorcycle accident,
sex, age, helmet-wearing status, and BMI categories were chosen as covariates in multivariate analyses
to evaluate the association of helmet-wearing status or BMI categories with the fracture pattern of
mandibular fracture. All results are presented as the mean ± standard deviation. A p-value less than
0.05 was considered statistically significant.
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3. Results

From 1 January 2009 to 31 December 2014, the Trauma Registry System included
20,106 hospitalized and registered patients. There were 396 patients that had sustained a mandibular
fracture. After excluding 83 patients who aged less than 20 years and one patient who had incomplete
data, a total of 503 mandibular fractures suffered by 312 patients were included (Table 1). Of these
patients, 207 were men and 105 were women, resulting in a ratio of 2:1. The mean age was
36.5 ± 15.2 years. Motorcycle accident accounted for the major cause of mandibular fracture (76.3%),
followed by fall (10.9%), motor vehicle accident (4.8%), and struck by/against objects (4.5%). Bicycle
accident and pedestrian injury in a traffic accident only represented 2.2% and 1.3%, respectively, of
the cause of injury. These patients with mandibular fractures presented with a GCS of 13.5 ± 3.1
upon arrival at the emergency department, with 11.2% of patients being in a severe comatose
condition (GCS ≤ 8). Of the patients with mandibular fractures, 11.5% had cranial fracture, 5.8% had
epidural hematoma, 10.3% had subdural hematoma, 10.9% had subarachnoid hemorrhage, 2.6% had
intracerebral hematoma, and 4.5% had a cerebral contusion, resulting in 107 of 312 (34.3%) patients
suffering a severe head injury, such as cranial fracture or traumatic brain injury. Of the 503 fracture
sites of the mandible, condylar neck and head comprised the most common parts of mandibular
fractures (32.0%), followed by parasymphysis (21.7%), symphysis (19.5%), angle and ramus (17.5%),
and body (9.3%).

Table 1. Demographics and injury characteristics of adult trauma patients with mandible fractures.

Variables Patients N = 312

Gender (%)

Male 207(66.3)
Female 105(33.7)

Age 36.5 ± 15.2

Cause (%)

Motorcycle accident 238(76.3)
Fall 34(10.9)
Motor vehicle accident (MVA) 15(4.8)
Struck by/against objects 14(4.5)
Bicycle accident 7(2.2)
Pedestrian 4(1.3)

GCS 13.5 ± 3.1

≤8 (%) 35(11.2)
9–12 (%) 23(7.4)
≥13 (%) 254(81.4)

Associated head injury (%)

Cranial fracture 36(11.5)
Epidural hematoma (EDH) 18(5.8)
Subdural hematoma (SDH) 32(10.3)
Subarachnoid hemorrhage (SAH) 34(10.9)
Intracerebral hematoma (ICH) 8(2.6)
Cerebral contusion 14(4.5)
Cervical vertebral fracture 4(1.3)

Site of mandibular fracture (%) n = 503

Symphysis 98(19.5)
Parasymphysis 109(21.7)
Body 47(9.3)
Angle and Ramus 88(17.5)
Condylar neck and Head 161(32.0)

N = number of patients, n = number of fractures.
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As shown in the Figure 1 and Table 2, the location of mandibular fractures in motorcycle accident
patients presented a profile similar to the one for all patients, as condylar neck and head comprised the
most common parts of mandibular fractures (33.0%), followed by parasymphysis (22.4%), symphysis
(19.6%), angle and ramus (17.0), and body (8.0%). Compared to motorcycle accidents, motor vehicle
accidents resulted in a significant increase in body fractures (OR 3.3, 95% CI 1.24–8.76, p = 0.017)
and struck injury caused a significant higher number of angle and ramus fractures (OR 3.9, 95% CI
1.48–10.26, p = 0.006), but less condylar neck and head fractures (OR 0.1, 95% CI 0.02–0.91, p = 0.040).
Patients suffering from fractures caused by fall accidents, bicycle accidents, or injuries as a pedestrian
had no significant difference in location of mandibular fractures in comparison to fractures caused
by motorcycle accidents. In addition, the multivariate analyses (Table 3) revealed that the status of
helmet-wearing and body weight were not associated with the location of mandible fractures caused
by motorcycle accidents.
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Table 2. The association between cause of trauma and sites of mandibular fractures.

Variables Fall n = 56 (II) MVA n = 27 (III) Struck by/against n = 18 (IV) Bicycle n = 9 (V) Pedestrian n = 5 (VI)

Symphysis 13(23.2) 4(14.8) 4(22.2) 0(0.0) 1(20.0)
Parasymphysis 11(19.6) 5(18.5) 3(16.7) 3(33.3) 0(0.0)

Body 6(10.7) 6(22.2) 2(11.1) 1(11.1) 1(20.0)
Angle and Ramus 4(7.1) 6(22.2) 8(44.4) 3(33.3) 1(20.0)

Condylar neck and Head 22(39.3) 6(22.2) 1(5.6) 2(22.2) 2(40.0)

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

II vs. I III vs. I IV vs. I V vs. I VI vs. I

Symphysis 1.2(0.64–2.42) 0.527 0.7(0.24–2.13) 0.545 1.2(0.38–3.66) 0.784 - 0.999 1.0(0.11–9.34) 0.982
Parasymphysis 0.8(0.421.71) 0.639 0.8(0.29–2.14) 0.637 0.7(0.20–2.45) 0.567 1.7(0.42–7.06) 0.445 - 0.999

Body 1.4(0.55–3.48) 0.492 3.3(1.24–8.76) 0.017 1.4(0.32–6.55) 0.637 1.4(0.17–11.89) 0.735 2.9(0.31–26.56) 0.351
Angle and Ramus 0.4(0.13–1.07) 0.068 1.4(0.54–3.59) 0.491 3.9(1.48–10.26) 0.006 2.4(0.60–10.00) 0.215 1.2(0.13–11.09) 0.860

n = number of fractures.

Table 3. The association between helmet use and body mass index (BMI) in motorcycle accidents and sites of mandibular fractures.

Variables Symphysis n = 76 Parasymphysis n = 87 Body n = 31 Angle and Ramus n = 66 Condyle and Head n = 128

Age 32.2 ± 10.9 32.2 ± 12.2 39.0 ± 16.4 35.5 ± 17.1 33.6 ± 13.4
Gender (M/F) 29/47 30/57 7/24 24/42 60/68

BMI classification
Obese 4(5.3) 8(9.2) 0(0.0) 3(4.5) 5(3.9)

Overweight 16(21.1) 19(21.8) 9(29.0) 14(21.2) 22(17.2)
Underweight 7(9.2) 5(5.7) 2(6.5) 3(4.5) 11(8.6)

Normal 45(59.2) 53(60.9) 20(64.5) 43(65.2) 83(64.8)
Unknown 4(5.3) 2(2.3) 0(0.0) 3(4.5) 7(5.5)

Helmet use
Yes 58(76.3) 71(81.6) 29(93.5) 50(75.8) 112(87.5)
No 13(17.1) 14(16.1) 2(6.5) 13(19.7) 14(10.9)

Unknown 5(6.6) 2(2.3) 0(0.0) 3(4.5) 2(1.6)

Variables
Symphysis Parasymphysis Body Angle and Ramus Condyle and Head

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

BMI classification BMI classification
Obese 1.2(0.38–3.91) 0.739 1.9(0.72–5.21) 0.192 - Obese 1.2(0.38–3.91) 0.739 1.9(0.72–5.21) 0.192

Overweight 1.3(0.65–2.51) 0.486 1.2(0.66–2.31) 0.502 1.0(0.41–2.35) Overweight 1.3(0.65–2.51) 0.486 1.2(0.66–2.31) 0.502
Underweight 1.5(0.56–4.05) 0.418 1.0(0.34–2.70) 0.933 1.3(0.28–6.38) Underweight 1.5(0.56–4.05) 0.418 1.0(0.34–2.70) 0.933
Helmet use Helmet use

Yes 0.6(0.29–1.22) 0.158 0.9(0.45–1.84) 0.803 3.9(0.87–17.26) Yes 0.6(0.29–1.22) 0.158 0.9(0.45–1.84) 0.803

n = number of fractures.
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4. Discussion

In contrast to studies that indicated that motor vehicle accidents and assaults comprised the
majority of causes of mandibular fractures [3–5,9], our study showed that only 9.3% of mandible
fractures were caused by these two actions. Our study revealed that motorcycle accidents accounted
for the major cause of mandibular fractures in southern Taiwan. In both the motorcyclist group
and the group with all patients, the condylar neck and head were the most frequent location for
fractures, followed by the parasymphysis, symphysis, angle and ramus, and body. In addition, motor
vehicle accidents caused more body fractures, while struck injuries caused more angle and ramus
fractures compared to motorcycle accidents. For motorcycle accidents, the vector of force is often
applied on the mandible in anterior–posterior direction, which initiates the force posteriorly to the
condyles. The results are in accordance with that reported by Morris et al., who indicated that a
high-velocity blunt injury like motorcycle collisions would result in a larger number of condylar
fractures, while the mandibular angle is the most common fracture site involved in a low-velocity
blunt injury like assault or struck injury [8]. However, in this study, high-velocity blunt injury like
motor vehicle accidents showed a 3.3-fold increase in body fractures compared to motorcycle accidents,
this observation is not in accordance with the reports from some studies that indicated symphysis
and parasymphysis fractures are the most involved anatomic sites [9,18,19]. Because of the structure
and anatomic proximity of the mandible as well as its direct connection to the skull base, trauma to
the mandible is related to intracranial injury, and traumatic brain injuries were observed in 19% of
trauma patients with mandibular fractures [20]. A 75% (12 of 16) rate of concussions associated with
isolated mandible fracture has been reported [21]. Similarly, closed head injury has been identified
in 32.4% of patients with mandible fractures caused by motor vehicle accidents [22]. It was reported
that 16.2% of patients with mandibular fractures fit the indication of neurosurgical treatment [23].
In this study, 34.3% patients with mandibular fractures suffered from concomitant cranial fractures or
traumatic brain injury, and therefore physicians should be aware of this when evaluating patients with
mandibular fractures.

The protective effect of motorcycle helmets is already well-established in the literature regarding
head injury [24–27] and extensive injury in the face [28]. In a review of 272 helmeted and non-helmeted
victims with moderate traumatic brain injury admitted at a referral trauma hospital, the only facial
bone fracture with significant association with the type of helmet was the Le Fort fracture [28]. In this
study, we did not identify an association of helmet-wearing status and the location of mandible
fractures caused by motorcycle accidents. However, the type of helmet (opened helmet or full-face
helmet) in the accidents was unknown. In addition, although it has been reported that obese trauma
patients experience fewer mandibular fractures than normal bodyweight patients in Taiwan [17,29],
we found no significant association between weight of patients and mandibular fracture sites.

Limitations of this study are the retrospective design and the lack of available data regarding
conditions including speed, helmet material and design, and prior history of facial bone fracture.
Additionally, the number of patients in the study was relatively small, which excluded an in-depth
examination of variables, such as the elderly. Furthermore, lack of availability of important confounders
regarding the circumstances of the mechanism of injury, exposure data, protection methods, and
associated facial bone fractures may result in selection bias. A relatively small population of patients
suffered from a bicycle accident or was injured as a pedestrian, making the interpretation or analysis
of these groups of patients less meaningful. In addition, patients who had died before arrival at the
hospital or at accident scenes were not included in the Trauma Registry Database, thereby creating a
selection bias. Finally, this study is limited to one trauma center, thus a selection bias is possible.

5. Conclusions

Our study revealed that the anatomic fracture sites of mandible were specifically related to
different etiologies. In southern Taiwan, motorcycle accidents accounted for the major cause of
mandibular fractures and were associated with the condylar neck and head as the most frequent
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fracture sites. In contrast, motor vehicle accidents and struck injuries tended to cause more body
fracture as well as angle and ramus fracture compared to motorcycle accidents. Furthermore, the
status of helmet-wearing and body weight were not associated with the location of mandible fractures
caused by motorcycle accidents.
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Pelvic fracture does not increase mortality in adult trauma 
patients: A propensity score analysis 

Ching‑ Hua Hsieh1, Chih‑ Che Lin2, Shiun‑ Yuan Hsu1, Hsiao‑ Yun Hsieh1
 

Departments of 1Plastic Surgery and 2General Surgery, College of Medicine, Kaohsiung Chang Gung Memorial Hospital and Chang Gung 
University, Kaohsiung City, Taiwan 

 

Abstract Background: This study was designed to investigate the impact of pelvic fracture on the outcome of trauma 

 patients. 

Methods: Detailed data of 512 and 20,159 adult patients with and without pelvic fracture, respectively, 
hospitalized between January 1, 2009, and December 31, 2015 were retrieved from the Trauma Registry 
System of a level I regional trauma center. Two-sided Fisher exact or Pearson Chi-square tests were 
used to compare categorical data. The unpaired Student t-test and Mann–Whitney U-test were used 
to analyze normally and nonnormally distributed continuous data, respectively. Propensity score 
matching was performed using NCSS software to evaluate the effect of pelvic fracture on mortality 
and  expenditure. 

Results: Patients with pelvic fracture presented with a longer hospital stay, a higher likelihood of being 
admitted to the Intensive Care Unit, and a significantly higher incidence of mortality (odds ratio [OR] 
2.2, 95% confidence interval [CI] 1.3–3.5; P = 0.003) than those without pelvic fracture. However, 
the logistic regression analysis of 316 well-balanced pairs of patients with matched propensity 
scores (to eliminate the difference in sex, age, comorbidity, Glasgow coma scale, and injury severity 
score) showed that the association of pelvic fracture did not significantly influence mortality 
(OR 1.2, 95% CI 0.6–2.5; P = 0.581). 

Conclusions: This study revealed that the higher odds of mortality in patients with pelvic fracture can be 
attributed to a combination of multiple injuries to different body regions and risk factors of the patients. 
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INTRODUCTION 

 
Pelvic fractures usually result from high‑ energy trauma[1] 

and have a significant impact on morbidity and mortality 

in trauma patients.[2‑ 7] In addition, pelvic fractures are 

frequently associated with other serious injuries. Of all 

fractures, the reported incidence of pelvic fracture is 2% to 

8%;[8,9] however, in multiple‑ trauma patients, the frequency 

of pelvic ring fractures is around 25%.[5,10‑ 12] A combination 

of complex fractures and severe injuries in other body 

regions, such as the skull and abdomen, can lead to a fatality 

rate up to 50%.[13,14] Therefore, in the assessment of the 

impact of pelvic fracture on trauma patients, other variables 
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must be considered in relation to pelvic fracture.[2] Some 

studies have also claimed that the primary cause of death in 

most trauma mortalities with pelvic fractures is associated 

injuries and not pelvic fracture alone.[13,15]
 

 

In the case of trauma patients, mortality may be influenced 

by the severity of the injury, the patient’s age, comorbidities, 

and even the efficiency of the treatment. injury severity 

score (ISS) is a measurement of the cumulative injuries 

per body area and it has been evaluated in relation to 

mortality, with a higher ISS being associated with a higher 

risk of mortality.[4,14,16] In patients with pelvic fracture,  

ISS > 25 had identified as the only pronounced risk factor 

associated with mortality[6,17] and an ISS cutoff of 27–28 

had been proposed to be a good indicator of mortality 

risk.[14] Moreover, it has been reported that all pelvic trauma 

patients with ISS > 50 died within 1 week,[18] with 75% of 

these patients dying within 1 h of hospital admission.[18] 

Older age is also correlated with increased mortality in 

pelvic trauma patients[2,4,5,19] and has been identified as an 

independent determinant of mortality in a multivariate 

analysis.[3] In addition, the presence of injuries in other 

regions such as the head[2,4,5] or trunk,[4,5] Glasgow coma 

scale (GCS) score,[4,19] early physiologic derangement,[2,5,10,19] 

and severity of the pelvic fracture[20] are associated with 

increased mortality rates in pelvic trauma patients.[5]
 

 

To investigate the impact of pelvic fracture on the outcome 

of trauma patients, this study used the selected propensity 

score‑ matched subjects to reduce the probable noise 

of associated variables in the assessment and aimed to 

illustrate the outcome using the data retrieved from the 

Trauma Registry System of a level I trauma center. 

METHODS 
 

Ethics statement 

This study was preapproved by the Institutional Review 

Board (IRB) of the Chang Gung Memorial Hospital 

(approval number 201600496B0). Informed consent was 

waived according to IRB regulations. 

Study design 

This retrospective study reviewed data of all 23,705 

hospitalized patients registered in the Trauma Registry 

System of a level I regional trauma center from January 1, 

2009, to December 31, 2015. Those patients who were dead 

on hospital arrival or at the accident scene were excluded 

from the study. Only adult patients (≥20 years of age) with 

complete registered data were included in this study. In 

addition, annual inpatient claim files with any diagnostic 

codes in the range of      800 (808.00–808.99), defined as 

pelvic fracture according to the International Classification 

of Diseases, 9th revision, Clinical Modification, were 

included in the study. There were 512 patients who had 

pelvic fracture and 20,159 patients without pelvic fracture. 

Detailed patient information retrieved from the Trauma 

Registry System of our institution included the following: 

age, sex, injury mechanism, preexisting comorbidities, 

and chronic diseases including diabetes mellitus (DM), 

hypertension (HTN), coronary artery diseases (CAD), 

cerebrovascular accidents (CVA), and end‑ stage renal 

disease (ESRD); vital signs assessed on arrival at the 

emergency department (ED); shock index (SI), defined as 

the ratio of heart rate and systolic blood pressure (SBP); 

GCS; ISS; the amount of transfusion including packed 

red blood cells or whole blood (during initial 24 h and 

entire hospitalization); computed tomography (CT) 

examination, magnetic resonance imaging (MRI), and 

angiography performed in the pelvic region; hospital 

length of stay (LOS); admission in Intensive Care 

Unit (ICU); in‑ hospital mortality; and total expenditure, 

which included the cost of operation (operation fee 

and operation supply fee), cost of examination (physical 

examination, hematology testing, radiography examination, 

pathological examination, electrocardiography examination, 

echocardiogram, endoscopy, electromyography, cardiac 

catheterization, and electroencephalography monitoring), 

cost of pharmaceuticals (medical service, medicine, 

and narcotics), and other costs (fees for registration, 

administrative tasks, wards, nursing, blood/plasma tests, 

hemodialysis, anesthesia, rehabilitation treatment, special 

material costs, and personal expenses), expressed as cost 

per victim in US dollars. The ISS is expressed as the median 

and interquartile range (IQR, Q1–Q3). Odds ratios (ORs) 

of the associated conditions and injuries of the patients 

were calculated with 95% confidence intervals (CIs). The 

data collected were compared using IBM SPSS Statistics for 

Windows, version 20.0 (IBM Corp., Armonk, NY, USA). 

Two‑ sided Fisher exact or Pearson Chi‑ square tests were 

used to compare categorical data. The unpaired Student’s 

t‑ test was used to analyze normally distributed continuous 

data, which was reported as mean ±  standard deviation. The 

Mann–Whitney U‑ test was used to compare nonnormally 

distributed data. A 1:1 matched study group was created 

by the Greedy method using NCSS software (NCSS 10; 

NCSS Statistical Software, Kaysville, Utah). After adjusting 

for confounding factors, binary logistic regression was used 

to evaluate the effect of intervention for pelvic fracture on 

mortality. To assess the adjusted effect of pelvic fracture 

on patient outcomes, two comparable populations of 

patients with and without pelvic fracture were selected in 

a 1:4 ratio by the Greedy method using NCSS   software, 
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according to the propensity‑ matched scores, which were 

calculated using a logistic regression model with sex, age, 

comorbidity, GCS, and ISS as covariates. P < 0.05 was 

considered statistically significant. 

Ethical approval 

The study was conducted in accordance with the Declaration 

of Helsinki and was approved by the local ethics committee 

of the institute. Informed written consent was obtained 

from all patients prior to their enrollment in this study. 

RESULTS 

 
Demographics and injury characteristics of patients 
with pelvic fracture 
As shown in Table 1, the mean age of patients with pelvic 

fracture was  less than  for those without pelvic  fracture 

(44.7 ±  20.6 years and 46.9 ±  22.9 years, respectively;     

P = 0.016). There were significantly fewer men with pelvic 

fracture than were women. There was a significantly lower 

incidence rate of preexistent comorbidities such as HTN 

and ESRD in patients with pelvic fracture than those 

without. No significantly different incidence rates of 

comorbidities such as DM, CAD, and CVA were found 

between patients with or without pelvic fracture. Pelvic 

fracture occurred more frequently in drivers and passengers 

of motor vehicles including motorcycles, in pedestrians, 

and in patients with a height of fall ≥6 m. In contrast, 

pelvic fracture occurred less frequently in patients with a 

height of fall <6 m and in those patients who were struck 

by or against an object. Compared to those who did not 

have pelvic fracture, patients with pelvic fracture presented 

a significantly lower SBP (132 ±  33 vs. 148 ±  33 mm Hg, 
 

Table 1: Demographics and injury characteristics of patients with and without pelvic fracture 

Variables   Pelvic fracture  OR (95%CI) P 

 Yes (n=512) No (n=20,159)   

   

   

   

≤

    





    

n 
n 
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respectively, P < 0.001) and a higher SI (0.9 ±  0.4 vs. 

0.7 ±  0.5, respectively, P < 0.001). 

Injury severity and outcome of patients with pelvic fracture 

As shown in Table 1, patients with pelvic fracture 

had a lower GCS than those without pelvic fracture 

(14.0 ±  2.8 vs. 14.4 ±  2.1, respectively, P < 0.001); 

however, the difference in the scores was <1 point. In 

addition, a significantly larger number of patients with 

pelvic fracture had a GCS ≤8 and GCS of 9–12, and a 

smaller number of  patients had a GCS ≥13 compared  

to patients without pelvic fracture. A significantly higher 

ISS was found in patients with pelvic fracture than in 

those without pelvic fracture (median [IQR: Q1–Q3], 

10[9‑ 17] vs. 6,[4‑ 9] respectively; P < 0.001). When stratified 

by ISS (1–8, 9–15, 16–24 or ≥25), more patients with an 

ISS of  9–15, 16–24, and ≥25, and fewer patients with an 

ISS of 1–8 had sustained pelvic fracture. Patients with 

pelvic fracture had received more units of blood within 

24 h (2.0 ±  4.9 vs. 0.5 ±  2.2 units, respectively, P < 0.001) 

and  during the  entire hospitalization (3.0 ±   8.6   vs. 

0.7 ±  4.5 units, respectively, P < 0.001). Patients with pelvic 

fracture present a longer hospital LOS (17.5 ±  13.2 vs. 

8.9 ±  9.6 days, respectively; P < 0.001), a significantly 

higher rate of admission to the ICU (29.1% vs. 18.4%, 

respectively; P < 0.001), and a significantly higher incidence 

of mortality (crude OR 2.2, 95% CI 1.3–3.5; P = 0.003) 

than those without pelvic fracture. 

Associated injuries of patients with pelvic fracture 

As shown in Table 2, the associated injuries of patients 

with pelvic fracture were mainly located in the thorax, 

which included rib fracture, hemothorax, pneumothorax, 

hemopneumothorax,  lung  contusion, thoracic vertebral 
 

Table 2: Significant associated injuries among trauma patients with and without pelvic fracture  
 

Variables   Pelvic fracture  OR (95%CI) P 

Yes (n=512) No (n=20,159) 
 

n 

n 

n 

n 

n 
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fracture, and pulmonary embolism, and in the abdominal 

region, which included intra‑ abdominal injury, hepatic 

injury, retroperitoneal injury, renal injury, urinary bladder 

injury, lumbar vertebral fracture, and sacral vertebral 

fracture. Notably, patients with pelvic fracture had a 

9.9‑ fold chance of sustaining a pulmonary embolism 

than those patients without pelvic fracture (OR, 9.9; 95% 

CI, 3.3–29.8; P = 0.001). In addition, patients with pelvic 

fracture were more likely to have sustained a subarachnoid 

hemorrhage (OR, 1.6; 95% CI, 1.2–2.2; P = 0.003) in the 

head/neck region as well as femoral fracture (OR, 1.8; 95% 

CI, 1.4–2.2; P < 0.001) and pelvic vessels injury (OR, 49.7; 

95% CI, 13.3–185.6; P < 0.001) in the extremities. 

Adjusted mortality in propensity score‑matched patient 
population 

To reduce the impact of demographic differences, 

preexisting comorbidities, and injury severity of the 

patient population on the mortality assessment between 

patients with or without pelvic fracture, 316 well‑ balanced 

pairs of patients were selected for comparison [Table 3]. 

In  these  propensity  score ‑ matched  patients,  there 

was no significant difference in sex, age, comorbidity, 

GCS, and ISS. The logistic  regression analysis of these 

well‑ balanced pairs of patients showed that the 

association of pelvic fracture did not significantly 

influence mortality (OR 1.2, 95% CI 0.6–2.5; P =   

0.581), implying that the higher odds of mortality in 

patients with pelvic fracture can be attributed to a risky 

population that was associated with mortality, but not the 

pelvic fracture per se. 

Expenditure for patients with pelvic fracture 

To compare the outcome, including hospital LOS, 

proportion of patients admitted into the ICU, and cost for 

patients with and without pelvic fracture, 512 well‑ balanced 

pairs of patients were assessed for outcome assessment, 

using a 1:4 ratio after propensity score matching of sex, age, 

comorbidity, GCS, and ISS [Table 4]. In these propensity 

score ‑ matched  patients,  who  present  no  significant 

difference in variables of sex, age, comorbidity, GCS, and 
 

Table 3: Covariates of trauma patients with and without pelvic fracture before and after propensity score matching (1:1 greed y 
matching)  for  mortality assessment 

Variables   Before    After  

 Death (n=350)      Survival (n=20,321) OR (95%CI) P Death (n=3160) Survival (n=316) OR (95%CI) P 

  

  

Table 4: Covariates of trauma patients with and without pelvic fracture adjusted for 1:4 greedy propensity score matching for  
cost  assessment 

Variables   Before  

  Pelvic fracture  OR (95%CI) P 

Yes (n=512) No (n=20,159) 

  After  

  Pelvic fracture  OR (95%CI) P 

Yes (n=510) No (n=2033) 
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ISS, patients with pelvic fracture present a longer hospital 

LOS (17.6 ±  13.2 days vs. 11.5 ±  11.4 days, respectively; 

P < 0.001) but not a significantly different proportion    

of patients admitted to the ICU as 132 of 510 (26.7%) 

patients with pelvic fracture and 597 of 2033 (29.4%) 

patients without pelvic fracture had been admitted to 

the ICU (P = 0.230). Furthermore, before matching, 

those who had pelvic fracture had a significantly higher 

total expenditure (69.5% higher), cost of operation 

(42.5% higher), cost of examination (102.2% higher), and 

cost of pharmaceuticals (82.8% higher) in comparison 

with patients without pelvic fracture [Table 5]. On 

comparing the selected well‑ balanced pairs of patients 

with and without pelvic fracture, those who had pelvic 

fracture had significantly higher total expenditure (18.5% 

higher) and cost of examination (26.1% higher) but not 

cost of operation or cost of pharmaceuticals [Table 5]. 

Further cost analysis revealed a significantly higher 

incidence of patients with pelvic fracture had received 

CT (51.2% vs. 42.2%, respectively; P < 0.001) and 

angiography (4.7% vs. 2.1%, respectively; P = 0.001) but 

not MRI (1.2% vs. 1.7%, respectively; P = 0.439). 
 

DISCUSSION 

 
The primary causes of death in patients with pelvic fracture 

include massive hemorrhage, head injury, and multiorgan 

failure.[5,8,10,21‑ 24] Mortality within the first 6 h of arrival in 

the ED is commonly caused by hemodynamic instability 

from bleeding abdominal viscera and pelvic fracture, and 

deaths in the 6‑  to 24‑ h time span commonly occur due 

to an associated head injury.[24] Statistically significant 

median survival time recorded for such patients with 

hemorrhage and head injury was around 160 and 1,100 min, 

respectively.[25] Patients who died after 24 h deteriorated to 

a multiple organ dysfunction syndrome and these patients 

required ICU care, with their time of death varying from 

days to weeks.[25] In recent years, with advances in rapid 

control of retroperitoneal hemorrhage by early external 

fixation, angiography with embolization, development of 

transfusion protocols, and damage control, the deaths caused 

by massive hemorrhage alone have become less frequent; 

in fact, many deaths are caused by concomitant injuries, 

especially to the head.[4,7,10,15,23] In a study of 5,048 patients 

with pelvic ring fractures enrolled in the German Pelvic 

Trauma Registry, all‑ cause in‑ hospital mortality declined 

from 8% (39/466) in 1991 to 5% (33/638) in 2006.[26]   A 

review of records of 10,109 patients with pelvic fracture 

admitted during the 3 years spanning 2001–2003 from 

the annual inpatient expenses database of the Bureau of 

National Health Insurance in Taiwan, Chien et al. reported 

an overall mortality rate of 3.8%.[15] In this study, patients 

were investigated in the period spanning 2009–2015, 

and the mortality of patients with pelvic fracture was 

3.5%, which is higher than those patients without pelvic 

fracture (1.6%). The higher mortality is in accordance 

with those reports in the literature[6,14,17,18] and could be 

attributed to a higher injury severity associated with the 

patients with pelvic fractures. Notably, these patients 

with pelvic fracture were associated with more injuries to 

thorax and the abdominal region, with a higher incidence 

of sustaining subarachnoid hemorrhage, femoral fracture, 

and pelvic vessels injury, all above‑ associated injuries could 

result in a higher mortality of the patients with pelvic 

fractures. These associated injuries could also attribute  

to a prolonged LOS and a higher rate of ICU admission 

that reported in the literature.[27,28] Further analysis of the 

selected pairs of propensity score‑ matched patients showed 

that mortality was not caused by the pelvic fracture, but by 

a combination of multiple injuries to different body regions 

Table 5: The cost of examinations performed during the hospitalization of trauma patients with and without pelvic fracture  

Before matching   Pelvic fracture  Increased P 

 Yes (n=512) No (n=20,159) cost  

After matching   Pelvic fracture  Increased P 

 Yes (n=510) No (n=2033) cost  

Examination   Pelvic fracture  OR (95%CI) P 

 Yes (n=510) No (n=2033)   

n 
n 

n 
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and risk variables associated with mortality, including sex, 

age, comorbidity, GCS, and ISS. 
 

The management of hemorrhagic instability linked to pelvic 

ring disruption involves a sequence of therapeutic events. 

The discovery of a significant amount of intraperitoneal 

fluid by CT, or ultrasound is considered an indication for 

laparotomy and/or angiography.[29] It has been reported 

that 3.5% of patients with complex pelvic fractures had 

an associated  blunt iliac artery injuries.[25,30] In a series   

of 35 pelvic ring fractures, 75% of patients sustained 

simultaneous bleeding from multiple arteries that required 

angiography, with the bleeding sources depending on the 

location and degree of skeletal instability.[31] If the patients 

remain hemodynamically unstable after application of an 

external fixator, angiography is strongly suggested.[29] In 

addition, although plain radiographs identify pubic rami 

fractures, sacral fractures are difficult to diagnose with this 

technology and require examinations such as CT scans or 

MRI.[32] Many institutions have abandoned the routine for 

selective pelvic X‑ ray for initial imaging in blunt trauma 

patients undergoing CT scanning.[33] With the advantage 

for detection of fractures at all sites of the pelvic bone and 

for determining the severity, CT scan is now recommended 

as the initial diagnostic imaging technique in the patients 

with suspected pelvic fracture.[33,34] CT scan although help 

to detect the contrast medium extravasation the arterial 

phase,[35,36] which phenomenon would be an indication 

for performing a pelvic angiography.[36,37] Angiographic 

embolization remains the mainstay of treatment of the 

hemodynamic instability due to pelvic fractures, which 

has a high rate of mortality.[38,39] In contrast, MRI is the 

preferred modality to diagnose occult hip fractures in the 

condition that a patient presents with negative radiographs 

and high clinical suspicion of  fracture.[40,41] In this study,  

a significantly higher incidence of patients with pelvic 

fracture was found to have received CT or angiography may 

explain the significantly higher total expenditure (18.5% 

higher) and cost of examination (26.1% higher) than those 

selected patient pairs without pelvic fracture. However, the 

patients with pelvic fractures did not present a significant 

higher cost of operations than those matched pairs of 

patients without pelvic fractures. This phenomenon may 

be attributed by a widely used noninvasive external pelvic 

compression binder or garment in the initial management 

of patients,[42,43] a low surgical fee (140 US dollars) of 

applying external fixation apparatus in Taiwan, and 

relatively rare pelvic fractures requiring an aggressive 

surgical fixation.[27]
 

 

For patients with pelvic fracture, a prolonged LOS[28] and a 

higher rate of  ICU admission[27] led to significantly higher 

direct costs for patients. In this study, patients with pelvic 

fracture spent significantly more money in comparison 

with those without pelvic fracture. However, in the selected 

propensity score‑ matched patients, patients with pelvic 

fracture had a longer hospital LOS (17.6 ±  13.2 days    

vs. 11.5 ±  11.4 days, respectively; P < 0.001); however, 

the proportion of patients admitted to the ICU was not 

significant, implying that some indication of admission into 

the ICU may be related to worse injury severity or a higher 

risk patient population. In addition, the longer hospital LOS 

may also explained a higher total expenditure associated 

with the patients with pelvic fractures. However, the length 

of hospitalization and the related costs should also be 

interpreted with caution since vast geographical differences 

exist. In the United States, a mean time of 9.2 days in 

surgical wards with mean 3.1 days in the ICU after pelvic 

and acetabular fractures was reported.[28] In Italy, the median 

period of hospitalization for patients in the surgical unit 

following an acetabular or pelvic fracture is 2 weeks[27] and 

for those patients in a rehabilitation unit, is 2 months.[27] In 

the United Kingdom, the median in‑ hospital LOS of patients 

with osteoporotic pelvic fracture is 30 days for women and 

39 days for men, with an overall range of 5–170 days.[44,45] In 

Germany, the mean hospitalization length ranges from 30 to 

56 days.[46] Notably, huge differences between hospitalization 

costs exist in different countries. For example, in   Taiwan, 

<200 dollars for a single day of hospitalization has been 

charged; however, in the United States, the estimated cost is 

1944 dollars per day.[47] Previously, Chien et al. had reported a 

mean hospital LOS as 11.3 ±  11.2 days and the average total 

inpatient cost as US$ 1644 ±  2605 for patients with pelvic 

fracture in Taiwan between 2001 and 2003.[15] In this study, 

mean hospital LOS was 17.5 ±  13.2 days and average total 

inpatient cost was US$ 4949 ±  5403. Some differences may 

explain the discrepancy between our results and the results 

by Chien et al.[15] The cost of hospitalization is increasing 

after a decade and the patients stay longer and spend more 

money in medical centers.[15] Moreover, compared to the 

total average hospital LOS mortality significantly shorten the 

average hospital LOS in these cases,[15] and in these recent 

years, the incidence of mortality is decreasing. However, 

the comparison between these two studies seemed to 

be unsuitable and irrelevant to the scope of the present 

study because of differences in population composition. 

Therefore, we emphasized the results from this study by 

comparing the selected well‑ balanced pairs of patients with 

and without pelvic fracture; those who had pelvic fracture 

had significantly higher total expenditure (18.5% higher) 

and cost of examination (26.1% higher), indicating a higher 

in‑ hospital cost of trauma patients with pelvic fracture across 

a more similar patient population. 
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Our study has some limitations that should be acknowledged. 

First, owing to the retrospective design of the study, there 

is inherent selection bias. A second source of potential 

bias may result from the exclusion of patients declared 

dead on hospital arrival and injured patients who were 

discharged against the advice of the ED. The latter group 

may represent more patients with a higher ISS or with 

massive hemorrhage. This bias also potentially skews the 

assessment of mortality. Further, the descriptive study 

design assumes a uniform assessment and management 

of patients with or without pelvic fracture and prevents 

assessment of the effects of any particular treatment 

intervention. Furthermore, functional impairment in 

patients with injuries to the pelvic ring is common and 

has a long‑ lasting effect.[48] Finally, long‑ term medical 

expenditure was not assessed in this study. 

CONCLUSION 

 
This study revealed that, based on the analysis of selected 

propensity score‑ matched subjects, the higher odds of 

mortality in patients with pelvic fracture can be attributed 

to a combination of multiple injuries to different body 

regions and risk factors of the patients. 
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Abstract: Background: Osteoporotic fractures are defined as low-impact fractures resulting
from low-level trauma. However, the exclusion of high-level trauma fractures may result in
underestimation of the contribution of osteoporosis to fractures. In this study, we aimed to investigate
the fracture patterns of female trauma patients with various risks of osteoporosis based on the
Osteoporosis Self-Assessment Tool for Asians (OSTA) score. Methods: According to the data
retrieved from the Trauma Registry System of a Level I trauma center between 1 January 2009
and 31 December 2015, a total of 6707 patients aged ≥40 years and hospitalized for the treatment
of traumatic bone fracture were categorized as high-risk (OSTA < −4, n = 1585), medium-risk
(−1 ≥ OSTA ≥ −4, n = 1985), and low-risk (OSTA > −1, n = 3137) patients. Two-sided Pearson’s,
chi-squared, or Fisher’s exact tests were used to compare categorical data. Unpaired Student’s
t-test and Mann–Whitney U-test were used to analyze normally and non-normally distributed
continuous data, respectively. Propensity-score matching in a 1:1 ratio was performed with injury
mechanisms as adjusted variables to evaluate the effects of OSTA-related grouping on the fracture
patterns. Results: High- and medium-risk patients were significantly older, had higher incidences of
comorbidity, and were more frequently injured from a fall and bicycle accident than low-risk patients
did. Compared to low-risk patients, high- and medium-risk patients had a higher injury severity and
mortality. In the propensity-score matched population, the incidence of fractures was only different in
the extremity regions between high- and low-risk patients as well as between medium- and low-risk
patients. The incidences of femoral fractures were significantly higher in high-risk (odds ratio [OR],
3.4; 95% confidence interval [CI], 2.73–4.24; p < 0.001) and medium-risk patients (OR, 1.4; 95% CI,
1.24–1.54; p < 0.001) than in low-risk patients. In addition, high-risk patients had significantly lower
odds of humeral, radial, patellar, and tibial fractures; however, such lower odds were not found in
medium- risk than low-risk patients. Conclusions: The fracture patterns of female trauma patients
with high- and medium-risk osteoporosis were different from that of low-risk patients exclusively in
the extremity region.

Keywords: female; osteoporosis; Osteoporosis Self-Assessment Tool for Asians (OSTA); trauma;
propensity-score matching; femoral fracture; bone mineral density (BMD)
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1. Background

Osteoporosis is characterized by the deterioration of bone mass and microarchitecture, leading to
impaired bone strength and subsequently fragility fracture [1]. Osteoporotic fractures are defined as
low-impact fractures resulting from low-level trauma, such as a fall from a standing height or less that
would not ordinarily result in fracture [2,3]. However, osteoporotic fracture is not straightforwardly
defined, which sometimes causes misunderstanding. For example, although large studies have shown
that nearly all types of fractures occur more often in patients with low bone mineral density (BMD)
irrespective of the site [4,5], a low BMD alone might not fully detect the risk of osteoporotic fractures [4]
and fractures are not always associated with low BMD [6]. In addition, under such definition, bone
fragility does not presumably contribute to fractures associated with a high-level trauma. In a study
that compared the BMD of a random sample of women who sustained fractures in either low- or
high-level trauma events, the results revealed that, in a high-energy trauma, patients with osteoporosis
are more prone to fracture than those without osteoporosis [7]. The exclusion of high-level trauma
fractures may result in the underestimation of the contribution of osteoporosis to fractures [7].

The BMD measured at the lumbar spine and hip is currently the standard assessment tool
in diagnosing osteoporosis. The relationship between low BMD and major osteoporotic fractures,
including the spine [8,9], hip [10,11], humerus [12,13], and forearm [14], has already been established.
Considering that advanced age and low body weight are strongly associated with low BMD and
increased risk of bony fracture [6,15,16], the World Health Organization (WHO) developed the
Osteoporosis Self-Assessment Tool for Asians (OSTA) score calculated using the following formula:
(body weight (kg) − age (year)) × 0.2 to identify women at risk for osteoporosis [17]. A significant
positive correlation was found between the OSTA index and T-scores of BMD measured by dual energy
X-ray absorptiometry at the femoral neck [18,19]. In this developmental study, OSTA performed
better than other osteoporotic indices by showing a sensitivity of 91%, specificity of 45%, and
receiver operating characteristic curve of 0.79 at the cutoff of −1 [17]. In addition, at the cutoff
of −1, the difference in OSTA performance was minimal regardless of using the femoral neck and
lumbar spine BMD as reference [20]. Based on the OSTA scores, patients could be stratified as
with low (OSTA > −1), medium (−1 ≥ OSTA ≥ −4), and high risk (OSTA < −4) for sustaining
osteoporosis [21,22]. It is estimated that the probability of a patient with an OSTA score >−4 not
having osteoporosis is 99.3% [23]. According to OSTA score, the risk of osteoporosis is 61%, 15% and
3% for those patients with high-, medium- and low-risk osteoporosis, respectively [17]. With strong
correlations for the populations in Taiwan [21,24], China [20], Korea [25], Singapore [26], Malaysia [23],
Thailand [27], and Philippines [28], OSTA has been validated as an effective and feasible screening
tool to identify patients at risk for sustaining osteoporosis [17,18,23,26,28–31].

In the emergency department (ED), the terms of fracture modifiers such as “low trauma” and
“fragility” are challenging both for the patients and providers. The forces applied to a bone are hardly
defined merely from a description of the event. In addition, quantifying the level of applied skeletal
force is almost impossible in clinical practice. Over-consideration of this context may be misleading
the physician in managing the patients. Currently, little is known regarding the impact of osteoporosis
on the fracture patterns of patients with trauma. The main question is, in the event of trauma, is the
location of fractures in patients at high- or medium risk for osteoporosis tend to be different from those
at low-risk for osteoporosis? Therefore, this study aimed to investigate the fracture patterns of patients
with different risks of osteoporosis based on the OSTA score of female trauma patients in a Level I
trauma center.

2. Methods

2.1. Study Design

OSTA was calculated using the following formula: (body weight (kg) − age (year)) × 0.2 [17].
Female patients aged ≥40 years and hospitalized for the treatment of all-cause trauma were included
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in the study. Patients with incomplete OSTA values were excluded. Patients were stratified as with
low (OSTA > −1), medium (−1 ≥ OSTA ≥ −4), and high risk (OSTA < −4) of sustaining osteoporosis.
Among the total 23,705 patients enrolled in the Trauma Registry System from 1 January 2009
to 31 December 2015, 6707 met the inclusion criteria. Of them, 1585 were high-risk, 1985 were
medium-risk, and 3137 were low-risk patients. Detailed patient information was retrieved, including
age; weight (kg); height (cm); comorbidities such as diabetes mellitus (DM), hypertension (HTN),
coronary artery disease (CAD), congestive heart failure (CHF), and cerebrovascular accident (CVA);
trauma mechanism; initial Glasgow Coma Scale (GCS) score upon arrival at the ED; severity score
of Abbreviated Injury Scale (AIS) in each body region; Injury Severity Score (ISS); rates of associated
bone fractures; length of stay (LOS) at the hospital; rate of admission in the intensive care unit (ICU);
and in-hospital mortality [32,33]. According to the definition of body mass index (BMI) by the World
Health Organization [34,35], the patients were deemed as obese (BMI ≥ 30 kg/m2), overweight
(BMI of <30 but ≥25 kg/m2), normal-weight (BMI of <25 but ≥18.5 kg/m2), and underweight (BMI of
<18.5 kg/m2) and normal-weight patients with a. The GCS has been used as a triage tool since 1974
to assess the severity of neurologic deficits and predict the prognosis in patients with conscious
disturbance [36–38] by focusing on the important functions of the central nervous system, consisting
of eye-opening (score 1–4), verbal (score 1–5), and motor responses (score 1–6), and accordingly
categorizes the patients into severe (GCS score, 3–8), moderate (GCS score, 9–12), or mild (GCS score,
13–15) groups of patients with disturbed consciousness [39]. The AIS is an internationally accepted
anatomy-based measurement of injury severity with a simple numeric method for ranking specific
injuries in an individual [40]. The AIS assess the severity of the anatomical injury representing with
minor injury (1), moderate injury (2), serious to critical (3–5), and maximal injury (6), which indicates
the survival status of the patient. To summarize a single patient’s multiple injures into a single score,
the ISS was created based on the AIS severity values, that is, the summation of the squares of the
severity digit in the AIS of the most severe injuries, in three of six predefined body regions [41]. The ISS
is expressed as the median and interquartile range (IQR, Q1–Q3). Data collected were compared using
the IBM SPSS Statistics for Windows version 20.0 (IBM Corp., Armonk, NY, USA). Categorical data were
compared using chi-squared test or two-sided Fisher’s exact test were used. Levene’s test was used to
estimate the homogeneity of variance of continuous data, then ANOVA (GCS, ISS, LOS and height)
and ANCOVA (age and weight), with Games-Howell post-hoc test, were performed to assess the
differences of high-risk or medium-risk vs. low-risk of patients. The continuous data were expressed
as mean ± standard deviation. Odds ratios (ORs) of the associated conditions and bone fractures of
the patients were calculated with 95% confidence intervals (CIs). To minimize the confounding effects
of non-randomized assignment in assessing the mortality outcome among different OSTA groups,
propensity scores were calculated using NCSS software (NCSS 10, NCSS Statistical Software, Kaysville,
UT, USA) using the following covariates: age, comorbidities, and trauma mechanisms. A 1:1 matched
set of comparable study populations for high- vs. low-risk and medium- vs. low-risk patients was
created using the greedy method after adjusting the trauma mechanisms which act as confounding
factors. Binary logistic regression was performed to assess the effects of OSTA-related grouping on the
mortality outcomes. p-values < 0.05 were considered statistically significant.

2.2. Ethical Statement

The institutional review board (IRB) of Chang Gung Memorial Hospital approved this study
before its implementation, with an approval number 201600518B0 & 201600352B0. Informed consents
were waived according to IRB regulations.
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3. Results

3.1. Injury Characteristics and Severity of the Patients

Table 1 shows that the mean age of high- and medium-risk patients was significantly higher than
that of low-risk patients. The mean body weight of high- and medium-risk patients was significantly
lower than that of low-risk patients. Both high- and medium-risk patients had higher odds of
DM, HTN, CAD, and CVA than low-risk patients did (Table 2). In addition, high-risk, but not
medium-risk, patients had higher odds of CHF than low-risk patients did. Regarding the injury
mechanisms, high-risk as well as medium-risk and low-risk patients were remarkably different
(Figure 1). Compared to low-risk patients, injuries due to fall and bicycle accidents were higher
in high- and medium-risk patients, but fewer patients sustained injuries from a motor vehicle or
motorcycle accident, a penetration injury, and being struck by/against objects. The percentage of
high-risk patients sustaining a fall accident is much higher (80.6%) than that of medium-risk (51.0%)
and low-risk patients (30.6%). In addition, pedestrian-related injuries were significantly higher in
high-risk, but not medium-risk patients, than that of low-risk patients (Table 2).
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injury mechanisms.

As fewer patients had a GCS score of ≥13 and more patients had a GCS score of 9–12, GCS scores
were significantly lower in high-risk patients than in low-risk patients (Table 2), notwithstanding that
the GCS score difference between these groups was less than one point, whereas GCS scores were
insignificantly different between medium- and low-risk patients (Table 1). The AIS analysis, under the
criteria of AIS ≥3, revealed that high- and medium-risk patients sustained significantly higher rates
of extremity injuries and lower rates of abdominal injuries than low-risk patients had. In addition,
high-risk patients sustained significantly higher rates of head/neck injuries but lower rates of thoracic
injuries than low-risk patients had. Compared to low-risk patients, a significantly higher ISS was
found in high- and medium-risk patients. When stratified by ISS (<16, 16–24, or ≥25), more high-risk
patients had an ISS of 16–24 and fewer had an ISS of <16 than low-risk patients did. In contrast,
the percentage of patients with an ISS of <16 or 16–24 in medium-risk patients was insignificantly
different than low-risk patients had. In patients with an ISS of ≥25, the percentage of high-risk or
medium-risk patients was insignificantly different than low-risk patients had.
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Table 1. Demographics and injury characteristics of continuous variables in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk
(OSTA > −1) patients.

Variables

High Risk Medium Risk Low Risk
Levene’s Test p F p Mean Difference Post-Hoc Games-Howell p−4 > OSTA −1 ≥ OSTA ≥ −4 OSTA > −1

n = 1585 (I) n = 1985 (II) n = 3137 (III)

Age 80.6 ± 6.9 67.9 ± 8.1 55.7 ± 8.7 <0.001 14,518.3 <0.001 Low risk High risk −24.9 <0.001
Medium risk −12.2 <0.001

Weight 48.6 ± 7.1 56.2 ± 7.6 64.3 ± 10.7 <0.001 8452.6 <0.001 Low risk High risk 15.7 <0.001
Medium risk 8.2 <0.001

GCS 14.4 ± 1.9 14.6 ± 1.8 14.6 ± 1.7 <0.001 5.8 0.003 Low risk High risk 0.2 0.004
Medium risk 0.0 0.709

ISS 9.7 ± 5.1 8.8 ± 5.8 8.0 ± 6.5 <0.001 40.3 <0.001 Low risk High risk −1.6 <0.001
Medium risk −0.7 <0.001

LOS 9.6 ± 8.3 8.9 ± 9.1 8.9 ± 9.5 <0.001 3.4 0.032 Low risk High risk −0.7 0.206
Medium risk −0.0 0.990

GCS = Glasgow Coma Scale; ISS = injury severity score; LOS = length of stay; OSTA = Osteoporosis Self-Assessment Tool for Asians.
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Table 2. Demographics and injury characteristics of categorical variables in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥−4), and low-risk (OSTA > −1) patients.

Variables

High Risk Medium Risk Low Risk OR (95% CI) p OR (95% CI) p

−4 > OSTA −1 ≥ OSTA ≥ −4 OSTA > −1
I vs. III II vs. III

n = 1585 (I) n = 1985 (II) n = 3137 (III)

Co-morbidity

DM 400 (25.2) 580 (29.2) 566 (18.0) 1.5 (1.33–1.77) <0.001 1.9 (1.64–2.14) <0.001
HTN 962 (60.7) 974 (49.1) 1002 (31.9) 3.3 (2.90–3.73) <0.001 2.1 (1.83–2.30) <0.001
CAD 156 (9.8) 119 (6.0) 84 (2.7) 4.0 (3.02–5.21) <0.001 2.3 (1.74–3.08) <0.001
CHF 44 (2.8) 23 (1.2) 21 (0.7) 4.2 (2.51–7.15) <0.001 1.7 (0.96–3.15) 0.065
CVA 151 (9.5) 116 (5.8) 87 (2.8) 3.7 (2.82–4.84) <0.001 2.2 (1.64–2.89) <0.001

Mechanism, n (%)

Motor vehicle 9 (0.6) 16 (0.8) 70 (2.2) 0.3 (0.13–0.50) <0.001 0.4 (0.21–0.62) <0.001
Motorcycle 133 (8.4) 712 (35.9) 1659 (52.9) 0.1 (0.07–0.10) <0.001 0.5 (0.44–0.56) <0.001

Bicycle 74 (4.7) 103 (5.2) 102 (3.3) 1.5 (1.07–1.98) 0.015 1.6 (1.23–2.15) 0.001
Pedestrian 56 (3.5) 60 (3.0) 70 (2.2) 1.6 (1.12–2.29) 0.009 1.4 (0.96–1.94) 0.079

Fall 1277 (80.6) 1012 (51.0) 960 (30.6) 9.4 (8.13–10.88) <0.001 2.4 (2.10–2.65) <0.001
Penetrating injury 7 (0.4) 24 (1.2) 78 (2.5) 0.2 (0.08–0.38) <0.001 0.5 (0.30–0.76) 0.001
Struck by/against 29 (1.8) 58 (2.9) 198 (6.3) 0.3 (0.19–0.41) <0.001 0.4 (0.33–0.60) <0.001

GCS

≤8 49 (3.1) 54 (2.7) 82 (2.6) 1.2 (0.83–1.70) 0.345 1.0 (0.74–1.48) 0.817
9–12 63 (4.0) 53 (2.7) 73 (2.3) 1.7 (1.23–2.45) 0.001 1.2 (0.81–1.65) 0.440
≥13 1473 (92.9) 1878 (94.6) 2982 (95.1) 0.7 (0.53–0.88) 0.003 0.9 (0.71–1.18) 0.477

AIS ≥ 3, n (%)

Head/Neck 270 (17.0) 273 (13.8) 428 (13.6) 1.3 (1.10–1.53) 0.002 1.0 (0.86–1.19) 0.912
Face 0 (0.0) 2 (0.1) 3 (0.1) - 0.555 1.1 (0.18–6.31) 1.000

Thorax 34 (2.1) 100 (5.0) 190 (6.1) 0.3 (0.24–0.49) <0.001 0.8 (0.64–1.06) 0.124
Abdomen 15 (0.9) 25 (1.3) 63 (2.0) 0.5 (0.27–0.82) 0.007 0.6 (0.39–0.99) 0.045
Extremity 991 (62.5) 858 (43.2) 867 (27.6) 4.4 (3.84–4.97) <0.001 2.0 (1.77–2.24) <0.001

ISS

<16 1369 (86.4) 1756 (88.5) 2788 (88.9) 0.8 (0.66–0.95) 0.012 1.0 (0.80–1.15) 0.650
16–24 161 (10.2) 163 (8.2) 251 (8.0) 1.3 (1.06–1.60) 0.013 1.0 (0.84–1.26) 0.788
≥25 55 (3.5) 66 (3.3) 98 (3.1) 1.1 (0.80–1.56) 0.526 1.1 (0.78–1.47) 0.691

Mortality, n (%) 44 (2.8) 35 (1.8) 25 (0.8) 3.6 (2.17–5.83) <0.001 2.2 (1.33–3.74) 0.002
ICU admission, n

(%) 308 (19.4) 259 (13.0) 386 (12.3) 1.7 (1.46–2.03) <0.001 1.1 (0.90–1.27) 0.435

AIS = abbreviated injury scale; CAD = coronary artery disease; CHF = Congestive Heart Failure; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus;
HTN = hypertension; ICU = intensive care unit; OR = odds ratio; OSTA = Osteoporosis Self-Assessment Tool for Asians.
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3.2. Outcomes and Associated Fractures of the Patients

High- and medium-risk patients had 3.6-fold (95% CI, 2.17–5.83; p < 0.001) and 2.2-fold (95% CI,
1.33–3.74; p = 0.002) higher odds of mortality than low-risk patients had, respectively (Table 2). High-risk
patients had a higher proportion of patients admitted to the ICU (19.4% vs. 12.3%, respectively; p < 0.001)
but not a significant difference of hospital LOS than low-risk patients did. However, the hospital LOS
and proportion of patients admitted to the ICU were insignificantly different between medium- and
low-risk patients.

Regarding the associated fractures (Table 3), high- and medium-risk patients had an 8.3-fold
(95% CI, 7.13–9.56; p < 0.001) and 2.8-fold (95% CI, 2.45–3.28; p < 0.001) odds of femoral fracture than
low-risk patients had, respectively. On the other hand, compared to low-risk patients, high-risk patients
had a lower odds of facial, humeral, radial, pelvic, patella, and tibial fractures; and medium-risk
patients had lower odds of cranial, facial, and tibial fractures.

3.3. Associated Fractures of the Propensity-Score Matched Patients

The injury mechanisms varied widely among the patients with different levels of risk. To minimize
the confounding effects of injury mechanisms on the incidences of associated fracture, a separate set
of propensity-score matched comparable study populations for high- and medium-risk vs. low-risk
patients, respectively, was created for comparison. After propensity score matching, the outcome
was compared in the 1268 well-balanced pairs of high- and low-risk patients and 1932 medium- and
low-risk patients (Table 4). In these pairs of propensity-score matched patients, the injury mechanisms
were insignificantly different between high- and low-risk patients (Supplementary Materials Table S1)
and between medium- and low-risk patients (Supplementary Materials Table S2). The incidence of
fractures was only different in the extremity regions between high- and low-risk as well as medium-
and low-risk patients. The propensity-score matched between high- and low-risk patients revealed
a 3.4-fold (95% CI, 2.73–4.24; p < 0.001) odds of femoral fracture in high-risk patients compared to
low-risk patients. In addition, high-risk patients had significantly lower odds of humeral (OR, 0.7;
95% CI, 0.50–1.00; p = 0.047), radial (OR, 0.5; 95% CI, 0.39–0.71; p < 0.001), patellar (OR, 0.5; 95% CI,
0.27–0.78; p = 0.004) and tibial (OR, 0.6; 95% CI, 0.38–0.83; p = 0.004) fractures than low-risk patients
had. The propensity-score matched between medium- and low-risk patients revealed that a 1.4-fold
(95% CI, 1.24–1.54; p < 0.001) odds of femoral fracture was observed in medium-risk patients than
low-risk patients had. No other significant difference on the incidence of fractures was found between
medium- and low-risk patients.

3.4. Associated Extremity Fractures of the Patients in Fall Accidents

The patients sustained a fall injury had been further analyzed to identify the associated fractures
of extremities. As expected, the mean age and weight were significantly higher but height was
significantly lower in the high- or medium-risk patients than that of low-risk patients (Table 5).
There were also more underweight and normal-weight but less overweight and obese patients of
high- and medium-risk patients than those of low-risk patients (Table 6). In fall accidents, high- and
medium-risk patients had a 4.9-fold (95% CI, 4.03–5.87; p < 0.001) and 2.3-fold (95% CI, 1.87–2.76;
p < 0.001) odds of femoral fracture than low-risk patients had, respectively. On the other hand,
compared to low-risk patients, high-risk patients had lower odds of humeral, radial, pelvic, patella,
and tibial fractures; and medium-risk patients had a lower odds of patella and tibial fractures.
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Table 3. Associated fracture sites in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk (OSTA > −1) patients.

Variables

High Risk Medium Risk Low Risk OR (95% CI) p OR (95% CI) p

−4 > OSTA −1 ≥ OSTA ≥ −4 OSTA > −1
I vs. III II vs. III

n = 1585 (I) n = 1985 (II) n = 3137 (III)

Head & Face, n (%)
Cranial fracture 34 (2.1) 36 (1.8) 86 (2.7) 0.8 (0.52–1.16) 0.219 0.7 (0.44–0.97) 0.034

Facial bone fracture 28 (1.8) 91 (4.6) 200 (6.4) 0.3 (0.18–0.39) <0.001 0.7 (0.55–0.91) 0.007

Vertebrae, n (%)
Vertebral fracture 49 (3.1) 82 (4.1) 125 (4.0) 0.8 (0.55–1.08) 0.124 1.0 (0.78–1.38) 0.796

Extremity, n (%)
Humeral fracture 88 (5.6) 159 (8.0) 284 (9.1) 0.6 (0.46–0.76) <0.001 0.9 (0.71–1.07) 0.196

Radial fracture 169 (10.7) 348 (17.5) 517 (16.5) 0.6 (0.50–0.73) <0.001 1.1 (0.93–1.25) 0.328
Pelvic fracture 25 (1.6) 54 (2.7) 85 (2.7) 0.6 (0.37–0.90) 0.015 1.0 (0.71–1.42) 0.981

Femoral fracture 829 (52.3) 543 (27.4) 368 (11.7) 8.3 (7.13–9.56) <0.001 2.8 (2.45–3.28) <0.001
Patella fracture 25 (1.6) 63 (3.2) 101 (3.2) 0.5 (0.31–0.75) 0.001 1.0 (0.72–1.36) 0.928
Tibia fracture 52 (3.3) 144 (7.3) 298 (9.5) 0.3 (0.24–0.44) <0.001 0.7 (0.61–0.92) 0.005

CI = confidence interval; OR = Odds ratio; OSTA = Osteoporosis Self-Assessment Tool for Asians.

Table 4. Associated fracture sites of propensity-score matched populations with high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk (OSTA > −1)
to osteoporosis.

Variables

Propensity-Score Matched Cohort 1 Propensity-Score Matched Cohort 2

High Risk Low Risk

OR (95% CI) p
Medium Risk Low Risk

OR (95% CI) p−4 > OSTA OSTA > −1 −1 ≥ OSTA ≥ −4 OSTA > −1

n = 1268 (I) n = 1268 (III) n = 1932 (II) n = 1932 (III)

Head & Face, n (%)
Cranial fracture 32 (2.5) 23 (1.8) 1.7 (0.92–3.03) 0.089 36 (1.9) 50 (2.6) 0.9 (0.64–1.25) 0.500

Facial bone fracture 25 (2.0) 38 (3.0) 0.7 (0.39–1.09) 0.097 91 (4.7) 100 (5.2) 0.9 (0.68–1.21) 0.504

Vertebrae, n (%)
Vertebral fracture 37 (2.9) 52 (4.1) 0.7 (0.46–1.08) 0.106 81 (4.2) 81 (4.2) 1.0 (0.73–1.37) 1.000

Extremity, n (%)
Humeral fracture 70 (5.5) 121 (9.5) 0.7 (0.50–1.00) 0.047 155 (8.0) 184 (9.5) 1.0 (0.82–1.15) 0.707

Radial fracture 131 (10.3) 257 (20.3) 0.5 (0.39–0.71) <0.001 334 (17.3) 349 (18.1) 1.0 (0.86–1.14) 0.922
Pelvic fracture 21 (1.7) 20 (1.6) 1.5 (0.69–3.14) 0.324 54 (2.8) 42 (2.2) 1.2 (0.95–1.65) 0.118

Femoral fracture 638 (50.3) 255 (20.1) 3.4 (2.73–4.24) <0.001 525 (27.2) 302 (15.6) 1.4 (1.24–1.54) <0.001
Patella fracture 22 (1.7) 76 (6.0) 0.5 (0.27–0.78) 0.004 59 (3.1) 84 (4.3) 0.9 (0.69–1.16) 0.394
Tibia fracture 49 (3.9) 107 (8.4) 0.6 (0.38–0.83) 0.004 142 (7.3) 164 (8.5) 1.0 (0.83–1.18) 0.894
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Table 5. Demographics of continuous variables in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk (OSTA > −1) patients in fall accidents.

Variables

High Risk Medium Risk Low Risk Levene’s Test

F p Mean Difference

Post-Hoc

−4 > OSTA −1 ≥ OSTA ≥ −4 OSTA > −1
p Games-Howell p

n = 1251 (I) n = 996 (II) n = 947 (III)

Age 81.7 ± 6.6 70.5 ± 8.0 59.2 ± 9.1 <0.001 8606.7 <0.001 Low risk High risk −22.5 <0.001
Medium risk −11.3 <0.001

Weight 48.8 ± 7.3 58.1 ± 7.8 66.2 ± 10.2 <0.001 4315.6 <0.001 Low risk High risk 17.4 <0.001
Medium risk 8.1 <0.001

Height 151.8 ± 5.7 154.6 ± 5.3 157.5 ± 5.3 0.029 291.0 <0.001 Low risk High risk 5.7 <0.001
Medium risk 2.9 <0.001

OSTA = Osteoporosis Self-Assessment Tool for Asians.

Table 6. Associated extremity fractures in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk (OSTA > −1) patients in fall accidents.

Variables

High Risk Medium Risk Low Risk OR (95% CI) p OR (95% CI) p

−4 > OSTA −1 ≥ OSTA ≥ −4 OSTA > −1
I vs. III II vs. III

n = 1251 (I) n = 996 (II) n = 947 (III)

BMI classification
Underweight 232 (18.5) 31 (3.1) 8 (0.8) 26.7 (13.13–54.37) <0.001 3.8 (1.72–8.25) <0.001

Normal 887 (70.9) 575 (57.7) 351 (37.1) 4.1 (3.46–4.95) <0.001 2.3 (1.93–2.78) <0.001
Overweight 130 (10.4) 345 (34.6) 394 (41.6) 0.2 (0.13–0.20) <0.001 0.7 (0.62–0.89) 0.002

Obese 2 (0.2) 45 (4.5) 194 (20.5) 0.0 (0.00–0.03) <0.001 0.2 (0.13–0.26) <0.001

Extremity, n (%)
Humeral fracture 63 (5.0) 75 (7.5) 85 (9.0) 0.5 (0.38–0.75) <0.001 0.8 (0.60–1.14) 0.247

Radial fracture 134 (10.7) 203 (20.4) 205 (21.6) 0.4 (0.34–0.55) <0.001 0.9 (0.75–1.15) 0.494
Pelvic fracture 16 (1.3) 16 (1.6) 12 (1.3) 1.0 (0.48–2.14) 0.980 1.3 (0.60–2.70) 0.531

Femoral fracture 750 (60.0) 410 (41.2) 223 (23.5) 4.9 (4.03–5.87) <0.001 2.3 (1.87–2.76) <0.001
Patella fracture 22 (1.8) 51 (5.1) 71 (7.5) 0.2 (0.14–0.36) <0.001 0.7 (0.46–0.97) 0.031
Tibia fracture 16 (1.3) 21 (2.1) 54 (5.7) 0.2 (0.12–0.38) <0.001 0.4 (0.21–0.59) <0.001

BMI = body mass index; CI = confidence interval; OR = odds ratio; OSTA = Osteoporosis Self-Assessment Tool for Asians.
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4. Discussion

This study compared the clinical fracture patterns of hospitalized female trauma patients,
irrespective of injury mechanisms, based on the OSTA classification of associated risk to osteoporosis.
In this study, high- and medium-risk patients were significantly older, had higher incidences of
comorbidity, and were more frequently injured from a fall and bicycle accident than low-risk patients
had. Compared to low-risk patients, high- and medium-risk patients had a higher injury severity
and mortality. High-risk, but not medium-risk, patients had a higher proportion of patients admitted
to the ICU than low-risk patients had. However, there was no significant difference of hospital LOS
between high-risk or medium-risk patients and low-risk patients. After the attenuation of confounding
effects to the mechanism of injury in the propensity-score matching, the incidence of fractures was
only different in the extremity region between high- or medium-risk patients and low-risk patients.
The incidences of femoral fractures are significantly higher in high-risk (OR 3.4; 95% CI 2.73–4.24;
p < 0.001) and medium-risk (OR 1.4; 95% CI 1.24–1.54; p < 0.001) patients than low-risk patients had.
In addition, high-risk patients had significantly lower odds of humeral, radial, patellar, and tibial
fracture than low-risk patients had; however, such lower odds was not found between medium-risk
and low-risk patients.

The existing literature suggests that OSTA can suitably be used in screening patients with
increased risk of osteoporosis. As OSTA only considers two risk factors, i.e., age and body weight,
the fracture pattern is not surprisingly deeply influenced by these two risk factors. With significantly
older age in high- and medium-risk patients, higher incidences of comorbidity and injuries from a
fall and bicycle accident were encountered more frequently than low-risk patients had. In this study,
the percentage of high-risk patients sustaining a fall accident was much higher (80.6%) than that of
medium-risk (51.0%) and low-risk (30.6%) patients. In a fall accident, the force impacts directly onto
the posterolateral aspect of the greater trochanter, making the femoral neck particularly vulnerable to
fractures [42]. In older age, the proximal femoral fractures occur not necessarily with high energy [43].
Obviously, the injury mechanisms may have a great impact on the fracture patterns found in patients
with different OSTA scores. Therefore, comparison of propensity-score matched populations was
performed in this study to reduce the confounding effect of injury mechanisms and the results indicated
the incidences of fractures was different mainly in the extremity region between the patients with
different risk of osteoporosis.

Regarding the body weight, obesity was once thought to protect people from having a fracture
because of the observation that the bone in obese people was less osteoporotic. In a fall, the soft
tissue padding may protect obese people against pelvic and hip fractures. In addition, the wrist was
also protected from an impact because obese people tend to fall backward or sideways rather than
forward, and together with impaired protective reactions to falling [44]. However, several conditions
associated with obesity have adverse effects on bone health through various mechanisms, such as
reduced physical activity, co-medications, and decreased 25-hydroxyvitamin D levels and consequent
increased serum levels of parathyroid hormones [44]. Obese patients (body mass index of >30) had
been reported to have an increased fracture severity and were more likely to suffer a complex injury
resulting from a fall from a standing position [45]. The Global Longitudinal study of Osteoporosis in
Women (GLOW) showed that obese women had higher incidences of ankle and upper leg fractures [46].
Obesity is increasingly associated with increased risk of fracture, albeit the pathogenesis of fracture
in obese individuals have not yet been clearly defined [15]. The effect of obesity on fracture risk is
site-dependent, the risk being increased for some fractures (humerus, ankle, and upper arm) and
decreased for others (hip, pelvis, and wrist) [15]. Furthermore, the relationship between obesity and
fracture may also vary by age and ethnicity [15]. Notably, obesity is not equal to the body weight,
which used to calculate OSTA. Therefore, results of obesity researches should be cautiously interpreted.

Common osteoporotic fracture sites include bones that bear weight (such as the spine, pelvis,
and hip) or bones that take most of the stress in a fall from a standing height or less (such as upper
arm, forearm, and wrist) [6]. Notably, in this study that included patients with all trauma causes,
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not all fractures are due to osteoporosis. However, the forces applied to a bone during the accident
is hard to define in clinical practice. The force impact on the bone may greatly vary even with the
same mechanism. In the study conducted by Sanders et al. who revealed that excluding high trauma
fractures may underestimate the prevalence of bone fragility fractures, 77.1% (835/1084) and 22.9%
(249/1804) of the patients have low and high trauma, respectively. In this study, the composition of low
and high trauma was not recorded in the registered data. Although that could be surmised according
to the injury mechanisms in most of the registered patients, this would result in a limitation in the
interpretation of results.

In this study, there was a 1.4-fold and 3.4-fold odds of femoral fracture between high- and
medium-risk patients as well as between high- and low-risk patients. Fractures due to osteoporosis
represent a serious and costly public health problem and lead to disability and increased mortality
of the patients [47]. To reduce these osteoporosis-related fractures, a multidisciplinary approach
by the ortho-geriatric model [48], which involving both an orthopedic surgeon and a geriatrician
plus a nursing and physiotherapy team, and a fracture liaison service (FLS) [49] had been proposed
to reduce re-peat fracture risk and mortality. In addition, the extended assessment will include
measures of delirium, prevention of malnutrition, treatment of co-morbidities, and a review of
medications with the aim to reduce such medications that promote fall risk or interfere with each
other [50]. Some strategies had been implemented to manage the patients with high risk of fracture
due to osteoporosis [47], which included 1. At least one session devoted to education to the patients
regarding osteoporosis, fracture risk, and medication choices; 2. Adequate calcium, vitamin D, and
weight-bearing and resistance exercise; 3. Consider one of some pharmacologic agents to reduce bone
resorption and decrease the risk to fracture; 4. Identify and address non-skeletal risk factors for falling
and fracture: problems with vision, hearing, balance, home safety adjustments, avoidance of floor
rugs, etc. 5. Periodical reassessment in every 1 to 2 years. The patients with a history of prior fracture
represent a high risk group and should be targeted for intervention to reduce future fracture rates [51].
For example, the uptake of bisphosphonates and the rollout of public health strategies addressing
osteoporosis were suggested to reduce the age-standardized incidence of osteoporotic hip fracture for
both females and males in Australia [52].

This study has some other limitations that should be acknowledged. First, in most studies,
OSTA demonstrated high sensitivity and low specificity values [17,27,28]. The probability of patients
with OSTA score of <−4 having osteoporosis and with an OSTA score of >−4 not having osteoporosis
are 53.8% and 99.3%, respectively [23]. This means that a high percentage of subjects categorized
as moderate or high risk for osteoporosis by the OSTA actually have normal bone health status
based on the bone densitometry (false-positive). Second, some studies showed that OSTA alone
did not satisfactorily predict fracture risks in subjects with pre-existing medical conditions [53].
Considering the incidences of comorbidities are higher in high-risk and medium-risk patients than
that in the low-risk patients, bias would possibly result among the patients with different risk
to osteoporosis. Third, this study focused on hospitalized female patients only; however, some
fractures at sites other than the hip are manageable without hospital admissions, which may lead to
underestimation on the incidence of these fractures and result in a selection bias. Furthermore, the
actual reason of the lower rates of humeral, radial, patellar and tibial fractures high-risk patients than
those low-risk patients was unknown. We speculated that is because the femoral bone would share
most of the force in the extremities during a fall, thus making a higher incidence of femoral fracture
but a reciprocal lower incidence of other fractures in extremities. However, there is lack of evidences
in supporting such opinions so far. Finally, an inherent selection bias already existed because of the
retrospective study design, particularly when considering the impact force of each injury as well as the
drugs for treating osteoporosis was not recorded.
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5. Conclusions

This study compared the clinical fracture patterns of hospitalized female trauma patients based
on the OSTA classification of associated risk to osteoporosis and revealed that the fracture patterns of
female trauma patients with high- and medium-risk osteoporosis were different from that of low-risk
patients exclusively in the extremity region.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/11/1380/s1,
Table S1: Covariates of high-risk (OSTA < −4) and low-risk (OSTA > −1) patients before and after propensity
score matching (1:1 matching via Greedy method), Table S2: Covariates of medium-risk (−1 ≥ OSTA ≥ −4) and
low-risk (OSTA > −1) patients before and after propensity score matching (1:1 matching via Greedy method).
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Abstract: Background: Polytrauma patients are expected to have a higher risk of mortality
than that obtained by the summation of expected mortality owing to their individual
injuries. This study was designed to investigate the outcome of patients with polytrauma,
which was defined using the new Berlin definition, as cases with an Abbreviated Injury
Scale (AIS) ≥ 3 for two or more different body regions and one or more additional
variables from five physiologic parameters (hypotension [systolic blood pressure ≤ 90 mmHg],
unconsciousness [Glasgow Coma Scale score ≤ 8], acidosis [base excess ≤ −6.0], coagulopathy
[partial thromboplastin time ≥ 40 s or international normalized ratio ≥ 1.4], and age [≥70 years]).
Methods: We retrieved detailed data on 369 polytrauma patients and 1260 non-polytrauma patients
with an overall Injury Severity Score (ISS) ≥ 18 who were hospitalized between 1 January 2009
and 31 December 2015 for the treatment of all traumatic injuries, from the Trauma Registry System
at a level I trauma center. Patients with burn injury or incomplete registered data were excluded.
Categorical data were compared with two-sided Fisher exact or Pearson chi-square tests. The unpaired
Student t-test and the Mann–Whitney U-test was used to analyze normally distributed continuous
data and non-normally distributed data, respectively. Propensity-score matched cohort in a 1:1
ratio was allocated using the NCSS software with logistic regression to evaluate the effect of
polytrauma on patient outcomes. Results: The polytrauma patients had a significantly higher ISS than
non-polytrauma patients (median (interquartile range Q1–Q3), 29 (22–36) vs. 24 (20–25), respectively;
p < 0.001). Polytrauma patients had a 1.9-fold higher odds of mortality than non-polytrauma patients
(95% CI 1.38–2.49; p < 0.001). Compared to non-polytrauma patients, polytrauma patients had a
substantially longer hospital length of stay (LOS). In addition, a higher proportion of polytrauma
patients were admitted to the intensive care unit (ICU), spent longer LOS in the ICU, and had
significantly higher total medical expenses. Among 201 selected propensity score-matched pairs
of polytrauma and non-polytrauma patients who showed no significant difference in sex, age,
co-morbidity, AIS ≥ 3, and Injury Severity Score (ISS), the polytrauma patients had a significantly
higher mortality rate (OR 17.5, 95% CI 4.21–72.76; p < 0.001), and a higher proportion of patients
admitted to the ICU (84.1% vs. 74.1%, respectively; p = 0.013) with longer stays in the ICU (10.3 days
vs. 7.5 days, respectively; p = 0.003). The total medical expenses for polytrauma patients were
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35.1% higher than those of non-polytrauma patients. However, there was no significant difference in
the LOS between polytrauma and non-polytrauma patients (21.1 days vs. 19.8 days, respectively;
p = 0.399). Conclusions: The findings of this propensity-score matching study suggest that the new
Berlin definition of polytrauma is feasible and applicable for trauma patients.

Keywords: polytrauma; new Berlin definition; Abbreviated Injury Scale (AIS); Glasgow Coma Scale
(GCS); Injury Severity Score (ISS)

1. Background

The term “polytrauma” has been frequently defined in terms of a high Injury Severity Score
(ISS) and has been generally used interchangeably with terms such as “severely injured” or “multiple
trauma” [1]. The internationally accepted threshold of an ISS ≥ 16 is based on the description as
being predictive of a mortality risk above 10% [2]. However, a number of definitions of polytrauma
with various ISS values (ISS > 15 [3], ISS > 16 [4], ISS > 18 [5], ISS ≥ 18 [6], or ISS > 25 [7]) have
been reported in the literature. In addition, a high ISS may be attributed to a severe single-system
injury (monotrauma) rather than “polytrauma,” which refers to trauma patients whose injuries involve
multiple body regions and in whom the combination of injuries would cause a life-threatening
condition [8,9]. If this concept is considered, polytrauma patients are expected to have a higher
mortality rate than that obtained by the summation of expected mortality owing to their individual
injuries [10], and to have more expensive therapeutic requirements [11], to require intensive resources
for resuscitation, and to stay longer in the intensive care unit (ICU) [10].

Without a clear definition of polytrauma, any attempt to compare the loads, interventions,
and outcomes of polytrauma patients among various trauma centers is challenging [10]. Some authors
have suggested that at least two anatomical regions have to be injured for a patient to be identified
as having polytrauma [9,12–14]. The ‘polytrauma’ definition of Butcher and colleagues using the
Abbreviated Injury Scale (AIS) ≥ 3 for at least two different body regions seemed more reasonable
and feasible for identifying polytrauma patients [1,10,14]. With a higher mortality, more frequent ICU
admissions, and longer hospital and ICU stays, this definition acts as a better predictor of morbidity
and mortality than the definition using an ISS > 15 or ISS > 17 [1,10,14].

However, the definition of polytrauma based on the number of injured body regions does not
reflect the physiological course after injury, which can be very dynamic in nature and may profoundly
influence outcomes. Paffrath et al. even had reported that the mortality rate of polytrauma patients
with an AIS ≥ 3 for at least two different body regions was even lower (18.7%) than that of patients
with an ISS ≥ 16 (20.4%) [11]. Our unpublished study also revealed that under the definition of
polytrauma by AIS ≥ 3 for at least two body regions, there was no significant difference in short-term
mortality between polytrauma and non-polytrauma patients—i.e., polytrauma, as defined by AIS ≥ 3
for at least two body regions, was not a distinguishing factor for recognizing a significant difference in
short-term mortality among trauma patients. To improve the specificity of the polytrauma definition,
some additional qualifying criteria have been proposed, such as the requirement of laparotomy [15],
existence of severe shock [16], involvement of at least one vital organ necessitating admission into
the ICU [17], and systemic inflammatory response syndrome on at least one day during the first
72 h [10]. However, these additional criteria seemed to be limited and unverified. Moreover, the levels
of variation and indication may differ among trauma centers.

The addition of a relevant physiologic condition or pathophysiologic change in combination of
AIS/ISS is reasonable to increase its predictive power for mortality. Age, systolic blood pressure (SBP)
and Glasgow Coma Scale (GCS) have been reported to have good predictive power for mortality [18].
An international consensus meeting in 2012 first tried to define polytrauma by combining the concept
of injuries in different body regions and parameters of physiological response [19,20]. With the
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addition of at least one of five standardized physiological responses (hypotension [SBP ≤ 90 mmHg],
unconsciousness [GCS score ≤ 8], acidosis [base excess ≤ −6.0], coagulopathy [partial thromboplastin
time ≥ 40 s or international normalized ratio ≥ 1.4], and age [≥70 years]) in this new “Berlin
definition” to the definition of ISS ≥ 16 and AIS ≥ 3 for at least two body regions, an improved
definition of polytrauma was determined [13]. Notably, in the study that defines polytrauma as
AIS ≥ 3 points for two or more different body regions, mortality was 11.4% and 11.0% in polytrauma
and non-polytrauma patients, respectively. A mortality rate of 18.7% was found when polytrauma
was defined using ISS ≥ 16 [13] and the mortality rates were increased to as high as 35–38% as soon as
one other physiologic parameter was added [13].

Before applying the definition of the polytrauma in the clinical setting, we designed this study
to investigate the outcome of polytrauma patients, with polytrauma being defined by the new Berlin
definition, who admitted and treated for all trauma injuries at a level I trauma center. The primary
hypothesis of this study was that polytrauma patients have a worse outcome than patients with
similar injury severity but without polytrauma. In this study—for the assessment of the effect of
polytrauma on the outcomes—we compared the selected propensity score-matched groups of patients
to minimize confounding effects due to non-randomized assignment of patients into the polytrauma
or non-polytrauma groups.

2. Methods

Study Design

This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang Gung
Memorial Hospital (reference number 201600544B0), a level I regional trauma center providing care
to trauma patients primarily from southern Taiwan [21,22]. Informed consent was waived according
to IRB regulations. This retrospective study reviewed data of all hospitalized patients registered in
the Trauma Registry System from 1 January 2009 to 31 December 2015. All patients with an overall
ISS ≥ 18 who were admitted for treatment of traumatic injuries were included and allocated into a
polytrauma group or non-polytrauma group. The choice of 18 as a threshold of ISS for non-polytrauma
patients depends on the consideration that the polytrauma patients at least would have an ISS of
18 (32 + 32 = 18). The new Berlin definition of polytrauma was used and defined as follows [13]:
a patient with AIS ≥ 3 for two or more different body regions with additional one or more variables
from the five physiologic parameters, including SBP ≤ 90 mm Hg, GCS score ≤ 8, base excess ≤ 6.0,
international normalized ratio ≥ 1.4 or partial thromboplastin time ≥ 40 s, and age ≥ 70 years.

The patients who had an overall ISS ≥ 18 but did not fit into the above criteria of polytrauma
were defined as non-polytrauma patients. Patients with burn injury or incomplete registered data
were excluded. Detailed patient information retrieved from the Trauma Registry System included
the following: age; gender; trauma mechanism; initial GCS score in the emergency department
(ED); vital signs assessed by the physician upon arrival at the ED and procedures performed by the
physician at the ED (cardiopulmonary resuscitation, intubation, insertion of chest tube, and blood
transfusion); co-morbidities, such as diabetes mellitus (DM), hypertension (HTN), coronary artery
disease (CAD), congestive heart failure (CHF), cerebral vascular accident (CVA), and end-stage renal
disease (ESRD); AIS severity score for each body region; ISS; rates of associated injuries; hospital length
of stay (LOS); the rates of admission into the ICU as well as the LOS in ICU; in-hospital mortality;
and total medical expenses, which included the cost of examination (physical examination, radiography
examination, hematology testing, pathological examination, electrocardiography examination,
endoscopy, echocardiogram, electromyography, cardiac catheterization, and electroencephalography
monitoring), cost of operation (operation fee and operation supply fee), cost of pharmaceuticals
(medical service, narcotics, and medicine), and other costs (fees for administrative tasks, registration,
wards, nursing, blood/plasma tests, anesthesia, hemodialysis, rehabilitation, special material costs,
and personal expenses), expressed as cost per victim in US dollars. The ISS is expressed as the median
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and interquartile range (IQR). Odds ratios (ORs) of the associated conditions and injuries of the patients
were presented with 95% confidence intervals (CIs). The primary outcome of the study was in-hospital
mortality, and the secondary outcomes were hospital LOS, ICU admission rate, ICU LOS, and the total
medical expenses. The analysis was performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA). Two-sided Fisher exact or Pearson chi-square tests were used to
compare categorical data. The unpaired Student t-test and Mann–Whitney U-test were used to analyze
normally distributed continuous and non-normally distributed data, respectively, which was reported
as mean ± standard deviation. To minimize confounding effects due to non-randomized assignment
of patients into the polytrauma or non-polytrauma group, propensity score-matched groups of
patients were selected for the assessment of the effect of polytrauma on the outcomes. A logistic
regression model was used to calculate the propensity scores with the following covariates: gender;
age, comorbidities, injury regions with AIS ≥ 3, and ISS. A 1:1 matched study group was created
by the Greedy method with a 0.2 caliper width using NCSS 10 software (NCSS Statistical software,
Kaysville, UT, USA). After adjustment of these confounding factors, binary logistic regression was
used for evaluating the effect of polytrauma on the primary and secondary outcomes. p-values < 0.05
were considered statistically significant.

3. Results

3.1. Injury Characteristics and Severity of Polytrauma Patients

After the exclusion of patients with an ISS less than 18 (n = 18,017), with a burn injury (n = 896),
or incomplete registered data (n = 129) from 20,106 hospitalized patients, there were 369 and 1260
patients in the polytrauma and non-polytrauma group, respectively (Figure 1). No significant
differences in sex, age, pre-existing commodities, and injury mechanism were found between
the polytrauma and non-polytrauma patients (Table 1). GCS scores were significantly lower for
polytrauma patients than for non-polytrauma patients (9.2 ± 4.6 vs. 11.8 ± 4.2, respectively;
p < 0.001). Significantly more polytrauma patients had a GCS ≤ 8 than non-polytrauma patients.
Analysis of injured body regions under the criteria of AIS ≥ 3, revealed that polytrauma patients
had sustained significantly higher rates of face, thoracic, abdominal, and extremity injuries than
non-polytrauma patients, while no difference in head and neck injury was found between polytrauma
and non-polytrauma patients. The polytrauma patients had a significantly higher ISS than
non-polytrauma patients (median (IQR: Q1–Q3), 29 (22–36) vs. 24 (20–25), respectively; p < 0.001).
In addition, more polytrauma patients had an ISS ≥ 25 and fewer patients had an ISS of 18–24 as
compared to non-polytrauma patients.
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Table 1. Demographics and injury characteristics of polytrauma and non-polytrauma patients.

Variables Polytrauma n = 369 Non-Polytrauma n = 1260 Odds Ratio (95% CI) p

Sex 0.610
Male 255 (69.1) 853 (67.7) 1.1 (0.83–1.37)

Female 114 (30.9) 407 (32.3) 0.9 (0.73–1.20)
Age 49.9 ± 22.9 47.3 ± 19.9 — 0.052

Comorbidity
DM 37 (10.0) 169 (13.4) 0.7 (0.49–1.05) 0.085

HTN 79 (21.4) 275 (21.8) 1.0 (0.74–1.29) 0.865
CAD 15 (4.1) 36 (2.9) 1.4 (0.78–2.66) 0.241
CHF 1 (0.3) 3 (0.2) 1.1 (0.12–10.98) 1.000
CVA 5 (1.4) 30 (2.4) 0.6 (0.22–1.46) 0.232
ESRD 0 (0.0) 1 (0.1) — 1.000

Mechanism, n (%)
MV Driver 19 (5.1) 39 (3.1) 1.7 (0.97–2.98) 0.061

MV Passenger 11 (3.0) 19 (1.5) 2.0 (0.95–4.26) 0.064
Motorcycle Driver 222 (60.2) 792 (62.9) 0.9 (0.70–1.13) 0.348
Motorcycle Pillion 18 (4.9) 38 (3.0) 1.6 (0.93–2.93) 0.084

Bicycle 10 (2.7) 53 (4.2) 0.6 (0.32–1.26) 0.190
Pedestrian 20 (5.4) 48 (3.8) 1.4 (0.85–2.47) 0.174

Fall 59 (16.0) 230 (18.3) 0.9 (0.62–1.17) 0.317
Penetrating injury 1 (0.3) 2 (0.2) 1.7 (0.16–18.90) 0.537
Struck by/against 9 (2.4) 39 (3.1) 0.8 (0.38–1.63) 0.512

GCS 9.2 ± 4.6 11.8 ± 4.2 — <0.001
≤8 200 (54.2) 301 (23.9) 3.8 (2.96–4.80) <0.001

9-12 32 (8.7) 181 (14.4) 0.6 (0.38–0.84) 0.004
≥13 137 (37.1) 778 (61.7) 0.4 (0.29–0.47) <0.001

AIS ≥ 3, n (%)
Head/Neck 281 (76.2) 940 (74.6) 1.1 (0.83–1.43) 0.546

Face 19 (5.1) 12 (1.0) 5.6 (2.71–11.74) <0.001
Thorax 237 (64.2) 378 (30.0) 4.2 (3.28–5.35) <0.001

Abdomen 82 (22.2) 136 (10.8) 2.4 (1.74–3.20) <0.001
Extremity 183 (49.6) 191 (15.2) 5.5 (4.26–7.11) <0.001

ISS, median (IQR) 29 (22–36) 24 (20–25) — <0.001
18–24 100 (27.1) 727 (57.7) 0.3 (0.21–0.35) <0.001
≥25 269 (72.9) 533 (42.3) 3.7 (2.84–4.74) <0.001

Mortality, n (%) 80 (21.7) 164 (13.0) 1.9 (1.38–2.49) <0.001
Hospital LOS (days) 20.0 ± 16.8 16.8 ± 15.6 — 0.001

ICU
Patients, n (%) 298 (80.8) 951 (75.5) 1.4 (1.02–1.82) 0.035

18–24 66 (22.1) 479 (50.4) 0.3 (0.21–0.38) <0.001
≥25 232 (77.9) 472 (49.6) 3.6 (2.64–4.82) <0.001

LOS in ICU (days) 10.1 ± 9.5 8.3 ± 9.5 — 0.005
Medical expenses 8888 ± 8141 6270 ± 6915 — <0.001

Cost of examination 591 ± 536 411 ± 493 — <0.001
Cost of operation 1103 ± 1198 815 ± 1084 — <0.001

Cost of pharmaceuticals 791 ± 1291 500 ± 1028 — <0.001

AIS = abbreviated injury scale; CAD = coronary artery disease; CHF = Congestive Heart Failure; CI = confidence
interval; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow
Coma Scale; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score;
LOS = length of stay; MV = motor vehicle.

3.2. Outcomes of Polytrauma Patients

Polytrauma patients had 1.9-fold higher odds of mortality than non-polytrauma patients
(95% CI 1.38–2.49; p < 0.001). Compared with non-polytrauma patients, polytrauma patients had
significantly longer hospital LOS (20.0 days vs. 16.8 days, respectively; p < 0.001) and longer LOS in the
ICU (10.1 days vs. 8.3 days, respectively; p = 0.005). Moreover, compared to non-polytrauma patents,
a higher proportion of polytrauma patients were admitted to the ICU (80.8% vs. 75.5%, respectively;
p = 0.035). In addition, the polytrauma patients spent a significantly higher amount on medical
expenses (41.8% higher), examinations (43.8% higher), operations (35.3% higher), and pharmaceuticals
(58.2% higher) than non-polytrauma patients.



Int. J. Environ. Res. Public Health 2017, 14, 1045 6 of 10

3.3. Associated Management and Injuries of Polytrauma Patients

Polytrauma patients had significantly higher odds for worse hemodynamic measures and the
requirement of procedures at the ED than non-polytrauma patients (Table 2). These measures included
an SBP of <90 mmHg, heart rate of >100 beats/min, and respiratory rate of <10 or >29 times/min.
The required procedures included cardiopulmonary resuscitation, intubation, insertion of chest tube,
and blood transfusion. Polytrauma patients had significantly higher ORs for sustaining subarachnoid
hemorrhage (OR 1.4, 95% CI 1.08–1.73; p = 0.010) but lower ORs for subdural hematomas (OR 0.7,
95% CI 0.57–0.91; p = 0.006) than non-polytrauma patients (Table 3). In addition, polytrauma patients
had significantly higher ORs for sustaining trauma in the thoracic, abdominal, and extremity regions
than non-polytrauma patients.

Table 2. Physiological response and procedures performed upon arrival at the emergency department
for polytrauma and non-polytrauma patients.

Variables Polytrauma n = 369 Non-Polytrauma n = 1260 Odds Ratio (95% CI) p

Physiology at ED, n (%)
SBP < 90 mmHg 80 (21.7) 50 (4.0) 6.7 (4.60–9.76) <0.001

HR > 100 beats/min 154 (41.7) 358 (28.4) 1.8 (1.42–2.30) <0.001
RR < 10 or > 29 times/min 36 (9.8) 29 (2.3) 4.6 (2.77–7.60) <0.001

Procedures at ED, n (%)
Cardiopulmonary resuscitation 15 (4.1) 11 (0.9) 4.8 (2.19–10.57) <0.001

Intubation 90 (24.4) 187 (14.8) 1.9 (1.39–2.46) <0.001
Chest tube insertion 59 (16.0) 84 (6.7) 2.7 (1.87–3.80) <0.001

Blood transfusion 145 (39.3) 132 (10.5) 5.5 (4.20–7.29) <0.001

ED = emergency department; HR = heart rate; RR = respiratory rate; SBP = systolic blood pressure.

Table 3. Significant associated injuries in polytrauma and non-polytrauma patients.

Variables Polytrauma n = 369 Non-Polytrauma n = 1260 Odds Ratio (95% CI) p

Head trauma, n (%)
Neurologic deficit 14 (3.8) 33 (2.6) 1.5 (0.78–2.77) 0.236
Cranial fracture 100 (27.1) 349 (27.7) 1.0 (0.75–1.26) 0.821

Epidural hematoma (EDH) 74 (20.1) 310 (24.6) 0.8 (0.58–1.02) 0.070
Subdural hematoma (SDH) 155 (42.0) 631 (50.1) 0.7 (0.57–0.91) 0.006

Subarachnoid hemorrhage (SAH) 157 (42.5) 443 (35.2) 1.4 (1.08–1.73) 0.010
Intracerebral hematoma (ICH) 46 (12.5) 129 (10.2) 1.2 (0.87–1.79) 0.224

Cerebral contusion 71 (19.2) 261 (20.7) 0.9 (0.68–1.22) 0.537

Maxillofacial trauma, n (%)
Orbital fracture 10 (2.7) 55 (4.4) 0.6 (0.31–1.21) 0.153

Maxillary fracture 53 (14.4) 195 (15.5) 0.9 (0.66–1.27) 0.601
Mandibular fracture 15 (4.1) 48 (3.8) 1.1 (0.59–1.93) 0.823

Thoracic trauma, n (%)
Rib fracture 141 (38.2) 337 (26.7) 1.7 (1.33–2.16) <0.001
Hemothorax 59 (16.0) 89 (7.1) 2.5 (1.76–3.56) <0.001

Pneumothorax 50 (13.6) 107 (8.5) 1.7 (1.18–2.42) 0.004
Hemopneumothorax 53 (14.4) 92 (7.3) 2.1 (1.49–3.05) <0.001

Lung contusion 48 (13.0) 72 (5.7) 2.5 (1.68–3.63) <0.001

Abdominal trauma, n (%)
Hepatic injury 57 (15.4) 103 (8.2) 2.1 (1.45–2.90) <0.001
Splenic injury 46 (12.5) 47 (3.7) 3.7 (2.40–5.62) <0.001

Retroperitoneal injury 9 (2.4) 8 (0.6) 3.9 (1.50–10.21) 0.006
Renal injury 13 (3.5) 25 (2.0) 1.8 (0.91–3.56) 0.085

Extremity trauma, n (%)
Clavicle fracture 54 (14.6) 224 (17.8) 0.8 (0.57–1.10) 0.158
Humeral fracture 26 (7.0) 54 (4.3) 1.7 (1.04–2.74) 0.031

Radial fracture 38 (10.3) 78 (6.2) 1.7 (1.16–2.61) 0.007
Ulnar fracture 22 (6.0) 54 (4.3) 1.4 (0.85–2.36) 0.179
Pelvic fracture 43 (11.7) 82 (6.5) 1.9 (1.28–2.80) 0.001

Femoral fracture 99 (26.8) 86 (6.8) 5.0 (3.64–6.88) <0.001
Patella fracture 15 (4.1) 18 (1.4) 2.9 (1.46–5.86) 0.002
Tibia fracture 58 (15.7) 59 (4.7) 3.8 (2.59–5.57) <0.001

Fibular fracture 43 (11.7) 44 (3.5) 3.6 (2.35–5.65) <0.001
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3.4. Adjusted Outcomes of Polytrauma Patients in Propensity Score–Matched Patient Population

A propensity score–matched patient population was selected to reduce the impact of demographic
differences, pre-existing co-morbidities, and injury severity of the patient population on the outcome
assessment between polytrauma and non-polytrauma patients (Table 4). In these 201 selected,
well-balanced pairs of patients, there were no significant differences in sex, age, co-morbidity, number of
patients with AIS ≥ 3, and ISS. The logistic regression analysis of these pairs of patients showed that
polytrauma patients had significantly higher mortality (OR 17.5, 95% CI 4.21–72.76; p < 0.001) than
non-polytrauma patients. Compared with non-polytrauma patients, the polytrauma patients had
a higher proportion of patients admitted to the ICU (84.1% vs. 74.1%, respectively; p = 0.013) and
a longer stay in ICU (10.3 days vs. 7.5 days, respectively; p = 0.003), but there was no significant
difference in the hospital LOS (21.1 days vs. 19.8 days, respectively; p = 0.399). In addition, polytrauma
patients still had a significantly higher total medical expense (35.1% higher), cost of examination
(33.1% higher), cost of operation (40.6% higher), and cost of pharmaceuticals (53.9% higher) than the
non-polytrauma patients.

Table 4. Covariates and the assessment of outcomes in polytrauma and non-polytrauma patients
adjusted in 1:1 Greedy propensity-score matching.

Variables Polytrauma n = 201 Non-Polytrauma n = 201 Odds Ratio (95%) p

Sex 1.000
Male 149 (74.1) 149 (74.1) 1.0 (0.64–1.56)

Female 52 (25.9) 52 (25.9) 1.0 (0.64–1.56)
Age 43.2 ± 20.0 43.4 ± 16.4 — 0.919

Comorbidity
DM 12 (6.0) 12 (6.0) 1.0 (0.44–2.28) 1.000

HTN 27 (13.4) 27 (13.4) 1.0 (0.56–1.77) 1.000
CAD 0 (0.0) 0 (0.0) — —
CHF 0 (0.0) 0 (0.0) — —
CVA 0 (0.0) 0 (0.0) — —
ESRD 0 (0.0) 0 (0.0) — —

AIS ≥ 3, n (%)
Head/Neck 144 (71.6) 144 (71.6) 1.0 (0.65–1.54) 1.000

Face 5 (2.5) 5 (2.5) 1.0 (0.29–3.51) 1.000
Thorax 133 (66.2) 133 (66.2) 1.0 (0.66–1.51) 1.000

Abdomen 45 (22.4) 45 (22.4) 1.0 (0.63–1.60) 1.000
Extremity 99 (49.3) 99 (49.3) 1.0 (0.68–1.48) 1.000

ISS, median (IQR) 27 (22–34) 26 (22–29) — 0.271
Mortality, n (%) 35 (17.4) 2 (1.0) 17.5 (4.21–72.76) <0.001

Hospital LOS (days) 21.1 ± 16.2 19.8 ± 14.4 — 0.399

ICU
Patients, n (%) 169 (84.1) 149 (74.1) 2.0 (1.15–3.30) 0.013

LOS in ICU (days) 10.3 ± 9.3 7.5 ± 7.4 — 0.003
Medical expenses 9634 ± 8850 7129 ± 6800 — 0.002

Cost of examination 627 ± 584 471 ± 516 — 0.005
Cost of operation 1225 ± 1238 871 ± 1039 — 0.002

Cost of pharmaceutical 851 ± 1431 553 ± 1085 — 0.019

AIS = abbreviated injury scale; CAD = coronary artery disease; CHF = Congestive Heart Failure;
CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal
disease; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score;
LOS = length of stay.

4. Discussion

This study compared clinical outcomes in a broad group of hospitalized polytrauma and
non-polytrauma patients to investigate the feasibility and applicability of the new Berlin definition of
polytrauma. We found that polytrauma patients presented with significantly higher morbidity and
mortality than non-polytrauma patients. More importantly, even after consideration of the differences
in demographic characteristics, co-morbidities, and injury severity of the trauma patient population,
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the selected propensity score–matched polytrauma patients still had a significantly higher proportion
of patients admitted to the ICU with a longer stay, a higher total medical cost, and higher mortality
than non-polytrauma patients.

Polytrauma is generally used to describe trauma patients whose injuries involve multiple
body regions, compromise the patient’s physiology and potentially cause dysfunction of uninjured
organs [13]. The expected higher risk of mortality of polytrauma patients is based on the assumption
that the underlying pathophysiological response of the injured person would aggravate the clinical
outcome. The injured person’s pathophysiological response to the injury load, however, makes a
differentiation between “polytrauma” and “multitrauma” [10]. For example, many reports had
indicated that head and brain injuries and thoracic traumata are major risk factors in trauma
patients and that co-occurrence of these factors leads to an exponential increase in mortality [23–25].
The reduced pulmonary reserves in lung contusion may rapidly lead to hypoventilation and hypoxia
that cause secondary injury to the brain or pose more burden to other organ systems. Early intubation
was also a significant risk factor for cerebral impairment in patients with multiple trauma [26].
The injury to the gastrointestinal system may interfere with the nutrition balance and increase bacterial
translocation [27,28]—moreover, increasing levels of endotoxemia following polytrauma have been
reported [29]. Likewise, hypovolemic shock and massive blood transfusion are often associated with
coagulopathy and imbalance in acid-base homeostasis [30]. Notably, in this study polytrauma patients
had statistically significant higher ORs for sustaining thoracic trauma and abdominal trauma as well
as for requiring procedures including cardiopulmonary resuscitation, intubation, chest tube insertion,
and blood transfusion at the ED. These combined scenarios may explain partly, but not enough,
our observation of a higher mortality in the selected propensity score–matched polytrauma patients
than that in non-polytrauma patients.

A combination of injury severity, relevant pathophysiologic change, or physiologic changes
seemed be useful for mortality prediction [13]. The dysregulation of the immune system after trauma
presents one of the greatest threats to life [31,32]. However, a formally defined pathophysiological
response to trauma remains a challenge. In addition, even in a prospective study, the practicability of
including systemic inflammatory response syndrome into the definition of polytrauma as a surrogate for
physiological derangement was questioned [33]. In contrast, the selected five physiological parameters
(hypotension [SBP ≤ 90 mmHg], unconsciousness [GCS score ≤ 8], acidosis [base excess ≤ −6.0],
coagulopathy [partial thromboplastin time ≥ 40 s or international normalized ratio ≥ 1.4], and age
[≥70 years]) of the new “Berlin definition” for polytrauma are deemed feasible worldwide and easily
approachable with less ambiguity [13]. This study based on a propensity-score matching approach
may provide more evidence to support the use of such a definition of polytrauma in clinical settings to
manage with polytrauma patients.

In this study, the non-polytrauma group is composed of two different types of patients: first,
patients with only one body region affected (AIS ≥ 4), with or without physiological problems;
and second, patients with two or more body regions affected, but no physiological problem.
The matching used in this study is prone to select the latter group of patients for comparison, thus may
have a selection bias. This study has some other limitations that should be acknowledged. First,
the retrospective design of the study would carry an inherent selection bias. Second, the patients
declared dead at the accident scene or on hospital arrival were not included in the Trauma Registry
Database, which may have led to a selection bias. Third, as the registered data lacked uniform
indication of hospitalization and admission into ICU, as well as the type of surgery performed
on patients, we could only rely on the assumption that management of patients with or without
polytrauma was uniform. Further, long-term mortality was not evaluated in this study. Finally,
the physiological problems also work in isolated trauma [11]. With an increasing number of
physiological factors there was an almost linear increase in mortality up to an 86% rate in patients
with all five physiological factors present [11]. In this study, the addition of physiological factor(s) to
the polytrauma but not to non-polytrauma patients, making the present non-polytrauma group is a
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mixture of two groups with separate injury pattern, i.e. one with, and one without, a physiological
problem. Therefore, a selection bias may be existed in the comparison.

5. Conclusions

As we noted a significantly higher incidence of morbidity and mortality in polytrauma patients
than in non-polytrauma patients, our study findings based on propensity-score matching validate the
new definition of polytrauma based on the new Berlin definition, as a case with AIS ≥ 3 for two or more
different body regions with additional one or more variables from the five physiologic parameters.
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Abstract

Objective

To compare Exponential Injury Severity Score (EISS) with Injury Severity Score (ISS) and

New Injury Severity Score (NISS) in terms of their predictive capability of the outcomes and

medical expenses of hospitalized adult trauma patients.

Setting

This study was based at a level I trauma center in Taiwan.

Methods

Data for 17,855 adult patients hospitalized from January 1, 2009 to December 31, 2015

were retrieved from the Trauma Registry System. The primary outcome was in-hospital

mortality. Secondary outcomes were the hospital length of stay (LOS), intensive care unit

(ICU) admission rate, ICU LOS, and medical expenses. Chi-square tests were used for cat-

egorical variables to determine the significance of the associations between the predictor

and outcome variables. Student t-tests were applied to analyze normally distributed data for

continuous variables, while Mann-Whitney U tests were used to compare non-normally dis-

tributed data.

Results

According to the survival rate-to-severity score relationship curve, we grouped all adult

trauma patients based on EISS scores of� 27, 9–26, and < 9. Significantly higher mortality

rates were noted in patients with EISS� 27 and those with EISS of 9–26 when compared to

patients with EISS < 9; this finding concurred to the findings for groups classified by the ISS

and NISS with the cut-off points set between 25 and 16. The hospital LOS, ICU admission

rates, and medical expenses for patients with EISS� 27 and patients with EISS of 9–26

were also significantly longer and higher than that of patients with EISS < 9. When
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comparing the demographics and detailed medical expenses of very severely injured adult

trauma patients classified according to ISS, NISS, and EISS, patients with ISS� 25 and

NISS� 25 both had significantly lower mortality rates, lower ICU admission rates, and

shorter ICU LOS compared to patients with EISS� 27.

Conclusions

EISS 9 and 27 can serve as two cut-off points regarding injury severity, and patients with

EISS� 27 have the greatest injury severity. Additionally, these patients have the highest

mortality rate, the highest ICU admission rate, and the longest ICU LOS compared to those

with ISS� 25 and NISS� 25, suggesting that patients with EISS� 27 have the worst

outcome.

Introduction

Trauma patients present to the emergency department (ED) with a great variety of injuries

and diseases. To address these, the Abbreviated Injury Scale (AIS) system defines the severity

of injury throughout the different regions of the body. It is an anatomically based, consensus

derived, global severity scoring system that classifies an individual injury by body region

according to its relative severity on a 6-point scale (1 = minor and 6 = maximal). The system is

constantly revised, expanded, and improved, and the Association for the Advancement of

Automotive Medicine recently announced its latest revision, the AIS 2005—Update 2008 and

AIS 2015. To summarize a single patient’s multiple injures into a single score, the Injury Sever-

ity Score (ISS) was created by Baker et al. in 1974, which has been considered the “gold stan-

dard” among anatomic injury severity indicators. It is based on the AIS severity values, that is,

the summation of the squares of the severity digit in the AIS of the most severe injuries, in

three of six predefined body regions[1].

However, the ISS only includes one injury in each body region, which leads to possible

inclusion of a less severe injury in other body regions rather than another serious injury in the

same body region. To overcome this limitation, a modified ISS, the New Injury Severity Score

(NISS) was introduced by Osler et al. in 1997. NISS is simply the sum of squares of the three

most severe injuries, regardless of the body regions injured[2]. Further, Wang et al. have cre-

ated the Exponential Injury Severity Score (EISS) in 2014 by modifying the AIS system. The

EISS was computed as the simple change in AIS values by raising each AIS severity score (1–6)

by 3 taking a power of AIS minus 2, and then summing the three most severe scores (i.e., high-

est AIS values), regardless of body regions. If there is an AIS code with a severity of 6 anywhere

in the body, other injury body regions of the AIS scores is not calculated. When the AIS score

is 2, total number of AIS 2 should be deleted from the total scores. Mathematical expression:

EISS = 3A - 2 + 3B - 2 + 3C - 2, where A, B, and C are the three most severe AIS codes (Table 1)

[3]. With this exponential transformation of the AIS values, the EISS is expected to be more

reflective of the true severity of injuries in a patient with polytrauma. In Wang’s study, the

EISS is reported to be more predictive of survival; therefore, it might be used as the standard

summary measure of human trauma[3].

A comparison between the ISS and the NISS in terms of their predictive capability for mor-

tality has been conducted and can be found in the literature[4–18]. However, it is not clear

whether ISS or NISS is a better predictor of mortality. Moreover, the new EISS has not been
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applied in real time thus far; therefore, a comparison with other severity scores has not been

performed. In this study, we aimed to investigate the three different injury severity scores (the

ISS, NISS, and EISS) in terms of their predictive capability of the outcomes and medical

expenses of adult trauma patients.

Methods

We designed a retrospective study reviewing the data for all adult patients aged� 20 years in

the Trauma Registry System of Kaohsiung Chang Gung Memorial Hospital from January 2009

to December 2015. This is a 2,686-bed facility and a level I trauma center that provides care to

trauma patients primarily from South Taiwan [19, 20]. Detailed patient information was

retrieved, including age, gender, AIS, ISS, NISS, hospital length of stay (LOS), intensive care

unit (ICU) LOS, in-hospital mortality, and medical expenses. The final score of AIS was be

provided for trauma patients after admission and before discharge, but not only according to

the situations identified from the first assessment at emergency department. This study was

approved by the institutional review board (IRB) of the Kaohsiung Chang Gung Memorial

Hospital (IRB approved No. 201600225B0). Informed consent was waived according to IRB

regulations. Furthermore, the data were analyzed anonymously so that there was no consent.

In this study, patients were categorized by their ISS, NISS, and EISS. The survival, hospi-

tal LOS, and medical expense curves were created. Medical expenses per person included

the cost of operation (cost of operation and operation supplies), the cost of examination

(cost of physical examination, hematology testing, radiography, pathological examination,

electrocardiography, echo, endoscopy, electromyography, cardiac catheterization, and

electroencephalography), cost of pharmaceuticals (cost of pharmacy service, medicine, and

narcotic drugs), and other medical costs (cost of registration and administration, ward fees,

nursing fee, hemodialysis fees, anesthesia fees, rehabilitation-treatment fee, special material

costs, and personal expenses). To evaluate the clinical outcome and medical expenses of

trauma patients, the severely injured patients (ISS� 25, NISS � 25, and EISS � 27) and the

moderately injured patients (ISS of 16–24, NISS of 16–24, and EISS of 9–16) were compared

with the mildly injured patients (ISS < 16, NISS < 16, and EISS < 9), using the SPSS v.20

statistical software (IBM, Armonk, NY). Chi-square tests were used for categorical variables

to determine the significance of the associations between the predictor and outcome vari-

ables. Student t-tests were applied for continuous variables to analyze normally distributed

data, while Mann-Whitney U tests were used to compare non-normally distributed data.

The corresponding crude odds ratios (ORs) with 95% confidence intervals (CIs) for each

variable were obtained. All of the results were presented as the mean ± standard deviation.

A p-value of < 0.05 was considered statistically significant.

Table 1. Calculation of Exponential Injury Severity Score (EISS) according to the Abbreviated Injury

Scale (AIS) codes.

AIS codes

(A)

3A-2

(B) (C) (D)

1 31−2 3−1 0.3

2 32−2 30 1

3 33−2 31 3

4 34−2 32 9

5 35−2 33 27

6 36−2 34 81

https://doi.org/10.1371/journal.pone.0187871.t001
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Results

According to the survival rate-to-severity score relationships (Fig 1) and mortality rate-to-

severity score relationships (Fig 2) of all patients classified according to the ISS, NISS, and

EISS, decreases in the survival of patients can be identified at severity scores of 16 and� 25 for

patients classified by the ISS and NISS scoring systems. This is compatible with severe and

very severe injury according to the literature[21–23] (Fig 1). Meanwhile, decreases in survival

are located at severity scores of 9 and�27 for patients classified with the EISS. Hence, accord-

ing to the survival rate-to-severity score relationship curve, we grouped and analyzed all adult

trauma patients as patients with EISS� 27, EISS of 9–16, and EISS < 9. Fig 2 shows that mor-

tality increases at the severity scores of 16 and� 25 for patients classified based on ISS and

NISS. Mortality increases at the severity scores of 9 and� 22 for patients classified based on

EISS.

Relevant demographics and detailed medical expenses of all adult trauma patients classified

according to the ISS are summarized in Table 2. Higher mortality rates were noted in patients

with ISS� 25 and in patients with ISS of 16–24 when compared to patients with ISS< 16 (OR

122.6 [95% CI 89.13–168.77], p< 0.001 and OR 12.1 [95% CI 8.35–17.44], p< 0.001, respec-

tively). Similarly, patients with ISS� 25 and ISS of 16–24 had higher ICU admission rates than

patients with ISS < 16. Patients with ISS� 25 and ISS of 16–24 also had higher costs of

Fig 1. The survival rate-to-severity score relationships of all patients classified according to the ISS, NISS, and EISS.

https://doi.org/10.1371/journal.pone.0187871.g001
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Fig 2. The mortality rate-to-severity score relationships of all patients classified according to the ISS, NISS, and EISS.

https://doi.org/10.1371/journal.pone.0187871.g002

Table 2. Demographics and medical expenses of adult trauma patients according to ISS classification.

Variables ISS�25

n = 757 (I)

ISS of 16–24

n = 1788 (II)

16>ISS

n = 15310 (III)

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

I vs III II vs III

Age 51.5±18.8 54.6±19.1 52.2±19.3 — 0.334 — <0.001

Gender, n (%) <0.001 <0.001

Male 522(69.0) 1173(65.6) 8408(54.9) 1.8(1.56–2.13) 1.6(1.41–1.74)

Female 235(31.0) 615(34.4) 6902(45.1) 0.5(0.47–0.64) 0.6(0.58–0.71)

Mortality, n (%) 217(28.7) 68(3.8) 50(0.3) 122.6(89.13–168.77) <0.001 12.1(8.35–17.44) <0.001

Hospital LOS (days) 20.6±19.6 14.3±13.0 8.3±8.2 — <0.001 — <0.001

ICU patients, n (%) 664(87.7) 1197(66.9) 1340(8.8) 74.4(59.49–93.14) <0.001 21.1(18.85–23.65) <0.001

ICU LOS (days) 12.0±14.8 7.3±9.8 8.5±10.0 — <0.001 — 0.003

Cost of operation 1148±1530 539±860 434±499 — <0.001 — <0.001

Cost of examination 578±612 346±422 104±221 — <0.001 — <0.001

Cost of pharmaceutical 919±1608 422±1634 126±437 — <0.001 — <0.001

Medical expenses 9652±10694 4754±6165 2538±2945 — <0.001 — <0.001

CI = confidence interval; ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; OR = odds ratio

https://doi.org/10.1371/journal.pone.0187871.t002
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operation, costs of examination, pharmaceutical costs, and total medical expenses compared

with patients with ISS < 16 did.

Table 3 summarizes all adult trauma patients classified and analyzed according to the NISS.

Patients with higher NISS also had significantly higher mortality rates, longer hospital LOS,

and higher ICU admission rates. In terms of medical expenses, patients with NISS� 25 and

NISS of 16–24 had significantly higher costs of operation, costs of examination, pharmaceuti-

cal costs, and total medical expenses compared to patients with NISS< 16.

The demographics and medical expenses of all adult trauma patients classified according to

the EISS are demonstrated in Table 4. As expected, significantly higher mortality rates were

noted in patients with EISS� 27 and in patients with EISS of 9–26 when compared to patients

with EISS < 9 (OR 235.7 [95% CI 168.78–329.23], p<0.001 and OR 17.9 [95% CI 12.73–

Table 3. Demographics and medical expenses of adult trauma patients according to NISS classification.

Variables NISS�25

n = 1036 (I)

NISS of 16–24

n = 2149 (II)

16>NISS

n = 14670 (III)

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

I vs III II vs III

Age 52.1±19.0 53.1±19.1 52.3±19.3 — 0.762 — 0.081

Gender, n (%) <0.001 <0.001

Male 709(68.4) 1365(63.5) 8029(54.7) 1.8(1.57–2.05) 1.4(1.31–1.58)

Female 327(31.6) 784(36.5) 6641(45.3) 0.6(0.49–0.64) 0.7(0.63–0.76)

Mortality, n (%) 235(22.7) 56(2.6) 44(0.3) 97.5(70.13–135.61) <0.001 8.9(5.98–13.24) <0.001

Hospital LOS (days) 19.5±18.3 14.2±12.5 8.0±7.8 — <0.001 — <0.001

ICU patients, n (%) 844(81.5) 1175(54.7) 1182(8.1) 50.2(42.42–59.32) <0.001 13.8(12.41–15.27) <0.001

ICU LOS (days) 11.1±13.9 7.0±9.5 8.9±10.4 — <0.001 — <0.001

Cost of operation 1022±1420 629±945 414±442 — <0.001 — <0.001

Cost of examination 540±580 298±402 99±211 — <0.001 — <0.001

Cost of pharmaceutical 803±1472 374±1499 119±422 — <0.001 — <0.001

Medical expenses 8683±9875 4816±5986 2408±2686 — <0.001 — <0.001

CI = confidence interval; ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; NISS = new injury severity score; OR = odds ratio

https://doi.org/10.1371/journal.pone.0187871.t003

Table 4. Demographics and medical expenses of adult trauma patients according to EISS classification.

Variables EISS�27

n = 416 (I)

EISS of 9–26

n = 1780 (II)

9>EISS

n = 15659 (III)

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

I vs III II vs III

Age 52.4±19.3 54.8±19.0 52.1±19.3 — 0.789 — <0.001

Gender, n(%) <0.001 <0.001

Male 286(68.8) 1178(66.2) 8639(55.2) 1.8(1.45–2.21) 1.6(1.43–1.76)

Female 130(31.3) 602(33.8) 7020(44.8) 0.6(0.45–0.69) 0.6(0.57–0.70)

Mortality, n(%) 183(44.0) 100(5.6) 52(0.3) 235.7(168.78–329.23) <0.001 17.9(12.73–25.07) <0.001

Hospital LOS (days) 20.4±22.3 14.9±13.6 8.5±8.4 — <0.001 — <0.001

ICU patients, n(%) 384(92.3) 1292(72.6) 1525(9.7) 111.2(77.25–160.13) <0.001 24.5(21.83–27.58) <0.001

ICU LOS (days) 14.5±17.8 7.6±9.8 8.4±9.7 — <0.001 — 0.035

Cost of operation 1332±1789 554±906 443±515 — <0.001 — <0.001

Cost of examination 606±665 378±451 110±231 — <0.001 — <0.001

Cost of pharmaceutical 1113±1787 464±1688 133±458 — <0.001 — <0.001

Medical expenses 10933±12420 5130±6708 2618±3083 — <0.001 — <0.001

CI = confidence interval; ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; EISS = exponential injury severity score; OR = odds

ratio

https://doi.org/10.1371/journal.pone.0187871.t004
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25.07], p<0.001, respectively), which was compatible with the ISS and NISS classifications.

The hospital LOS, ICU admission rates, and medical expenses for patients with EISS� 27 and

patients with EISS of 9–26 were also significantly longer and higher than that of patients with

EISS < 9.

The comparison of the demographics and detailed medical expenses of very severely

injured adult trauma patients among the ISS, NISS, and EISS classifications (Table 5) revealed

that there were 757, 1,036, and 416 patients with ISS� 25, NISS� 25, and EISS� 27. Both

patients with ISS� 25 and NISS� 25 had significantly lower mortality rates compared to

patients with EISS� 27 (28.7% vs. 44.0%, OR 0.5 [95% CI 0.40–0.66], p<0.001 and 22.7% vs.

44.0%, OR 0.4 [95% CI 0.29–0.48], p<0.001, respectively). Additionally, the ICU admission

rates for patients with ISS� 25 and NISS� 25 were 87.7% and 81.5%, respectively, and they

were both significantly lower than that of patients with EISS� 27 (92.3%). The patients admit-

ted to the ICU with EISS� 27 had significantly longer ICU LOS compared to patients who

had ISS/NISS� 25. Among these patients, those fatal patients had similar ICU LOS no matter

which scoring system was applied. In contrast, the patients admitted to the ICU that survived

with EISS� 27 still had significantly longer ICU LOS compared to patients that survived with

ISS/NISS� 25. In terms of medical expenses, patients with NISS� 25 had significantly lower

cost of operation, cost of pharmaceutical, and total medical expenses in comparison with

patients with EISS� 27.

The hospital LOS-to-severity score relationships of all patients and the survivors are sum-

marized in Figs 3 and 4. The hospital LOS was well correlated with the severity score when

ISS/NISS < 25 for patients classified based on ISS and NISS, especially if the patient sustained

only mild injuries (ISS/NISS < 16). The EISS classification, on the other hand, did not corre-

late with or predict the hospital LOS well. The total medical expenses-to-severity score rela-

tionships of all adult trauma patients are summarized in Fig 5. The EISS did not correlate with

Table 5. Comparison of the demographics and detailed medical expenses of severely injured adult trauma patients classified according to the

ISS, NISS, and EISS.

Variables ISS�25

n = 757 (I)

NISS�25

n = 1036 (II)

EISS�27

n = 416 (III)

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

I vs III II vs III

Age 51.5±18.8 52.1±19.0 52.4±19.3 — 0.443 — 0.820

Gender, n (%)

Male 522(69.0) 709(68.4) 286(68.8) 1.0(0.78–1.31) 0.942 1.0(0.77–1.26) 0.907

Female 235(31.0) 327(31.6) 130(31.3) 1.0(0.77–1.28) 0.942 1.0(0.79–1.30) 0.907

Mortality, n (%) 217(28.7) 235(22.7) 183(44.0) 0.5(0.40–0.66) <0.001 0.4(0.29–0.48) <0.001

Hospital LOS (days) 20.6±19.6 19.5±18.3 20.4±22.3 — 0.916 — 0.449

ICU patients, n (%) 664(87.7) 844(81.5) 384(92.3) 0.6(0.39–0.91) 0.015 0.4(0.25–0.54) <0.001

ICU LOS (days) 12.0±14.8 11.1±13.9 14.5±17.8 — 0.018 — 0.001

Mortality (ICU) 203(30.6) 217(25.7) 175(45.6) 0.5(0.41–0.68) <0.001 0.4(0.32–0.53) <0.001

ICU LOS (days) 7.4±9.0 7.6±9.1 7.2±8.6 — 0.890 — 0.659

Survival (ICU) 461(69.4) 627(74.3) 209(54.4) 1.9(1.47–2.47) <0.001 2.4(1.88–3.12) <0.001

ICU LOS (days) 14.0±16.4 12.3±15.1 20.6±21.0 — <0.001 — <0.001

Cost of operation 1148±1530 1022±1420 1332±1789 — 0.065 — 0.002

Cost of examination 578±612 540±580 606±665 — 0.481 — 0.078

Cost of pharmaceutical 919±1608 803±1472 1113±1787 — 0.066 — 0.002

Medical expenses 9652±10694 8683±9875 10933±12420 — 0.077 — 0.001

CI = confidence interval; ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; EISS = exponential injury severity score; NISS = new

injury severity score OR = odds ratio

https://doi.org/10.1371/journal.pone.0187871.t005
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and was not a predictor of the total medical expenses, whereas the ISS/NISS and the total med-

ical expenses correlated well for patients with ISS/NISS < 16.

Discussion

In this study, relevant demographics and detailed medical expense records of all adult trauma

patients were collected and analyzed according to the ISS and the NISS classification system.

In addition, we investigated the new EISS classification system. With the help of the survival

rate-to-severity score relationship curve, two cut-off values were set (EISS: 9 and 27), and all

patients were grouped into one of the following groups: patients with EISS� 27, EISS of 9–26,

and EISS < 9. The categorization correlated with that according to ISS and NISS, i.e., ISS/

NISS� 25, 25 > ISS/NISS� 16, and ISS/NISS < 16. Not surprisingly, patients with EISS� 27

had the highest mortality rate and medical expenses compared to those with EISS of 9–26 and

EISS < 9, representing the patient group of greatest injury severity.

Moreover, we compared patients with ISS� 25, NISS� 25, and EISS� 27, and discovered

that patients with EISS� 27 not only had the highest mortality, but also had the highest ICU

admission rate and the longest ICU LOS among the three groups of patients. Additionally,

only 416 patients had EISS� 27, which were fewer than those with ISS� 25 and NISS� 25.

In other words, EISS� 27 included the patients that had the worst outcome, even when com-

pared to those with ISS� 25 or NISS� 25.

Fig 3. The hospital LOS-to-severity score relationships of all patients classified according to the ISS, NISS, and EISS.

https://doi.org/10.1371/journal.pone.0187871.g003
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Although the ISS seemed to be the most commonly used scheme to describe the severity of

multiple trauma patients, it was still debatable whether the ISS or the NISS better differentiates

mortality and poor outcome. A number of previous studies demonstrated that the NISS pre-

dicted mortality better than the ISS, and served as a better predictor of extended hospital LOS

and ICU admission rate as compared to the ISS[4–8, 11]. Some studies observed better calibra-

tion, but equivalent discrimination with the ISS[12, 13]. Additionally, some studies found no

advantages in using the NISS [14–18].

Wang et al. proposed the novel EISS in a retrospective cohort study, which reviewed data

that comprised more than eight thousand patients from 2007 to 2012[3]. The examination and

analysis in this study aimed to test the performance of the NISS and the EISS. These authors

discovered that if the data sets were examined graphically, most of the survivors fell into the

relatively lower EISS category when compared with the NISS, and that EISS better distin-

guished survivors from non-survivors. Furthermore, in the graph of the NISS against mortal-

ity, the authors noticed a very choppy and non-monotonic line, while the EISS mortality rates

were distributed more closely to the auxiliary line in the graph of the EISS against mortality.

Additionally, Wang et al. performed a formal statistical analysis to confirm the superior pre-

dictive power of the EISS over the NISS in terms of mortality. Although the ISS has already

become a worldwide instrument for communication, while it would never be the case for the

Fig 4. The hospital LOS-to-severity score relationships for survivors classified according to the ISS, NISS, and EISS.

https://doi.org/10.1371/journal.pone.0187871.g004
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novel EISS (or even the NISS), they still concluded that the EISS provides better statistical char-

acteristics, and provides a more accurate prediction of the prognosis and mortality when com-

pared to the NISS. They therefore suggested replacing the ISS and the NISS with the novel

EISS.

Our study established the cut-off values for the EISS further, and discovered that patients

with high EISS had worse outcomes compared to those with either high ISS or NISS. However,

in our study the EISS does not correlate well with hospital LOS or medical expenses. In addi-

tion, although the cutoff of 27 of EISS was selected for severe injury because of an obvious

decrease in survival according to the survival rate-to-severity score relationship curve, there

were fewer patients with EISS� 27 than patients with ISS/NISS� 25, therefore the mortality

rate will increase relatively. This study also has several limitations. One major limitation is the

retrospective design, which comes with an inherent selection bias. Secondly, the indications

for ICU admission/discharge are not documented in our trauma registry system, and we also

lack data regarding the circumstances of the injury. Another source of potential bias might be

the exclusion of patients declared dead either on hospital arrival or at the accident scene, and

those who were discharged against the advice. Finally, the population included in this study is

limited to a single urban trauma center in southern Taiwan, which may not be representative

of other populations.

Fig 5. The total medical expenses-to-severity score relationships of all patients classified according to the ISS, NISS, and EISS.

https://doi.org/10.1371/journal.pone.0187871.g005
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Conclusion

Based on this study, we conclude that EISS 9 and 27 might serve as two cut-off points regard-

ing injury severity, and patients with EISS� 27 represent the patient group with the greatest

injury severity. These patients have the highest mortality rate, the highest ICU admission rate,

and the longest ICU LOS compared to those with ISS� 25 and NISS� 25, suggesting that

EISS� 27 consists of the patient group with the worst outcomes.
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Abstract: The Abbreviated Injury Scale (AIS) measures injury severity of a trauma patient with a numeric
method for ranking anatomy-based specific injuries. The summation of the squares of the three most
severe injuries in the AIS of six predefined body regions comprises the Injury Severity Score (ISS).
It assumes that the mortality of a given AIS value is similar across all body regions. However, such an
assumption is less explored in the literature. In this study, we aimed to compare the mortality rates of the
patients with the same AIS value in different injured body regions in a level I trauma center. Hospitalized
adult trauma patients with isolated serious to critical injury (AIS of 3 to 5) between 1 January 2009,
and 31 December 2016, from the Trauma Registry System in a level I trauma center were grouped
according to the injured body regions (including, the head/neck, thorax, abdomen, or extremities) and
were exclusively compared according to their AIS stratum. Categorical data were compared using the
two-sided Fisher exact or Pearson chi-square tests. ANOVA with Games-Howell post hoc test was
performed to assess the differences in continuous data of the patients with injury in different body
regions. The primary outcome of the study was in-hospital mortality. The adjusted odds ratios (AORs)
were estimated using a stepwise selection of a multivariable regression model adjusted by controlling
the confounding variables such as sex, age, comorbidities, and ISS. Survival curves were estimated with
the Kaplan–Meier approach with a corresponding log-rank test. The patients with AIS of 5 for abdomen
injury and those with AIS of 3 for extremity injury had a significantly lower odds of adjusted mortality
(adjusted odds ratio (AOR) 0.1, 95% confidence interval (CI) 0.01–0.39, p = 0.004 and AOR 0.3, 95% CI
0.15–0.51, p < 0.001, respectively) than that of the patients with head/neck injury. However, the patients
with AIS of 4 for extremity injury demonstrated significantly higher odds of adjusted mortality (AOR
8.4, 95% CI 2.84–25.07, p < 0.001) than the patients with head/neck injury. This study found that the
risks to mortality in the patients with a given AIS value of serious to critical injury in different injured
body regions were not the same, even after controlling for confounding variables such as sex, age,
comorbidities, and ISS.
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1. Background

The Abbreviated Injury Scale (AIS) was developed in 1971 to measures injury severity of a trauma
patient with a numeric method for ranking anatomy-based specific injuries [1]. The AIS assesses the
severity of the anatomical injury on a six-point ordinal scale ranging from minor (1), moderate (2),
serious (3), severe (4), critical (5), to un-survivable injury (6), and served as a fundamental base of
many severity scoring systems. For example, the Injury Severity Score (ISS), created by Baker et al.
in 1974, is the summation of the squares of the three most severe injuries in the AIS of six predefined
body regions [2]; the New Injury Severity Score (NISS) introduced by Osler et al. in 1997, is the
summation of the squares of the three most severe injuries, regardless of the body regions injured [3];
and the Exponential Injury Severity Score (EISS), created in 2014 by modifying the AIS system, is
mathematically expressed as EISS = 3A−2 + 3B−2 + 3C−2, where A, B, and C are the three most severe
AIS codes [4,5].

As the scores of these different systems in injury severity assessment are based solely on the
AIS, their final scores will be greatly influenced by the accuracy of AIS in determining individual
anatomical injury severity. The AIS scores are created according to many dimensions of the injury,
including impacted energy, extent of organ damage, threat to life, permanent impairment, and period
of management [1]. The mortality of a given AIS value is assumed to be similar across all body regions.
Under such condition, for example, it supposes the mortality rate will be similar for a patient with
an AIS of 5 in the head/neck region and in the thorax, as well as for a patient with an AIS of 4 in the
head/neck region and in the abdomen. However, such an assumption is less explored in the literature.
Therefore, we aimed to compare the mortality rates of the patients with the same AIS value in different
injured body regions in a level I trauma center. Considering the mortality rates are relatively low for
the patients with AIS of 1 or 2 and extremely high for the patients with AIS of 6, only the patients with
isolated serious to critical injury (AIS of 3 to 5) in only one body region were included in this study.
The primary hypothesis of this study was that the patients with a given AIS value in different injured
body regions would have a similar risk to mortality.

2. Methods

2.1. Study Design

This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang Gung
Memorial Hospital (reference number 201701603B0), a level I regional trauma center providing care
to trauma patients, primarily from southern Taiwan [6,7]. According to the regulations of the IRB,
the informed consent was waived. This retrospective study reviewed all hospitalized adult patients
(n = 23,845) registered in the Trauma Registry System from 1 January 2009 to 31 December 2016. To avoid
the confounding effect of injuries to other body regions, for those patients with AIS = 3 or 4 injuries
to body region, polytrauma patients [8] with additional AIS scores of ≥3 points in any other region
of their body were excluded. Furthermore, because the number of patients with isolated AIS = 5
injury to one body region was too few for a powerful statistical analysis, therefore additional group
of patients with AIS = 5 injury to either body region was included and the polytrauma patients were
not excluded from the analysis especially for this studied group of patients. In addition, patients with
a fatal (AIS = 6, n = 37) or mild (AIS = 1 or 2, n = 12,184) injuries were also excluded from the study.
Thus, the patients included in this study were defined as having isolated serious to critical injury
(AIS of 3 to 5) in only one body region (Figure 1), and were allocated into groups with injury to
the head/neck (n = 3262), face (n = 16), thorax (n = 1016), abdomen (n = 329), extremity (n = 5995),
and external (n = 134) regions. Patients with isolated injury to the face region were excluded from
further analysis owing to the limited number of individuals (n = 16) in this group. Similarly, some
patients with isolated injury to the external injury (n = 134) who also had burn injuries were excluded
because the latter injuries induces a different presentation and outcome from trauma patients. Finally,
the study population included adult patients with serious to critical injury to one body region in the
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head/neck, thorax, abdomen, or extremity, and each was exclusively divided into three groups: AIS of
3, 4, or 5 (Figure 1). Detailed patient information retrieved from the Trauma Registry System included
the following: sex; age; vital signs, including temperature (◦C), heart rate (beats/min), respiratory rate
(times/min), systolic blood pressure (mmHg), upon arrival at emergency department; comorbidities,
such as diabetes mellitus (DM), hypertension (HTN), coronary artery disease (CAD), congestive heart
failure, cerebrovascular accident (CVA), and end-stage renal disease (ESRD); trauma mechanism;
ISS, data was presented as the median with interquartile range; hospital length of stay; the rates of
admission into the ICU; and in-hospital mortality.
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Figure 1. Flow chart of the studied patients with injuries to different body regions in AIS of 3–5.

2.2. Statistical Analysis

The patients were stratified into groups with an AIS of 3, 4, or 5. The injury characteristics and
outcomes of the patients with injury in different body regions (thorax, abdomen, or extremity) were
compared to those with injury in the head/neck region, who comprised the largest portion of the
studied population. We used the SPSS (version 20.0, IBM Corp., Armonk, NY, USA) for all statistical
analyses. The categorical data was compared with Pearson chi-square or Two-sided Fisher exact tests
with presented odds ratios (ORs) and 95% confidence intervals (CIs). The homogeneity of variance
of continuous data was estimated using Levene’s test, and then ANOVA with Games-Howell post
hoc test was used to assess the differences between the patients with injury in head/neck region and
those with injury in regions of thorax, abdomen, or extremity. The continuous data were presented as
mean ± standard deviation. For those patients with isolated AIS = 3 or 4 injury to one body region, the
adjusted odds ratios (AORs) were estimated using a stepwise selection of a multivariable regression
model adjusted by controlling the confounding variables such as sex, age, comorbidities, mechanisms,
and ISS, with the 95% CI of this AOR calculated. For those patients with combined AIS = 5 injury,
potential confounding factor as AIS ≥ 3 to other body region was used as additional variable in
the calculation of AORs in the multivariable regression model. The primary outcome of the study
was mortality of the patients in the hospital. Survival curves were estimated with the Kaplan-Meier
approach with a corresponding log-rank test. p-values < 0.05 were defined as statistically significant.

3. Results

3.1. Injury Characteristics and Outcomes of Patients with AIS of 5

Among these groups of patients with injury of AIS of 5, those with an extremity injury were not
analyzed because of the limited number of individuals (n = 3) in this group. As shown in Table 1,
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no significant difference in sex, age, comorbidities, and injury mechanism was noted between the
patients with thorax injury and head/neck injury. Patients with abdomen injury were younger,
presented with lower odds of HTN, and had a higher incidence of injury with most of these patients
being the motor vehicle drivers, but with a lower incidence of injury from a fall than those with
abdomen injury. There was no significant difference in ISS between the patients with thorax or
abdomen injury and those with head/neck injury. As shown in Table 2, in the group of patients with
combined AIS = 5 injury to the regions of the head/neck (n = 1680), thorax (n = 256), abdomen (n = 59),
and extremity (n = 22), the patients with thorax injury were significantly younger, presented with
lower odds of HTN, and with a higher incidence of injury as a motor vehicle passenger than those with
head/neck injury (Table 3); the patients with abdomen injury were significantly younger, presented
with lower odds of HTN, and had a higher incidence of injury as the motor vehicle drivers, but a lower
incidence of injury from a fall than those with head/neck injury; the patients with extremity injury
were still too few for a powerful analysis (Table 3). Regarding to ISS, those patients with injury to
abdomen (p = 0009), but not to thorax (p = 0.090), were significantly severely injured than those with
injury to head/neck. Compared to the patients with head/neck injury, those with AIS = 5 injury to the
thorax and abdomen had significantly 3.0- and 2.8-fold of associated AIS ≥ 3 injuries to other body
regions. Those with injury to the thorax and did not had significantly different odds of mortality than
the patients with head/neck injury, regardless under the adjustment of potential confounders (AOR,
0.4; 95% CI, 0.14–1.25; p = 0.118) or under log-rank test (p = 0.219). In contrast, those with injury to the
abdomen had a significantly lower odds of mortality than the patients with head/neck injury (OR,
0.04; 95% CI, 0.01–0.32; p < 0.001), even after adjustment (AOR, 0.1; 95% CI, 0.01–0.39; p = 0.004) or
under log-rank test (p < 0.001).

Table 1. Injury characteristics and outcomes of patients with AIS of 5.

Variables Head/Neck n = 404 Thorax n = 11 Abdomen n = 17

Sex
Male, n (%) 265 (65.6) 8 (72.7) 12 (70.6)

Female, n (%) 139 (34.4) 3 (27.3) 5 (29.4)

Age (years) 57.1 ±19.3 49.8 ±18.4 37.4 ±15.5

Co-morbidities
DM, n (%) 63 (15.6) 1 (9.1) 1 (5.9)

HTN, n (%) 131 (32.4) 1 (9.1) 1 (5.9)
CAD, n (%) 22 (5.4) 0 (0.0) 0 (0.0)
CHF, n (%) 4 (1.0) 0 (0.0) 0 (0.0)
CVA, n (%) 22 (5.4) 0 (0.0) 0 (0.0)
ESRD, n (%) 17 (4.2) 0 (0.0) 0 (0.0)

Mechanisms
Driver (motor vehicle), n (%) 4 (1.0) 0 (0.0) 3 (17.6)

Passenger (motor vehicle), n (%) 4 (1.0) 1 (9.1) 1 (5.9)
Driver (motorcycle), n (%) 165 (40.8) 3 (27.3) 10 (58.8)
Pillion (motorcycle), n (%) 10 (2.5) 1 (9.1) 1 (5.9)

Bicyclist, n (%) 27 (6.7) 0 (0.0) 0 (0.0)
Pedestrian, n (%) 17 (4.2) 0 (0.0) 1 (5.9)

Fall, n (%) 163 (40.3) 6 (54.5) 1 (5.9)
Struck by/against, n (%) 14 (3.5) 0 (0.0) 0 (0.0)

ISS 26.3 ±2.2 26.4 ±2.0 27.3 ±2.3
Mortality, n (%) 179 (44.3) 1 (9.1) 1 (5.9)

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow coma scale; HTN = hypertension;
ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; OR = odds ratio.
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Table 2. Injury characteristics and outcomes of patients with AIS of 5 (Patients with combined injuries).

Variables Head/Neck n = 1680 Thorax n = 256 Abdomen n = 59 Extremity n = 22

Sex
Male, n (%) 339 (67.4) 15 (78.9) 19 (65.5) 2 (33.3)

Female, n (%) 164 (32.6) 4 (21.1) 10 (34.5) 4 (66.7)

Age (years) 55.5 ±19.2 46.7 ±19.5 39.1 ±16.0 44.2 ±12.8

Co-morbidities
DM, n (%) 78 (15.5) 1 (5.3) 1 (3.4) 0 (0.0)

HTN, n (%) 154 (30.6) 1 (5.3) 1 (3.4) 1 (16.7)
CAD, n (%) 24 (5.4) 0 (0.0) 0 (0.0) 0 (0.0)
CHF, n (%) 4 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)
CVA, n (%) 23 (4.6) 1 (5.3) 0 (0.0) 0 (0.0)
ESRD, n (%) 17 (3.4) 0 (0.0) 0 (0.0) 0 (0.0)

Mechanisms
Driver (motor vehicle), n (%) 11 (2.2) 1 (5.3) 6 (20.7) 0 (0.0)

Passenger (motor vehicle), n (%) 6 (1.2) 2 (10.5) 1 (3.4) 0 (0.0)
Driver (motorcycle), n (%) 226 (44.9) 9 (47.4) 16 (55.2) 2 (33.3)
Pillion (motorcycle), n (%) 12 (2.4) 1 (5.3) 1 (3.4) 2 (33.3)

Bicyclist, n (%) 31 (6.2) 0 (0.0) 0 (0.0) 1 (16.7)
Pedestrian, n (%) 24 (4.8) 0 (0.0) 1 (3.4) 0 (0.0)

Fall, n (%) 177 (35.2) 6 (31.6) 3 (10.3) 1 (16.7)
Struck by/against, n (%) 16 (3.2) 0 (0.0) 1 (3.4) 0 (0.0)

ISS 29.1 ±6.8 33.5 ±10.5 33.4 ±8.2 36.3 ±12.7
Temperature (◦C) 36.4 ±1.8 36.3 ±0.7 36.3 ±0.4 36.2 ±0.2

Heart rate (beats/min) 91.6 ±26.7 99.5 ±21.1 100.3 ±20.0 98.3 ±24.4
Respiratory rate (times/min) 19.0 ±4.8 22.7 ±9.2 21.3 ±4.5 23.0 ±8.5

Systolic blood pressure (mmHg) 155.9 ±48.9 122.8 ±30.5 103.4 ±27.6 105.7 ±36.9
AIS ≥ 3 in other region (s) 99 (19.7) 8 (42.1) 12 (41.4) 3 (50.0)

Mortality, n (%) 229 (45.5) 5 (26.3) 1 (3.4) 3 (50.0)

CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular accident; ESRD = end-stage
renal disease; GCS = Glasgow coma scale; HTN = hypertension; ICU = intensive care unit; ISS = injury severity
score; LOS = length of stay.

Table 3. Comparison of injury characteristics and outcomes of patients with injury to thorax, abdomen,
and extremity vs. injury to head/neck in the patients with AIS 5 (Patients with combined injuries).

Thorax vs. Head/Neck Abdomen vs. Head/Neck

Variables Odds Ratio (95% CI) p Odds Ratio (95% CI) p

Sex
Male, n (%) 1.8 (0.59–5.55) 0.331 0.9 (0.42–2.02) 0.840

Female, n (%) 0.6 (0.18–1.69) 0.331 1.1 (0.50–2.39) 0.840

Age (years) - 0.050 - <0.001

Co-morbidities
DM, n (%) 0.3 (0.04–2.30) 0.334 0.2 (0.03–1.45) 0.103

HTN, n (%) 0.1 (0.02–0.95) 0.019 0.1 (0.01–0.60) 0.003
CAD, n (%) - 0.615 - 0.388
CHF, n (%) - 1.000 - 1.000
CVA, n (%) 1.2 (0.15–9.07) 1.000 - 0.391
ESRD, n (%) - 0.650 - 0.615

Mechanisms
Driver (motor vehicle), n (%) 2.5 (0.30–20.30) 0.362 11.7 (3.97–34.33) <0.001

Passenger (motor vehicle), n (%) 9.7 (1.83–51.86) 0.031 3.0 (0.34–25.42) 0.326
Driver (motorcycle), n (%) 1.1 (0.44–2.76) 1.000 1.5 (0.71–3.20) 0.339
Pillion (motorcycle), n (%) 2.3 (0.28–18.44) 0.386 1.5 (0.18–11.64) 1.000

Bicyclist, n (%) - 0.402 - 0.247
Pedestrian, n (%) - 0.618 0.7 (0.09–5.46) 1.000

Fall, n (%) 0.9 (0.32–2.28) 0.812 0.2 (0.06–0.71) 0.007
Struck by/against, n (%) - 0.659 1.1 (0.14–8.49) 1.000

ISS - 0.090 - 0.009
Temperature (◦C) - 0.696 - 0.678

Heart rate (beats/min) - 0.204 - 0.085
Respiratory rate (times/min) - 0.100 - 0.013

Systolic blood pressure (mmHg) - 0.004 - <0.001
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Table 3. Cont.

Thorax vs. Head/Neck Abdomen vs. Head/Neck

Variables Odds Ratio (95% CI) p Odds Ratio (95% CI) p

AIS ≥ 3 in other region (s) 3.0 (1.16–7.57) 0.024 2.8 (1.33–6.23) 0.009
Mortality, n (%) 0.4 (0.15–1.20) 0.107 0.04 (0.01–0.32) <0.001

Adjusted mortality 0.4 (0.14–1.25) 0.118 0.1 (0.01–0.39) 0.004
Log-Rank test - 0.219 - <0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow coma scale; HTN = hypertension;
ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; OR = odds ratio.

3.2. Injury Characteristics and Outcomes of Patients with AIS of 4

In the patients with AIS of 4, a significant male predominance in the patients with thorax injury
was noted when compared to that of patients with head/neck injury, but no significant difference
was noted when comparing patients with abdomen or extremity injury to those with head/neck
injury (Tables 4 and 5). The patients with thorax and abdomen injury, but not extremity injury,
were significantly younger than those with head/neck injury. Regarding the comorbidities, patients with
thorax injury presented with lower odds of HTN, CVA, and ESRD, while those with abdomen injury
presented with lower odds of DM and HTN, and the patients with extremity injury presented with
lower odds of HTN when compared to the patients with head/neck injury. In the patients with thorax
injury, majority of the patients were drivers or passengers in a motor vehicle accident, hence fewer
patients in this group sustained a bicycle accident or fall injury as compared to those with head/neck
injury. Similarly, in the patients with abdomen injury, as majority of the patients were drivers in a
motor vehicle accident as well as victims who were struck by a vehicle, there were fewer patients who
sustained a fall injury as compared to the patients with head/neck injury. In the patients with extremity
injury, there was a higher rate of fall injury than in the patients with head/neck injury. The patients
with thorax injury had a significantly higher ISS than the patients with head/neck injury, but there
was no significant difference of ISS between the patients with abdomen or extremity injury and the
patients with head/neck injury. No significant differences in mortality were noted between the patients
with injuries to the thorax and abdomen vs. head/neck. The adjusted odds of mortality was higher
in the patients with extremity injury (AOR, 8.4; 95% CI, 2.84–25.07; p < 0.001) when compared to
those with head/neck injury. No significant differences were noted in adjusted mortality between the
patients with injuries to the thorax and head/neck (AOR, 0.3; 95% CI, 0.09–1.01; p = 0.051) as well
as between the patients with injuries to the abdomen and head/neck (AOR, 2.1; 95% CI, 0.64–6.80;
p = 0.220). Regarding the mortality rate of the patients with extremity injury or abdomen vs. head/neck,
the log-rank tests of Kaplan–Meier survival analysis remained the similar conclusion with those driven
from adjusted mortality. However the log-rank test revealed there was significant difference of mortality
rates between the patients with injuries to the thorax than to the head/neck.

Table 4. Injury characteristics and outcomes of patients with AIS of 4.

Variables Head/Neck n = 1680 Thorax n = 256 Abdomen n = 59 Extremity n = 22

Sex
Male, n (%) 1077 (64.1) 191 (74.6) 37 (62.7) 12 (54.5)

Female, n (%) 603 (35.9) 65 (25.4) 22 (37.3) 10 (45.5)

Age (years) 58.0 ±19.4 52.1 ±15.2 40.9 ±16.8 56.0 ±19.3

Co-morbidities
DM, n (%) 324 (19.3) 37 (14.5) 2 (3.4) 1 (4.5)

HTN, n (%) 591 (35.2) 60 (23.4) 5 (8.5) 2 (9.1)
CAD, n (%) 89 (5.3) 8 (3.1) 0 (0.0) 0 (0.0)
CHF, n (%) 14 (0.8) 0 (0.0) 0 (0.0) 0 (0.0)
CVA, n (%) 114 (6.8) 8 (3.1) 0 (0.0) 0 (0.0)
ESRD, n (%) 54 (3.2) 1 (0.4) 1 (1.7) 0 (0.0)
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Table 4. Cont.

Variables Head/Neck n = 1680 Thorax n = 256 Abdomen n = 59 Extremity n = 22

Mechanisms
Driver (motor vehicle), n (%) 13 (0.8) 16 (6.2 11 (18.6) 0 (0.0)

Passenger (motor vehicle), n (%) 9 (0.5) 6 (2.3) 2 (3.4) 1 (4.5)
Driver (motorcycle), n (%) 749 (44.6) 157 (61.3) 31 (52.5) 9 (40.9)
Pillion (motorcycle), n (%) 28 (1.7) 3 (1.2) 0 (0.0) 0 (0.0)

Bicyclist, n (%) 90 (5.4) 3 (1.2) 2 (3.4) 3 (13.6)
Pedestrian, n (%) 67 (4.0) 9 (3.5) 1 (1.7) 0 (0.0)

Fall, n (%) 663 (39.5) 46 (18.0) 6 (10.2) 5 (22.7)
Struck by/against, n (%) 61 (3.6) 16 (6.2) 6 (10.2) 4 (18.2)

ISS 17.7 ±2.5 19.0 ±2.7 18.0 ±2.4 17.7 ±2.1
Temperature (◦C) 36.5 ±1.1 36.5 ±0.7 36.4 ±0.8 36.4 ±1.1

Heart rate (beats/min) 86.2 ±18.5 93.6 ±18.8 89.9 ±19.3 103.9 ±25.2
Respiratory rate (times/min) 18.7 ±2.6 19.2 ±2.7 19.2 ±2.6 20.8 ±4.8

Systolic blood pressure (mmHg) 156.6 ±35.3 141.9 ±33.4 118.6 ±31.6 101.8 ±42.7
Mortality, n (%) 80 (4.8) 3 (1.2) 4 (6.8) 5 (22.7)

CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular accident; ESRD = end-stage
renal disease; GCS = Glasgow coma scale; HTN = hypertension; ICU = intensive care unit; ISS = injury severity
score; LOS = length of stay.

Table 5. Comparison of injury characteristics and outcomes of patients with injury to thorax, abdomen,
and extremity vs. injury to head/neck in the patients with AIS 4.

Thorax vs. Head/Neck Abdomen vs. Head/Neck Extremity vs. Head/Neck

Variables Odds Ratio (95% CI) p Odds Ratio (95% CI) p Odds Ratio (95% CI) p

Sex
Male, n (%) 1.6 (1.22–2.22) 0.001 0.9 (0.55–1.61) 0.890 0.7 (0.29–1.56) 0.376

Female, n (%) 0.6 (0.45–0.82) 0.001 1.1 (0.62–1.82) 0.890 1.5 (0.64–3.47) 0.376

Age (years) - <0.001 - <0.001 - 0.622

Co-morbidities
DM, n (%) 0.7 (0.49–1.02) 0.070 0.1 (0.04–0.61) 0.002 0.2 (0.03–1.49) 0.100

HTN, n (%) 0.6 (0.42–0.77) <0.001 0.2 (0.07–0.43) <0.001 0.2 (0.04–0.79) 0.011
CAD, n (%) 0.6 (0.28–1.20) 0.166 - 0.071 - 0.408
CHF, n (%) - 0.238 - 1.000 - 1.000
CVA, n (%) 0.4 (0.21–0.92) 0.026 - 0.052 - 0.394
ESRD, n (%) 0.1 (0.02–0.86) 0.013 0.5 (0.07–3.82) 0.721 - 0.642

Mechanisms
Driver (motor vehicle), n (%) 8.5 (4.06–17.99) <0.001 29.4 (12.53–68.94) <0.001 - 1.000

Passenger (motor vehicle), n (%) 4.5 (1.57–12.63) 0.009 6.5 (1.38–30.84) 0.051 8.8 (1.07–72.95) 0.122
Driver (motorcycle), n (%) 2.0 (1.51–2.58) <0.001 1.4 (0.82–2.32) 0.234 0.9 (0.37–2.02) 0.831
Pillion (motorcycle), n (%) 0.7 (0.21–2.32) 0.616 - 0.623 - 1.000

Bicyclist, n (%) 0.2 (0.07–0.67) 0.004 0.6 (0.15–2.58) 0.584 2.8 (0.81–9.60) 0.115
Pedestrian, n (%) 0.9 (0.43–1.78) 0.738 0.4 (0.06–3.04) 0.515 - 0.625

Fall, n (%) 0.3 (0.24–0.47) <0.001 0.2 (0.07–0.41) <0.001 0.5 (0.17–1.23) 0.127
Struck by/against, n (%) 1.8 (1.00–3.12) 0.057 3.0 (1.24–7.26) 0.024 5.9 (1.94–17.95) 0.008

ISS - <0.001 - 0.451 - 0.991
Temperature (◦C) - 0.306 - 0.728 - 0.839

Heart rate (beats/min) - <0.001 - 0.131 - 0.004
Respiratory rate (times/min) - 0.004 - 0.158 - 0.053

Systolic blood pressure (mmHg) - <0.001 - <0.001 - <0.001
Mortality, n (%) 0.2 (0.07–0.76) 0.012 1.5 (0.51–4.11) 0.528 5.9 (2.12–16.35) 0.004

Adjusted mortality 0.3 (0.09–1.01) 0.051 2.1 (0.64–6.80) 0.220 8.4 (2.84–25.07) <0.001
Log-Rank test - 0.003 - 0.713 - 0.028

CAD = coronary artery disease; CHF = Congestive Heart Failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow coma scale; HTN = hypertension;
ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; OR = odds ratio.

3.3. Injury Characteristics and Outcomes of Patients with AIS of 3

In the patients with AIS of 3, a significant male predominance in patients with thorax injury and a
female predominance in the patients with extremity injury than in the patients with head/neck injury
were noted, but no significant difference was noted in the patients with abdomen injury than in patients
with head/neck injury (Tables 6 and 7). Compared to the patients with head/neck injury, the patients
with abdomen injury were significantly younger, but patients with extremity injury were significantly
older. Regarding the comorbidities, the patients with thorax injury presented with lower odds of
CVA, those with abdomen injury presented with lower odds of HTN, and those with extremity injury
presented with higher odds of DM, HTN, CAD, CVA, and ESRD than the patients with head/neck
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injury. Compared to the patients with head/neck injury, the patients with thorax injury had a higher
rate of patients as a driver in a motor vehicle accident and sustained a struck injury, but a lower rate
of patients sustained a bicycle accident and was injured as a pedestrian; the patients with abdomen
injury had a higher rate of patients as a driver in a motor vehicle accident, who was injured in a fall
accident, and as a victim in a struck injury but a lower rate of patients in a bicycle accident and in a fall
injury; patients with extremity injury had sustained a lower rates of injures as a driver or passenger in
a motor vehicle accident, as a motorcycle driver, as a bicyclist, and as a pedestrian but had a higher
rate of fall injury. The patients with thorax injury had a significantly higher ISS than the patients
with head/neck injury, but the patients with abdomen or extremity injury had a significantly lower
ISS than the patients with head/neck injury. Compared to the patients with head/neck injury, the
patients with extremity injury had significantly lower odds of mortality (OR, 0.5; 95% CI, 0.28–0.83;
p = 0.009), but no significant difference of mortality was noted between the patients with injury to the
thorax or abdomen and the patients with injury to the head/neck. The adjusted odds of mortality
showed similar results as the patients with extremity injury had significantly lower odds of adjusted
mortality (AOR, 0.3; 95% CI, 0.15–0.51; p < 0.001) than the patients with head/neck injury and there
was no significant difference of the adjusted mortality between the patients with injury to the thorax or
abdomen and the patients with injury to the head/neck. The log-rank tests of Kaplan–Meier survival
analysis remained the similar conclusion with those driven from adjusted mortality of the patients
with injury to thorax, abdomen, or extremity vs. head/neck.

Table 6. Injury characteristics and outcomes of patients with AIS of 3.

Variables Head/Neck n = 1178 Thorax n = 749 Abdomen n = 253 Extremity n = 5967

Sex
Male, n (%) 686 (58.2) 517 (69.0) 151 (59.7) 2599 (43.6)

Female, n (%) 492 (41.8) 232 (31.0) 102 (40.3) 3368 (56.4)

Age (years) 54.2 ±18.7 54.6 ±16.1 48.5 ±18.0 62.2 ±19.9

Co-morbidities
DM, n (%) 177 (15.0) 119 (15.9) 34 (13.4) 1373 (23.0)

HTN, n (%) 371 (31.5) 211 (28.2) 55 (21.7) 2519 (42.4)
CAD, n (%) 36 (3.1) 20 (2.7) 6 (2.4) 379 (6.4)
CHF, n (%) 12 (1.0) 4 (0.5) 2 (0.8) 100 (1.7)
CVA, n (%) 59 (5.0) 17 (2.3) 6 (2.4) 490 (8.2)
ESRD, n (%) 20 (1.7) 10 (1.3) 1 (0.4) 191 (3.2)

Mechanisms
Driver (motor vehicle), n (%) 21 (1.8) 31 (4.1) 18 (7.1) 56 (0.9)

Passenger (motor vehicle), n (%) 14 (1.2) 12 (1.6) 6 (2.4) 28 (0.5)
Driver (motorcycle), n (%) 650 (55.2) 432 (57.7) 99 (39.1) 1848 (31.0)
Pillion (motorcycle), n (%) 31 (2.6) 13 (1.7) 4 (1.6) 125 (2.1)

Bicyclist, n (%) 63 (5.3) 23 (3.1) 3 (1.2) 232 (3.9)
Pedestrian, n (%) 37 (3.1) 12 (1.6) 4 (1.6) 115 (1.9)

Fall, n (%) 310 (26.3) 173 (23.1) 92 (36.4) 3317 (55.6)
Struck by/against, n (%) 52 (4.4) 53 (7.1) 27 (10.7) 246 (4.1)

ISS 11.0 ±2.4 11.7 ±2.5 10.4 ±2.0 9.3 ±1.1
Temperature (◦C) 36.5 ±1.1 36.5 ±0.7 36.4 ±0.8 36.4 ±1.1

Heart rate (beats/min) 86.2 ±18.5 93.6 ±18.8 89.9 ±19.3 103.9 ±25.2
Respiratory rate (times/min) 18.7 ±2.6 19.2 ±2.7 19.2 ±2.6 20.8 ±4.8

Systolic blood pressure (mmHg) 156.6 ±35.3 141.9 ±33.4 118.6 ±31.6 101.8 ±42.7
Mortality, n (%) 19 (1.6) 7 (0.9) 4 (1.6) 47 (0.8)

CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular accident; ESRD = end-stage
renal disease; GCS = Glasgow coma scale; HTN = hypertension; ICU = intensive care unit; ISS = injury severity
score; LOS = length of stay.
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Table 7. Comparison of injury characteristics and outcomes of patients with injury to thorax, abdomen,
and extremity vs. injury to head/neck in the patients with AIS 3.

Thorax vs. Head/Neck Abdomen vs. Head/Neck Extremity vs. Head/Neck

Variables Odds Ratio (95% CI) p Odds Ratio (95% CI) p Odds Ratio (95% CI) p

Sex
Male, n (%) 1.6 (1.32–1.94) <0.001 1.1 (0.81–1.40) 0.674 0.6 (0.49–0.63) <0.001

Female, n (%) 0.6 (0.52–0.76) <0.001 0.9 (0.71–1.24) 0.674 1.8 (1.59–2.05) <0.001

Age (years) - 0.625 - <0.001 - <0.001

Co-morbidities
DM, n (%) 1.1 (0.83–1.38) 0.650 0.9 (0.59–1.30) 0.559 1.7 (1.43–2.01) <0.001

HTN, n (%) 0.9 (0.70–1.04) 0.127 0.6 (0.44–0.84) 0.002 1.6 (1.39–1.82) <0.001
CAD, n (%) 0.9 (0.50–1.52) 0.678 0.8 (0.32–1.85) 0.684 2.2 (1.52–3.05) <0.001
CHF, n (%) 0.5 (0.17–1.62) 0.310 0.8 (0.17–3.48) 1.000 1.7 (0.91–3.02) 0.122
CVA, n (%) 0.4 (0.26–0.76) 0.003 0.5 (0.20–1.08) 0.094 1.7 (1.29–2.24) <0.001
ESRD, n (%) 0.8 (0.37–1.68) 0.577 0.2 (0.03–1.72) 0.153 1.9 (1.20–3.05) 0.006

Mechanisms
Driver (motor vehicle), n (%) 2.4 (1.36–4.17) 0.002 4.2 (2.21–8.04) <0.001 0.5 (0.32–0.87) 0.014

Passenger (motor vehicle), n (%) 1.4 (0.62–2.94) 0.544 2.0 (0.77–5.31) 0.232 0.4 (0.21–0.75) 0.006
Driver (motorcycle), n (%) 1.1 (0.92–1.33) 0.300 0.5 (0.40–0.69) <0.001 0.4 (0.32–0.41) <0.001
Pillion (motorcycle), n (%) 0.7 (0.34–1.26) 0.215 0.6 (0.21–1.70) 0.381 0.8 (0.53–1.18) 0.274

Bicyclist, n (%) 0.6 (0.35–0.91) 0.023 0.2 (0.07–0.68) 0.004 0.7 (0.54–0.95) 0.025
Pedestrian, n (%) 0.5 (0.26–0.97) 0.038 0.5 (0.18–1.40) 0.216 0.6 (0.42–0.88) 0.011

Fall, n (%) 0.8 (0.68–1.04) 0.118 1.6 (1.20–2.13) 0.002 3.5 (3.05–4.03) <0.001
Struck by/against, n (%) 1.6 (1.11–2.45) 0.013 2.6 (1.59–4.21) <0.001 0.9 (0.69–1.26) 0.690

ISS - <0.001 - <0.001 - <0.001
Temperature (◦C) - 0.710 - 0.918 - 0.103

Heart rate (beats/min) - 0.377 - 0.055 - 0.573
Respiratory rate (times/min) - 0.699 - 0.330 - 0.074

Systolic blood pressure (mmHg) - 0.038 - <0.001 - 0.499
Mortality, n (%) 0.6 (0.24–1.38) 0.231 1.0 (0.33–2.91) 1.000 0.5 (0.28–0.83) 0.009

Adjusted mortality 0.6 (0.23–1.40) 0.218 0.9 (0.29–2.89) 0.875 0.3 (0.15–0.51) <0.001
Log-Rank test - 0.100 - 0.719 - 0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow coma scale; HTN = hypertension;
ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; OR = odds ratio.

3.4. Summary of the Odds of Adjusted Mortality in the Patients

A summary of the odds of adjusted mortality in the patients with AIS of 3 to 5 in different regions
is shown in Figure 2. The patients with abdomen injury of AIS of 5 and the patients with extremity
injury of AIS of 3 had significantly lower odds of adjusted mortality than the patients with head/neck
injury. However, the patients with extremity injury of AIS of 4 had significantly higher odds of adjusted
mortality than the patients with head/neck injury.
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This study compared the mortality outcomes of hospitalized trauma patients with the same AIS
value of 3 to 5 in only one body region and found that the risks to mortality in the patients with
a given AIS value in different injured body regions were not the same, even under the control of
the confounding variables such as sex, age, comorbidities, and ISS. When compared to the patients
with head/neck injury, significantly lower odds of adjusted mortality was noted in the patients with
abdomen injury of AIS of 5 and the patients with extremity injury of AIS of 3, but significantly higher
odds of adjusted mortality was noted in the patients with extremity injury of AIS of 4. The results
contradicted the assumption that the patients with a given AIS value in different injured body regions
would have a similar risk to mortality.

It had been reported that the imprecision of AIS was partly attributed to the expert-assigned
severities of the AIS for each of the 1322 injuries in the AIS lexicon in the past and the calculation of
empirical values was simply infeasible [9,10]. Because only six severity grades are available in the
AIS, assigning the same severity may have altered the mortalities within a given AIS severity level
across all body regions [9,10]. When only International Classification of Diseases (ICD)-9-CM codes
are reported, ICD-9-CM-based severity scores perform even better than severity scores based on the
conversion to AIS [11]. Furthermore, there was an overlap of the ranges of the mortality risk ratio
value between different AIS severity levels such that similar mortality rates may be observed in some
injuries of different AIS values [12]. In addition, the mechanism of injury such as penetrating or blunt
trauma may significantly have an impact on the mortality rates of a given AIS value [13]. For an AIS of
4 or 5 in the head, penetrating trauma patients had a significantly higher mortality than blunt patients
even under the controlling of age, sex, and other AIS categories [13]. For an AIS of 3 in the extremity
and for an AIS of 1 in the external region, penetrating trauma patients had higher adjusted mortality in
the regression model, albeit unadjusted mortality for blunt and penetrating patients was similar [13].
Therefore, the mechanism-based mortality may differ in specific AIS values by body region and may
be attributed to certain ranges of the ISS [13].

It has been reported that certain ISS values exist for which patient mortality varies significantly
depending on which AIS triplet combination of the trauma patients [14–17]. In particular, for an ISS
of 25, mortality for the patients with AIS triplet of 5, 0, and 0 was higher than the patients with AIS
triplet of 4, 3, and 0 [14,15], which also comprised the largest difference being 32% for an ISS of 25 [16].
Some authors had reported that ISS underestimates the relative consequences of the patients with
orthopedic injury [18], penetrating injury to the abdomen [19], and vascular injury [20]. In this study,
we demonstrated that the risks to mortality were not the same in the patients with a given AIS value
in different injured body regions. Obviously, as stated in the introduction to the current version of the
AIS of 2005, “The precise dimensions of severity have not been explicitly determined because these
components change with time”, it is infeasible to compare the outcomes of the AIS for each of the
more than one thousand injuries in the AIS lexicon and the measurement of extent to which they have
influenced the severity assigned is not possible. However, despite its well-known flaws, ISS is still
used as the “gold standard” to indicate the injury severity of the trauma patients in many trauma
centers. Therefore, we suggested that, before a comparison being performed, a matched distribution of
patients with injuries to different body regions between different groups of trauma patients should be
acquired first to reduce the inherit bias of AIS-derived calculation of ISS.

This study had some limitations. First, the number of patients with the injuries to some body
regions was limited and this may have caused a bias in outcome assessment. Second, the retrospective
design of the study may have carried a selection bias, and under such condition, we could only
rely on the assumption that a uniform management of these patients was given. Third, the patients
declared dead at the accident scene or on hospital arrival were not included in the study and may
have led to a selection bias [21,22]. In addition, long-term mortality was not evaluated in this study.
Furthermore, we can only assume there were a uniform treatment to these studied patients in the
condition of lacking information regarding pharmacological history and pharmacological treatments
as well as the collaboration between the physician and the care manager, which can attribute to the
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outcomes of the patients [23], thus may result in bias in the outcome measurement. Finally, changes in
the AIS version may have altered the measured outcome and subsequent predictive value of the ISS,
with regard to specific dimensions over time [24].

4. Conclusions

This study found that the risks to mortality in the patients with a given AIS value of serious
to critical injury in different injured body regions were not the same, even under the control of the
confounding variables such as sex, age, comorbidities, and ISS.
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Abstract: Background: In contrast to patients with traumatic subarachnoid hemorrhage (tSAH) in
the presence of other types of intracranial hemorrhage, the prognosis of patients with isolated
tSAH is good. The incidence of mortality in these patients ranges from 0–2.5%. However, few
data or predictive models are available for the identification of patients with a high mortality risk.
In this study, we aimed to construct a model for mortality prediction using a decision tree (DT)
algorithm, along with data obtained from a population-based trauma registry, in a Level 1 trauma
center. Methods: Five hundred and forty-five patients with isolated tSAH, including 533 patients who
survived and 12 who died, between January 2009 and December 2016, were allocated to training
(n = 377) or test (n = 168) sets. Using the data on demographics and injury characteristics, as well
as laboratory data of the patients, classification and regression tree (CART) analysis was performed
based on the Gini impurity index, using the rpart function in the rpart package in R. Results: In this
established DT model, three nodes (head Abbreviated Injury Scale (AIS) score ≤4, creatinine (Cr)
<1.4 mg/dL, and age <76 years) were identified as important determinative variables in the prediction
of mortality. Of the patients with isolated tSAH, 60% of those with a head AIS >4 died, as did the 57%
of those with an AIS score ≤4, but Cr ≥1.4 and age ≥76 years. All patients who did not meet the
above-mentioned criteria survived. With all the variables in the model, the DT achieved an accuracy
of 97.9% (sensitivity of 90.9% and specificity of 98.1%) and 97.7% (sensitivity of 100% and specificity
of 97.7%), for the training set and test set, respectively. Conclusions: The study established a DT model
with three nodes (head AIS score ≤4, Cr <1.4, and age <76 years) to predict fatal outcomes in patients
with isolated tSAH. The proposed decision-making algorithm may help identify patients with a high
risk of mortality.

Keywords: traumatic brain injury; subarachnoid hemorrhage; traumatic subarachnoid hemorrhage;
mortality; decision tree
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1. Introduction

Traumatic subarachnoid hemorrhage (tSAH) is frequently observed in patients with head
injuries [1]. In patients visiting the emergency department (ED) for the treatment of blunt head
injury, tSAH was found to be the second most frequent consequence of traumatic brain injury (TBI) [2]
and occurred in 33–60% of patients after moderate or severe TBI [1,3–5]. It has been shown that
tSAH is a marker of a more severe initial injury, indicating greater mechanical forces and intracranial
deformation [6]. In the presence of tSAH, symptomatic cerebral vasospasm may develop in around
20% of patients with severe TBI [7,8].

Isolated tSAH is defined as the exclusive presence of tSAH in the absence of any other traumatic
radiographic intracranial pathology. In contrast to those patients with tSAH in the presence of other
intracranial hemorrhage, the prognosis of patients with isolated tSAH is good [9,10]. In patients
with mild TBI (Glasgow Coma Scale (GCS) score ≥13) and isolated tSAH, no neurologic decline
or need for neurosurgical procedures was observed [11–15]. In a retrospective study evaluating
isolated tSAH in patients with mild TBI (GCS 13–15), of 67 patients, only 1 patient (1.5%) experienced
neurological deterioration, and not a single patient required neurosurgical intervention [16]. In a
meta-analysis study, the cumulative incidences of radiographic progression and eventual neurosurgical
intervention after isolated tSAH were 5.76% (95% confidence interval (CI) 1.18–12.9%) and 0.0017%
(95% CI 0–0.39%), respectively [10]. In the same meta-analysis study, among eight studies with a total
of 873 patients with isolated tSAH, the incidence of mortality ranged from 0–2.5%, with a cumulative
incidence of 0.60% across all the included studies (95% CI 0.09–1.4%) [10].

A previously conducted study recommended a protocol which did not require transfer for
neurosurgical consultation for patients with isolated tSAH and a GCS score of 15 [10,17]. However, for
most of the patients found to have an isolated tSAH on the CT scan, few data are available to help
in the identification of high-risk individuals and guide physicians on which patients will likely need
further evaluation and treatment. Despite the frequency of neurosurgical consultation, only a minority
of patients may actually undergo neurosurgical intervention. Two common prediction models (the
International Mission for Prognosis and Analysis of Clinical Trials in Traumatic Brain Injury (IMPACT))
and Corticosteroid Randomization after Significant Head Injury (CRASH)), based on large clinical
trial datasets, have shown good discrimination and accurate outcome predictions for patients with
TBI [18–20]. However, these two models lack the precision required for use at the individual patient
level [21,22], and are not suitable to be applied in the management of patients with isolated tSAH.

The decision tree (DT) is a machine learning model, and is composed of decision rules based on
optimal feature cutoff values that recursively split independent variables into different groups, and
predict an outcome in a hierarchical manner [17,23,24]. To define the variables that could identify
individuals at a risk for mortality from among patients with isolated tSAH, we aimed to construct a
model for mortality prediction using the DT algorithm and data obtained from a population-based
trauma registry, in a Level 1 trauma center. This established model may be useful to determine patients
with a high mortality risk, and help improve clinical decision-making in the case of patients with
isolated tSAH.

2. Materials and Methods

2.1. Study Population

Approval was obtained from the institutional review board of the Kaohsiung Chang Gung
Memorial Hospital (reference number 201701412B0). This hospital is a Level 1 regional trauma center
in southern Taiwan [25,26]. Then, the database of the Trauma Registry System was searched for the
diagnostic injury code 852.0 (traumatic subarachnoid hemorrhage) from the International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). All injury data were coded according to
the 1998 version of the Abbreviated Injury Scale (AIS). The AIS is coded by two trauma registrars, who
review medical records for written descriptions of injury from radiologists and physicians and do not
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rely indirectly on ICD-9-CM diagnostic codes. The head AIS scores are presented as the following
scores: 1 (minor); 2 (moderate); 3 (serious); 4 (severe); 5 (critical); and 6 (unsurvivable). All adult
patients (≥20 years of age) who presented with head trauma and tSAH requiring admission from
1 January 2009 to 31 December 2016, were included in the study. To avoid the confounding effect of
injuries of other body regions on the mortality assessment, polytrauma patients [27] with an AIS score
≥3 in any other region of the body were excluded from the study. Thus, the included patients were
defined as having isolated tSAH. Of the 1665 identified patients with TBI, 545 patients had isolated
tSAH, which included 533 who survived and 12 who died. The following data were retrieved: sex;
age; body mass index (BMI); co-morbidities such as diabetes mellitus (DM), hypertension (HTN),
coronary artery disease (CAD), congestive heart failure (CHF), cerebral vascular accident (CVA), and
end-stage renal disease (ESRD); vital signs, including temperature, systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR), respiratory rate (RR); shock index (=HR/SBP); Injury
Severity Score (ISS); GCS score; AIS score in different regions of the body; white blood cell (WBC) and
red blood cell (RBC) count, levels of hemoglobin (Hb), hematocrit (Hct), platelets, blood urine nitrogen
(BUN), creatinine (Cr), alanine aminotransferase (ALT), aspartate aminotransferase (AST), sodium
(Na), potassium (K), and glucose at the ED; hospital length of stay (LOS); rates of admission to the
intensive care unit (ICU); and in-hospital mortality. ISS was expressed as the median and interquartile
range (IQR, Q1–Q3).

2.2. Decision Tree Classifier

Enrolled patients were divided into a training set and a test set, with a ratio of 7:3. Of the
545 patients with isolated tSAH, 377 and 168 patients, were assigned to the training set and the test
set, respectively. The training set was used for predictor discovery and supervised classification to
generate a plausible model. The test set was used to test the performance of the model generated in
the training sample. The DT classification was performed using classification and regression trees
(CART), based on the Gini impurity index using the rpart function in the rpart package in R. The CART
analysis searched for the split on the variable that would partition the data into two different groups—a
group of mostly ‘1 s’ (people who died) and a group of mostly ‘0 s’ (people who survived) [28,29].
The CART model partitioned the data and assigned a predicted class to each subgroup. With the
repetition of the same process on each predictor in the model, the CART identifies the best overall split
by iteratively testing all the possible splits and producing the greatest reduction in impurity [30,31].
The CART analysis was performed recursively, in this manner, until the specified stopping criteria were
reached, a specified number of nodes were created, or a further reduction in node impurity became
impossible [30–32]. In order to generate a sequence of simpler trees, each of which is a candidate for
the appropriately-fit final tree, the method of “cost-complexity” pruning is used. In this study, the
complexity parameter (α), a measure of how much additional accuracy a split must add to the entire
tree to warrant additional complexity, was 0.001.

2.3. Performance of the Decision Tree Classifier

The accuracy, sensitivity, and specificity of the DT model were calculated. In the test set, stratified
10-fold cross-validation was used to evaluate the predictive power of the models. Briefly, the patients
were randomly divided into 10 folds, and the number of patients with an event was approximately
equal in all folds. The model was developed using nine folds and validation on the tenth.

2.4. Statistical Analysis

We performed the statistical analyses using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA) and R 3.3.3 (R Foundation, Vienna, Austria). The primary outcome of
the study was in-hospital mortality. Two-sided Fisher’s exact or Pearson’s chi-square tests were used to
compare categorical data, with presented odds ratios (ORs) and 95% CIs. The normality of continuous
data was examined using the Kolmogorov-Smirnov test. The normally distributed continuous data
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and non-normally distributed data were analyzed with unpaired Student’s t- and Mann-Whitney
U-tests, respectively, and presented as mean ± standard deviation. p-values < 0.05 were defined as
statistically significant.

3. Results

3.1. Characteristics and Outcomes of Patients with Isolated tSAH

No significant differences in sex and comorbidities were observed between the survival and
mortality groups (Table 1). The mortality group had significantly higher AIS scores in the head and
abdomen regions than the survival group. As shown in Table 2, the mortality group had a significantly
higher ISS (median (IQR), 25 (26.3)) than the survival group (15 (2.0)). In addition, the mortality group
had a significantly higher HR, glucose, RBC, Na, Cr, and AST level, but lower GCS, DBP, Hb, and Hct
levels than the survival group.

Table 1. Categorical variables of patient sex, co-morbidities, and abbreviation injury scale (AIS) scores
in the body regions. CVA: cerebral vascular accident; CAD: coronary artery disease; HTN: hypertension;
CHF: congestive heart failure; ESRD: end-stage renal disease DM: diabetes mellitus.

Variables Total
(n = 545)

Survival
(n = 533)

Mortality
(n = 12) p-Value

Sex
Female 270 (49.5%) 264 (49.5%) 6 (50%)

>0.999Male 275 (50.5%) 269 (50.5%) 6 (50%)

CVA
No 521 (95.6%) 510 (95.7%) 11 (91.7%)

0.421Yes 24(4.4%) 23(4.3%) 1 (8.3%)

CAD
No 528 (96.9%) 516 (96.8%) 12 (100%)

>0.999Yes 17 (3.1%) 17 (3.2%) 0 (0%)

HTN
No 379 (69.5%) 371 (69.6%) 8 (66.7%)

0.762Yes 166(30.5%) 162(30.4%) 4 (33.3%)

CHF
No 537(98.5%) 525(98.5%) 12 (100%)

>0.999Yes 8(1.5%) 8(1.5%) 0(0%)

ESRD
No 538 (98.7%) 526 (98.7%) 12 (100%)

>0.999Yes 7(1.3%) 7(1.3%) 0(0%)

DM
No 469 (86.1%) 458 (85.9%) 11 (91.7%)

>0.999Yes 76 (13.9%) 75 (14.1%) 1 (8.3%)

AIS (Head)

3 452 (82.9%) 449 (84.2%) 3 (25%)

<0.001
4 79 (14.5%) 77 (14.5%) 2 (16.7%)
5 13 (2.4%) 7 (1.3%) 6 (50%)
6 1 (0.2%) 0 (0%) 1 (8.3%)

AIS (Face)
0 410 (75.2%) 401 (75.2%) 9 (75%)

>0.9991 48 (8.8%) 47 (8.9%) 1 (8.3%)
2 87 (16%) 85 (15.9%) 2 (16.7%)

AIS (Thorax)
0 502 (92.1%) 491 (92.1%) 11 (91.7%)

0.5051 19 (3.5%) 18 (3.4%) 1 (8.3%)
2 24 (4.4%) 24 (4.5%) 0 (0%)

AIS (Abdomen)
0 534 (98%) 523 (98.1%) 11 (91.7%)

0.0071 4 (0.7%) 3 (0.6%) 1 (8.3%)
2 7 (1.3%) 7 (1.3%) 0 (0%)
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Table 1. Cont.

Variables Total
(n = 545)

Survival
(n = 533)

Mortality
(n = 12) p-Value

AIS (Extremity)
0 390 (71.6%) 381 (71.5%) 9 (75%)

0.9651 52 (9.5%) 51 (9.6%) 1 (8.3%)
2 103 (18.9%) 101 (18.9%) 2 (16.7%)

AIS (External)
0 452 (82.9%) 441 (82.7%) 11 (91.7%)

0.7011 93 (17.1%) 92 (17.3%) 1 (8.3%)

Table 2. Continuous variables of patient age, injury characteristic, physiological response, and
laboratory data. BMI: body mass index; HR: heart rate; SBP: systolic blood pressure; RR: respiratory
rate; GCS: Glasgow Coma Score; ISS: Injury Severity Score; RBC: red blood cell; WBC: white blood
cell; Hb: hemoglobin; Hct: hematocrit; BUN: blood urea nitrogen; Cr: creatinine; AST: aspartate
aminotransferase; ALT: alanine aminotransferase.

Variables Total (n = 545) Survival (n = 533) Mortality (n = 12) p-Value

Age (years) 58.0 (29.0) 58 (28.5) 72 (50.0) 0.312
BMI 23.9 (3.9) 23.9 (3.9) 22.1 (5.7) 0.149

Shock index 0.6 (0.2) 0.6 (0.2) 0.6 (0.4) 0.183
HR (beats/min) 86 (21.0) 86 (20.0) 107 (23.3) 0.018

SBP (mmHg) 149 (47.0) 148 (46.5) 167 (62.5) 0.247
RR (times/min) 19 (2.0) 19 (2.0) 17.5 (5.5) 0.077

Temperature (◦C) 36.4 (0.7) 36.4 (0.7) 36.6 (0.8) 0.740
GCS 15 (2.0) 15 (2.0) 3 (5.5) <0.001
ISS 13 (5.0) 11 (5.0) 25 (26.3) <0.001

RBC (106/uL) 4.4 (0.8) 4.4 (0.8) 4.5 (1.2) 0.034
WBC (103/uL) 11.5 (6.8) 11.5 (6.9) 15.4 (10.2) 0.304

Hb (g/dL) 13.2 (2.5) 13.2 (2.5) 13.2 (4.3) 0.032
Hct (%) 39.3 (6.2) 39.3 (6.3) 39 (11.1) 0.035

Platelets (103/uL) 207 (76.0) 207 (77.0) 209 (116.5) 0.247
Glucose (mg/dL) 132 (49.0) 131 (47.0) 195.5 (271.8) <0.001

Na (mEq/L) 139 (3.0) 139 (3.0) 139 (14.5) 0.016
K (mEq/L) 3.6 (0.6) 3.6 (0.6) 3.8 (1.9) 0.380

BUN (mg/dL) 13 (7.0) 13 (7.0) 18.5 (18.8) 0.081
Cr (mg/dL) 0.8 (0.4) 0.8 (0.4) 1.1 (0.9) 0.005
AST (U/L) 32 (19.0) 32 (18.0) 49 (74.0) 0.003
ALT (U/L) 25 (18.0) 25 (18.5) 25.5 (29.8) 0.202

3.2. Classification by Decision Tree

As shown in Figure 1, in the DT model, the head AIS scorewas identified as the variable of the
initial split, with an optimal cut-off value of ≤4. Among patients with a head AIS score >4 (i.e., AIS
score = 5 or 6), 60% of the patients with isolated tSAH had fatal outcomes and 40% survived. Among
the patients with a head AIS score ≤4, Cr was identified as the variable of the second split, with an
optimal cut-off value of <1.4 mg/dL. For this node, all the patients with Cr <1.4 mg/dL survived.
The outcome of patients with Cr ≥1.4 mg/dL was determined by an additional predictor—age, with an
optimal cut-off value of <76 years; 57% and 43% of patients aged ≥76 had fatal outcomes and survived,
respectively. In contrast, all the patients below the age of 76 years of age survived. According to the
classification by the DT, two groups of patients with a high risk of fatality were identified. With all the
variables in the model, the DT achieved an accuracy of 97.9% (sensitivity of 90.9% and specificity of
98.1%) for the training set. In the test set, the DT achieved an accuracy of 97.7 ± 0.9%, sensitivity of
100.0 ± 0.0%, and specificity of 97.7 ± 0.9%.
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Figure 1. Illustration of the decision tree (DT) model for mortality of patients with isolated traumatic
subarachnoid hemorrhage. The boxes denote the percentage of patients with discriminating variables
from classification and regression tree (CART) analysis. Those who died and survived are indicated
with the fractional number inside the right and left sides of the boxes, respectively.

4. Discussion

In this established DT model, three nodes (head AIS score ≤4, Cr <1.4 mg/dL, and age <76 years)
were identified as important determinative variables in the prediction of mortality in patients. In the
present study, among the patients with isolated tSAH, 60% of the patients with a head AIS score >4
died, as did 57% of the patients with a head AIS score ≤4, but Cr ≥1.4 and age ≥76 years. However, all
the patients who did not fit the above-mentioned criteria survived.

In this DT model, an AIS ≤4 was the first node in predicting fatality in patients. Of the patients
with isolated tSAH, in our study, 60% of those with a head AIS = 5 or 6 were likely to die. However, most
reports state that tSAH in itself is not a significant prognostic factor of further medical or surgical
treatment for mild TBI [11–15]. However, in those head injury patients with an AIS score = 5 (critical)
or 6 (unsurvivable), the prognosis is obviously poor. Notably, as per the 1998 version of the AIS, the
diagnosis of SAH would be assigned an AIS score = 3. In the upgraded version, AIS score = 4 or
5 would be indicative of the presence or loss of consciousness between 6 and 24 h or >24 h, respectively.
Therefore, prolonged time in a state of unconsciousness could also be an important factor in the
determination of mortality in patients with isolated tSAH. This is also in agreement with the opinion
that the neurological status at admission, after tSAH, reflects early brain injury and is a larger predictor
of death [12,13].

Cr <1.4, indicative of renal function, was the second node in the DT model used in the prediction
of fatal outcomes. Laboratory values are infrequently included in TBI prognostic evaluation; however,
they have been shown to assist in determining patient outcomes [33,34]. For example, patients with
SAH are at a high risk of dysnatremia for several weeks following injury [35]. In a multivariate logistic
regression model, hypernatremia (defined as sodium >143 mmol/L) was a statistically borderline
predictor of mortality [36]. Evidence indicated that posterior hypothalamic lesions trigger renal
vasoconstriction by the activation of the renin–angiotensin system, and thereby reduce renal blood
flow [37]. A correlation between high plasma renin activity, high urinary catecholamine excretion,
and poor patient outcome after SAH has been reported [38]. Furthermore, after aneurysmal SAH,
a significant association of renal complications (3.6%, p < 0.001) with unfavorable outcomes was
reported [11].

The third node in the prediction of mortality patients in this DT model was age <76 years.
It is well-known that age, in itself, is an independent predictor of mortality in the case of TBI [39].
The observed increase in mortality begins in the fifth decade of life, with a steep increase occurring at
age 70 years in patients with isolated traumatic brain injury [39]. For those with mild-to-moderate
TBI, with a GCS score of 9–15, the mortality was twice as high among elderly adults compared to
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their younger counterparts [39]. Age was also recognized as an independent predictor of mortality in
patients with tSAH [9,40], and especially in patients with isolated tSAH [16]. In a previously conducted
study, age 58 years was identified as the best threshold for discriminating injury mortality in the case
of SAH [41]. In this study, the threshold of age <76 years was selected by the DT algorithm as the best
split for further classification.

There are many models, including C4.5 and C5.0, DTs, ID3s, CART, and chi-square automatic
interaction detector DTs (CHAIDs), which could be used to construct DT models [26,28]. CART analysis
is an innovative DT model in which several predictive variables are crucial in the identification of
patients at different levels of risk, in various medical fields, through progressive binary splits, to
develop a model for better prediction and clinical decision-making [30–32]. Among these methods,
CART analysis is conducted based on the combination of nonparametric and nonlinear variables
for recursive partitioning analysis [30–32]. Approaches with different DT models may provide a
model with similar predictive power but with the selection of different kinds of variables as nodes.
Determining which tree is the most suitable as a prediction model may depend on the reasonability
of the selected node in explaining the predicted outcomes. One advantage of the DT algorithm is its
construction does not require any domain knowledge or parameter setting, and is therefore appropriate
for exploratory knowledge discovery. The procedure of DT for classifying data based on attributes was
different from conventional statistical analysis, which tends to identify the different variables among
the compared groups. For example, in this study, three nodes (head AIS score ≤4, Cr <1.4 mg/dL, and
age <76 years) were identified as important determinative variables in the prediction of mortality in
patients. However, there was even no significant difference of age between the survival and mortality
group. Furthermore, mortality group had a significantly higher HR, glucose, RBC, Na, and AST level,
in addition to Cr, than the survival group.

One limitation of the study is its relatively small dataset. Therefore, further validation using
larger and different datasets may help in the examination of the usefulness of this decision-making
model. It has been reported that hemorrhages observed in the basal cistern and Sylvian fissure carry
a risk of late deterioration in patients with isolated tSAH [42]. This late deterioration may result
from hematoma expansion, which is caused by the abruption of a perforating branch arising from the
middle cerebral artery at the time of head injury [42]. Wu et al. also suggested that the presence of
tSAH in the basal cisterns or Sylvian fissure on the initial CT scan should be considered as evidence
of progressive hemorrhage on the repeat CT scan, and should warrant prompt consideration of
neurosurgical consultation [43]. In this study, the lack of important information from CT scans in
establishing the DT model may have impaired the predictive power of the constructed model; this is
the second limitation of this study.

Furthermore, the prolonged time spent in a state of unconsciousness could have added to the
determination of mortality outcomes in the patients in this study. However, this indicates that, before
the assignment of the head AIS score, the time of loss of consciousness should be observed for more
than 24 h. Therefore, this decision-making algorithm is not capable of providing prediction within
24 h, thus limiting its application. Additionally, as per the 2005 version of the AIS, the diagnosis of
SAH would be assigned an AIS score = 2, and the modifier of the loss of conscious code would not be
selected if a specific brain injury that can cause unconsciousness is identified [44]. Thus, according to
the data used to establish the model in this study, it is preferable to use the state of tSAH with the loss
of consciousness >24 h to indicate the first node of the DT model.

According to this DT model, it is not possible to determine the mortality of high-risk patients
with very high confidence. However, considering few data are available to help in the identification
of high-risk individuals and guide physicians on which patients will likely need further evaluation
and treatment, this model may still be helpful in classifying the patients into survival groups (AIS
score ≤4 and Cr <1.4 mg/dL as well as AIS score ≤4, Cr ≥1.4 mg/dL, and age <76 years) and groups
of high risk to mortality (AIS score >4 and Cr <1.4 mg/dL as well as AIS score ≤4, Cr ≥1.4 mg/dL,
and age ≥76 years) with predicted mortality rate. This imperfection also indicated that we have space
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for improvement in this established DT model. The present study has some other limitations too, the
first of which is the selection bias associated with the retrospective study design. Due to the relatively
small sample size, the risk factors for mortality may not have been fully assessed. Second, patients
who died at the scene or were declared dead upon hospital arrival were not included in this study,
leading to further selection bias considering that mortality was the primary outcome. Third, in the
absence of a standard protocol for the treatment of patients with isolated tSAH, in this study, we can
only assume that the patients included received uniform management by the care-giving physicians,
especially considering that there was a lack of important information regarding the administration
of anticoagulation and antiepileptic medications. Furthermore, the study was limited to a single
center, and the patient injury characteristics and management may vary from those observed at other
institutions; this limits the generalizability of the findings.

5. Conclusions

The study established a DT model with three nodes (head AIS score ≤4, Cr <1.4, and age <76 years)
to predict fatal outcomes in patients with isolated tSAH. The proposed decision-making algorithm
may help identify patients with a high risk of mortality.
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Abstract: Background: The most widely used methods of describing traumatic brain injury (TBI) are
the Glasgow Coma Scale (GCS) and the Abbreviated Injury Scale (AIS). Recent evidence suggests
that presenting GCS in older patients may be higher than that in younger patients for an equivalent
anatomical severity of TBI. This study aimed to assess these observations with a propensity-score
matching approach using the data from Trauma Registry System in a Level I trauma center.
Methods: We included all adult patients (aged ≥20 years old) with moderate to severe TBI from
1 January 2009 to 31 December 2016. Patients were categorized into elderly (aged ≥65 years) and
young adults (aged 20–64 years). The severity of TBI was defined by an AIS score in the head (AIS 3-4
and 5 indicate moderate and severe TBI, respectively). We examined the differences in the GCS
scores by age at each head AIS score. Unpaired Student’s t- and Mann–Whitney U-tests were used
to analyze normally and non-normally distributed continuous data, respectively. Categorical data
were compared using either the Pearson chi-square or two-sided Fisher’s exact tests. Matched patient
populations were allocated in a 1:1 ratio according to the propensity scores calculated using NCSS
software with the following covariates: sex, pre-existing chronic obstructive pulmonary disease,
systolic blood pressure, hemoglobin, sodium, glucose, and alcohol level. Logistic regression was
used to evaluate the effects of age on the GCS score in each head AIS stratum. Results: The study
population included 2081 adult patients with moderate to severe TBI. These patients were categorized
into elderly (n = 847) and young adults (n = 1234): each was exclusively further divided into three
groups of patients with head AIS of 3, 4, or 5. In the 162 well-balanced pairs of TBI patients with
head AIS of 3, the elderly demonstrated a significantly higher GCS score than the young adults
(14.1 ± 2.2 vs. 13.1 ± 3.3, respectively; p = 0.002). In the 362 well-balanced pairs of TBI patients
with head AIS of 4, the elderly showed a significantly higher GCS score than the young adults
(13.1 ± 3.3 vs. 12.2 ± 3.8, respectively; p = 0.002). In the 89 well-balance pairs of TBI patients with
head AIS of 5, no significant differences were observed for the GCS scores. Conclusions: This study
demonstrated that elderly patients with moderate TBI present higher GCS score than younger patients.
This study underscores the importance of determining of TBI severity in this group of elderly patients
based on the GCS score alone. A lower threshold of GCS cutoff should be adopted in the management
of the elderly patients with TBI.

Int. J. Environ. Res. Public Health 2017, 14, 1378; doi:10.3390/ijerph14111378 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-0945-2746
http://dx.doi.org/10.3390/ijerph14111378
http://www.mdpi.com/journal/ijerph


Int. J. Environ. Res. Public Health 2017, 14, 1378 2 of 12

Keywords: traumatic brain injury (TBI); Glasgow Coma Scale (GCS); age; elderly; propensity-score
matching

1. Background

To date, traumatic brain injury (TBI) remains the leading cause of death and disability worldwide
as well as the most important single injury contributing to traumatic mortality and morbidity [1].
Since 1974, the Glasgow Coma Scale (GCS) has been used as a triage tool to assess the severity of
neurologic deficits and predict the prognosis in patients with TBI [2–6]. The GCS focuses on the
important functions of the central nervous system, consisting of eye-opening, verbal, and motor
responses, and accordingly categorizes the patients into severe (GCS score, 3–8), moderate (GCS
score, 9–12), or mild TBI (GCS score, 13–15) groups [7]. Some studies reported that in addition to age
and pupillary reaction, best motor response can also predict mortality [8]. Even the motor response
component of the GCS alone can predict the mortality outcome in patients with TBI with nearly the
same accuracy as that of the total GCS score [9,10]. GCS is used in most fields to identify patients who
should likely be transferred to a neuroscience center or who require neurosurgical intervention [11].
Therefore, knowledge regarding the correlations between GCS scores and potential patient outcomes
would aid physicians and care providers in dealing with the patients with TBI.

However, one disadvantage of the GCS is that the summed score does not always depict the
patient’s condition accurately [12,13]. Furthermore, recent studies suggest that for an equivalent
anatomical severity of TBI, the elderly may present with a higher GCS than the younger patients [4,8,14,15].
Compared to younger patients, the distribution of presenting GCS was significantly higher in the overall
elderly patients, and also at each given anatomical severity [14]. Elderly patients may have severe
anatomical TBI with high ensuing mortality despite the presentation with a near-normal GCS [16].
In elderly patients with trauma, decreases of GCS scores from 15–14 and 14–13 were associated with
a significant 1.4-fold (95% confidence interval (CI) = 1.07–1.83) and 2.3-fold (95% CI = 1.57–3.52),
respectively, odds of mortality than those of the younger patients [17]. Although elderly patients had
been reported to have the most severe TBI, accompanied by an in-hospital mortality of 49%, the median
presenting GCS was 14 [15].

Therefore, age may affect the relationship between anatomic severity of TBI and the neurologic
conditions measured by the GCS, even after adjusting the covariates of vital signs and demographic
characteristics [4]. However, these studies did not compare the patients by adjusting some other
potential confounding factors that may also impact the evaluation of GCS, i.e., low hemoglobin
(Hb) after a hemorrhage [18,19], profound hyponatremia [20–22], hypoglycemia [23,24], and alcohol
intoxication [25,26]. In addition, whether the motor response of GCS is higher in the elderly
when compared to the younger patients for a given anatomical severity of TBI remains unclear.
Therefore, the present study aimed to assess the effects of age on the scoring of GCS and its motor
response components in patients with TBI. Here, we focused on patients with moderate to severe
TBI and selected a propensity score-matched patient cohort to reduce the effects of differences in sex,
systolic blood pressure (SBP), Hb, sodium (Na), glucose, and blood alcohol concentration (BAC) in the
patient population on the outcome assessment. We hypothesized that neurologic deficit, defined by the
GCS or its motor response components, differs for elderly patients with TBI compared with younger
patients with a similar anatomic TBI severity.

2. Methods

2.1. Study Population

This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang
Gung Memorial Hospital, a Level I regional trauma center in southern Taiwan with reference
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number 201701323B0. According to IRB regulations, the requirement for informed consent was
waived. We included all adult patients (≥20 years old) with moderate to severe TBI from
1 January 2009, to 31 December 2016, and were entered into the Trauma Registry System of the
hospital [27,28]. The following TBIs were defined provided the following diagnostic injury codes from
the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) were found:
concussion (850.0–850.99); cerebral or cerebellar contusion or laceration (851.0–851.99); subarachnoid
hemorrhage (852.0–852.19); subdural hemorrhage (852.2–852.39); extradural hemorrhage (852.4–852.59);
other unspecified intracranial hemorrhage (853.0–853.19); and intracranial injury of other and
unspecified nature (854.0–854.19). The Abbreviated Injury Scale (AIS) is an internationally accepted
anatomy-based measurement of injury severity with a simple numeric method for ranking specific
injuries in an individual [29]. The AIS assess the severity of the anatomical injury representing with
minor injury (1), moderate injury (2), serious to critical (3–5), and maximal injury (6), which indicates
the survival status of the patient. In this study, the severity of TBI was defined using an Abbreviated
Injury Scale (AIS) score in the head (AIS 3-4 and 5 indicate moderate and severe TBI, respectively) [30].
Patients with incomplete data were excluded. Patients were categorized into elderly (≥65 years) and
young adults (20–64 years) each with grades (3–5) of AIS head injury. Finally, the study population
included 2081 adult patients with moderate to severe TB: elderly (n = 847) and young adults (n = 1234),
each was exclusively divided into three groups: head AIS of 3 (elderly, n = 212; young, n = 394),
head AIS of 4 (elderly, n = 510; young, n = 642), and head AIS of 5 (elderly, n = 125; young, n = 198)
(Figure 1). The GCS scores between these groups were compared based on each grade of AIS head
injury severity. In the present study, the enrolled patients were divided into four exclusive groups
based on the above criteria. The retrieved patient information for this study included the following:
age; sex; comorbidities such as diabetes mellitus (DM), hypertension (HTN), coronary artery disease
(CAD), congestive heart failure (CHF), cerebral vascular accident (CVA), end-stage renal disease
(ESRD), and chronic obstructive pulmonary disease (COPD); injury mechanisms; SBP, Hb, Na, glucose,
and BAC measured upon arrival at the emergency department; GCS scale and its motor response
scores; ISS, which was expressed as the median and interquartile range (IQR, Q1–Q3); and in-hospital
mortality. A BAC level of 50 mg/dL, which is the legal limit for drivers in Taiwan, was defined as the
cutoff value of alcohol intoxication.
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2.2. Statistical Analysis

The statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA) and NCSS 10 software (NCSS Statistical Software, Kaysville, UT,
USA). We examined the differences in GCS scores by age at each head AIS score, and this score was
considered as the primary end-point. The motor response scores of GCS were also evaluated. Two-sided
Fisher’s exact or Pearson chi-square tests were used to compare categorical data, and presented with
the odds ratios (ORs) with 95% confidential intervals (CIs) of the calculations. The normally and
non-normally distributed continuous distributed data were analyzed using unpaired Student’s t-tests
and Mann–Whitney U-tests, respectively. All continuous data were presented as mean ± standard
deviation. To minimize the potential confounding effects of the compared patient populations due to
a non-randomized assignment, a 1:1 propensity score-matched study group (elderly vs. young adults)
was created using the Greedy method with a 0.2 caliper width using NCSS 10 software. The propensity
scores were calculated using a logistic regression model with the following covariates: sex, pre-existed
COPD, SBP, Hb, Na, glucose level, and alcohol level. After adjusting for these confounding factors,
the binary logistic regression analysis was used to evaluate the effects of age in each head AIS stratum
on the GCS scores. Statistical significance was set at p-values of <0.05 for each analysis.

3. Results

3.1. Characteristics and Outcomes of TBI Patients with Head AIS of 3

Table 1 shows that no significant differences in sex was observed between the elderly and young
adult TBI patients with head AIS of 3. DM, HTN, CAD, CHF, CVA, and COPD were significantly
higher in elderly than in the young adults, but there was no difference in regard to the ESRD
rates between the two groups. Compared to the young adults, many elderlies were more likely
to be injured in a fall, bicycle accidents, and as a pedestrian, but only a few sustained injuries as
a driver in a motorcycle accident. The elderly presented with higher SBP, lower Hb and Na levels,
and lower alcohol intoxication rates than those with the young adults. The glucose level and the
mean alcohol level of alcohol-intoxicated patients were not significantly different between the elderly
and young adults. The elderly had a significantly higher GCS score than the young adults had
(14.1 ± 2.0 vs. 12.9 ± 3.4, respectively; p < 0.001), with a >1 score difference. Fewer elderly patients
had a GCS of ≤8, while more had a GCS score ≥ 13 than the younger patients. In addition, the motor
response scores were higher in the elderly than young adult patients (5.7 ± 0.7 vs. 5.4 ± 1.1, respectively;
p < 0.001). Elderly patients had a significantly lower ISS (median (QR: Q1–Q3), 9 [9–13]) than that of
the young adults (13 [9–14]). However, differences regarding the mortality were not observed between
the elderly and young adult patients (3.3% vs. 2.0%, respectively; p = 0.412).

Table 1. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 3.

Variables Elderly
n = 212

Young
n = 394

Odds Ratio
(95% CI) p

Gender, n (%) 0.548
Male 116 (54.7) 227 (57.6) 0.9 (0.64–1.24)

Female 96 (45.3) 167 (42.4) 1.1 (0.84–1.58)
Co-morbidities, n (%)

DM 58 (27.4) 35 (8.9) 3.9 (2.44–6.12) <0.001
HTN 107 (50.5) 70 (17.8) 4.8 (3.25–6.85) <0.001
CAD 18 (8.5) 4 (1.0) 9.0 (3.02–27.10) <0.001
CHF 6 (2.8) 1 (0.3) 11.4 (1.37–95.72) 0.009
CVA 24 (11.3) 6 (1.5) 8.3 (3.32–20.54) <0.001
ESRD 4 (1.9) 3 (0.8) 2.5 (0.56–11.31) 0.247
COPD 5 (2.4) 1 (0.3) 9.5 (1.10–81.79) 0.022
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Table 1. Cont.

Variables Elderly
n = 212

Young
n = 394

Odds Ratio
(95% CI) p

Mechanisms, n (%)
Driver of MV 3 (1.4) 4 (1.0) 1.4 (0.31–6.31) 0.700

Passenger of MV 0 (0.0) 6 (1.5) – 0.096
Driver of Motorcycle 75 (35.4) 283 (71.8) 0.2 (0.15–0.31) <0.001

Passenger of Motorcycle 4 (1.9) 12 (3.0) 0.6 (0.20–1.92) 0.443
Bicycle 18 (8.5) 11 (2.8) 3.2 (1.50–6.98) 0.003

Pedestrian 16 (7.5) 11 (2.8) 2.8 (1.29–6.24) 0.008
Fall 94 (44.3) 53 (13.5) 5.1 (3.45–7.62) <0.001

Strike by/against 2 (0.9) 14 (3.6) 0.3 (0.06–1.15) 0.064
SBP (mmHg) 165.1 ±34.8 143.7 ±30.5 – <0.001
Hb (mg/dL) 12.6 ±1.9 13.6 ±2.4 – <0.001
Na (mg/dL) 137.9 ±4.1 138.8 ±2.8 – 0.001

Glucose (mg/dL) 156.4 ±67.9 147.4 ±52.9 – 0.073
Alcohol > 50, n (%) 4 (1.9) 79 (20.1) 0.1 (0.03–0.21) <0.001

Alcohol level 158.5 ±51.0 187.2 ±80.9 – 0.487
GCS 14.1 ±2.0 12.9 ±3.4 – <0.001

≤8, n (%) 9 (4.2) 65 (16.5) 0.3 (0.10–0.43) <0.001
9–12, n (%) 14 (6.6) 45 (11.4) 0.5 (0.25–0.88) 0.010
≥13, n (%) 189 (89.2) 284 (72.1) – –

Motor response of GCS 5.7 ±0.7 5.4 ±1.1 – <0.001
ISS (median, IQR) 9 (9–13) 13 (9–14) – 0.021

Mortality, n (%) 7 (3.3) 8 (2.0) 1.6 (0.59–4.61) 0.412

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.2. Characteristics and Outcomes of TBI Patients with Head AIS of 4

Table 2 shows that the female sex was significantly predominant among the elderly than in the
young adult TBI patients with head AIS of 4. Rates of DM, HTN, CAD, CVA, ESRD, and COPD
were significantly higher in elderly than in young adult patients; however, there was no difference
of the rate of CHF between the elderly and the young adult patients. Compared to the young adult
patients, several elderly patients were injured in a fall or bicycle accidents, but fewer elderly sustained
injuries as a passenger of motor vehicle, as a driver in the motorcycle accident, and by a strike
by/against injury. Elderly patients presented with higher SBP, lower Hb and Na levels, and lower
alcohol intoxication rates than their younger counterparts. The glucose and the mean alcohol levels of
alcohol-intoxicated patients were not significantly different between the two groups. Elderly patients
had a significantly higher GCS scores than that of the young adult patients (13.1 ± 3.2 vs. 11.8 ± 3.9,
respectively; p < 0.001), with the score difference of >1. Fewer elderly patients had a GCS of ≤8 than
their younger counterparts. In addition, the score for motor response was higher in elderly than that in
young adult patients (5.4 ± 1.2 vs. 5.1 ± 1.3, respectively; p < 0.001). Elderly patients had a significantly
lower ISS (16 [16–20]) compared to the young adult patients (18 [16–21]). A 1.7-fold odds of mortality
was observed in the elderly when compared to the young adult patients (OR 1.7; 95% CI: 1.03–2.80;
p = 0.042).
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Table 2. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 4.

Variables Elderly
n = 510

Young
n = 642

Odds Ratio
(95% CI) p

Gender, n (%) <0.001
Male 270 (52.9) 442 (68.8) 0.5 (0.40–0.65)

Female 240 (47.1) 200 (31.2) 2.0 (1.54–2.50)
Co-morbidities, n (%)

DM 152 (29.8) 75 (11.7) 3.2 (2.36–4.36) <0.001
HTN 263 (51.6) 129 (20.1) 4.2 (3.27–5.49) <0.001
CAD 62 (12.2) 11 (1.7) 7.9 (4.13–15.25) <0.001
CHF 6 (1.2) 2 (0.3) 3.8 (0.77–18.96) 0.149
CVA 61 (12.0) 12 (1.9) 7.1 (3.80–13.40) <0.001
ESRD 27 (5.3) 11 (1.7) 3.2 (1.58–6.53) 0.001
COPD 12 (2.4) 1 (0.2) 15.4 (2.02–119.19) <0.001

Mechanisms, n (%)
Driver of MV 1 (0.2) 7 (1.1) 0.2 (0.02–1.45) 0.084

Passenger of MV 0 (0.0) 7 (1.1) – 0.020
Driver of Motorcycle 155 (30.4) 379 (59.0) 0.3 (0.24–0.39) <0.001

Passenger of Motorcycle 9 (1.8) 13 (2.0) 0.9 (0.37–2.05) 0.831
Bicycle 35 (6.9) 22 (3.4) 2.1 (1.20–3.59) 0.009

Pedestrian 21 (4.1) 25 (3.9) 1.1 (0.59–1.92) 0.880
Fall 283 (55.5) 156 (24.3) 3.9 (3.02–4.99) <0.001

Strike by/against 6 (1.2) 33 (5.1) 0.2 (0.09–0.53) <0.001
SBP (mmHg) 166.7 ±34.6 148.7 ±34.5 – <0.001
Hb (mg/dL) 12.2 ±2.0 13.5 ±1.9 – <0.001
Na (mg/dL) 137.8 ±4.1 138.6 ±3.7 – 0.001

Glucose (mg/dL) 165.3 ±63.9 161.6 ±67.9 – 0.345
Alcohol > 50, n (%) 3 (0.6) 140 (21.8) 0.02 (0.01–0.07) <0.001

Alcohol level 237.0 ±128.2 194.3 ±81.2 – 0.374
GCS 13.1 ±3.2 11.8 ±3.9 – <0.001

≤8, n (%) 61 (12.0) 165 (25.7) 0.4 (0.27–0.52) <0.001
9–12, n (%) 65 (12.7) 89 (13.9) 0.7 (0.52–1.05) 0.094
≥13, n (%) 384 (75.3) 388 (60.4) – –

Motor response of GCS 5.4 ±1.2 5.1 ±1.3 – <0.001
ISS (median, IQR) 16 (16–20) 18 (16–21) – <0.001

Mortality, n (%) 38 (7.5) 29 (4.5) 1.7 (1.03–2.80) 0.042

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.3. Characteristics and Outcomes of TBI Patients with Head AIS of 5

Table 3 shows that the female sex were significantly predominant among the elderly than in
the young adult TBI group with head AIS of 5. Elderly patients had significantly higher rates of
DM, HTN, CAD, and CVA compared to the young adult patients; however, the rates of CHF, ESRD,
and COPD were not significantly different between the two groups. Compared to the young adult
patients, many elderlies were injured in a fall accident, but fewer sustained injuries as a driver in
a motorcycle accident. Elderly patients presented with higher SBP, lower Hb and Na levels, and lower
rates of alcohol intoxication than their younger counterparts. The glucose and the mean alcohol levels
of alcohol-intoxicated patients were not significantly different between the two groups. The GCS scores
between the elderly and young adult patients (7.1 ± 4.3 vs. 6.4 ± 3.8, respectively; p = 0.158) were not
significantly different, regardless of the GCS score stratum. No significant differences were observed
in the motor response scores between the elderly and the young (3.2 ± 1.9 vs. 3.0 ± 1.8, respectively;
p = 0.435). Elderly patients had a significantly lower ISS (25 [25–29]) than young adult patients had
(25 [25–33]). A 1.8-fold odds of mortality was observed in the elderly when compared to the young
adult patients (OR 1.8; 95% CI: 1.15–2.86; p = 0.012).
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Table 3. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 5.

Variables Elderly
n = 125

Young
n = 198

Odds Ratio
(95% CI) p

Gender, n (%) <0.001
Male 64 (51.2) 144 (72.7) 0.4 (0.25–0.63)

Female 61 (48.8) 54 (27.3) 2.5 (1.59–4.07)
Co-morbidities, n (%)

DM 33 (26.4) 17 (8.6) 3.8 (2.02–7.22) <0.001
HTN 58 (46.4) 36 (18.2) 3.9 (2.35–6.45) <0.001
CAD 18 (14.4) 3 (1.5) 10.9 (3.15–37.97) <0.001
CHF 1 (0.8) 0 (0.0) – 0.149
CVA 12 (9.6) 2 (1.0) 10.4 (2.29–47.33) <0.001
ESRD 7 (5.6) 5 (2.5) 2.3 (0.71–7.38) 0.226
COPD 3 (2.4) 0 (0.0) – 0.057

Mechanisms, n (%)
Driver of MV 1 (0.8) 4 (2.0) 0.4 (0.04–3.54) 0.652

Passenger of MV 0 (0.0) 3 (1.5) – 0.286
Driver of Motorcycle 35 (28.0) 111 (56.1) 0.3 (0.19–0.49) <0.001

Passenger of Motorcycle 2 (1.6) 6 (3.0) 0.5 (0.10–2.62) 0.492
Bicycle 13 (10.4) 13 (6.6) 1.7 (0.74–3.69) 0.293

Pedestrian 5 (4.0) 11 (5.6) 0.7 (0.24–2.09) 0.608
Fall 67 (53.6) 44 (22.2) 4.0 (2.49–6.57) <0.001

Strike by/against 2 (1.6) 6 (3.0) 0.5 (0.10–2.62) 0.492
SBP (mmHg) 176.3 ±49.8 149.2 ±47.5 – <0.001
Hb (mg/dL) 11.9 ±2.1 13.0 ±2.2 – <0.001
Na (mg/dL) 137.2 ±5.0 138.9 ±4.4 – 0.002

Glucose (mg/dL) 205.8 ±97.8 200.0 ±97.9 – 0.604
Alcohol > 50, n (%) 4 (3.2) 46 (23.2) 0.1 (0.04–0.31) <0.001

Alcohol level 154.8 ±63.9 200.2 ±64.9 – 0.185
GCS 7.1 ±4.3 6.4 ±3.8 – 0.158

≤8, n (%) 85 (68.0) 154 (77.8) 0.7 (0.36–1.26) 0.256
9–12, n (%) 18 (14.4) 17 (8.6) 1.3 (0.55–3.10) 0.659
≥13, n (%) 22 (17.6) 27 (13.6) – –

Motor response of GCS 3.2 ±1.9 3.0 ±1.8 – 0.435
ISS (median, IQR) 25 (25–29) 25 (25–33) – <0.001

Mortality, n (%) 74 (59.2) 88 (44.4) 1.8 (1.15–2.86) 0.012

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.4. Comparison of Propensity-Score Matched Patients with Different Head AIS

Propensity score-matched patients were selected to reduce the effects of differences in sex,
pre-existed COPD, SBP, Hb, Na, glucose, and alcohol levels on the assessment of GCS scores of
the patient population. The covariates were insignificantly different between these two patient cohorts
in the selected 162, 362, and 89 well-balanced pairs of TBI patients with head AIS of 3 (Table 4),
4 (Table 5), and 5 (Table 6). The logistic regression analysis of these pairs of patients showed that in the
TBI patients with head AIS of 3, elderly patients had a significantly higher GCS score compared to their
younger counterparts (14.1 ± 2.2 vs. 13.1 ± 3.3, respectively; p = 0.002), with the score difference of 1.
In addition, fewer elderly had a GCS of ≤8 than that of the young adult patients. The motor response
scores are higher in the elderly than that in young adult patients (5.7 ± 0.8 vs. 5.5 ± 1.0, respectively;
p = 0.029). In the TBI patients with head AIS of 4, elderly patients had a significantly higher GCS
score than that of the young adult patients (13.1 ± 3.3 vs. 12.2 ± 3.8, respectively; p = 0.002), with the
score difference of <1. In addition, fewer elderly patients had a GCS of ≤8 than the young patients.
The motor response scores are not significantly higher in the elderly patients than that in young adult
patients (5.4 ± 1.2 vs. 5.2 ± 1.3, respectively; p = 0.053). In the TBI patients with head AIS of 5, the GCS
scores, percentage of patient according to GCS stratum, and motor response scores were insignificantly
different between the elderly and young adult patients.
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Table 4. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 3.

Elderly
n = 162

Young
n = 162

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.65–1.54) 1.000 0.00%
Male 85 (52.5) 85 (52.5) – – –

Female 77 (47.5) 77 (47.5) – – –
COPD

Yes 0 (0.0) 0 (0.0) – – –
No 162 (100) 162 (100) – – –

SBP (mmHg) 157.4 ±31.9 156.7 ±31.5 – 0.838 2.28%
Hb (mg/dL) 12.8 ±1.8 12.9 ±1.9 – 0.802 –2.79%
Na (mg/dL) 138.4 ±3.8 138.4 ±3.2 – 0.899 1.41%

Glucose (mg/dL) 158.5 ±72.4 155.9 ±62.0 – 0.727 3.88%
Alcohol > 50, n (%) 4 (2.5) 4 (2.5) 1.0 (0.25–4.07) 1.000 0.00%

GCS 14.1 ±2.2 13.1 ±3.3 – 0.002 –
≤8, n (%) 8 (4.9) 25 (15.4) 0.3 (0.12–0.63) 0.002 –

9–12, n (%) 10 (6.2) 13 (8.0) 0.7 (0.28–1.56) 0.389 –
≥13, n (%) 144 (88.9) 124 (76.5) – – –

Motor response 5.7 ±0.8 5.5 ±1.0 – 0.029 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

Table 5. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 4.

Elderly
n = 362

Young
n = 362

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.75–1.34) 1.000 0.00%
Male 202 (55.8) 202 (55.8) – – –

Female 160 (44.2) 160 (44.2) – – –
COPD

Yes 0 (0.0) 0 (0.0) – – –
No 362 (100) 362 (100) – – –

SBP (mmHg) 160.1 ±31.5 158.8 ±32.2 – 0.589 4.01%
Hb (mg/dL) 12.7 ±1.8 12.8 ±1.9 – 0.755 –2.32%
Na (mg/dL) 138.0 ±3.7 138.0 ±4.0 – 1.000 0.00%

Glucose (mg/dL) 170.2 ±66.3 168.8 ±65.0 – 0.766 2.22%
Alcohol > 50, n (%) 2 (0.6) 2 (0.6) 1.0 (0.14–7.14) 1.000 0.00%

GCS 13.1 ±3.3 12.2 ±3.8 – 0.002 –
≤8, n (%) 46 (12.7) 79 (21.8) 0.5 (0.34–0.77) 0.001 –

9–12, n (%) 47 (13.0) 47 (13.0) 0.9 (0.57–1.36) 0.575 –
≥13, n (%) 269 (74.3) 236 (65.2) – – –

Motor response 5.4 ±1.2 5.2 ±1.3 – 0.053 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

Table 6. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 5.

Elderly
n = 89

Young
n = 89

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.55–1.82) 1.000 0.00%
Male 52 (58.4) 52 (58.4) – – –

Female 37 (41.6) 37 (41.6) – – –
COPD – – –

Yes 0 (0.0) 0 (0.0) – – –
No 89 (100) 89 (100) – – –

SBP (mmHg) 167.3 ±52.4 167.5 ±45.0 – 0.985 –0.28%
Hb (mg/dL) 12.1 ±2.2 12.1 ±2.2 – 0.970 –0.57%
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Table 6. Cont.

Elderly
n = 89

Young
n = 89

Odds Ratio
(95% CI) p Standardized

Difference

Na (mg/dL) 138.2 ±3.9 138.1 ±4.5 – 0.789 4.02%
Glucose (mg/dL) 210.0 ±108.2 199.1 ±89.9 – 0.470 10.86%

Alcohol > 50, n (%) 4 (4.5) 4 (4.5) 1.0 (0.24–4.13) 1.000 0.00%
GCS 7.0 ±4.2 6.6 ±4.0 – 0.525 –

≤8, n (%) 61 (68.5) 67 (75.3) 0.9 (0.38–1.90) 0.837 –
9–12, n (%) 13 (14.6) 8 (9.0) 1.5 (0.48–4.76) 0.569 –
≥13, n (%) 15 (16.9) 14 (15.7) – – –

Motor response 3.2 ±1.9 3.1 ±1.8 – 0.873 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

4. Discussion

In the present study, we demonstrate that elderly patients have higher GCS scores than younger
patients with similar moderate anatomic severity of moderate TBI, which were defined by an AIS
of 3 or 4. However, this difference was not observed in patients with severe anatomic severity TBI,
with an AIS of 5. Even in the selected propensity score-matched patients adjusted for the differences
in sex, pre-existed COPD, SBP, Hb, Na, glucose, and alcohol levels, our study demonstrates similar
conclusion that, while controlling variables, being older increased the likelihood of a better GCS score
for moderate anatomic severity TBI, but not for severe TBI.

Currently, the mechanisms behind the discrepancy of observed GCS scores between the elderly
and young adult patients for similar anatomical severity of TBI are unknown. It had been speculated
that a greater amount of intracranial hematoma and edema occurred before the intracranial pressure
increases and GCS falls [14]. According to this speculation, elderly patients should truly tolerate
equivalent injuries better. However, this theory is not supported by literatures demonstrating worse
outcomes in elderly than younger trauma patients, despite apparently with lower injury burden [31–33].
In addition, such unfavorable outcome was observed with an increase in age at every decade [34].
Some studies suggested that, compared to the young patients, elderly patients with TBI are more
likely to have suffered a subdural hematoma, which tend to evolve more slowly and may result in
a higher initial GCS on presentation [35]. However, there is lack of evidence regarding the influence
of age on GCS is exerted through preponderance on one particular type of intracranial injury in
elderly patients [4]. Furthermore, some authors suggested that elderly patients with TBI are more
likely to be women, and the female sex somehow confers a degree of neuroprotection in isolated
TBI [14]. However, such speculation still cannot depict the relationship between neuroprotection and
initial measurement of the GCS score. Similarly, our results also did not support the hypothesis that
the GCS score overestimates the severity of TBI in younger patients, owing to the alcohol-related
impairment. In addition, some authors proposed that the GCS score underestimates the severity of
injury in elderly patients, owing to the clinician’s perception of lower baseline neurologic response [36].
Because the mechanisms behind are unknown, this study could not explain why the GCS scores and
motor response components of the elderly are better than those of the younger patients with similar
anatomic severity of moderate TBI, but not of severe TBI.

Our study suggests that a bias exists in the patients with moderate TBI defined using the GCS,
such that elderly patients in each GCS stratum may have worse anatomic injuries than their younger
counterparts. In this study, the GCS scores of the elderly TBI patients with head AIS of 3 and 4
were 14.1 ± 2.0 and 13.1 ± 3.2, respectively, which were higher by >1 score than their younger
counterparts. Therefore, the elderly population may require an alternative strategy by not only solely
relying on the GCS score to ensure the appropriateness of decisions made regarding the severity of
illness, triage protocol, and requirement of a transfer. Moore and colleagues suggested that all head
trauma patients aged ≥65 years presenting a GCS score of >13 should undergo a screening computed
tomography of the head [37]. The Canadian CT Head Rule recommends that patients aged ≥65 is
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a high risk factor for neurosurgical intervention and recommend head computed tomography for those
with GCS score of 13–15 [38]. The Ohio Emergency Medical Services system had adopted a lower
threshold of GCS cutoff for elderly patients for prompt transport to a trauma center [17]. The change
of the EMS trauma triage cutoff for elderly patients from GCS 13 to 14 results in improved sensitivity
for clinically relevant outcomes [17]. In addition, in this study on patients with moderate to severe TBI,
the motor response component of the GCS yields similar prediction rates as those of the summed GCS
score, which was in accordance with the report by McNett et al. [6] and Potter et al. [16], the latter had
chosen a GCS motor score of <4 as the threshold for transportation directly to the major trauma center.

This study had some limitations that should be acknowledged. First there was an inherent
selection bias associated with the retrospective study design, which had the potential disadvantages
include the possibility of selection bias and the effect of drugs, dyslipidemia, or therapeutic intervention
on GCS scoring could not be evaluated because of insufficient data. Besides, a strong collaboration
between the physician and the care manager can attribute to the outcomes of the patients [39]. In this
study, the agreement in GCS scoring between different physicians may influence the outcomes of
this study; however, this difference could not be evaluated precisely in this retrospective study.
Second, although the intubation rate by emergency medical services was very low in southern
Taiwan [40,41], we did not correct the intubation status before arrival, and the GCS score may be
actually lower in patients who were intubated before the GCS score was recorded at the emergency
department. Third, preinjury medications, including sedative, hypnotic, and anticoagulants expected
to be more commonly used in elderly patients, were unknown and thus may result in selection bias.
Furthermore, in this study, the observation that the GCS appeared to be confounded by age under
the assumption that a “true” assessment on the severity of injury was conducted using the anatomic
(AIS) rather than the neurologic (GCS) injury measurement. However, the hypothesis that the AIS
was less confounded by age than the GCS could not be validated. At last, different matching method
such as coarsened exact matching may create different matched populations for estimate than the
propensity-score matching used in this study, thus may lead to a bias in the outcomes reported [42].

5. Conclusions

With the demonstration that the elderly with moderate TBI (head AIS of 3 or 4) present with
a higher GCS score than that in younger patients, this study underscores the importance of determining
the TBI severity in elderly patients using the GCS only. A lower threshold of GCS cutoff should be
adopted in the management of elderly patients with moderate TBI.
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Abstract: Background: Stress-induced hyperglycemia (SIH) is a form of hyperglycemia secondary
to stress and commonly occurs in patients with trauma. Trauma patients with SIH have been
reported to have an increased risk of mortality. However, information regarding whether these
trauma patients with SIH represent a distinct group with differential outcomes when compared
to those with diabetic hyperglycemia (DH) remains limited. Methods: Diabetes mellitus (DM) was
determined by patient history and/or admission glycated hemoglobin (HbA1c) ≥6.5%. Non-diabetic
normoglycemia (NDN) was determined by a serum glucose level <200 mg/dL in the patients
without DM. Diabetic normoglycemia (DN) was determined by a serum glucose level <200 mg/dL
in the patients with DM. DH and SIH was diagnosed by a serum glucose level ≥200 mg/dL in
the patients with and without DM, respectively. Detailed data of these four groups of hospitalized
patients, which included NDN (n = 7806), DN (n = 950), SIH (n = 493), and DH (n = 897), were
retrieved from the Trauma Registry System at a level I trauma center between 1 January 2009 and
31 December 2015. Patients with incomplete registered data were excluded. Categorical data were
compared with Pearson chi-square tests or two-sided Fisher exact tests. The unpaired Student’s
t-test and the Mann–Whitney U-test were used to analyze normally distributed continuous data
and non-normally distributed data, respectively. Propensity-score-matched cohorts in a 1:1 ratio
were allocated using NCSS software with logistic regression to evaluate the effect of SIH and DH
on the outcomes of patients. Results: The SIH (median [interquartile range: Q1–Q3], 13 [9–24])
demonstrated a significantly higher Injury Severity Score (ISS) than NDN (9 [4–10]), DN (9 [4–9]),
and DH (9 [5–13]). SIH and DH had a 12.3-fold (95% confidence interval [CI] 9.31–16.14; p < 0.001) and
2.4-fold (95% CI 1.71–3.45; p < 0.001) higher odds of mortality, respectively, when compared to NDN.
However, in the selected propensity-score-matched patient population, SIH had a 3.0-fold higher
odd ratio of mortality (95% CI 1.96–4.49; p < 0.001) than NDN, but DH did not have a significantly
higher mortality (odds ratio 1.2, 95% CI 0.99–1.38; p = 0.065). In addition, SIH had 2.4-fold higher
odds of mortality (95% CI 1.46–4.04; p = 0.001) than DH. These results suggest that the characteristics
and injury severity of the trauma patients contributed to the higher mortality of these patients with
hyperglycemia upon admission, and that the pathophysiological effect of SIH was different from
that of DH. Conclusions: Although there were worse mortality outcomes among trauma patients
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presenting with hyperglycemia, this effect was only seen in patients with SIH, but not DH when
controlling for age, sex, pre-existed co-morbidities, and ISS.

Keywords: stress-induced hyperglycemia; diabetic hyperglycemia; diabetes mellitus; mortality

1. Background

Stress-induced hyperglycemia (SIH) is a form of hyperglycemia secondary to stress and it
commonly occurs in patients with critical illnesses such as trauma [1–7], burn injuries [8], myocardial
infarction [9,10], stroke [11,12], and sepsis [13]. The neuroendocrine response to stress can result in
up to 10 times greater adrenal cortical output, which is characterized by excessive gluconeogenesis,
glycogenolysis, and insulin resistance [14]. The pathophysiology of SIH is thought to reflect
temporary insulin resistance and relative insulin deficiency. The insulin resistance is driven by the
overwhelming activation of pro-inflammatory mediators (tumor necrosis factor-α and interleukin-6) and
counter-regulatory hormone excesses (glucagon, cortisol, and catecholamines) [15]. In such metabolic
milieus, insulin fails to suppress hepatic gluconeogenesis despite the presence of hyperglycemia and
the insulin-mediated glucose uptake into skeletal muscle is impaired [16]. Furthermore, the insulin
concentrations in the plasma are inadequate to compensate for hyperglycemia [17].

A positive correlation was observed between admission hyperglycemia, and morbidity and
mortality in trauma patients [2,3,7,18]. In a retrospective evaluation of 6099 surgical patients who
had received vascular, gastrointestinal, liver transplants, trauma, and other miscellaneous surgeries,
a relationship between hyperglycemia and mortality depending on the reason for admission was
identified [1]. Among these patients, trauma patients with hyperglycemia had a more pronounced
mortality than any other type of surgical patients [1]. In addition, published studies have consistently
shown higher morbidity and mortality rates in the trauma patients with SIH [3,6,7,11,19]. However, few
studies have evaluated the differential effect of SIH versus diabetic hyperglycemia (DH) on the
outcomes of the trauma population. It has been reported that SIH, but not DH was associated
with a significantly higher mortality risk in trauma patients [20]. Patients with SIH demonstrated
a >2-fold increase in mortality risk (relative risk (RR) 2.41, 95% confidence interval (CI) 1.81–3.23)
when compared to patients with DH who had a non-significant increase in their mortality risk (RR
1.47, 95% CI 0.92–2.36), [20]. So far, information regarding whether these trauma patients with SIH
represent a distinct group with differential outcomes in comparison with those with DH remains
limited. In this study, we aimed to assess the effect of SIH and DH on the outcomes of trauma patients.
Propensity-score-matched patients were selected to reduce the effect of differences of sex and age,
pre-existed co-morbidities, and injury severity to the patient population on the outcome assessment.
The primary hypothesis of this study was that patients with SIH had a similar worse outcome as 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 [21,22], approved this study (reference number
201600006B0). Informed consent was waived according to IRB regulations.

2.2. Data Source and Study Population

This retrospective study reviewed the data of all adult hospitalized trauma patients registered
in the Trauma Registry System of the hospital from 1 January 2009 to 31 December 2015. Only adult
patients where t ≥ 20 years old with available data regarding serum glucose level, a history of diabetes
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mellitus (DM), or a glycated hemoglobin (HbA1c) level were included in the study. Those patients with
incomplete data were excluded. Hyperglycemia was defined as a serum glucose level ≥200 mg/dL
upon arrival at the emergency department, which has been previously used by several trauma studies
as a commonly utilized cutoff to define hyperglycemia. DM was determined by patient history
and/or admission HbA1c ≥6.5%, based on current recommendations for the DM diagnosis from
American Diabetes Association [23]. Non-diabetic normoglycemia (NDN) was determined by a serum
glucose level < 200 mg/dL in the patients without DM. DN was determined by a serum glucose
level < 200 mg/dL in the patients with DM. DH and SIH was diagnosed by a serum glucose level
≥200 mg/dL in the patients with and without DM, respectively. Based on these definitions, the study
patients were allocated into four exclusive groups (Figure 1). Detailed patient information retrieved
from the Trauma Registry System included the following: age; sex; co-morbidities, such as hypertension
(HTN), coronary artery disease (CAD), congestive heart failure (CHF), cerebral vascular accident (CVA),
and end-stage renal disease (ESRD); injury severity score (ISS), which is expressed as the median and
interquartile range (IQR, Q1–Q3); serum glucose level at the emergency department; HbA1c level;
morbidity such as pneumonia or acute renal failure diagnosed after the admission; hospital length of
stay (LOS); the rates of admission into the intensive care unit (ICU); in-hospital mortality.
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Figure 1. Flow chart of allocating patients into groups of non-diabetic normoglycemia (NDN), diabetic
normoglycemia (DN), stress-induced hyperglycemia (SIH), and diabetic hyperglycemia (DH).

2.3. Statistical Analysis

IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY, USA) was used for
the statistical analysis. The primary outcome of the study was in-hospital mortality. The secondary
outcomes were hospital LOS and ICU admission rate as well as rates of pneumonia and acute renal
failure. Odds ratios (ORs) with 95% CIs of the associated conditions of the patients were presented.
Two-sided Fisher exact or Pearson chi-square tests were used to compare categorical data. The unpaired
Student’s t-test and Mann-Whitney U-test were used to analyze normally distributed continuous and
non-normally distributed data, respectively, which was reported as mean ± standard deviation.
To minimize confounding effects of sex and age, pre-existed co-morbidities, and injury severity of
the patient population, propensity-score-matched groups of patients were selected for the assessment
of the effect of SIH and DH on the outcomes. A logistic regression model was used to calculate the
propensity scores with the following covariates: sex, age, co-morbidities, and ISS. A 1:1 matched study
group was created by the Greedy method with a 0.2 caliper width using NCSS 10 software (NCSS
Statistical software, Kaysville, UT, USA). After adjustment of these confounding factors, binary logistic
regression was used for evaluating the effect of SIH and DH on the primary and secondary outcomes.
p-values < 0.05 were defined as statistically significant.
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3. Results

3.1. Characteristics of the Patients

As shown in Figure 1 and Table 1, the enrolled study population included 10,146 patients, who
were allocated into four groups: NDN (n = 7,806), DN (n = 950), SIH (n = 493), and DH (n = 897).
Compared to NDN, no significant difference in sex was found for SIH, but there was a significant
female predominance in the DN and DH groups (Table 2). The patients of SIH as well as the DN
and DH groups were significantly older than those in the NDN group. DN and DH had significantly
higher rates of pre-existed co-morbidities than NDN. However, only higher odds of HTN, but not
other co-morbidities, were found in SIH compared to NDN. The SIH (median [IQR: Q1–Q3], 13 [9–24])
had a remarkable significantly higher ISS than the NDN (9 [4–10]), DN (9 [4–9]), and DH (9 [5–13]).
In addition, more patients in the SIH had an ISS of 16–24 and an ISS ≥25, but fewer patients had an
ISS < 16 when compared to the NDN. Compared to DH, there was a significant female predominance,
a younger age, higher rates of pre-existed co-morbidities (HTN, CAD, CHF, and CVA), and higher ISS
in the SIH.

Table 1. Characteristics, injury severities, and outcomes of the patients.

Variables NDN (n = 7806) DN (n = 950) SIH (n = 493) DH (n = 897)

Sex
Male 4605 (59.0) 436 (45.9) 287 (58.2) 388 (43.3)

Female 3201 (41.0) 514 (54.1) 206 (41.8) 509 (56.7)
Age 51.7 ± 19.3 67.9 ± 12.3 56.7 ± 18.0 65.8 ± 12.4

Comorbidity
HTN 1697 (21.7) 624 (65.7) 128 (26.0) 544 (60.6)
CAD 207 (2.7) 92 (9.7) 15 (3.0) 87 (9.7)
CHF 54 (0.7) 20 (2.1) 3 (0.6) 23 (2.6)
CVA 224 (2.9) 113 (11.9) 11 (2.2) 83 (9.3)
ESRD 7 (0.1) 1 (0.1) 0 (0.0) 3 (0.3)

ISS, median (IQR) 9 (4–10) 9 (4–9) 13 (9–24) 9 (5–13)
<16 6483 (83.1) 797 (83.9) 272 (55.2) 700 (78.0)

16–24 953 (12.2) 114 (12.0) 104 (21.1) 134 (14.9)
≥25 370 (4.7) 39 (4.1) 117 (23.7) 63 (7.0)

Mortality, n (%) 151 (1.9) 24 (2.5) 96 (19.5) 41 (4.6)
Hospital LOS (days) 9.6 ± 10.1 10.7 ± 10.5 14.1 ± 16.7 12.1 ± 11.8
ICU admission, n (%) 1560 (20.0) 213 (22.4) 229 (46.5) 218 (24.3)

Pneumonia 90 (1.2) 31 (3.3) 16 (3.2) 26 (2.9)
Acute renal failure 27 (0.3) 13 (1.4) 8 (1.6) 7 (0.8)

CAD = coronary artery disease; CHF = Congestive Heart Failure; CVA = cerebral vascular accident; DH = diabetic
hyperglycemia; DN = diabetic normoglycemia; HTN = hypertension; ICU = intensive care unit; IQR = interquartile
range; ISS = injury severity score; LOS = length of stay; NDN = nondiabetic normoglycemia; OR = odds ratio;
SIH = stress-induced hyperglycemia.
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Table 2. Comparison of the characteristics, injury severities, and outcomes among the patient groups.

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

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

Sex <0.001 0.733 <0.001 <0.001
Male 0.6 (0.52–0.68) 1.0 (0.81–1.17) 0.5 (0.46–0.61) 0.6 (0.52–0.68)

Female 1.7 (1.48–1.94) 1.0 (0.86–1.24) 1.9 (1.64–2.17) 1.7 (1.48–1.94)
Age - <0.001 - <0.001 - <0.001 - <0.001

Comorbidity
HTN 6.9 (5.96–7.96) <0.001 1.3 (1.03–1.56) 0.028 5.5 (4.80–6.41) <0.001 6.9 (5.96–7.96) <0.001
CAD 3.9 (3.05–5.08) <0.001 1.2 (0.68–1.96) 0.602 3.9 (3.04–5.12) <0.001 3.9 (3.05–5.08) <0.001
CHF 3.1 (1.84–5.18) <0.001 0.9 (0.27–2.82) 1.000 3.8 (2.31–6.19) <0.001 3.1 (1.84–5.18) <0.001
CVA 4.6 (3.61–5.79) <0.001 0.8 (0.42–1.43) 0.407 3.5 (2.66–4.49) <0.001 4.6 (3.61–5.79) <0.001
ESRD 1.2 (0.14–9.55) 0.601 - 1.000 3.7 (0.97–14.48) 0.075 1.2 (0.14–9.55) 0.601

ISS, median (IQR) - <0.001 - <0.001 - <0.001 - <0.001
<16 1.1 (0.89–1.28) 0.512 0.3 (0.21–0.30) <0.001 0.7 (0.61–0.86) <0.001 1.1 (0.89–1.28) 0.512

16–24 1.0 (0.80–1.21) 0.853 1.9 (1.53–2.41) <0.001 1.3 (1.04–1.54) 0.019 1.0 (0.80–1.21) 0.853
≥25 0.9 (0.61–1.21) 0.381 6.3 (4.96–7.89) <0.001 1.5 (1.15–2.00) 0.003 0.9 (0.61–1.21) 0.381

Mortality, n (%) 1.3 (0.85–2.03) 0.218 12.3 (9.31–16.14) <0.001 2.4 (1.71–3.45) <0.001 1.3 (0.85–2.03) 0.218
Hospital LOS (days) - 0.004 - <0.001 - <0.001 - 0.004
ICU admission, n (%) 1.2 (0.98–1.36) 0.078 3.5 (2.89–4.18) <0.001 1.3 (1.09–1.51) 0.002 1.2 (0.98–1.36) 0.078

Pneumonia 2.9 (1.91–4.38) <0.001 2.9 (1.68–4.93) <0.001 2.6 (1.65–3.98) <0.001 2.9 (1.91–4.38) <0.001
Acute renal failure 4.0 (2.06–7.77) <0.001 4.8 (2.15–10.52) 0.001 2.3 (0.98–5.22) 0.079 4.0 (2.06–7.77) <0.001

CAD = coronary artery disease; CHF = Congestive Heart Failure; CI = confidence interval; CVA = cerebral vascular accident; DH = diabetic hyperglycemia; DN = diabetic normoglycemia;
HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay; NDN = nondiabetic normoglycemia; OR = odds ratio;
SIH = stress-induced hyperglycemia.
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3.2. Outcomes of the Patients

Compared to the NDN, the SIH had a 12.3-fold higher odds of mortality (95% CI 9.31–16.14;
p < 0.001), a significantly longer hospital LOS (14.1 days vs. 9.6 days, respectively; p < 0.001), a higher
proportion of patients admitted to the ICU (46.5% vs. 20.0%, respectively; p < 0.001), a 2.9-fold higher
odds of pneumonia (95% CI 1.68–4.93; p < 0.001), and a 4.8-fold higher odds of acute renal failure (95%
CI 2.15–10.52; p < 0.001). DH had 2.4-fold higher odds of mortality (95% CI 1.71–3.45; p < 0.001), a longer
hospital LOS (12.1 days vs. 9.6 days, respectively; p < 0.001), a higher proportion of patients were
admitted to the ICU (24.3% vs. 20.0%, respectively; p = 0.002), and higher odds of patients experiencing
pneumonia-induced complications (OR 2.6; 95% CI 1.65–3.98; p < 0.001). However, the DH group did
not demonstrate any acute renal failure. Although the DN did not have significantly higher mortality
or a higher proportion of patients admitted to the ICU when compared to the NDN, the former had a
longer hospital LOS and complication caused by pneumonia and acute renal failure. Compared to DH,
SIH had a longer hospital LOS (14.1 days vs. 12.1 days, respectively; p < 0.001) as well as higher odds
of patients experiencing pneumonia (OR 2.9; 95% CI 1.91–4.38; p < 0.001) and acute renal failure (OR
4.0; 95% CI 2.06–7.77; p < 0.001). However, the SIH did not have significantly higher mortality or a
higher proportion of patients admitted to the ICU when compared to the DH.

3.3. Adjusted Outcomes of the Propensity Score-Matched Patients

Propensity-score-matched patients were selected to reduce the effect of differences of sex and age,
pre-existed co-morbidities, and injury severity of the patient population on the outcome assessment
(Table 3). Using NDN as the control, there were 934, 485, and 883 selected well-balanced pairs of
DN, SIH, and DH, respectively. Using DH as the control, there were 366 selected well-balanced
pairs of SIH. Among these selected pairs of patients, there were no significant differences in sex, age,
co-morbidity, or ISS (Supplementary Materials Table S1). The logistic regression analysis of these
pairs of patients showed that SIH had 3.0-fold higher odds of mortality (95% CI 1.96–4.49; p < 0.001),
a significantly longer hospital LOS (14.1 days vs. 11.0 days, respectively; p = 0.016), and a significantly
higher proportion of patients were admitted to the ICU (45.6% vs. 40.0%, respectively; p = 0.014) than
NDN, but there were no differences in the rates of pneumonia and acute renal failure between SIH
and NDN. However, although DH still had a longer hospital stay than NDN (12.0 days vs. 10.1 days,
respectively; p = 0.016), DH did not have a significantly higher mortality (OR 1.2; 95% CI 0.99–1.38;
p = 0.065), proportion of patients admitted to the ICU, or rates of pneumonia and acute renal failure
than NDN. Compared to NDN, DN did not have a significantly higher mortality or proportion of
patients that were admitted to the ICU, and DN still had a longer hospital LOS and were complicated
with significantly higher rates of acute renal failure. However, there was no difference in the rates
of pneumonia between DN and NDN. Compared to DH, SIH had 2.4-fold higher odds of mortality
(95% CI 1.46–4.04; p = 0.001) and a significantly higher proportion of patients were admitted to the
ICU (35.5% vs. 30.3%, respectively; p = 0.046). However, there were no differences in the hospital LOS,
rates of pneumonia and acute renal failure between SIH and DH.

Table 3. Comparison of the outcomes in the selected propensity-score-matched cohort.

Propensity-Score-Matched Cohort

DN vs. NDN DN (n = 934) NDN (n = 934) OR (95% CI) p

Mortality, n (%) 23 (2.5) 21 (2.2) 1.1 (0.61–1.98) 0.763
Hospital LOS (days) 10.6 ± 10.5 9.4 ± 9.4 - 0.010
ICU admission, n (%) 207 (22.2) 185 (19.8) 1.3 (0.95–1.69) 0.109

Pneumonia 30 (3.2) 17 (1.8) 1.8 (0.98–3.34) 0.056
Acute renal failure 11 (1.2) 2 (0.2) 5.5 (1.22–24.81) 0.027
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Table 3. Cont.

Propensity-Score-Matched Cohort

DN vs. NDN DN (n = 934) NDN (n = 934) OR (95% CI) p

SIH vs. NDN SIH (n = 485) NDN (n = 485) OR (95% CI) p

Mortality, n (%) 89 (18.4) 30 (6.2) 3.0 (1.96–4.49) <0.001
Hospital LOS (days) 14.1 ± 16.6 11.0 ± 14.9 - 0.016
ICU admission, n (%) 221 (45.6) 194 (40.0) 1.6 (1.10–2.30) 0.014

Pneumonia 15 (3.1) 11 (2.3) 1.4 (0.62–3.15) 0.416
Acute renal failure 6 (1.2) 1 (0.2) 6.0 (0.72–49.84) 0.097

DH vs. NDN DH (n = 883) NDN (n = 883) OR (95% CI) p

Mortality, n (%) 40 (4.5) 25 (2.8) 1.2 (0.99–1.38) 0.065
Hospital LOS (days) 12.0 ± 11.8 10.1 ± 10.1 - <0.001
ICU admission, n (%) 214 (24.2) 206 (23.3) 1.1 (0.82–1.47) 0.547

Pneumonia 26 (2.9) 19 (2.2) 1.4 (0.76–2.47) 0.299
Acute renal failure 7 (0.8) 4 (0.5) 1.8 (0.51–5.98) 0.372

SIH vs. DH SIH (n = 366) DH (n = 366) OR (95% CI) p

Mortality, n (%) 51 (13.9) 21 (5.7) 2.4 (1.46–4.04) 0.001
Hospital LOS (days) 12.7 ± 16.0 12.6 ± 13.1 - 0.872
ICU admission, n (%) 130 (35.5) 111 (30.3) 1.5 (1.01–2.36) 0.046

Pneumonia 8 (2.2) 13 (3.6) 0.6 (0.26–1.49) 0.280
Acute renal failure 3 (0.8) 4 (1.1) 0.8 (0.17–3.35) 0.706

4. Discussion

This study compared the clinical outcomes in a broad group of hospitalized hyperglycemia
patients and found that SIH patients presented with significantly higher mortality than NDN patients.
More importantly, after the adjustment of the differences of demographic characteristics, co-morbidities,
and injury severity of the trauma patients, there was still a significantly higher mortality in the selected
propensity-score-matched SIH patients, but not in the DH patients. Notably, a large injury burden
indicated by a high ISS is a typical risk factor for SIH in acute trauma patients [24], and in this study the
SIH group had a remarkable significantly higher ISS than NDN and even the DH. Therefore, adjustment
of the injury severity as well as possible confounding factors of the studied patient population is
mandatory before assessment of the outcome. In this study, compared with NDN, SIH and DH
had 12.3-fold and 2.4-fold higher odds of mortality, respectively. However, after adjustment of the
confounding factors, including sex and age, pre-existing co-morbidities, and injury severity, although
SIH had 3.0-fold higher odds of mortality than NDN, the same was not observed for DH who did not
present significantly higher mortality odds. This result was in accordance with that reported by Kerby
et al. [20], who demonstrated that the adjusted mortality remained significant for patients with SIH,
but the mortality risk in diabetics was not significant when adjusted for age, sex, injury mechanism, and
ISS. This result suggested that characteristics and injury severity of the trauma patients contributed to
the higher mortality of these patients with admission hyperglycemia and the pathophysiological effect
associated with SIH was different than that of DH. In this study, SIH had 2.4-fold higher adjusted odds
of mortality than DH. The mechanism for potential detrimental effects in these two hyperglycemia
states differs in their effect on outcomes after trauma. SIH is an acute process initiated by stress
hormone and cytokine release secondary to stress; in contrast, DH is a chronic process associated
with prolonged hyperglycemia over time, which subsequently leads to microvascular changes and is
manifested as coronary artery disease, nephropathy, and peripheral vascular disease [19].

There is a large body of literature detailing the deleterious effects of hyperglycemia on immune
system function [25]. An admission glucose level >200 mg/dL was also a predictor of infectious
complications in the form of pneumonia, urinary tract infections, wound infections, and bacteremia [2].
Mean perioperative glucose levels greater than 220 mg/dL were associated with a seven times higher
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risk of infection in orthopedic trauma patients with no known history of diabetes mellitus [26].
SIH was associated with surgical site infections [4–6]. In a prospective observational cohort of stable
nondiabetic patients with orthopedic injuries, 20% of patients were identified as SIH and were more
likely to develop surgical site infections [27]. In addition, it had been reported that there was no higher
risk of pneumonia in the patients with SIH (RR 1.44, 95% CI 1.08–1.93) and their risk of pneumonia
was similar to those with DH (RR 1.49, 95% CI 1.03–2.17) [15].

Alveolar macrophages from normal hosts demonstrate an aberrant immune response
that contributes to worsening infection and autoimmunity when exposed to elevated glucose
concentration [28]. Insulin resistance was detected two days prior to the clinical suspicion of
ventilator-associated pneumonia for critically injured patients on the glycemic control protocol [29].
However, in this study, although higher odds of pneumonia were found in the SIH and DH than in the
NDN, this difference was not significant after the adjustment of the confounding factors, indicating
that the higher risk of pneumonia in these trauma patients may be mostly attributed to their associated
personal characteristics and injury severity.

Furthermore, in this study, SIH had 4.8-fold higher odds of acute renal failure than NDN, but the
increased risk of acute renal failure, albeit high, was not significant in the propensity-score-matched
patient population after the adjustment of the confounding factors. In addition, the risk of acute
renal failure was not significantly higher in DN than NDN, regardless of the patient cohort before or
after matching. However, these observations were less conclusive when considering that there was a
lack of certain critical factors in this study, which included, albeit not limited to, the blood pressure,
pre-injured renal function, and the therapeutic reagents used.

There were some other limitations in this study that should be acknowledged. First, the patients
declared dead at the scene of accident or on hospital arrival were not included in the database, and this
may have led to a selection bias. Second, the retrospective design of the study may create an inherent
selection bias. Third, SIH and DH are not mutually exclusive entities, as DH patients may have some
degree of stress response invoking their hyperglycemia. Because we did not measure stress response
hormones or catecholamine levels, it was not possible for us to specifically identify whether stress might
be more responsible for the hyperglycemia in the patients with DH. In addition, certain confounding
factors such as the type of injury (penetrating, or burn), traumatic brain injury, and admission
physiologic parameter (change of base excess), which were more related to the occurrence of SIH and
the mortality, were not included as variables in this study for propensity score matching. This may
result in an over-estimation of the mortality outcome for SIH. Furthermore, we did not collect and
analyze data on glucose levels after the initial value in the emergency department. Although the
use of glycemic control in critically ill trauma patients has been inconclusive as to whether tight
glycemic control improves morbidity and mortality, we could only rely on the assumption of uniform
management of these patients. This also indicates that defining appropriate treatment of SIH remains
an area of ongoing investigation.

5. Conclusions

Although this study supports previous studies showing worse outcomes with respect to mortality
among trauma patients presenting with hyperglycemia, this effect was only seen in patients with SIH
and not in those with DH after controlling for age, sex, pre-existed co-morbidities, and ISS.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/14/10/1161/s1.
Table S1: Covariates and the outcome assessment of polytrauma and non-polytrauma patients adjusted in 1:1
greedy propensity-score matching.
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Abstract: Background: Admission hyperglycemia is associated with higher morbidity and mortality
in patients with traumatic brain injury (TBI). Stress-induced hyperglycemia (SIH), a form of
hyperglycemia induced by the stress response, is associated with increased patient mortality following
TBI. However, admission hyperglycemia occurs not only in SIH but also in patients with diabetic
hyperglycemia (DH). Current information regarding whether trauma patients with SIH represent
a distinct group with differential outcomes compared to those with DH remains limited. Methods:
Serum glucose concentration ≥200 mg/dL upon arrival at the emergency department was defined
as hyperglycemia. Presence of diabetes mellitus (DM) was determined by patient history and/or
admission glycated hemoglobin (HbA1c) level ≥6.5%. In the present study, the patient cohort
included those with moderate and severe TBI, as defined by an Abbreviated Injury Scale (AIS)
score ≥3 points in the head, and excluded those who had additional AIS scores ≥3 points in any
other region of the body. A total of 1798 adult patients with isolated moderate to severe TBI were
allocated into four groups: SIH (n = 140), DH (n = 187), diabetic normoglycemia (DN, n = 186),
and non-diabetic normoglycemia (NDN, n = 1285). Detailed patient information was retrieved from
the Trauma Registry System at a level I trauma center between 1 January 2009, and 31 December 2015.
Unpaired Student’s t- and Mann–Whitney U-tests were used to analyze normally and non-normally
distributed continuous data, respectively. Categorical data were compared using the Pearson
chi-square or two-sided Fisher’s exact tests. Matched patient populations were allocated in a 1:1
ratio according to propensity scores calculated by NCSS software. Logistic regression was used
to evaluate the effect of SIH and DH on the adjusted mortality outcome. Results: In patients with
isolated moderate to severe TBI, the presence of SIH and DH led to 9.1-fold and 2.3-fold higher odds
of mortality, respectively, than patients with NDN. After adjusting for confounding factors, including
sex and age, pre-existing co-morbidities, existence of different kinds of intracerebral hemorrhage,
and injury severity, patients with SIH still had 6.6-fold higher odds of mortality than those with NDN;
however, DH did not present significantly higher adjusted mortality odds. SIH and DH presented
different effects on outcomes after TBI. The results also suggested that the pathophysiological effect
associated with SIH was different from that of DH. Conclusions: This study demonstrated that patients
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with SIH and DH had significantly higher mortality than patients with NDN. However, the adjusted
mortality was significantly higher only in the selected propensity score-matched patients with SIH
and not in those with DH.

Keywords: traumatic brain injury (TBI); stress-induced hyperglycemia (SIH); diabetic hyperglycemia
(DH); diabetes mellitus (DM); mortality

1. Introduction

Admission hyperglycemia is associated with higher morbidity and mortality in patients with
traumatic brain injury (TBI) [1–3]. Patients with severe TBI have significantly higher serum glucose
levels than those with mild TBI [1]. A stress response associated with TBI can induce a form of
stress-induced hyperglycemia (SIH) [4–6], which also commonly occurs in patients with critical
illnesses such as burn injuries [7], myocardial infarction [8], stroke [9,10], and trauma [11–15].
The hyperglycemia following TBI is suspected to contribute to tissue lactic acidosis in the brain
and result in neuronal injury [16–18]. An association between SIH and increased mortality following
TBI has been reported [5,19]. Many studies have also consistently shown SIH to be associated with
higher morbidity and mortality rates in trauma patients [9,14,15,20].

However, admission hyperglycemia may occur not only as SIH but also as diabetic hyperglycemia
(DH). Few studies have evaluated the differential effects of SIH and DH on the outcomes in the
trauma population. Trauma patients with SIH have a >2-fold increase in mortality risk (relative
risk (RR) 2.41, 95% confidence interval (CI) 1.81–3.23) than those without SIH, whereas patients
with DH have a nonsignificant, near-50% increase in mortality risk (RR 1.47, 95% CI 0.92–2.36) [21].
Current information regarding whether patients with TBI having SIH represent a distinct group with
different outcomes than those with DH remains limited. Bosarge et al. reported that patients with
severe TBI and SIH had a 50% greater mortality (95% CI 1.13–1.95) than TBI patients with nondiabetic
normoglycemia (NDN) after adjusting for age, sex, injury mechanism, Injury Severity Score (ISS),
Revised Trauma Score (RTS), and lactic acid level [5]. On the other hand, DH patients did not have
a significantly higher mortality [5]. However, this study did not exclude patients with polytrauma
and did not compare the patients by adjusting for pre-existing co-morbidities and the existence
of different kinds of intracerebral hemorrhage, which may impact the assessment of the mortality
outcome. Therefore, the present study aimed to perform a further assessment of the effect of SIH and
DH on the outcomes of the presence of hyperglycemia in patients with isolated moderate to severe
TBI. We excluded patients with polytrauma and selected a propensity score-matched patient cohort to
reduce the effect of differences in sex, age, pre-existing co-morbidities, and the existence of different
kinds of intracerebral hemorrhage, such as epidural hemorrhage (EDH), subdural hemorrhage (SDH),
subarachnoidal hemorrhage (SAH), and intracerebral hemorrhage (ICH), and injury severity in the
patient population on the outcome assessment. The primary hypothesis of the present study was that
patients with SIH had a similar or worse outcome than those with DH, based on the mortality rate as
the primary measured outcome.

2. Methods

2.1. Study Population

This study was approved by the Institutional Review Board (IRB) of the Kaohsiung Chang
Gung Memorial Hospital, a Level I regional trauma center in southern Taiwan [22,23] before its
implementation (reference number 201701210B0). According to IRB regulations, the requirement
for informed consent was waived. The present retrospective study reviewed the data of all adult
hospitalized trauma patients (≥20 years old) registered in the Trauma Registry System of the hospital
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from 1 January 2009 to 31 December 2015. In the present study, the patient cohort included those with
moderate and severe TBI, defined by an Abbreviated Injury Scale (AIS) score ≥3 points in the head
(AIS 3-4 and 5 indicate moderate and severe TBI, respectively) [24]. To avoid the confounding effect of
injuries to other body regions, polytrauma patients [25] with additional AIS scores ≥3 points in any
other region of the body were excluded from the study; thus, the included patients were defined as
having isolated moderate and severe TBI. In addition, only those patients with available data on serum
glucose level in the emergency department as well as those patients with a history of diabetes mellitus
(DM) or glycated hemoglobin (HbA1c) level data were included, whereas patients with incomplete
data were excluded from the study. A serum glucose concentration ≥200 mg/dL upon arrival at the
emergency department was defined as hyperglycemia. DM was diagnosed by patient history and/or
admission HbA1c level ≥6.5%, according to the current recommendations for DM diagnosis from the
American Diabetes Association [26]. SIH was diagnosed by serum glucose concentration ≥200 mg/dL
in patients without DM and DH was diagnosed by serum glucose concentration ≥200 mg/dL in
patients with DM. Diabetic normoglycemia (DN) and NDN was determined by serum glucose
concentration <200 mg/dL in patients with and without DM, respectively. In the present study,
the enrolled patients were allocated into four exclusive groups based on above definitions (Figure 1).
The retrieved patient information for the study included the following: sex; age; existence of EDH,
SDH, SAH, and ICH; co-morbidities such as hypertension (HTN), coronary artery disease (CAD),
congestive heart failure (CHF), cerebral vascular accident (CVA), and end-stage renal disease (ESRD);
serum glucose level at the emergency department; HbA1c level; Glasgow coma scale (GCS) scale; ISS,
which was expressed as the median and interquartile range (IQR, Q1–Q3); hospital length of stay
(LOS); rates of admission into the intensive care unit (ICU); and in-hospital mortality.
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Figure 1. Flowchart of the allocation of patients with isolated moderate and severe traumatic brain
injuries into four exclusive groups of non-diabetic normoglycemia (NDN), diabetic normoglycemia
(DN), stress-induced hyperglycemia (SIH), and diabetic hyperglycemia (DH).

2.2. Statistical Analysis

We performed the statistical analyses using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA) and NCSS 10 software (NCSS Statistical Software, Kaysville, UT,
USA). The primary outcome of the study was in-hospital mortality. Two-sided Fisher’s exact or
Pearson chi-square tests were used to compare categorical data. Odds ratios (ORs) with 95% CIof
the associated conditions of the patients were presented. The normally distributed continuous and
non-normally distributed data were analyzed with unpaired Student’s t- and Mann–Whitney U-tests,
respectively, and presented as mean ± standard deviation. To minimize the confounding effects of the
baseline characteristics of the compared patient populations due to a non-randomized assignment, a 1:1
propensity score-matched study group was created using the Greedy method with a 0.2 caliper width
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using NCSS 10 software to assess the effect of SIH and DH on the outcomes. The propensity scores were
calculated using a logistic regression model with the following covariates: sex, age, co-morbidities,
types of intracranial hemorrhage, and ISS. After adjusting for these confounding factors, cox regression
was used to evaluate the effects of SIH and DH on the primary and secondary outcomes against those
of NDN. p-values < 0.05 were defined as statistically significant.

3. Results

3.1. Characteristics and Outcomes of Patients with SIH

There were 1798 adult patients with isolated moderate to severe TBI in the present study (Figure 1).
These patients were allocated into four groups: SIH (n = 140), DH (n = 187), DN (n = 186), and NDN
(n = 1285). As shown in Table 1, no significant differences in sex and age were observed between the
SIH and NDN groups. The SIH group had significantly higher rates of EDH, SDH, and ICH, but there
was no difference between the rate of SAH in the SIH and NDN groups. No significant difference in
the rates of pre-existing co-morbidities was observed between the SIH and NDN groups. On the other
hand, more patients had a GCS ≤ 8 and fewer had a GCS score ≥13, the SIH group had a significantly
lower GCS score than the NDN group (7.7 ± 4.7 vs. 12.4 ± 3.8, respectively; p < 0.001). The SIH group
had a significantly higher ISS (median (IQR: Q1–Q3), 20 (16–25]) than the NDN group (16 (13–20]).
In addition, more patients with SIH had an ISS ≥ 25, but fewer patients with SIH had an ISS < 16 than
those with NDN. Regarding the patient outcomes, the SIH group had a higher proportion of patients
admitted to the ICU (83.6% vs. 66.4%, respectively; p < 0.001) and 9.1-fold higher odds of mortality
than the NDN group (95% CI 6.10–13.48; p < 0.001). There was no difference in the hospital LOS
between the SIH and NDN groups.

Table 1. Comparison of the characteristics and outcomes of the SIH and NDN groups of patients.

Variables SIH
n = 140

NDN
n = 1285

Odds Ratio
(95% CI) p

Sex 0.984
Female, n (%) 50 (35.7) 460 (35.8) 1.0 (0.69–1.43)
Male, n (%) 90 (64.3) 825 (64.2) 1.0 (0.70–1.44)
Age (years) 52.4 ± 18.7 54.3 ± 19.8 - 0.297

Hemorrhage type
EDH, n (%) 45 (32.1) 273 (21.2) 1.8 (1.20–2.57) 0.003
SDH, n (%) 90 (64.3) 688 (53.5) 1.6 (1.09–2.25) 0.015
SAH, n (%) 76 (54.3) 634 (49.3) 1.2 (0.86–1.73) 0.266
ICH, n (%) 30 (21.4) 137 (10.7) 2.3 (1.47–3.55) <0.001

Co-morbidity
HTN, n (%) 36 (25.7) 326 (25.4) 1.0 (0.68–1.52) 0.929
CAD, n (%) 4 (2.9) 42 (3.3) 0.9 (0.31–2.47) 1.000
CHF, n (%) 2 (1.4) 8 (0.6) 2.3 (0.49–11.00) 0.257
CVA, n (%) 2 (1.4) 55 (4.3) 0.3 (0.08–1.34) 0.102
ESRD, n (%) 0 (0.0) 2 (0.2) - 1.000

GCS 7.7 ± 4.7 12.4 ± 3.8 - <0.001
≤8 89 (63.6) 255 (19.8) 7.0 (4.87–10.21) <0.001

9–12 18 (12.9) 157 (12.2) 1.1 (0.63–1.79) 0.827
≥13 33 (23.6) 873 (67.9) 0.1 (0.10–0.22) <0.001

ISS, median (IQR) 20 (16–25) 16 (13–20) - <0.001
<16 23 (16.4) 466 (36.3) 0.3 (0.22–0.55) <0.001

16–24 65 (46.4) 678 (52.8) 0.8 (0.55–1.10) 0.154
≥25 52 (37.1) 141 (11.0) 4.8 (3.26–7.05) <0.001

Hospital LOS (days) 14.4 ± 21.1 12.2 ± 12.5 - 0.236
ICU admission, n (%) 117 (83.6) 853 (66.4) 2.6 (1.62–4.09) <0.001
Mortality, n (%) 58 (41.4) 93 (7.2) 9.1 (6.10–13.48) <0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral
vascular accident; EDH = epidural hemorrhage; ESRD = end-stage renal disease; GCS = Glasgow coma scale;
HTN = hypertension; ICH = intracerebral hemorrhage; ICU = intensive care unit; IQR = interquartile range;
ISS = injury severity score; LOS = length of stay; NDN = nondiabetic normoglycemia; SAH = subarachnoid
hemorrhage; SDH = subdural hemorrhage; SIH = stress-induced hyperglycemia.
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3.2. Characteristics and Outcomes of Patients with DH

There was a significantly higher predominance of women and senior patients in the DH group
than in the NDN group (Table 2). The DH group had a significantly higher rate of EDH than the NDN
group, but no differences in the rates of SDH, SAH, and ICH were observed between the DH and
NDN groups. Higher odds of HTN and CAD, but not other co-morbidities, were observed in the
DH group than in the NDN group. There was no significant difference in GCS scores between the
DH and NDN groups (12.1 ± 4.2 vs. 12.4 ± 3.8, respectively; p < 0.001), regardless of patient GCS
score classifications of ≤8, between 9 and 12, and ≥13. There was no significant difference between
the ISS (median (IQR: Q1–Q3), 16 (14–20) in the DH group and that in the NDN group (16 (13–20)).
In addition, fewer DH patients had an ISS < 16 than in the NDN group. There was no difference in
the hospital LOS and proportion of patients admitted to the ICU between the DH and NDN groups.
However, patients in the DH group had 2.2-fold higher odds of mortality than those in the NDN group
(95% CI 1.37–3.42; p = 0.001).

Table 2. Comparison of the characteristics and outcomes of the DH and NDN groups of patients.

Variables DH
n = 187

NDN
n = 1285

Odds Ratio
(95% CI) p

Sex <0.001
Female, n (%) 92 (49.2) 460 (35.8) 1.7 (1.28–2.37)
Male, n (%) 95 (50.8) 825 (64.2) 0.6 (0.42–0.78)
Age (years) 65.6 ± 12.0 54.3 ± 19.8 - <0.001

Hemorrhage type
EDH, n (%) 25 (13.4) 273 (21.2) 0.6 (0.37–0.89) 0.012
SDH, n (%) 104 (55.6) 688 (53.5) 1.1 (0.80–1.48) 0.595
SAH, n (%) 78 (41.7) 634 (49.3) 0.7 (0.54–1.00) 0.051
ICH, n (%) 22 (11.8) 137 (10.7) 1.1 (0.69–1.80) 0.650

Co-morbidity
HTN, n (%) 116 (62.0) 326 (25.4) 4.8 (3.49–6.63) <0.001
CAD, n (%) 20 (10.7) 42 (3.3) 3.5 (2.03–6.18) <0.001
CHF, n (%) 4 (2.1) 8 (0.6) 3.5 (1.04–11.70) 0.055
CVA, n (%) 14 (7.5) 55 (4.3) 1.8 (0.99–3.32) 0.053
ESRD, n (%) 0 (0.0) 2 (0.2) - 1.000

GCS 12.1 ± 4.2 12.4 ± 3.8 - 0.320
≤8 44 (23.5) 255 (19.8) 1.2 (0.86–1.79) 0.242

9–12 19 (10.2) 157 (12.2) 0.8 (0.49–1.34) 0.418
≥13 124 (66.3) 873 (67.9) 0.9 (0.67–1.29) 0.656

ISS, median (IQR) 16 (14–20) 16 (13–20) - 0.183
<16 50 (26.7) 466 (36.3) 0.6 (0.46–0.90) 0.011

16–24 108 (57.8) 678 (52.8) 1.2 (0.90–1.67) 0.201
≥25 29 (15.5) 141 (11.0) 1.5 (0.97–2.30) 0.070

Hospital LOS (days) 13.3 ± 12.0 12.2 ± 12.5 - 0.296
ICU admission, n (%) 134 (71.7) 853 (66.4) 1.3 (0.91–1.80) 0.151
Mortality, n (%) 27 (14.4) 93 (7.2) 2.2 (1.37–3.42) 0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral
vascular accident; DH = diabetic hyperglycemia; EDH = epidural hemorrhage; ESRD = end-stage renal disease;
GCS = Glasgow coma scale; HTN = hypertension; ICH = intracerebral hemorrhage; ICU = intensive care unit;
IQR = interquartile range; ISS = injury severity score; LOS = length of stay; NDN = nondiabetic normoglycemia;
SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage.

3.3. Adjusted Outcomes of Patients with SIH and with DH

Propensity score-matched patients were selected to reduce the effect of differences in sex, age,
pre-existing co-morbidities, types of intracranial hemorrhage, and injury severity of the patient
population on the outcome assessment. As shown in Table 3, in selected 122 well-balanced pairs of SIH
and NDN patients, there were no significant differences in sex, age, co-morbidity, types of intracranial
hemorrhage, and ISS between the two patient cohorts. The logistic regression analysis of these pairs
of patients showed that those with SIH had 6.6-fold higher odds of mortality (95% CI 2.58–16.91;
p < 0.001) than those with NDN (test for coefficients mortality: b = 1.887; Wald = 15.462; p < 0.001,
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test for model coefficients: −2 Log Likelihood = 146.041, λ2 (1) = 20.632, p < 0.001). In addition,
in the 163 well-balanced pairs of patients with DH and NDN (Table 4), there were also no significant
differences in sex, age, co-morbidity, types of intracranial hemorrhage, and ISS between the two patient
cohorts. The logistic regression analysis of these pairs of patients did not show a significant difference
of odds of mortality (OR 1.4; 95% CI 0.68–2.71; p = 0.386) between DH and NDN (test for coefficients
mortality: b = 0.305; Wald = 0.752; p = 0.386, test for model coefficients: −2 Log Likelihood = 225.205,
λ2 (1) = 0.758, p = 0.384).

Table 3. Comparison of the mortality outcomes in the selected propensity-score matched cohort of SIH
and NDN groups of patients.

Variables
Propensity Score-Matched Cohort

SIH
n = 122

NDN
n = 122

Odds Ratio
(95% CI) p Standardized Difference

Sex 1.000
Female, n (%) 40 (32.8) 40 (32.8) 1.0 (0.59–1.71) 0.00%
Male, n (%) 82 (67.2) 82 (67.2) 1.0 (0.59–1.71) 0.00%
Age (years) 50.9 ± 18.7 51.0 ± 17.9 - 0.992 −0.13%

Co-morbidity
HTN, n (%) 25 (20.5) 25 (20.5) 1.0 (0.54–1.86) 1.000 0.00%
CAD, n (%) 1 (0.8) 1 (0.8) 1.0 (0.06–16.17) 1.000 0.00%
CHF, n (%) 0 (0.0) 0 (0.0) - - -
CVA, n (%) 1 (0.8) 1 (0.8) 1.0 (0.06–16.17) 1.000 0.00%
ESRD, n (%) 0 (0.0) 0 (0.0) - - -
EDH, n (%) 42 (34.4) 42 (34.4) 1.0 (0.59–1.70) 1.000 0.00%
SDH, n (%) 83 (68.0) 83 (68.0) 1.0 (0.58–1.71) 1.000 0.00%
SAH, n (%) 63 (51.6) 63 (51.6) 1.0 (0.61–1.65) 1.000 0.00%
ICH, n (%) 21 (17.2) 21 (17.2) 1.0 (0.51–1.94) 1.000 0.00%

ISS, median (IQR) 17 (16–25) 17 (16–25) - 0.898 0.00% †

Mortality, n (%) 49 (40.2) 21 (17.2) 6.6 (2.58–16.91) <0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral
vascular accident; EDH = epidural hemorrhage; ESRD = end-stage renal disease; HTN = hypertension;
ICH = intracerebral hemorrhage; IQR = interquartile range; ISS = injury severity score; NDN = nondiabetic
normoglycemia; SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage; SIH = stress-induced
hyperglycemia. † indicates difference of interquartile range.

Table 4. Comparison of mortality outcomes in the selected propensity-score matched cohort of DH
and NDN groups of patients.

Variables
Propensity Score-Matched Cohort

DH
n = 163

NDN
n = 163

Odds Ratio
(95% CI) p Standardized Difference

Sex 1.000
Female, n (%) 74 (45.4) 74 (45.4) 1.0 (0.65–1.55) 0.00%
Male, n (%) 89 (54.6) 89 (54.6) 1.0 (0.65–1.55) 0.00%
Age (years) 65.0 ± 12.3 65.3 ± 13.1 - 0.852 −2.07%

Co-morbidity
HTN, n (%) 97 (59.5) 97 (59.5) 1.0 (0.64–1.56) 1.000 0.00%
CAD, n (%) 6 (3.7) 6 (3.7) 1.0 (0.32–3.17) 1.000 0.00%
CHF, n (%) 1 (0.6) 1 (0.6) 1.0 (0.06–16.13) 1.000 0.00%
CVA, n (%) 11 (6.7) 11 (6.7) 1.0 (0.42–2.38) 1.000 0.00%
ESRD, n (%) 0 (0.0) 0 (0.0) - - -
EDH, n (%) 21 (12.9) 21 (12.9) 1.0 (0.52–1.91) 1.000 0.00%
SDH, n (%) 87 (53.4) 87 (53.4) 1.0 (0.65–1.55) 1.000 0.00%
SAH, n (%) 69 (42.3) 69 (42.3) 1.0 (0.64–1.55) 1.000 0.00%
ICH, n (%) 15 (9.2) 15 (9.2) 1.0 (0.47–2.12) 1.000 0.00%

ISS, median (IQR) 16 (13–20) 16 (13–20) - 0.916 0.00% †

Mortality, n (%) 23 (14.1) 18 (11.0) 1.4 (0.68–2.71) 0.386

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral
vascular accident; DH = diabetic hyperglycemia; EDH = epidural hemorrhage; ESRD = end-stage renal disease;
HTN = hypertension; ICH = intracerebral hemorrhage; IQR = interquartile range; ISS = injury severity score;
NDN= nondiabetic normoglycemia; SAH = subarachnoid hemorrhage; SDH = subdural hemorrhage. † indicates
difference of interquartile range.
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4. Discussion

In the present study of patients with isolated moderate to severe TBI, those with SIH and DH
had 9.1-fold and 2.3-fold higher odds of mortality, respectively, than those with NDN. After adjusting
for confounding factors, including sex and age, pre-existing co-morbidities, the existence of different
kinds of intracerebral hemorrhage, and injury severity, patients with SIH still had 6.6-fold higher odds
of mortality than those with NDN; however, the same was not observed in patients with DH, who
did not present significantly higher mortality odds. This result was in accordance with the report by
Bosarge et al. in which SIH in patients with severe TBI was associated with higher mortality than
patients with NDN after adjusting for age, sex, injury mechanism, ISS, RTS, and lactic acid level;
this increased mortality was not observed in those patients with DH [5]. Notably, in the present study,
the adjusted 6.6-fold odds of mortality of SIH was much higher than that reported by Bosarge et al.
who reported a 50% increased adjusted mortality in SIH patients with severe TBI [5]. We believe that
the discrepancy may be partly attributed to the exclusion of patients with polytrauma from the present
study. This discrepancy may also be partly attributed to the evaluation method with a propensity-score
matched population by adjusting for pre-existing co-morbidities and different kinds of intracerebral
hemorrhage. In the present study, the SIH group had a significantly higher ISS than the NDN and even
the DH groups. The occurrences of a variety of intracerebral hemorrhages differed between the SIH
and NDN groups and even between the SIH and DH groups. In addition, the patients with less severe
injuries in the present study (moderate to severe TBI) than the population studied by Bosarge et al.
(severe TBI) may also have contributed to the discrepancy, as the effect of hyperglycemia is less easy
to measure in patients with high mortality. The above adjustments are expected to reduce bias in the
assessment of mortality outcomes and infer a different extent of the odds of mortality. An adjustment
to reduce bias in comparison is important during the assessment; for example, our previous study
which explored the morbidities associated with SIH for all trauma patients had revealed that even the
SIH had a 2.9-fold higher odds of pneumonia (95% CI 1.68–4.93; p < 0.001) and a 4.8-fold higher odds
of acute renal failure (95% CI 2.15–10.52; p < 0.001) than the NDN, there were no differences in the rates
of pneumonia and acute renal failure between SIH and NDN after adjustment by propensity-score
matching [27].

Notably, hyperglycemia following TBI is associated with injury severity and poor outcomes [28,29].
Patients with severe TBI have significantly higher serum glucose levels than those with mild TBI [1].
The causes of SIH is secondary to a state of increased hepatic output of glucose, diminished insulin
production, and insulin resistance in peripheral tissue in the presence of excessive adrenal cortical
output (glucagon, growth hormone, catecholamine, and glucocorticoid) as well as high circulating
levels of cytokines like tumor necrosis factor-α, interleukin-1, and interleukin-6 [20,30]. Up to 10 times
of these greater adrenal cortical outputs causing SIH was found [31]. In contrast, DH is a chronic process
associated with microvascular changes due to prolonged hyperglycemia [20]. In the present study,
SIH and DH differed in their effect on the outcomes of patients after TBI. Although the mechanism
for the detrimental effects of these two hyperglycemia states is unknown, the results indicate that
the pathophysiological effect associated with SIH might be different from that of DH. In this study,
the SIH could be provided as a marker for worse mortality. However, whether SIH is directly harmful
to the subject remained debatable. Historically, SIH appears to be a marker of disease severity and
the hyperglycemia and insulin resistance induced in the setting of acute illness had been thought to
be a protective mechanism that increases the host’s chances of survival [31]. In experimental animal
models, the results are inconsistent to determine whether SIH is harmful, neutral, or beneficial for
outcomes following TBI [32,33]. Furthermore, currently no definitive statements can be made as to
whether aggressive treatment of hyperglycemia actually benefits outcomes of trauma patients [34–36].

The present study had several limitations. The first limitation is represented by the inherent
selection bias associated with the retrospective study design. The cause of mortality of these patients
with TBI was unknown in this retrospective study, and thus may result in a selection bias in the
comparison of outcomes between groups. Second, patients declared dead at the scene of the accident
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or upon hospital arrival were not included in the database, which may have led to a selection bias,
considering that the mortality rate was the primary outcome. Third, as patients with DH may have
some degree of stress response invoking their hyperglycemia, SIH and DH are not mutually exclusive.
Currently, the SIH in diabetes has not been explored and lacks a well-established definition. In addition,
because we did not measure the levels of stress response hormones or catecholamine, it was not possible
for us to specifically identify whether stress might be more responsible for the hyperglycemia in the
patients with DH. Furthermore, the use of glycemic control is not performed under strict guidelines at
our hospital and may vary among patients with TBI. In addition, some diabetes drugs targeting the
glucagon-like peptide-1 receptor, such as metformin and thiazolidinediones, may promote neuronal
survival by affecting brain metabolism, neuroinflammation, and regeneration [37]. However, their
effect on mortality could not be corrected in this retrospective study, and thus may result in a bias in
the outcome assessment. Although the studies on the use and effect of glycemic control have been
inconclusive, this may have resulted in a bias in the outcome assessment. This also indicates that
defining the appropriate treatment for SIH remains an area of ongoing investigation.

5. Conclusions

The results of this study demonstrated worse outcomes for patients with stress-induced
hyperglycemia (SIH), but not diabetic hyperglycemia (DH), among patients with isolated moderate to
severe traumatic brain injury (TBI) with respect to mortality, after controlling for age, sex, pre-existing
co-morbidities, the existence of different kinds of intracerebral hemorrhage, and Injury Severity
Score (ISS).

Acknowledgments: We appreciated the Biostatistics Center, Kaohsiung Chang Gung Memorial Hospital for
statistics work. This research was supported by a grant from CMRPG8F0261 for Ching-Hua Hsieh.

Author Contributions: Cheng-Shyuan Rau wrote the manuscript, Shao-Chun Wu was involved in the literature
review, Yi-Chun Chen and Peng-Chen Chien performed the statistical analyses, Hsiao-Yun Hsieh proofread the
manuscript, Pao-Jen Kuo was responsible for the integrity of registered data, and Ching-Hua Hsieh designed the
study and contributed to the data analysis and interpretation. All authors read and approved the final manuscript.

Conflicts of Interest: The authors declare that they have no competing interests.

References

1. Alexiou, G.A.; Lianos, G.; Fotakopoulos, G.; Michos, E.; Pachatouridis, D.; Voulgaris, S. Admission glucose
and coagulopathy occurrence in patients with traumatic brain injury. Brain Inj. 2014, 28, 438–441. [CrossRef]
[PubMed]

2. Prisco, L.; Iscra, F.; Ganau, M.; Berlot, G. Early predictive factors on mortality in head injured patients:
A retrospective analysis of 112 traumatic brain injured patients. J. Neurosurg. Sci. 2012, 56, 131–136. [PubMed]

3. Salim, A.; Hadjizacharia, P.; Dubose, J.; Brown, C.; Inaba, K.; Chan, L.S.; Margulies, D. Persistent hyperglycemia
in severe traumatic brain injury: An independent predictor of outcome. Am. Surg. 2009, 75, 25–29. [PubMed]

4. Khajavikhan, J.; Vasigh, A.; Kokhazade, T.; Khani, A. Association between Hyperglycaemia with Neurological
Outcomes Following Severe Head Trauma. J. Clin. Diagn. Res. JCDR 2016, 10. [CrossRef] [PubMed]

5. Bosarge, P.L.; Shoultz, T.H.; Griffin, R.L.; Kerby, J.D. Stress-induced hyperglycemia is associated with higher
mortality in severe traumatic brain injury. J. Trauma Acute Care Surg. 2015, 79, 289–294. [CrossRef] [PubMed]

6. Kinoshita, K. Traumatic brain injury: Pathophysiology for neurocritical care. J. Intensiv. Care 2016, 4, 29.
[CrossRef] [PubMed]

7. Gauglitz, G.G.; Herndon, D.N.; Jeschke, M.G. Insulin resistance postburn: Underlying mechanisms and
current therapeutic strategies. J. Burn Care Res. Off. Publ. Am. Burn Assoc. 2008, 29, 683–694. [CrossRef]
[PubMed]

8. Smit, J.W.; Romijn, J.A. Acute insulin resistance in myocardial ischemia: Causes and consequences.
Semin. Cardiothorac. Vasc. Anesth. 2006, 10, 215–219. [CrossRef] [PubMed]

9. Ray, B.; Ludwig, A.; Yearout, L.K.; Thompson, D.M.; Bohnstedt, B.N. Stress-Induced Hyperglycemia
after Spontaneous Subarachnoid Hemorrhage and Its Role in Predicting Cerebrospinal Fluid Diversion.
World Neurosurg. 2017, 100, 208–215. [CrossRef] [PubMed]

http://dx.doi.org/10.3109/02699052.2014.888769
http://www.ncbi.nlm.nih.gov/pubmed/24564221
http://www.ncbi.nlm.nih.gov/pubmed/22617175
http://www.ncbi.nlm.nih.gov/pubmed/19213392
http://dx.doi.org/10.7860/JCDR/2016/17208.7686
http://www.ncbi.nlm.nih.gov/pubmed/27190880
http://dx.doi.org/10.1097/TA.0000000000000716
http://www.ncbi.nlm.nih.gov/pubmed/26218699
http://dx.doi.org/10.1186/s40560-016-0138-3
http://www.ncbi.nlm.nih.gov/pubmed/27123305
http://dx.doi.org/10.1097/BCR.0b013e31818481ce
http://www.ncbi.nlm.nih.gov/pubmed/18695610
http://dx.doi.org/10.1177/1089253206291153
http://www.ncbi.nlm.nih.gov/pubmed/16959753
http://dx.doi.org/10.1016/j.wneu.2017.01.008
http://www.ncbi.nlm.nih.gov/pubmed/28089808


Int. J. Environ. Res. Public Health 2017, 14, 1340 9 of 10

10. Yang, C.J.; Liao, W.I.; Wang, J.C.; Tsai, C.L.; Lee, J.T.; Peng, G.S.; Lee, C.H.; Hsu, C.W.; Tsai, S.H. Usefulness of
glycated hemoglobin A1c-based adjusted glycemic variables in diabetic patients presenting with acute
ischemic stroke. Am. J. Emerg. Med. 2017, 35, 1240–1246. [CrossRef] [PubMed]

11. Sung, J.; Bochicchio, G.V.; Joshi, M.; Bochicchio, K.; Tracy, K.; Scalea, T.M. Admission hyperglycemia is
predictive of outcome in critically ill trauma patients. J. Trauma 2005, 59, 80–83. [CrossRef] [PubMed]

12. Richards, J.E.; Kauffmann, R.M.; Zuckerman, S.L.; Obremskey, W.T.; May, A.K. Relationship of hyperglycemia
and surgical-site infection in orthopaedic surgery. J. Bone Jt. Surg. Am. 2012, 94, 1181–1186. [CrossRef]
[PubMed]

13. Richards, J.E.; Kauffmann, R.M.; Obremskey, W.T.; May, A.K. Stress-induced hyperglycemia as a risk factor
for surgical-site infection in nondiabetic orthopedic trauma patients admitted to the intensive care unit.
J. Orthop. Trauma 2013, 27, 16–21. [CrossRef] [PubMed]

14. Mraovic, B.; Suh, D.; Jacovides, C.; Parvizi, J. Perioperative hyperglycemia and postoperative infection after
lower limb arthroplasty. J. Diabetes Sci. Technol. 2011, 5, 412–418. [CrossRef] [PubMed]

15. Leto, R.; Desruelles, D.; Gillet, J.B.; Sabbe, M.B. Admission hyperglycaemia is associated with higher
mortality in patients with hip fracture. Eur. J. Emerg. Med. 2015, 22, 99–102. [CrossRef] [PubMed]

16. Oddo, M.; Schmidt, J.M.; Mayer, S.A.; Chiolero, R.L. Glucose control after severe brain injury. Curr. Opin.
Clin. Nutr. Metab. Care 2008, 11, 134–139. [CrossRef] [PubMed]

17. Zygun, D.A.; Steiner, L.A.; Johnston, A.J.; Hutchinson, P.J.; Al-Rawi, P.G.; Chatfield, D.; Kirkpatrick, P.J.;
Menon, D.K.; Gupta, A.K. Hyperglycemia and brain tissue pH after traumatic brain injury. Neurosurgery
2004, 55, 877–881, discussion 882. [CrossRef] [PubMed]

18. Rostami, E.; Bellander, B.M. Monitoring of glucose in brain, adipose tissue, and peripheral blood in patients
with traumatic brain injury: A microdialysis study. J. Diabetes Sci. Technol. 2011, 5, 596–604. [CrossRef]
[PubMed]

19. Bonizzoli, M.; Zagli, G.; Lazzeri, C.; Degl’Innocenti, S.; Gensini, G.; Peris, A. Early insulin resistance in severe
trauma without head injury as outcome predictor? A prospective, monocentric pilot study. Scand. J. Trauma
Resusc. Emerg. Med. 2012, 20, 69. [CrossRef] [PubMed]

20. Bosarge, P.L.; Kerby, J.D. Stress-induced hyperglycemia: Is it harmful following trauma? Adv. Surg. 2013,
47, 287–297. [CrossRef] [PubMed]

21. Kerby, J.D.; Griffin, R.L.; MacLennan, P.; Rue, L.W., 3rd. Stress-induced hyperglycemia, not diabetic
hyperglycemia, is associated with higher mortality in trauma. Ann. Surg. 2012, 256, 446–452. [CrossRef]
[PubMed]

22. Hsieh, C.H.; Hsu, S.Y.; Hsieh, H.Y.; Chen, Y.C. Differences between the sexes in motorcycle-related injuries
and fatalities at a Taiwanese level I trauma center. Biomed. J. 2017, 40, 113–120. [CrossRef] [PubMed]

23. Hsieh, C.H.; Liu, H.T.; Hsu, S.Y.; Hsieh, H.Y.; Chen, Y.C. Motorcycle-related hospitalizations of the elderly.
Biomed. J. 2017, 40, 121–128. [CrossRef] [PubMed]

24. Savitsky, B.; Givon, A.; Rozenfeld, M.; Radomislensky, I.; Peleg, K. Traumatic brain injury: It is all about
definition. Brain Inj. 2016, 30, 1194–1200. [CrossRef] [PubMed]

25. Butcher, N.; Balogh, Z.J. AIS > 2 in at least two body regions: A potential new anatomical definition of
polytrauma. Injury 2012, 43, 196–199. [CrossRef] [PubMed]

26. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2012,
35, S64–S71.

27. Rau, C.S.; Wu, S.C.; Chen, Y.C.; Chien, P.C.; Hsieh, H.Y.; Kuo, P.J.; Hsieh, C.H. Higher Mortality in
Trauma Patients Is Associated with Stress-Induced Hyperglycemia, but Not Diabetic Hyperglycemia:
A Cross-Sectional Analysis Based on a Propensity-Score Matching Approach. Int. J. Environ. Res. Public Health
2017, 14, 1161. [CrossRef] [PubMed]

28. Rovlias, A.; Kotsou, S. The influence of hyperglycemia on neurological outcome in patients with severe head
injury. Neurosurgery 2000, 46, 335–342, discussion 342–343. [CrossRef] [PubMed]

29. Young, B.; Ott, L.; Dempsey, R.; Haack, D.; Tibbs, P. Relationship between admission hyperglycemia and
neurologic outcome of severely brain-injured patients. Ann. Surg. 1989, 210, 466–473. [CrossRef] [PubMed]

30. McCowen, K.C.; Malhotra, A.; Bistrian, B.R. Stress-induced hyperglycemia. Crit. Care Clin. 2001, 17, 107–124.
[CrossRef]

31. Marik, P.E.; Bellomo, R. Stress hyperglycemia: An essential survival response! Crit. Care Med. 2013,
41, e93–e94. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.ajem.2017.03.049
http://www.ncbi.nlm.nih.gov/pubmed/28363620
http://dx.doi.org/10.1097/01.TA.0000171452.96585.84
http://www.ncbi.nlm.nih.gov/pubmed/16096543
http://dx.doi.org/10.2106/JBJS.K.00193
http://www.ncbi.nlm.nih.gov/pubmed/22760385
http://dx.doi.org/10.1097/BOT.0b013e31825d60e5
http://www.ncbi.nlm.nih.gov/pubmed/22588532
http://dx.doi.org/10.1177/193229681100500231
http://www.ncbi.nlm.nih.gov/pubmed/21527113
http://dx.doi.org/10.1097/MEJ.0000000000000119
http://www.ncbi.nlm.nih.gov/pubmed/24473274
http://dx.doi.org/10.1097/MCO.0b013e3282f37b43
http://www.ncbi.nlm.nih.gov/pubmed/18301088
http://dx.doi.org/10.1227/01.NEU.0000137658.14906.E4
http://www.ncbi.nlm.nih.gov/pubmed/15458595
http://dx.doi.org/10.1177/193229681100500314
http://www.ncbi.nlm.nih.gov/pubmed/21722575
http://dx.doi.org/10.1186/1757-7241-20-69
http://www.ncbi.nlm.nih.gov/pubmed/23031544
http://dx.doi.org/10.1016/j.yasu.2013.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24298857
http://dx.doi.org/10.1097/SLA.0b013e3182654549
http://www.ncbi.nlm.nih.gov/pubmed/22868366
http://dx.doi.org/10.1016/j.bj.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/28521902
http://dx.doi.org/10.1016/j.bj.2016.10.006
http://www.ncbi.nlm.nih.gov/pubmed/28521903
http://dx.doi.org/10.1080/02699052.2016.1187290
http://www.ncbi.nlm.nih.gov/pubmed/27466967
http://dx.doi.org/10.1016/j.injury.2011.06.029
http://www.ncbi.nlm.nih.gov/pubmed/21741649
http://dx.doi.org/10.3390/ijerph14101161
http://www.ncbi.nlm.nih.gov/pubmed/28974008
http://dx.doi.org/10.1097/00006123-200002000-00015
http://www.ncbi.nlm.nih.gov/pubmed/10690722
http://dx.doi.org/10.1097/00000658-198910000-00007
http://www.ncbi.nlm.nih.gov/pubmed/2679455
http://dx.doi.org/10.1016/S0749-0704(05)70154-8
http://dx.doi.org/10.1097/CCM.0b013e318283d124
http://www.ncbi.nlm.nih.gov/pubmed/23685597


Int. J. Environ. Res. Public Health 2017, 14, 1340 10 of 10

32. Cherian, L.; Hannay, H.J.; Vagner, G.; Goodman, J.C.; Contant, C.F.; Robertson, C.S. Hyperglycemia increases
neurological damage and behavioral deficits from post-traumatic secondary ischemic insults. J. Neurotrauma
1998, 15, 307–321. [CrossRef] [PubMed]

33. Hill, J.; Zhao, J.; Dash, P.K. High blood glucose does not adversely affect outcome in moderately brain-injured
rodents. J. Neurotrauma 2010, 27, 1439–1448. [CrossRef] [PubMed]

34. Butcavage, K. Glycemic control and intensive insulin protocols for neurologically injured patients.
J. Neurosci. Nurs. 2012, 44, E1–E9. [CrossRef] [PubMed]

35. Kramer, A.H.; Roberts, D.J.; Zygun, D.A. Optimal glycemic control in neurocritical care patients: A systematic
review and meta-analysis. Crit. Care (Lond. Engl.) 2012, 16, R203. [CrossRef] [PubMed]

36. Scalea, T.M.; Bochicchio, G.V.; Bochicchio, K.M.; Johnson, S.B.; Joshi, M.; Pyle, A. Tight glycemic control in
critically injured trauma patients. Ann. Surg. 2007, 246, 605–612. [CrossRef] [PubMed]

37. Patrone, C.; Eriksson, O.; Lindholm, D. Diabetes drugs and neurological disorders: New views and
therapeutic possibilities. Lancet Diabetes Endocrinol. 2014, 2, 256–262. [CrossRef]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1089/neu.1998.15.307
http://www.ncbi.nlm.nih.gov/pubmed/9605346
http://dx.doi.org/10.1089/neu.2010.1328
http://www.ncbi.nlm.nih.gov/pubmed/20504157
http://dx.doi.org/10.1097/JNN.0b013e3182527656
http://www.ncbi.nlm.nih.gov/pubmed/22743815
http://dx.doi.org/10.1186/cc11812
http://www.ncbi.nlm.nih.gov/pubmed/23082798
http://dx.doi.org/10.1097/SLA.0b013e318155a789
http://www.ncbi.nlm.nih.gov/pubmed/17893497
http://dx.doi.org/10.1016/S2213-8587(13)70125-6
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.


International  Journal  of

Environmental Research

and Public Health

Article

Mortality Rate Associated with Admission
Hyperglycemia in Traumatic Femoral Fracture
Patients Is Greater Than Non-Diabetic
Normoglycemic Patients but Not Diabetic
Normoglycemic Patients

Cheng-Shyuan Rau 1,†, Shao-Chun Wu 2,†, Yi-Chun Chen 3, Peng-Chen Chien 3,
Hsiao-Yun Hsieh 3, Pao-Jen Kuo 3 and Ching-Hua Hsieh 3,* ID

1 Department of Neurosurgery, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University
College of Medicine, Kaohsiung 83301, Taiwan; ersh2127@cloud.cgmh.org.tw

2 Department of Anesthesiology, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University
College of Medicine, Kaohsiung 83301, Taiwan; shaochunwu@gmail.com

3 Department of Plastic Surgery, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University
College of Medicine, Kaohsiung 83301, Taiwan; libe320@yahoo.com.tw (Y.-C.C.);
VENU_CHIEN@hotmail.com (P.-C.C.); sylvia19870714@hotmail.com (H.-Y.H.);
bow110470@gmail.com (P.-J.K.)

* Correspondence: m93chinghua@gmail.com; Tel.: +886-7-345-4746
† These authors contributed equally to this work.

Received: 25 September 2017; Accepted: 21 December 2017; Published: 25 December 2017

Abstract: Background: Admission hyperglycemia is associated with increased morbidity and mortality
in trauma patients. However, admission hyperglycemia is not only associated with stress-induced
hyperglycemia (SIH) but also with diabetic hyperglycemia (DH); furthermore, patients with
normoglycemia may not only have non-diabetic normoglycemia (NDN) but also have a possibility
of diabetic normoglycemia (DN), with the diabetes under control. This study aimed to assess the effects
of SIH and DH on the mortality outcomes of traumatic femoral fracture patients with NDN and DN.
Methods: Admission hyperglycemia was diagnosed as a serum glucose ≥200 mg/dL upon arrival at the
emergency department. Diabetes mellitus (DM) was determined by patient history and/or admission
HbA1c ≥ 6.5%. DH and SIH were diagnosed by admission hyperglycemia in patients with and without
DM. DN and NDN were determined by absence of admission hyperglycemia in patients with and
without DM. These patients were allocated into four groups: SIH (n = 75), DH (n = 280), DN (n = 309),
and NDN (n = 1326), with detailed information retracted from the Trauma Registry System at a level
I trauma center between 1 January 2009, and 31 December 2016. Patients with incomplete registered
data were excluded. The adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for mortality
were estimated through a stepwise model selection of a multiple regression model that was adjusted
by controlling the cofounding variables such age, sex, co-morbidities, and Injury Severity Score. Results:
Compared to NDN, a 9.8-fold (95% CI 1.54–62.05; p = 0.016) and a 5.8-fold (95% CI 1.46–22.67; p = 0.012)
increase in the adjusted mortality odds ratio of patients with SIH and DH, respectively, were found in this
study. In addition, the adjusted odds of mortality between SIH (AOR = 0.3; 95% CI 0.03–2.99; p = 0.302) as
well as DH patients (AOR = 0.6; 95% CI 0.20–1.89; p = 0.394) and DN patients had no significant difference.
Conclusions: This study demonstrated that SIH and DH patients with traumatic femoral fractures had
higher mortality when compared with NDN patients, but not when compared with DN patients, with or
without adjustment of the differences in patient’s age, sex, co-morbidities, and injury severity.

Keywords: femoral fracture; admission hyperglycemia; stress-induced hyperglycemia; diabetic
hyperglycemia; diabetes mellitus; mortality
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1. Background

Femoral fractures are the most common consequence of falls in older people associated with an
increased risk of morbidity and mortality [1,2]. Acute fractures induce the secretion of stress hormone,
resulting in insulin resistance and subsequent hyperglycemia in injured patients [3]. This form
of hyperglycemia secondary to a stress response, known as stress-induced hyperglycemia (SIH),
commonly occurs in patients with trauma [4–8], burn injuries [9], stroke [10,11], and myocardial
infarction [12,13]. The stress response is characterized by excessive gluconeogenesis, glycogenolysis,
and insulin resistance and can result in up to 10 times greater adrenal cortical output [14].
The pathophysiology of SIH is thought to reflect relative insulin deficiency and temporary insulin
resistance, which was caused by the overwhelming activation of pro-inflammatory mediators (tumor
necrosis factor-α, interleukin-6) and counter-regulatory hormone excesses [15]. In such metabolic
milieus, the insulin concentrations in the plasma are inadequate to compensate for hyperglycemia [16]
and fails to suppress hepatic gluconeogenesis [17]. In trauma patients, SIH is associated with higher
morbidity and mortality rates [8,10,18]. The occurrence of acute myocardial infarction in SIH patients
with hip fracture was higher than that of the non-hyperglycemia group (12.46% vs. 6.41%, p < 0.05),
with the highest incidence in the initial three days after a hip fracture [19].

In addition, admission hyperglycemia is associated with a high morbidity and mortality in
critically ill [4,20] and non-critically ill trauma patients [8]. Among these trauma patients, those with
hyperglycemia had a more pronounced mortality than any other type of surgical patients [21].
However, admission hyperglycemia does not only occur in SIH but also in diabetic hyperglycemia
(DH), and the patients with normoglycemia may not only have non-diabetic normoglycemia (NDN)
but also diabetic normoglycemia (DN), whose diabetes is under control. Previous studies reported
that the mortality rate of patients with SIH is over twofold higher than those patients with DH [22].
Therefore, SIH, not DH, was associated with higher mortality in trauma patients [22]. However, little is
known whether these trauma patients with SIH represent a distinct group with differential outcomes
than those with DH. The impacts of SIH and DH on patients with traumatic femoral fractures remain
unknown. Therefore, this study aimed to assess the effects of SIH and DH on the outcomes of patients
with traumatic femoral fractures in comparison with those who had DN and NDN. The primary study
hypothesis stated that patients with SIH had a similar worse outcome to those with DH. The mortality
is measured as the primary outcome.

2. Methods

2.1. Ethics Statement

After obtaining approval (approval number: 201701325B0) from the institutional review board
(IRB) of Chang Gung Memorial Hospital, a level I regional trauma center in southern Taiwan [23,24],
we retrospectively selected the patients with femoral fractures and admitted via the emergency
department from 1 January 2009 to 31 December 2016. According to the IRB regulations, the informed
consent was waived.

2.2. Study Population

Admission hyperglycemia was diagnosed as a serum glucose ≥200 mg/dL upon arrival at
the emergency department. DM was defined by patient history and/or admission HbA1c ≥ 6.5%,
according to the current recommendations from the American Diabetes Association [25]. This inclusion
group consisted of 4207 patients who had sustained a traumatic femoral fracture and admitted for
treatment via the emergency department (Figure 1). In this study, only adult patients ≥20 years
old and those who had either a history of DM or an HbA1c level upon arrival at the emergency
department were included, considering that nearly 1 in 4 patients had occult diabetes based on HbA1c
testing [22]. To avoid the confounding effects of injuries to other body regions in assessing patient’s
mortality, the polytrauma patients who had additional AIS scores ≥3 points in other regions of the
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body were excluded from the study [26]. Those who had sustained a burn injury and had no available
serum glucose measurement upon arrival at the emergency department were excluded from the
study. In this study, the enrolled patients were allocated into four exclusive groups: (1) SIH, a serum
glucose ≥200 mg/dL in the patients without DM; (2) DH, a serum glucose ≥200 mg/dL in patients
with DM; (3) DN, a serum glucose <200 mg/dL in the patients with DM; and (4) NDN, a serum glucose
<200 mg/dL in patients without DM.

Int. J. Environ. Res. Public Health 2018, 15, 28    3 of 10 

≥20 years old  and  those who had  either  a history of DM or  an HbA1c  level upon  arrival  at  the 

emergency department were  included, considering  that nearly 1  in 4 patients had occult diabetes 

based on HbA1c testing [22]. To avoid the confounding effects of injuries to other body regions in 

assessing patient’s mortality,  the polytrauma patients who had additional AIS scores ≥3 points  in 

other  regions  of  the  body were  excluded  from  the  study  [26]. Those who had  sustained  a  burn 

injury and had no available serum glucose measurement upon arrival at the emergency department 

were excluded from the study. In this study, the enrolled patients were allocated into four exclusive 

groups: (1) SIH, a serum glucose ≥200 mg/dL in the patients without DM; (2) DH, a serum glucose 

≥200 mg/dL in patients with DM; (3) DN, a serum glucose <200 mg/dL in the patients with DM; and 

(4) NDN, a serum glucose <200 mg/dL in patients without DM.   

 

Figure  1.  Flow  chart  of  allocating  patients  with  traumatic  femoral  fractures  into  four  groups: 

stress‐induced hyperglycemia  (SIH), diabetic hyperglycemia  (DH), diabetic normoglycemia  (DN), 

and non‐diabetic normoglycemia (NDN). 

2.3. Study Variables 

The following patient information were extracted from the Trauma Registry System: sex, age, 

sites  of  femoral  fractures,  co‐morbidities,  such  as  hypertension  (HTN),  coronary  artery  disease 

(CAD),  congestive  heart  failure,  cerebral  vascular  accident  (CVA),  and  end‐stage  renal  disease; 

serum glucose level at the emergency department; HbA1c level; Glasgow Coma Scale (GCS); Injury 

Severity Score (ISS), expressed as the median and interquartile range (IQR, Q1–Q3); hospital length 

of stay (LOS); intensive care unit (ICU) admission rates; and in‐hospital mortality. 

2.4. Statistical Analysis 

The statistical analysis was done using the IBM SPSS Statistics for Windows, version 20.0 (IBM 

Corp.,  Armonk,  NY,  USA).  Two‐sided  Fisher  exact  or  Pearson  chi‐square  tests  were  used  to 

compare categorical data. Odds ratios (ORs) with 95% confidence  intervals (CIs) of the associated 

patient conditions were presented. The primary outcome of the study was in‐hospital mortality. In 

addition,  the  adjusted  odds  ratios  (AORs)  and  95% CIs  for mortality were  estimated  through  a 

stepwise  model  selection  of  a  multivariable  regression  model  adjusted  by  controlling  the 

cofounding  variables  such  as  age,  sex,  co‐morbidities,  and  ISS,  with  the  95%  CI  of  this  AOR 

calculated. Levene’s test was used to estimate the homogeneity of variance of continuous data, then 

one‐way analysis of variance (ANOVA) with Games‐Howell post‐hoc test were performed to assess 

the differences continuous variables of groups of patients. Kruskal‐Wallis nonparametric  test was 

used to estimate whether the ISS of subgroup samples were originated from the same distribution. 

The continuous data were presented as mean ± standard deviation. p‐values < 0.05 were defined as 

statistically significant. 

Figure 1. Flow chart of allocating patients with traumatic femoral fractures into four groups:
stress-induced hyperglycemia (SIH), diabetic hyperglycemia (DH), diabetic normoglycemia (DN),
and non-diabetic normoglycemia (NDN).

2.3. Study Variables

The following patient information were extracted from the Trauma Registry System: sex, age,
sites of femoral fractures, co-morbidities, such as hypertension (HTN), coronary artery disease (CAD),
congestive heart failure, cerebral vascular accident (CVA), and end-stage renal disease; serum glucose
level at the emergency department; HbA1c level; Glasgow Coma Scale (GCS); Injury Severity Score
(ISS), expressed as the median and interquartile range (IQR, Q1–Q3); hospital length of stay (LOS);
intensive care unit (ICU) admission rates; and in-hospital mortality.

2.4. Statistical Analysis

The statistical analysis was done using the IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA). Two-sided Fisher exact or Pearson chi-square tests were used to
compare categorical data. Odds ratios (ORs) with 95% confidence intervals (CIs) of the associated
patient conditions were presented. The primary outcome of the study was in-hospital mortality.
In addition, the adjusted odds ratios (AORs) and 95% CIs for mortality were estimated through a
stepwise model selection of a multivariable regression model adjusted by controlling the cofounding
variables such as age, sex, co-morbidities, and ISS, with the 95% CI of this AOR calculated. Levene’s
test was used to estimate the homogeneity of variance of continuous data, then one-way analysis
of variance (ANOVA) with Games-Howell post-hoc test were performed to assess the differences
continuous variables of groups of patients. Kruskal-Wallis nonparametric test was used to estimate
whether the ISS of subgroup samples were originated from the same distribution. The continuous data
were presented as mean ± standard deviation. p-values < 0.05 were defined as statistically significant.



Int. J. Environ. Res. Public Health 2018, 15, 28 4 of 10

3. Results

3.1. Characteristics of Patients with Femoral Fracture with SIH

A total of 1990 adult patients with femoral fracture were included in this study (Figure 1).
These patients were allocated into four groups: SIH (n = 75), DH (n = 280), DN (n = 309),
and NDN (n = 1326). The injury characteristics and outcomes of investigated groups of patients
are shown in Table 1. As compared with NDN, SIH involved older ages but no significant differences
in sex and co-morbidities were found (Table 2). Although most of the patients had a GCS of 9–12 and
the rest had ≥13, the GCS score between SIH and NDN patients is not significantly different (Table 3).
In addition, although only a few patients with SIH had an ISS < 16 and more had 16–24 as compared
with those who had NDN, the ISS between SIH and NDN patients had no significant difference
(Table 3). In relation to the patient outcomes, the proportion between SIH and NDN patients admitted
at the ICU had no significant difference. Patients with SIH did not have a significant difference of
hospital LOS (12.7 vs. 9.7 days; p = 0.104) but presented a 13.8-fold higher mortality odds ratio than
those with NDN (95% CI 3.03–62.69; p = 0.004). Despite considering the effects of confounding variables
such as age, sex, co-morbidities, and ISS, patients with SIH still had a 9.8-fold higher mortality adjusted
odds than those with NDN (95% CI 1.54–62.05; p = 0.016).

Table 1. Characteristics and outcomes of the patient groups.

Variables SIH, n = 75 DH, n = 280 DN, n = 309 NDN, n = 1326

Sex
Female, n (%) 42 (56.0) 190 (67.9) 212 (68.6) 746 (56.3)
Male, n (%) 33 (44.0) 90 (32.1) 97 (31.4) 580 (43.7)

Age (years) 72.6 ± 13.7 72.4 ± 10.2 74.2 ± 10.2 67.1 ± 20.1

Comorbidity
HTN, n (%) 37 (49.3) 186 (66.4) 235 (76.1) 544 (41.0)
CAD, n (%) 4 (5.3) 31 (11.1) 32 (10.4) 89 (6.7)
CHF, n (%) 0 (0.0) 8 (2.9) 10 (3.2) 28 (2.1)
CVA, n (%) 7 (9.3) 47 (16.8) 57 (18.4) 120 (9.0)
ESRD, n (%) 0 (0.0) 1 (0.4) 0 (0.0) 2 (0.2)

GCS 14.4 ± 1.9 14.8 ± 0.8 14.8 ± 0.9 14.8 ± 0.9
≤8 1 (1.3) 0 (0.0) 1 (0.3) 7 (0.5)
9–12 5 (6.7) 6 (2.1) 6 (1.9) 28 (2.1)
≥13 69 (92.0) 274 (97.9) 302 (97.7) 1291 (97.4)

ISS, median (IQR) 9 (9–9) 9 (9–9) 9 (9–9) 9 (9–9)
<16 72 (96.0) 280 (100.0) 309 (100.0) 1314 (99.1)
16–24 3 (4.0) 0 (0.0) 0 (0.0) 12 (0.9)
≥25 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hospital LOS (days) 12.7 ± 11.1 10.3 ± 9.0 9.9 ± 8.1 9.7 ± 7.1

ICU admission, n (%) 9 (12.0) 24 (8.6) 19 (6.1) 102 (7.7)

Mortality, n (%) 3 (4.0) 5 (1.8) 9 (2.9) 4 (0.3)

CAD = coronary artery disease; CHF = congestive heart Failure; CI = confidence interval; CVA = cerebral vascular
accident; DN = diabetic normoglycemia; DH = diabetic hyperglycemia; ESRD = end-stage renal disease; GCS =
Glasgow coma scale; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity
score; LOS = length of stay; NDN = non-diabetic normoglycemia; SIH = stress-induced hyperglycemia.
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Table 2. Comparison of characteristics and outcomes of categorical variables between patient groups.

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

Odds Ratio
(95% CI) p Odds Ratio

(95% CI) p Odds Ratio
(95% CI) p Odds Ratio

(95% CI) p

Characteristic

Sex 0.965 0.038 <0.001 0.845
Female, n (%) 1.0 (0.62–1.58) 0.6 (0.35–0.98) 1.6 (1.25–2.16) 1.0 (0.68–1.37)
Male, n (%) 1.0 (0.63–1.62) 1.7 (1.03–2.88) 0.6 (0.46–0.80) 1.0 (0.73–1.47)

Comorbidity
HTN, n (%) 1.4 (0.88–2.23) 0.155 0.3 (0.18–0.52) <0.001 2.8 (2.17–3.73) <0.001 0.6 (0.44–0.89) 0.010
CAD, n (%) 0.8 (0.28–2.19) 0.813 0.5 (0.17–1.42) 0.181 1.7 (1.13–2.66) 0.012 1.1 (0.64–1.82) 0.779
CHF, n (%) - 0.397 - 0.221 1.4 (0.62–3.02) 0.444 0.9 (0.34–2.26) 0.790
CVA, n (%) 1.0 (0.47–2.30) 0.934 0.5 (0.20–1.04) 0.057 2.0 (1.41–2.92) <0.001 0.9 (0.58–1.36) 0.598
ESRD, n (%) - 1.000 - - 2.4 (0.21–26.26) 0.437 - 0.475

GCS
≤8 2.5 (0.31–20.97) 0.357 4.2 (0.26–67.32) 0.353 - 0.613 - 1.000
9–12 3.3 (1.24–8.84) 0.028 3.6 (1.07–12.16) 0.044 1.0 (0.42–2.48) 0.974 1.1 (0.35–3.47) 0.863
≥13 0.3 (0.13–0.77) 0.019 0.3 (0.09–0.82) 0.025 1.2 (0.52–2.97) 0.632 1.1 (0.35–3.19) 0.919

ISS
<16 0.2 (0.06–0.79) 0.042 - 0.007 - 0.241 - -
16–24 4.6 (1.26–16.53) 0.042 - 0.007 - 0.241 - -
≥25 - - - - - - - -

Outcomes

ICU admission, n (%) 1.6 (0.79–3.38) 0.179 2.1 (0.90–4.81) 0.080 1.1 (0.71–1.79) 0.619 1.4 (0.77–2.67) 0.259

Mortality, n (%) 13.8 (3.03–62.69) 0.004 1.4 (0.37–5.26) 0.710 6.0 (1.60–22.52) 0.011 6.0 (0.20–1.83) 0.370

Adjusted mortality, n (%) 9.8 (1.54–62.05) 0.016 0.3 (0.03–2.99) 0.302 5.8 (1.46–22.67) 0.012 0.6 (0.20–1.89) 0.394

CAD = coronary artery disease; CHF = congestive heart Failure; CI = confidence interval; CVA = cerebral vascular accident; DN = diabetic normoglycemia; DH = diabetic hyperglycemia;
ESRD = end-stage renal disease; GCS = Glasgow coma scale; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay;
NDN = non-diabetic normoglycemia; SIH = stress-induced hyperglycemia.
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Table 3. Comparison of characteristics and outcomes of continuous variables between patient groups.

SIH, n = 75 DH, n = 280 DN, n = 309 NDN, n = 1326 Levene’s Test p F p Median Difference Post-Hoc p

Age 72.6 ± 13.7 72.4 ± 10.2 74.2 ± 10.2 67.1 ± 20.1 <0.001 18.6 <0.001 NDN SIH −5.5 0.008
(years) DH −5.3 <0.001

DN SIH 1.6 0.774
DH 1.8 0.142

GCS 14.4 ± 1.9 14.8 ± 0.8 14.8 ± 0.9 14.8 ± 0.9 <0.001 4.8 0.002 NDN SIH 0.4 0.238
DH −0.0 0.967

DN SIH 0.4 0.236
DH −0.0 0.996

LOS 12.7 ± 11.1 10.3 ± 9.0 9.9 ± 8.1 9.7 ± 7.1 <0.001 3.9 0.009 NDN SIH −3.0 0.104
(days) DH −0.6 0.675

DN SIH −2.7 0.194
DH −0.4 0.953

SIH, n = 75 DH, n = 280 DN, n = 309 NDN, n = 1326 Levene’s Test p F Kruskal-Wallis p Median Difference Post-Hoc p

ISS, 9 (9–9) 9 (9–9) 9 (9–9) 9 (9–9) N/A N/A <0.001 NDN SIH 0 0.854
Median (IQR) DH 0 <0.001

DN SIH 0 0.053
DH 0 0.630

DN = diabetic normoglycemia; DH = diabetic hyperglycemia; GCS = Glasgow coma scale; ISS = injury severity score; LOS = length of stay; N/A = not available; NDN= non-diabetic
normoglycemia; SIH = stress-induced hyperglycemia.
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As compared with DN, SIH had a male predominance and lesser proportion of patients with
a pre-existing HTN. There was no significant difference in age and other co-morbidities. Although
only a few patients had a GCS score ≥13, the GCS score between the SIH and DN had no significant
difference. In addition, the SIH patients did not have a significant difference of ISS than the DN
patients (p = 0.053). In relation to patient outcomes, the SIH group did not have a significant difference
of hospital LOS (12.7 vs. 9.9 days, respectively; p = 0.194) than the DN group; however, the proportion
of patients admitted at the ICU and the mortality odds ratio between the SIH and DN groups had no
difference. Furthermore, the adjusted mortality odds ratio between the SIH and DN groups had no
significant difference (AOR = 0.3; 95% CI 0.03–2.99; p = 0.302).

3.2. Characteristics and Outcomes of Patients with DH

As compared with NDN, DH had a female predominance, older age, and higher proportion of
patients with pre-existing HTN, CAD, and CVA. The GCS score between the DH and NDN groups
had no significant difference, regardless of the patient subgroups established based on the GCS score
(≤8, 9–12, and ≥13). In addition, DH had a higher ISS than NDN. As regards the patient outcomes,
the hospital LOS and the proportion of patients admitted at the ICU between the DH and NDN
group had no difference. However, DH had a 6.0-fold higher mortality odds ratio (95% CI 1.60–22.52;
p = 0.011) and a 5.8-fold higher adjusted mortality odds ratio (95% CI 1.46–22.67; p = 0.012) than NDN.

As compared with DN, DH did not present a significant difference in age but had less proportion
of patients with pre-existing HTN. No significant differences in sex and other co-morbidities were
found between DH and DN. No significant difference in GCS score and ISS were found between
DH and DN, regardless of patient subgroups established based on GCS score (≤8, 9–12, and ≥13) or
ISS (<16, 16–24, and ≥25). No significant outcomes in the hospital LOS, the proportion of patients
admitted at the ICU, mortality odds ratio, and adjusted mortality odds ratio were found between the
DH and DN groups.

4. Discussion

This study demonstrated that SIH and DH patients with traumatic femoral fractures presented
with a higher mortality rate than the NDN patients, but not the DN patients, with or without adjustment
of the differences in age, sex, co-morbidities, and injury severity. As compared with the NDN group,
a 9.8-fold and 5.8-fold increase in the adjusted mortality odds ratio of SIH and DH patients, respectively,
were found in this study. This result was in agreement with the report by Leto et al., who reported
that an admission blood glucose level greater than 140 mg/dL was associated with higher in-hospital
mortality in the patients with hip fracture [8], albeit the definition of the level of hyperglycemia is
different. However, this result was, partly, not in accordance with that reported by Kerby et al., who
demonstrated that, in general trauma population, the adjusted mortality was significant in patients
with SIH but not significant in patients with DH as compared with the normoglycemic counterpart
patients [22].

A large cross-sectional study revealed that diabetes was associated with significantly lower bone
mineral density at the femoral neck and total hip [27]. Insulin resistance in type 2 DM negatively
influences bone remodeling, leads to reduced bone strength of the lower femoral neck [28], and is
associated with increased fracture risk [29]. Furthermore, patients with medium and high risk of
osteoporosis had significantly higher odds ratio of sustaining injury in a fall accident than low-risk
patients [30]. A considerable overlap in DM and osteoporosis in older adults was found due to the
high prevalence of each condition [29,31]. Therefore, under the same stress and strain force, the femur
bone of patients with DM is more fragile and prone to fractures than those without diabetes. Notably,
in this study, the SIH group did not have a higher ISS than the NDN and DN group. In addition,
the calculation of adjusted mortality was based on the different levels of injury severity. This result,
in relation to admission hyperglycemia and mortality, suggested that the characteristics, not the injury
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severity of these patients with traumatic femoral fractures, contributed to the higher mortality of
patients with admission hyperglycemia.

The pathophysiological effect associated with SIH differs from that of the DH. SIH is an acute
process initiated by stress hormone with subsequent release of inflammatory cytokines in response to
stress; in contrast, DH is a chronic process associated with prolonged hyperglycemia and subsequent
microvascular changes [18]. Patients with diabetes are commonly at higher risk of cerebrovascular
accidents, peripheral vascular disease, and renal failure [32–36]. In this study, SIH and DH patients
did not present with a higher mortality rate as compared with DN patients. Such results indicate that
the associated co-morbidity of diabetes, even if the blood sugar level in the in DN group remained
normal, still accounted for a higher mortality. Some studies had revealed that the implementation of a
stricter glucose control regimen in trauma patients did not lower the mortality of the patients with
DH [37,38]. The prospective, randomized controlled NICE-SUGAR study was performed to delineate
the optimal target range for blood glucose level in critically ill patients and found the mortality was
even higher in the critically ill patients than those under conventional glucose control [39]. However,
more evidences are required to support such hypothesis.

This study had several limitations. First, an inherent selection bias and unrecognized confounding
factors should be mentioned in the retrospective design of the study; Second, the patients declared
dead at the scene of an accident or upon hospital arrival were not included in the database, and this
may have led to a selection bias, considering that the number of fatal patients is few and is prone
to have a selection bias during the mortality assessment; Third, as no fix protocol was provided in
dealing with the admission hyperglycemia, we could only rely on the assumption of performing a
uniform management of these patients. Although the use of glycemic control in patients with SIH or
DH has been inconclusive as to whether tight glycemic control reduced the morbidity and mortality,
however, this unknown condition of insulin administration in patients with hyperglycemia may cause
a bias in the outcome assessment.

5. Conclusions

This study demonstrated that SIH and DH patients with traumatic femoral fractures had higher
mortality when compared with NDN patients, but not when compared with DN patients, with or
without adjustment of the differences in patient’s age, sex, co-morbidities, and injury severity.
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Abstract: Background: The diagnosis of diabetic hyperglycemia (DH) does not preclude a diabetes
patient from having a stress-induced hyperglycemic response. This study aimed to define the
optimal level of elevated glucose concentration for determining the occurrence of stress-induced
hyperglycemia (SIH) in patients with diabetes. Methods: This retrospective study reviewed the data of
all hospitalized trauma patients, in a Level I trauma center, from 1 January 2009 to 31 December 2016.
Only adult patients aged ≥20 years, with available data on serum glucose and glycated hemoglobin
A1c (HbA1c) levels upon admission, were included in the study. Long-term average glucose levels,
as A1c-derived average glucose (ADAG), using the equation, ADAG = ((28.7 × HbA1c) − 46.7),
were calculated. Patients with high glucose levels were divided into three SIH groups with diabetes
mellitus (DM), based on the following definitions: (1) same glycemic gap from ADAG; (2) same
percentage of elevated glucose of ADAG, from which percentage could also be reflected by the
stress hyperglycemia ratio (SHR), calculated as the admission glucose level divided by ADAG;
or (3) same percentage of elevated glucose as patients with a defined SIH level, in trauma patients
with and without diabetes. Patients with incomplete registered data were excluded. The primary
hypothesis of this study was that SIH in patients with diabetes would present worse mortality
outcomes than in those without. Detailed data of SIH in patients with diabetes were retrieved from
the Trauma Registry System. Results: Among the 546 patients with DH, 332 (32.0%), 188 (18.1%),
and 106 (10.2%) were assigned as diabetes patients with SIH, based on defined glucose levels, set at
250 mg/dL, 300 mg/dL, and 350 mg/dL, respectively. In patients with defined cut-off glucose levels
of 250 mg/dL and 300 mg/dL, SIH was associated with a 3.5-fold (95% confidence interval (CI)
1.61–7.46; p = 0.001) and 3-fold (95% CI 1.11–8.03; p = 0.030) higher odds of mortality, adjusted by
sex, age, pre-existing comorbidities, and injury severity score, than the 491 patients with diabetic
normoglycemia (DN). However, in patients with a defined cut-off glucose level of 350 mg/dL,
adjusted mortality in SIH in DM was insignificantly different than that in DM. According to the
receiver operating characteristic (ROC) curve analysis, a blood sugar of 233 mg/dL, a glycemic gap of
79 (i.e., blood sugar of 251 mg/dL), and a SHR of 1.45 (i.e., blood sugar of 250 mg/dL) were identified
as cut-offs for mortality outcomes, with AUCs of 0.622, 0.653, and 0.658, respectively. Conclusions:
In this study, a cut-off glucose level of 250 mg/dL was selected to provide a better definition of SIH
in DM than glucose levels of 300 mg/dL or 350 mg/dL.
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1. Introduction

Stress-induced hyperglycemia (SIH) commonly occurs in patients following a major trauma [1–4].
SIH is attributed to a state of excess hepatic glucose output, diminished insulin production, and insulin
resistance in the peripheral tissues, with excessive adrenal cortical output and high circulating levels
of cytokines [5,6]. The prevalence of SIH has been reported as 4% [7] and 4.9% [8] of patients with all
trauma causes to 7.8% of patients with isolated moderate to severe trauma brain injuries [9] and up
to 48.9% of patients with a hip fracture [10]. It is also associated with increased in-hospital mortality,
especially in patients without diabetes [7,11,12]. Kerby et al., reported that SIH demonstrated a >2-fold
increase in mortality risk; however, diabetic hyperglycemia (DH) was not associated with a significantly
high mortality risk (RR 1.47, 95% CI 0.92–2.36) in trauma patients [7]. Our previous study also revealed
that SIH had a 3-fold higher odds ratio (OR) of mortality (95% CI 1.96–4.49; p < 0.001) than non-diabetic
normoglycemia (NDN), in the selected propensity score-matched patient population, controlled by
age, sex, pre-existing comorbidities, and injury severity score (ISS) [8]. However, the mortality rate in
DH (OR 1.2, 95% CI 0.99–1.38; p = 0.065) was insignificantly higher than that in NDN [8].

The reasons why worse mortality outcomes were only observed in patients with SIH, but not
with DH, are not clearly understood. In addition, whether these trauma patients with SIH represent a
distinct group with differential outcomes, in comparison with those with DH, remains less explored.
Furthermore, the findings regarding the association between hyperglycemia and adverse outcomes
are inconsistent among acutely ill diabetes patients [13,14]. One explanation is that patients with
diabetes are more adapted to a chronic and premorbid hyperglycemic environment than those patients
without diabetes, who may not handle acute hyperglycemia in critical illnesses well [15]. Another
plausible explanation for the inconsistent results is the lack of consideration of patients’ premorbid
hyperglycemia in many reports, especially in patients with diabetes [16–18]. Furthermore, SIH and
DH are not mutually exclusive entities, as DH patients may have some degree of stress response,
invoking their hyperglycemia. However, whether stress might be more responsible for hyperglycemia
in patients with diabetes cannot be specifically identified without measuring stress response hormones
or catecholamine levels. In addition, the definition of SIH in the literature remains to be explored.

Glycated hemoglobin A1c (HbA1c) is characterized by decreased biological variability, which is
relatively unaffected by acute stress response levels [19]. Measurement of the HbA1c level provides an
accurate index of chronic glycemic exposure [19,20]. In an international multicenter study, the long-term
average glucose levels were estimated by converting HbA1c values into A1c-derived average glucose
(ADAG), using the equation, ADAG = ((28.7 × HbA1c) − 46.7) [21,22], which presented a strong
correlation between HbA1c and mean plasma glucose levels in the preceding 3 months. Some glycemic
variables, after adjusting for ADAG, are useful in the assessment of adverse outcomes in patients with
diabetes [16–18]. For example, glycemic gap, the admission glucose level minus ADAG, indicates
elevated glucose levels in diabetes patients with critical illnesses. Elevated glycemic gaps of >72 mg/dL
and 80 mg/dL were associated with adverse outcomes in diabetes patients with pyogenic liver abscess
and in the intensive care unit (ICU), respectively [16,23]. In addition, some authors suggested that the
stress hyperglycemia ratio (SHR), calculated as the admission glucose level divided by ADAG, could
be used as a better biomarker of critical illness than absolute hyperglycemia [24]. Even at relatively
low glucose concentrations (<10 mmol/L or approximately 180 mg/dL), SHR identified patients with
relative hyperglycemia as highly at risk for critical illness, with or without hyperglycemia [24].

In this study, we used the concept of long-term average glucose levels in trauma patients to
define the optimal level of elevated glucose concentration in determining the occurrence of SIH in
patients with diabetes. Three definitions of SIH in diabetes mellitus (DM) were applied, based on the
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assumption that (1) stress causes a similar elevation of glucose, both in patients, with and without
diabetes, resulting in the same glycemic gap between the defined SIH level and ADAG in patients,
with and without diabetes; (2) stress causes a similar elevation in percentage of glucose, in patients,
with and without diabetes, resulting in the same SHR between the defined SIH level and ADAG
in patients, with and without diabetes; and (3) the percentage of patients with SIH among patients,
with and without diabetes, is the same. The primary hypothesis of this study was that SIH in
patients with diabetes would be correlated with worse outcomes than those without. In this study,
the primary outcome measurement was mortality, adjusted by sex, age, pre-existing comorbidities,
and injury severity score, and the secondary outcomes were hospital length of stay (LOS) and rates of
ICU admission.

2. Methods

2.1. Ethics Statement

The Institutional Review Board of the Kaohsiung Chang Gung Memorial Hospital, a Level I
regional trauma center in southern Taiwan [25,26], approved this study before its implementation
(reference number 201701332B0) and waived the need for informed consent.

2.2. Data Source and Study Population

This retrospective study reviewed the data of all hospitalized trauma patients registered in the
Trauma Registry System, from 1 January 2009 to 31 December 2016. Only adult patients, aged ≥20 years,
with available data on serum glucose and HbA1c levels upon admission, were included in the study
(Figure 1). According to the guideline for DM diagnosis in the American Diabetes Association,
DM was determined based on patient history and/or a HbA1c level of ≥6.5% [27]. The HbA1c level
was based on a measurement within 1 month preceding or following admission. Those patients
who had no patient history and admission HbA1c levels of <6.5% were classified as patients without
diabetes. Among the patients with diabetes, DH and diabetic normoglycemia (DN) were diagnosed
based on serum glucose levels of ≥200 mg/dL and <200 mg/dL upon arrival at the emergency
department (ED). Detailed patient information retrieved from the Trauma Registry System included
the following: sex; age; comorbidities, such as hypertension (HTN), coronary artery disease (CAD),
congestive heart failure (CHF), cerebrovascular accident (CVA), and end-stage renal disease (ESRD);
Glasgow Coma Scale (GCS); ISS, expressed as the median and interquartile range (IQR, Q1–Q3);
serum glucose level at the ED; HbA1c level; chronic average blood glucose (converted based on the
HbA1c level using the equation ADAG = ((28.7 × HbA1c) − 46.7) [20,21]); glycemic gap (calculated
using the equation, glycemic gap = (admission glucose − ADAG)); stress hyperglycemia ratio (SHR),
calculated as the admission glucose level divided by ADAG; hospital LOS; rates of ICU admission;
and in-hospital mortality.
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Figure 1. Flow chart to divide patients into diabetes mellitus (DM), non-diabetes mellitus (non-DM),
diabetic normoglycemia (DN), diabetic hyperglycemia (DH), and stress-induced hyperglycemia,
in diabetes groups, based on various glucose levels, SIH: stress-induced hyperglycemia.

2.3. Definition of SIH in DM

Patients with high glucose level were divided into SIH in DM groups, based on the following
definitions and comparisons with those of DN: (1) same glycemic gap from ADAG in patients with
and without diabetes; (2) same percentage of elevated glucose (i.e., SHR) between the defined SIH
level and ADAG, in patients, with and without diabetes; and (3) same percentage as patients with SIH
in patients with and without diabetes.

2.4. Statistical Analysis

Outcomes, such as in-hospital mortality, hospital LOS, and ICU admission rate were calculated.
The unpaired Student’s t-test and Mann–Whitney U-test were used to analyze normally and
non-normally distributed continuous data, respectively, which was reported as mean ± standard
deviation. Categorical data were expressed as frequency (%) and compared using two-sided Fisher’s
exact or Pearson’s chi-square tests. ORs with 95% CIs of the associated conditions of the patients
were presented. Adjusted ORs (AORs) for mortality, adjusted by sex, age, pre-existing comorbidities,
and ISS with its 95% CIs, were also calculated. Variables, including blood sugar, glycemic gap and
SHR were evaluated for cut-off points that could predict the probability of mortality of diabetes
patients by plotting specific receiver operating characteristic (ROC) curves. The accuracy of each
parameter in predicting the mortality outcomes was calculated, based on the maximal Youden index
for each cut-off point. The maximal Youden index reflects the maximal correct classification accuracy
and was calculated as sensitivity + specificity − 1. p-Values of <0.05 were defined as statistically
significant. All the statistical analyses were performed using IBM SPSS Statistics for Windows version
20.0 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Characteristics of Patients with and without Diabetes

Figure 1 shows the enrolled study population, including 1395 adult trauma patients, who were
divided into two groups: DM (n = 1037), comprising 546 DH and 491 DN patients, and non-DM
(n = 358). Compared to non-DM, a significant female predominance was observed in the DM
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group (Table 1). Patients in the DM group were significantly older than those in the non-DM
group. Among the pre-existing comorbidities, DM had higher odds of HTN, but not other
comorbidities, compared to non-DM. The DM group had a significantly higher GCS score than
non-DM. However, the ISS was insignificantly different between DM and non-DM groups, regardless
of stratification by an ISS of <16, 16–24, or ≥25. The DM group had significantly higher HbA1c levels
(7.6 ± 1.8% vs. 5.7 ± 0.4%, respectively; p < 0.001) and calculated ADAG (172.2 ± 51.2 mg/dL
vs. 115.4 ± 12.0 mg/dL, respectively; p < 0.001) as well as higher glucose levels at the ED
(224.3 ± 103.9 mg/dL vs. 144.6 ± 44.5 mg/dL, respectively; p < 0.001) than the non-DM group.
The DM group also had a significantly higher glycemic gap (52.1 ± 87.9 mg/dL vs. 29.2 ± 43.6 mg/dL,
respectively; p < 0.001) and SHR (1.3 ± 0.5 vs. 1.3 ± 0.4, respectively; p = 0.023) than the non-DM
group. Remarkably, based on SHR, the percentage of elevated glucose level at the ED and ADAG was
30% in patients both with and without diabetes. The mortality rate was insignificantly higher in the
DM group that that in the non-DM group.

Table 1. Characteristics and glycemic variables of patients, with and without diabetes.

Variables
DM Non-DM

n = 1037 n = 358

Sex

Female, n (%) 541 (52.2) 161 (45.0)
Male, n (%) 496 (47.8) 197 (55.0)
Age (years) 67.1 ± 12.5 64.4 ± 16.8

Comorbidity

HTN, n (%) 669 (64.5) 168 (46.9)
CAD, n (%) 120 (11.6) 33 (9.2)
CHF, n (%) 30 (2.9) 11 (3.1)
CVA, n (%) 137 (13.2) 43 (12.0)
ESRD, n (%) 3 (0.3) 1 (0.3)

GCS 14.1 ± 2.5 13.6 ± 3.2
ISS, median (IQR) 9 (5–14) 9 (5–16)

<16 781 (75.3) 257 (71.8)
16–24 189 (18.2) 67 (18.7)
≥25 67 (6.5) 34 (9.5)

HbA1c (%) 7.6 ± 1.8 5.7 ± 0.4
ADAG 172.2 ± 51.2 115.4 ± 12.0

Blood sugar (mg/dL) 224.3 ± 103.9 144.6 ± 44.5
Glycemic gap (mg/dL) 52.1 ± 87.9 29.2 ± 43.6

SHR 1.3 ± 0.5 1.3 ± 0.4
Mortality, n (%) 38 (3.7) 16 (4.5)

ADAG = HbA1c-derived average glucose; CAD = coronary artery disease; CHF = congestive heart Failure;
CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal
disease; HbA1c = hemoglobin A1c; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range;
ISS = injury severity score; LOS = length of stay; OR = odds ratio; SHR = stress hyperglycemia ratio.

3.2. Definition of SIH in DM

Figure 2 shows the first definition of SIH in DM, based on the assumption that stress causes
a similar elevation of glucose levels, both in patients with and without diabetes, which results in
the same glycemic gap between the defined SIH level and ADAG. In patients without diabetes,
the glycemic gap between defined SIH (glucose ≥ 200 mg/dL) and ADAG (115.4 mg/dL) was
84.6 mg/dL. Therefore, the defined SIH level in DM was calculated as 172.2 mg/dL (ADAG of DM)
+ 84.6 mg/dL = 256.8 mg/dL. The second definition of SIH in DM was based on the assumption
that stress causes a similar elevation in the percentage of glucose levels, both in patients with and
without diabetes, which results in the same glucose elevation percentage (i.e., SHR) between the
defined SIH level and ADAG. In patients without diabetes, the SHR between the defined SIH (glucose
level of ≥200 mg/dL) and ADAG (115.4 mg/dL) was 0.733, i.e., the elevation of glucose is 73.3%
of ADAG. Therefore, the defined SIH level in DM would be 172.2 mg/dL (ADAG of DM) + 126.2
(i.e., 172.2 multiplied to 0.733) mg/dL = 298.4 mg/dL. The third definition of SIH in DM was based on
the assumption that the percentage of patients with SIH, in patients with and without diabetes, is the
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same. Based on this definition, the percentage of patients with SIH in DM would be the same as that in
patients without diabetes (10.2%), thus making the defined SIH level in DM, 351.2 mg/dL. Therefore,
the glucose values used to define the arbitrary cut-off glucose level in SIH in DM were 250 mg/dL,
300 mg/dL, and 350 mg/dL in the first, second, and third definitions, respectively. Therefore, a total
of 332 (32.0%), 188 (18.1%), and 106 (10.2%) patients were classified as diabetes patients with SIH,
based on the first, second, and third definitions, respectively (Figures 1 and 3).
Int. J. Environ. Res. Public Health 2017, 14, 1527    6 of 11 

 

 
Figure  2. The defined  glucose  level  by  three different definitions  of  SIH  in diabetes,  based  on  the 

assumption  that stress causes  the same  (1) elevation of glucose  (glycemic gap);  (2) glucose elevation 

percentage  (i.e.,  SHR);  and  (3) percentage  of patients with  SIH,  both  in patients with  and without 

diabetes. 

 
Figure 3.  (A) The percentage of patients with SIH  in non‐DM and DM groups, based on defined 

glucose levels set at (B) 250 mg/dL; (C) 300 mg/dL; and (D) 350 mg/dL. 

3.3. Patient Outcomes Based on Different Definitions 

The patients’ profiles in Table 2 and the related statistical analyses in Table 3 show that sex was 

insignificantly different between DN and SIH  in DM, regardless of  the definition of glucose  level 

(250 mg/dL, 300 mg/dL, or 350 mg/dL) (Tables 2 and 3). Compared to DN, patients with SIH in DM 

in all three definitions were significantly younger and had higher odds of HTN, but lower odds of 

CVA. However, SIH in DM, based on all three definitions, had a significantly lower GCS score and 

higher  ISS  than DN.  In  the  first definition  (glucose  level  of  ≥250 mg/dL),  the  SIH  in DM had  a 

3.1‐fold  higher  odds  of mortality  (95% CI  1.48–6.48;  p  =  0.002),  3.5‐fold  higher  odds  of  adjusted 

mortality  (95% CI 1.61–7.46; p = 0.001), significantly  longer hospital LOS  (13.6 days vs. 11.3 days, 

respectively; p = 0.013), and higher proportion of patients admitted  to  the  ICU  (33.7% vs. 24.2%, 

respectively; p = 0.003)  than DN. In the second definition (glucose level of ≥300 mg/dL), the SIH in 

DM had  a  2.5‐fold higher  odds  of mortality  (95% CI  1.02–5.87;  p = 0.038),  3‐fold higher  odds  of 

adjusted mortality (95% CI 1.11–8.03; p = 0.030), significantly longer hospital LOS (14.2 days vs. 11.3 days, 

respectively;  p = 0.013),  and  higher  proportion  of  patients  admitted  to  the  ICU  (34.6%  vs.  24.2%, 

respectively; p = 0.007) than DN. In the third definition (glucose level of ≥350 mg/dL), the SIH in DM 

did  not  have  significant  differences  regarding mortality  (OR  1.3;  95%  CI  0.35–4.64;  p  =  0.723), 

adjusted mortality (OR 1.8; 95% CI 0.44–7.14; p = 0.427), and hospital LOS (13.4 days vs. 11.3 days, 

respectively; p = 0.091) than DN; however, the proportion of patients admitted to the ICU (34.0% vs. 

24.2%,  respectively;  p  =  0.038)  remained  higher  than  that  in DN. According  to  the  ROC  curve 

analysis, a blood sugar of 233 mg/dL, a glycemic gap of 79 (i.e., blood sugar of 251 mg/dL), and a 

SHR of 1.45 (i.e., blood sugar of 250 mg/dL) were identified as the cut‐offs for mortality outcomes, 

with AUCs of 0.622, 0.653, and 0.658, respectively (Figure 4). However, the discriminating powers of 

the blood sugar, glycemic gap, and SHR were less satisfied in the conditions where all AUCs were 

less than 0.70. 

Figure 2. The defined glucose level by three different definitions of SIH in diabetes, based on
the assumption that stress causes the same (1) elevation of glucose (glycemic gap); (2) glucose
elevation percentage (i.e., SHR); and (3) percentage of patients with SIH, both in patients with and
without diabetes.
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3.3. Patient Outcomes Based on Different Definitions

The patients’ profiles in Table 2 and the related statistical analyses in Table 3 show that sex was
insignificantly different between DN and SIH in DM, regardless of the definition of glucose level
(250 mg/dL, 300 mg/dL, or 350 mg/dL) (Tables 2 and 3). Compared to DN, patients with SIH in DM
in all three definitions were significantly younger and had higher odds of HTN, but lower odds of CVA.
However, SIH in DM, based on all three definitions, had a significantly lower GCS score and higher
ISS than DN. In the first definition (glucose level of ≥250 mg/dL), the SIH in DM had a 3.1-fold higher
odds of mortality (95% CI 1.48–6.48; p = 0.002), 3.5-fold higher odds of adjusted mortality (95% CI
1.61–7.46; p = 0.001), significantly longer hospital LOS (13.6 days vs. 11.3 days, respectively; p = 0.013),
and higher proportion of patients admitted to the ICU (33.7% vs. 24.2%, respectively; p = 0.003) than
DN. In the second definition (glucose level of ≥300 mg/dL), the SIH in DM had a 2.5-fold higher odds
of mortality (95% CI 1.02–5.87; p = 0.038), 3-fold higher odds of adjusted mortality (95% CI 1.11–8.03;
p = 0.030), significantly longer hospital LOS (14.2 days vs. 11.3 days, respectively; p = 0.013), and higher
proportion of patients admitted to the ICU (34.6% vs. 24.2%, respectively; p = 0.007) than DN. In the
third definition (glucose level of ≥350 mg/dL), the SIH in DM did not have significant differences
regarding mortality (OR 1.3; 95% CI 0.35–4.64; p = 0.723), adjusted mortality (OR 1.8; 95% CI 0.44–7.14;
p = 0.427), and hospital LOS (13.4 days vs. 11.3 days, respectively; p = 0.091) than DN; however,
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the proportion of patients admitted to the ICU (34.0% vs. 24.2%, respectively; p = 0.038) remained
higher than that in DN. According to the ROC curve analysis, a blood sugar of 233 mg/dL, a glycemic
gap of 79 (i.e., blood sugar of 251 mg/dL), and a SHR of 1.45 (i.e., blood sugar of 250 mg/dL) were
identified as the cut-offs for mortality outcomes, with AUCs of 0.622, 0.653, and 0.658, respectively
(Figure 4). However, the discriminating powers of the blood sugar, glycemic gap, and SHR were less
satisfied in the conditions where all AUCs were less than 0.70.

Table 2. Characteristics, injury severities, and outcomes of SIH in diabetes based on defined glucose
levels set at 250 mg/dL, 300 mg/dL, and 350 mg/dL as well as patients with diabetic normoglycemia.

Variables

(I) (II) (III) (IV)

Glucose ≥ 250 Glucose ≥ 300 Glucose ≥ 350 DN

n = 332 n = 188 n = 106 n = 491

Sex

Female, n (%) 166 (50.0) 91 (48.4) 55 (51.9) 250 (50.9)
Male, n (%) 166 (50.0) 97 (51.6) 51 (48.1) 241 (49.1)
Age (years) 64.6 ± 13.7 63.6 ± 13.7 63.2 ± 14.1 68.5 ± 11.5

Comorbidity

HTN, n (%) 187 (56.3) 106 (56.4) 62 (58.5) 340 (69.2)
CAD, n (%) 33 (9.9) 16 (8.5) 7 (6.6) 64 (13.0)
CHF, n (%) 10 (3.0) 7 (3.7) 5 (4.7) 12 (2.4)
CVA, n (%) 27 (8.1) 15 (8.0) 9 (8.5) 79 (16.1)
ESRD, n (%) 2 (0.6) 2 (1.1) 1 (0.9) 1 (0.2)

GCS 13.6 ± 3.3 13.6 ± 3.2 13.6 ± 3.2 14.4 ± 2.0
ISS, median (IQR) 9 (9–16) 9 (6–16) 9 (9–16) 9 (5–10)

<16 223 (67.2) 124 (66.0) 70 (66.0) 389 (79.2)
16–24 74 (22.3) 46 (24.5) 27 (25.5) 81 (16.5)
≥25 35 (10.5) 18 (9.6) 9 (8.5) 21 (4.3)

Mortality, n (%) 22 (6.6) 10 (5.3) 3 (2.8) 11 (2.2)
Adjusted mortality, n (%) 22 (6.6) 10 (5.3) 3 (2.8) 11 (2.2)

Hospital LOS (days) 13.6 ± 13.5 14.2 ± 13.9 13.4 ± 11.1 11.3 ± 11.2
ICU admission, n (%) 112 (33.7) 65 (34.6) 36 (34.0) 119 (24.2)

CAD = coronary artery disease; CHF = congestive heart Failure; CI = confidence interval; CVA = cerebral
vascular accident; DM = diabetes mellitus; DN = diabetic normoglycemia; ESRD = end-stage renal disease;
HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length
of stay.

Table 3. Comparison between SIH in diabetes based on defined glucose levels against the patients with
diabetic normoglycemia.

Variables
(I) vs. (IV) (II) vs. (IV) (III) vs. (IV)

OR (95% CI) OR (95% CI) OR (95% CI)

Sex 0.796 0.558 0.856

Female, n (%) 1.0 (0.73–1.27) 0.9 (0.65–1.27) 1.0 (0.68–1.58)
Male, n (%) 1.0 (0.79–1.37) 1.1 (0.79–1.55) 1.0 (0.63–1.46)

Comorbidity

HTN, n (%) 0.6 (0.43–0.77) 0.6 (0.41–0.81) 0.6 (0.41–0.96)
CAD, n (%) 0.7 (0.47–1.15) 0.6 (0.35–1.10) 0.5 (0.21–1.06)
CHF, n (%) 1.2 (0.53–2.90) 1.5 (0.60–3.98) 2.0 (0.68–5.73)
CVA, n (%) 0.5 (0.29–0.73) 0.5 (0.25–0.81) 0.5 (0.24–1.00)
ESRD, n (%) 3.0 (0.27–32.88) 5.3 (0.48–58.45) 4.7 (0.29–75.21)

ISS

<16 0.5 (0.39–0.74) 0.5 (0.35–0.74) 0.5 (0.32–0.81)
16–24 1.5 (1.02–2.06) 1.6 (1.09–2.47) 1.7 (1.05–2.85)
≥25 2.6 (1.51–4.62) 2.4 (1.23–4.56) 2.1 (0.92–4.67)

Mortality, n (%) 3.1 (1.48–6.48) 2.5 (1.02–5.87) 1.3 (0.35–4.64)
Adjusted mortality, n (%) 3.5 (1.61–7.46) 3.0 (1.11–8.03) 1.8 (0.44–7.14)

ICU admission, n (%) 1.6 (1.17–2.16) 1.7 (1.15–2.38) 1.6 (1.02–2.53)

CAD = coronary artery disease; CHF = congestive heart Failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; HTN = hypertension; ICU = intensive care unit;
IQR = interquartile range; ISS = injury severity score; LOS = length of stay; OR = odds ratio.



Int. J. Environ. Res. Public Health 2017, 14, 1527 8 of 11
Int. J. Environ. Res. Public Health 2017, 14, 1527    8 of 11 

 

 
Figure  4.  Receiver  operating  characteristic  (ROC)  curve  analysis  to  identify  cut‐off  levels  for 

mortality by different parameters, including (a) blood sugar (mg/dL), (b) glycemic gap (mg/dL) and 

(c) stress hyperglycemia ratio (SHR). 

4. Discussion 

This study used the concept of long‐term average glucose levels and tried to define the optimal 

level  of  elevated  glucose  concentration  in  determining  the  occurrence  of  SIH  in  patients  with 

diabetes,  according  to  the  clinical  outcomes  in  a  broad  group  of  hospitalized  hyperglycemic 

patients. The defined glucose  levels were set at 250 mg/dL, 300 mg/dL, and 350 mg/dL, based on 

three  different  definitions  of  SIH  in DM  under  the  assumption  that  stress  causes  the  same  (1) 

elevation of glucose level; (2) glucose elevation percentage; and (3) percentage of patients with SIH, 

both in patients with and without diabetes. However, the defined glucose level at 350 mg/dL, based 

on the same percentage of patients with SIH, may not be considered as the cut‐off of SIH  in DM, 

because the mortality and adjusted mortality rates were not different between the selected groups 

of diabetes patients with SIH and those with DN. Mortality rates were consistent with the primary 

hypothesis  that SIH  in patients with diabetes would present worse outcomes  than  those patients 

without, as  these phenomena were observed  in non‐diabetes patients with SIH, rather  than  those 

without.  Furthermore,  the  ROC  curve  analysis  indicated  the  best  cut‐off  point  in  predicting 

mortality of patients with diabetes was a glucose  level around 250 mg/dL, which is  in accordance 

with that in the first definition (glucose level of ≥250 mg/dL). However, according to this definition, 

it remains a concern that 32.0% of the patients with diabetes were associated with SIH, which is far 

higher  than  the 10.2% rate of SIH  in patients without diabetes.  In addition,  the second definition 

that defined the cut‐off glucose level in defining SIH in DM was 300 mg/dL. This second definition, 

based on  similar percentages of glucose elevation, both  in patients with and without diabetes,  is 

more reasonable, because the admission glucose level is at 1.3‐fold of ADAG, in both patients with 

and without diabetes with a similar severity of injury in this study. Under the hypothesis that stress 

presumably  caused  a  similar  percentage  of  glucose  increase  both  in  patients with  and without 

diabetes, in the second definition (glucose level of ≥300 mg/dL), the SIH in DM had a 3‐fold higher 

odds of adjusted mortality than DN, which is comparable with the 3‐fold adjusted mortality of SIH 

in patients without diabetes, compared to NDN [8]. 

Although hyperglycemia is reported to be associated with increased morbidity and mortality 

in trauma patients [1,3,6], the mechanisms for potential detrimental effects of hyperglycemia in SIH 

and  DH  may  be  different,  because  SIH  is  an  acute  process,  initiated  by  the  release  of  stress 

hormones and cytokines, while DH is a chronic process associated with subsequent microvascular 

changes, such as CAD, peripheral vascular disease, and nephropathy [6]. However, hyperglycemia 

in DM, after a traumatic injury or during a critical illness, was not attributed with DM, per se, but 

may be partially caused by the response to stress. So far, the diagnosis of DH does not preclude a 

diabetes patient from having a stress‐induced hyperglycemic response. This  is an  important  issue 

that should be addressed in the clinical setting. For example, some authors have proposed the tight 

glycemic  control—the  practice  of maintaining  blood  glucose  levels  between  80 mg/dL  and  110 

mg/dL using intensive intravenous insulin—based on observational data that has demonstrated an 

Figure 4. Receiver operating characteristic (ROC) curve analysis to identify cut-off levels for mortality
by different parameters, including (a) blood sugar (mg/dL), (b) glycemic gap (mg/dL) and (c) stress
hyperglycemia ratio (SHR).

4. Discussion

This study used the concept of long-term average glucose levels and tried to define the optimal
level of elevated glucose concentration in determining the occurrence of SIH in patients with diabetes,
according to the clinical outcomes in a broad group of hospitalized hyperglycemic patients. The defined
glucose levels were set at 250 mg/dL, 300 mg/dL, and 350 mg/dL, based on three different definitions
of SIH in DM under the assumption that stress causes the same (1) elevation of glucose level; (2) glucose
elevation percentage; and (3) percentage of patients with SIH, both in patients with and without
diabetes. However, the defined glucose level at 350 mg/dL, based on the same percentage of patients
with SIH, may not be considered as the cut-off of SIH in DM, because the mortality and adjusted
mortality rates were not different between the selected groups of diabetes patients with SIH and
those with DN. Mortality rates were consistent with the primary hypothesis that SIH in patients
with diabetes would present worse outcomes than those patients without, as these phenomena were
observed in non-diabetes patients with SIH, rather than those without. Furthermore, the ROC curve
analysis indicated the best cut-off point in predicting mortality of patients with diabetes was a glucose
level around 250 mg/dL, which is in accordance with that in the first definition (glucose level of
≥250 mg/dL). However, according to this definition, it remains a concern that 32.0% of the patients
with diabetes were associated with SIH, which is far higher than the 10.2% rate of SIH in patients
without diabetes. In addition, the second definition that defined the cut-off glucose level in defining
SIH in DM was 300 mg/dL. This second definition, based on similar percentages of glucose elevation,
both in patients with and without diabetes, is more reasonable, because the admission glucose level is
at 1.3-fold of ADAG, in both patients with and without diabetes with a similar severity of injury in this
study. Under the hypothesis that stress presumably caused a similar percentage of glucose increase
both in patients with and without diabetes, in the second definition (glucose level of ≥300 mg/dL),
the SIH in DM had a 3-fold higher odds of adjusted mortality than DN, which is comparable with the
3-fold adjusted mortality of SIH in patients without diabetes, compared to NDN [8].

Although hyperglycemia is reported to be associated with increased morbidity and mortality
in trauma patients [1,3,6], the mechanisms for potential detrimental effects of hyperglycemia in
SIH and DH may be different, because SIH is an acute process, initiated by the release of stress
hormones and cytokines, while DH is a chronic process associated with subsequent microvascular
changes, such as CAD, peripheral vascular disease, and nephropathy [6]. However, hyperglycemia
in DM, after a traumatic injury or during a critical illness, was not attributed with DM, per se,
but may be partially caused by the response to stress. So far, the diagnosis of DH does not preclude
a diabetes patient from having a stress-induced hyperglycemic response. This is an important issue
that should be addressed in the clinical setting. For example, some authors have proposed the
tight glycemic control—the practice of maintaining blood glucose levels between 80 mg/dL and
110 mg/dL using intensive intravenous insulin—based on observational data that has demonstrated an
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association between hyperglycemia, increased risk of infection, and decreased survival [28]. However,
in dealing with SIH in patients without diabetes, we generally do not perform tight glucose control;
however, in patients with diabetes, some authors have proposed that tight glycemic control may
have a substantial benefit [29]. Interestingly, further evidence has demonstrated that intensive insulin
therapy significantly increases the risk of hypoglycemia and confers no overall mortality benefit among
critically ill patients [30,31]. The largest multinational randomized clinical trial (the Normoglycemia
in Intensive Care Evaluation and Survival Using Glucose Algorithm Regulation (NICE-SUGAR))
examined tight glycemic control in the broadest cohort of surgical and medical ICU patients and
demonstrated that tight glycemic control increases the risk of developing severe hypoglycemia and
90-day mortality [30]. Furthermore, a large international randomized trial among adults in the ICU
revealed that intensive glucose control of a blood glucose target of 180 mg resulted in lower mortality
than did a target of 81–108 mg/dL [28]. These results also indicated the importance of identifying a
stress component in inducing hyperglycemia in patients with diabetes. However, because the levels of
stress response hormones or catecholamines were measured in this retrospective study, recognizing
which parts of hyperglycemia were attributed to the stress response in patients with DH, was not
specifically possible. This would be the major limitation in the interpretation of results in this study.

Some other limitations in this study should be acknowledged. First, patients without HbA1c data
were excluded because HbA1c is a mandatory component in calculating ADAG; however, HbA1c level
was not regularly checked for trauma patients, particularly those who were younger and had no history.
Therefore, many non-diabetes patients without HbA1c data would have been excluded from the study,
thus making a selection bias through an overestimation of the HbA1c level in the control group.
In addition, potential causes of spurious HbA1c results, including abnormal hemoglobin levels and
conditions affecting red cell turnover (hemolysis, chronic malaria, major blood loss, and transfusions),
were insufficiently justified in this study [19,20]. Second, the retrospective design of the study may
have created an inherent selection bias and prevented an estimation of the treatment effects, such as
glucose control or drug use. Finally, patients declared dead at the scene of accident or upon hospital
arrival were not included in the database, which may have also led to a selection bias.

5. Conclusions

According to the ROC curve analysis in predicting mortality, we selected 250 mg/dL as the cut-off
glucose level in defining SIH in DM. Based on this definition, the SIH in DM comprised 32.0% of all
patients with diabetes and presented a 3.5-fold higher odds of adjusted mortality than those patients
with DN after a traumatic injury. However, further effort in providing the measurements of stress
response hormones is important, to validate this assumption.
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AbstrACt
Objectives This study aimed to build and test the models 
of machine learning (ML) to predict the mortality of 
hospitalised motorcycle riders.
setting The study was conducted in a level-1 trauma 
centre in southern Taiwan.
Participants Motorcycle riders who were hospitalised 
between January 2009 and December 2015 were 
classified into a training set (n=6306) and test set (n=946). 
Using the demographic information, injury characteristics 
and laboratory data of patients, logistic regression (LR), 
support vector machine (SVM) and decision tree (DT) 
analyses were performed to determine the mortality of 
individual motorcycle riders, under different conditions, 
using all samples or reduced samples, as well as all 
variables or selected features in the algorithm.
Primary and secondary outcome measures The 
predictive performance of the model was evaluated based 
on accuracy, sensitivity, specificity and geometric mean, 
and an analysis of the area under the receiver operating 
characteristic curves of the two different models was 
carried out.
results In the training set, both LR and SVM had a 
significantly higher area under the receiver operating 
characteristic curve (AUC) than DT. No significant 
difference was observed in the AUC of LR and SVM, 
regardless of whether all samples or reduced samples 
and whether all variables or selected features were used. 
In the test set, the performance of the SVM model for all 
samples with selected features was better than that of all 
other models, with an accuracy of 98.73%, sensitivity of 
86.96%, specificity of 99.02%, geometric mean of 92.79% 
and AUC of 0.9517, in mortality prediction.
Conclusion ML can provide a feasible level of accuracy in 
predicting the mortality of motorcycle riders. Integration of 
the ML model, particularly the SVM algorithm in the trauma 
system, may help identify high-risk patients and, therefore, 
guide appropriate interventions by the clinical staff.

bACkgrOund
Motorcycle use is popular in numerous cities 
because it is a less expensive and convenient 

means of transportation. However, despite 
the less travel time, motorcycle riders who 
are involved in road traffic accidents tend 
to have a significantly high morbidity and 
mortality rate. Compared with other riders 
of motor vehicles, motorcycle riders are eight 
times more likely to be injured per vehicle 
mile,1 and they are also 30 times more likely 
to die in a motor vehicle crash2 and 58 times 
more likely to be killed on a per-trip basis.3 
In Taiwan, motorcyclist fatalities account for 
nearly 60% of all driving fatalities,4 which are 
often associated with gender (men), advanced 
age, lack of helmet use, unlicensed status and 
driving under the influence of alcohol.5–9 In 
addition, head injury is the leading cause of 
mortality, followed by thoracic and abdom-
inal injuries.6–9 

Identifying patients who are at high risk 
is important for the integration of trauma 
management to maximise resources and 
improve quality of care.10 11 More robust and 
accurate individual predictions of mortality 
using better models might provide clinicians 
with more precise information about the 
likelihood of good or poor outcomes and 
improve individual trauma and mortality 

strengths and limitations of this study

 ► This study first used machine learning to predict the 
mortality risk of motorcycle riders.

 ► The support vector machine model generally works 
like a black box and cannot identify the relationship 
between mortality and various explanatory variables.

 ► The incomplete records of patients and exclusion 
of those who were declared dead in the trauma 
registry system could cause result bias.

 ► The single-centre setting may limit the 
generalisability of the results.
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management.12 To identify the possibility of mortality, 
the Trauma and Injury Severity Score (TRISS) is 
frequently used, which was established in 1987, to esti-
mate the survival probability of an individual patient 
with trauma based on logistic regression (LR) analysis 
of variables, including age, anatomical variable (Injury 
Severity Score; ISS), physiological variable (Revised 
Trauma Score) and different coefficients for blunt 
and penetrating injuries. However, TRISS has limita-
tions and fails to determine an accurate classification 
in 15%–30% of patients with trauma.13 Even after the 
incorporation of other or revised predictors, such as 
blood pressure,14 comorbidities and separate categories 
for different age groups,15 into this model, the addition 
of more predictors to the basic TRISS model did not 
always result in higher performance.16–18 Although the 
revised TRISS derived from the USA National Trauma 
Database for trauma systems is inaccurate, particularly 
in the management of predominantly blunt injuries,19 
further development of the model based on advanced 
methodological quality, performance in the subsets of 
patient groups and practical application is required for 
the prediction of mortality.16

Currently, machine learning (ML) had been success-
fully applied in real-life settings in several fields of study, 
including automatic medical diagnostics and person-
alised healthcare.20–22 The application of supervised ML 
methods to aid diagnosis and prognosis in patients with 
trauma has been a topic of interest. ML is based on how 
the human brain approaches pattern recognition tasks, 
thus providing an artificial intelligence-based approach 
to solve classification problems and improving their effi-
ciency over time.23 The usefulness of ML is bolstered by 
the versatility of its techniques and utility for artificial 
intelligence, such as prediction, classification, planning, 
recognition and clustering.23 24 Different learning strat-
egies were previously compared using field-specific data-
sets, of which several had a significantly better predictive 
power than the more conventional alternatives.25 Exam-
ples of multivariate techniques for pattern recognition 
include but are not limited to LR, support vector machine 
(SVM), decision tree (DT) and artificial neural networks. 
LR is a widely used and accepted statistical analysis tool 
that predicts the probability of the occurrence of an 
event.26 It aims to build a functional relationship between 
two or more independent predictors and one dependent 
outcome variable, with the assumption that the response 
variables are linearly related to the coefficients of the 
predictor variables.26

SVM uses a training set of data with one or more 
features to determine an optimal boundary that separates 
a set of cases. The binary SVM classifier establishes a set of 
optimal hyperplanes in a high-dimensional space with the 
maximal margin of the two classes.27 When all training 
points cannot be separated by the hyperplane, a soft 
margin method is used to establish a hyperplane that can 
separate the training data points.28 29 Moreover, the SVM 
model can be used for the classification of problems.30–34

DT is a hierarchical model that is composed of deci-
sion rules based on the optimal feature cut-off values that 
recursively classify independent variables into different 
groups.35–37 It has been built to search for a set of deci-
sion rules that can predict an outcome from a set of input 
variables.33 35 36 Some models are used to construct DT 
models, including classification and regression trees 
(CART), iterative dichotomiser 3 (ID3), χ2 automatic 
interaction detector DTs and C4.5 and C5.0 DTs.26 28 CART 
analysis is a combined approach based on non-parametric 
and non-linear variables for recursive partitioning anal-
ysis. In addition, it is an innovative DT model in which 
several predictive variables are used in identifying high-
risk patients in various medical fields through progressive 
binary splits to develop prediction models and to enable 
better prediction and clinical decision-making.38–40

Thus, this study aimed to establish a model for the 
mortality prediction of motorcycle riders using ML algo-
rithms based on data from a population-based trauma 
registry in a level 1 trauma centre.

MethOds
ethics statement
Requirement for informed consent was waived according 
to the institutional review board regulations.

data preparation
Detailed patient information was retrieved from the 
trauma registry system of our institution, a 2400-bed facility 
and level 1 regional trauma centre, between January 2009 
and December 2015. Only patients with trauma who 
sustained injuries from a motorcycle accident and were 
hospitalised for treatment were included in the study. 
Patient information included the following variables: 
age; sex; use of a helmet; comorbidities, such as coro-
nary artery disease (CAD), congestive heart failure, cere-
bral vascular accident, diabetes mellitus, end-stage renal 
disease and hypertension (HTN); vital signs, including 
temperature, systolic blood pressure, heart rate and respi-
ratory rate; ISS; Glasgow Coma Scale (GCS) score; Abbre-
viated Injury Scale (AIS) in the different regions of the 
body; number of injured body regions according to AIS 
(number of AIS locations); inhospital mortality and labo-
ratory values (white cell count, red blood cell and platelet 
count; haemoglobin (Hb), haematocrit (Hct), blood 
urine nitrogen (BUN), creatinine (Cr), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
sodium (Na), potassium (K) and glucose level; and blood 
alcohol concentration) on emergency admission.

Patient samples were divided into a training sample, 
which was used for predictor discovery and supervised 
classification to generate a plausible model, and a test 
sample, which was used to test the performance of the 
model that was generated in the training sample. Patients 
with missing data were not included for further analysis. 
Those who registered within the 6-year period between 
January 2009 and December 2014 were included in the 
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training set, with a total of 6306 patients. The group was 
composed of 6161 survivors and 145 patients who died. 
In the test set, 946 patients were included, of which 923 
survived and 23 died, within the 1-year period between 
January 2015 and December 2015. The sample similarity 
was assessed based on Euclidean distance for the quan-
titative data to reduce the sample that was designed for 
data analysis.41 The sample reduction used the Euclidean 
distance of the dist function in the stats package in R (R 
Foundation for Statistical Computing, Vienna, Austria). 
During sample reduction, the data size can be reduced 
to speed up calculations in the analysis.42 However, 
considering the exploratory nature of this study, all 
samples (n=6306) and reduced samples (n=1510) in the 
training set of this study must be analysed during ML 
classification.

ML classifiers
The present study provides a performance comparison of 
the three different ML classifiers (LR, SVM and DT).

Logistic regression
The LR classifier used the glm function in the stats 
package in R V.3.3.3. Univariate LR analyses were initially 
performed to identify the significant predictor variables 
of the mortality risk. A stepwise LR analysis was carried out 
to control the effects of the confounding variables that 
help identify the independent risk factors of mortality. 
The selected independent risk factors obtained from LR 
were also used as selected features for the implementa-
tion of the SVM and DT to explain their importance in 
determining mortality risk.

Support vector machine
The SVM classifier used the  tune. svm and svm function in 
the e1071 package in R. In the training set, the SVM clas-
sifier was used for the prediction of mortality with regard 
to either all 32 variables or 12 selected features, as well 
as all samples and reduced samples in the training set. 
The mapping procedure was performed using the kernel 
function, which is a matrix of pairwise similarities between 
data points, such as a linear, polynomial or radial basis 
function (RBF).43 In the present study, the RBF kernel 
was used because it can control non-linear interactions 
between class labels and features.44 The two main param-
eters presented in the SVM with RBF kernel were the 
penalty parameter C and kernel hyperparameter γ. The 
penalty parameter C determined the trade-off between 
the fitting error minimisation and model complexity, 
whereas the hyperparameter γ defined the non-linear 
feature transformation on to a higher dimensional 
space and controlled the trade-off between errors due 
to bias and variance in the model.45 The optimal oper-
ating point was estimated by differentiating the param-
eter C and γ using a grid search for each combination of 
feature selection and dimension reduction with a 10-fold 
cross-validation.44

Decision tree
DT by CART that was based on the Gini Impurity Index 
used the rpart function in the rpart package in R. The 
CART analysis searched for the split on the variable that 
would partition the data into two different groups: a group 
of mostly ‘0s’ (people who survived) and ‘1s’ (people who 
died).46 47 Using the best overall split, the CART model 
partitioned the data and assigned a predicted class to 
each subgroup. CART repeated this same process on 
each predictor in the model, thus identifying the best 
split by iteratively testing all possible splits and producing 
the most significant reduction in impurity.38–40 CART 
proceeded recursively in this manner until the specified 
stopping criteria were met, a specified number of nodes 
were created or a further reduction in node impurity was 
obtained.38–40

Performance evaluation
An analysis of the receiver operating characteristic (ROC) 
curve was carried out to assess and compare the perfor-
mance of the individual ML models. The predictive 
ability of the model was evaluated using confusion matrix 
and via an analysis of the area under the curve (AUC) 
between the two approaches of ML models.

Confusion matrix and geometric mean
The confusion matrix was used to calculate the accuracy, 
sensitivity and specificity of a given model with true-neg-
ative, true-positive, false-positive and false-negative 
values, and thus, it presents accuracy, which represents 
the overall proportion of correct classifications; sensi-
tivity, which refers to the proportion of true positives that 
were accurately identified (eg, percentage of people who 
were declared dead) and specificity, which refers to the 
proportion of true negatives that were accurately iden-
tified (eg, percentage of people who survived and were 
declared dead). In addition, because the geometric mean 
can provide a good trade-off between sensitivity and spec-
ificity in a manner that a better accuracy in both classes 
leads to a larger value, it was calculated in this study 
according to the methods used by Sanz et al.48

AUC analysis
To compare the performance of multiple ML classifiers 
in multiple training datasets, a non-parametric approach 
was used to analyse the areas under the correlated ROC 
curves using the roc and  roc. test functions in the pROC 
package in R. This non-parametric approach considers 
the correlated nature of the data that two or more empir-
ical curves are established based on tests performed on 
the same individual.49

All statistical analyses were performed using SPSS 
V.20.0 (IBM) and R V.3.3.3. For the categorical variables, 
the χ2 test was carried out to determine the significance 
of the association between the predictor and outcome 
variables. For the continuous variables, the Student’s 
t-test was conducted to analyse normally distributed data, 
whereas the Kolmogorov-Smirnov test or Mann-Whitney 
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U test was performed to compare non-normally distrib-
uted data. Results were presented as mean±SD. A P value 
<0.05 was considered statistically significant.

resuLts
demographic information and injury characteristics of the 
patients
Patients with head and neck injury had a higher AIS 
score. However, patients with injury in the extremi-
ties had a lower AIS score compared with those who 
survived (table 1 and  online supplementary figure 1). 
The patients who sustained more body region injuries 
in the number of AIS locations tended to have a higher 
mortality risk than those who survived. In addition, 
women and those who did not wear helmets had a higher 
risk of mortality compared with those who survived 
(table 1 and online supplementary figure 1). A statisti-
cally significant difference was observed between patients 
who died and those who survived in terms of age, ISS, 
GCS, temperature, platelet count, glucose, Hb, Hct, K, 
Cr, AST and ALT levels, as well as CAD incidence (table 2 
and  online supplementary figure 2). As the distribution 
patterns of Hb and Hct levels, as well as AST and ALT 
levels, are highly similar, only one of these two variables 
(ie, Hct and AST) was selected for further ML classifica-
tion to prevent the inclusion of duplicate parameters. 
Therefore, a total of 32 variables were used for imputa-
tion into ML classifiers rather than considering selected 
features that were obtained by using the independent risk 
factors identified by the LR given below.

Performance of ML classifiers in the training set
Logistic regression
LR considered 12 predictors (platelet count, glucose, 
BUN, Cr, AST, Na level, age, GCS, temperature, number 
of AIS locations, ISS and HTN) as independent risk 
factors for mortality in motorcycle riders for either all 
samples or reduced samples.

The predictive models were listed as
All samples (n=6306)

 

Yi = ln
(

Pi
1−Pi

)
= 4.71648 − 0.00846 × platelet

+0.01189 × glucose + 0.03459 × BUN + 0.10667 × Cr

+0.00195 × AST + 0.09513 × Na + 0.02533 × age

−0.39968 × GCS − 0.56396 × temperature

−0.93232 × number of AIS locations + 0.14098 × ISS

−0.95726 × HTN  

Reduced samples (n=1510)

 

Yi = ln
(

pi
1−pi

)
= 5.76780 − 0.00763 × platelet + 0.00953 × glucose

+0.03773 × BUN + 0.00152 × AST + 0.08630 × Na

+0.02014 × age − 0.34116 × GCS − 0.53370

× temperature − 0.91439 × number of AIS locations

+0.12191 × ISS − 1.00522 × HTN  

The LR had an accuracy of 98.64% (sensitivity of 
59.31% and specificity of 99.56%) and 94.44% (sensitivity 
of 60.00% and specificity of 98.10%) for all samples and 

reduced samples, respectively. The AUCs for all samples 
and reduced samples were 0.9528 and 0.9524, respec-
tively (figure 1).

Support vector machine
In the training set, the SVM classifier was performed 
for the prediction of mortality considering either all 32 
variables or the 12 selected features in all samples and 
reduced samples, respectively. With the use of the RBF 
kernel, the two parameters (C and γ) of the SVM model 
must be determined. The accuracy was highly robust to 
small changes in the hyperparameters. Thus, reasonable 
choices were obtained by a grid search of 2x where x is an 
integer between −8 and 4 for C and between −10 and −2 
for γ. The values with the highest 10-fold cross-validation 
accuracy were C=0.25 and γ=0.00390625. Under the input 
of all variables into the model, the SVM achieved an accu-
racy of 98.62% (sensitivity of 62.07% and specificity of 
99.48%) and 94.37% (sensitivity of 59.31% and specificity 
of 98.10%) for all samples and reduced samples, respec-
tively (table 3). The AUCs for all samples and reduced 
samples were 0.9534 and 0.9526, respectively (figure 1). 
With the use of the selected features in the model, the 
SVM had an accuracy of 98.62% (sensitivity of 64.14% and 
specificity of 99.43%) and 93.84% (sensitivity of 62.76% 
and specificity of 97.14%) (table 3), and AUC values of 
0.9517 and 0.9518 for all samples and reduced samples, 
respectively (figure 1).

Decision tree
As shown in figure 2, in the DT model, GCS was iden-
tified as the variable of the initial split with an optimal 
cut-off value of >3. Among the patients with a GCS higher 
than 3, glucose level was selected as the variable of the 
second split at a discrimination level of 180 mg/dL and 
177 mg/dL for all samples and reduced samples, respec-
tively. Glucose level below 180 mg/dL or 177 mg/dL for 
all samples and reduced samples, respectively, was the 
best predictor of mortality; the next best predictor was 
platelet count, with an optimal cut-off value of 201×103/
µL. For the node, in patients with a GCS not greater 
than 3, ISS below 24 and glucose level below 218 mg/
dL, these predictors were considered as significant vari-
ables for all samples and reduced samples along with 
a GCS >8 and glucose level below 198 mg/dL, and the 
number of AIS locations ≥3 was considered as an addi-
tional predictor for the splitting of the reduced samples. 
With all the variables used in the model, the DT had an 
accuracy of 98.92% (sensitivity of 62.76% and specificity 
of 99.77%) and 95.83% (sensitivity of 68.97% and spec-
ificity of 98.68%) for all samples and reduced samples, 
respectively. The AUC values for all samples and reduced 
samples were 0.8872 and 0.9289, respectively. With the 
selected features used in the model, the DT had an accu-
racy of 98.92% (sensitivity of 64.14% and specificity of 
99.74%) and 95.83% (sensitivity of 70.34% and speci-
ficity of 98.53%) for all samples and reduced samples, 
respectively. The AUC values for all samples and reduced 
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Table 1 Demographics and injury characteristics of the patients regarding gender, helmet-wearing status, comorbidities, 
injury region and number of injury regions

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

Sex Female 4291 (59.2%) 4174 (58.9%) 117 (69.6%) 0.005

Male 2961 (40.8%) 2910 (41.1%) 51 (30.4%) 

Helmet No 1011 (13.9%) 929 (13.1%) 82 (48.8%) <0.001

Yes 6241 (86.1%) 6155 (86.9%) 86 (51.2%)

DM No 6562 (90.5%) 6414 (90.5%) 148 (88.1%) 0.286

Yes 690 (9.5%) 670 (9.5%) 20 (11.9%)

HTN No 5939 (81.9%) 5802 (81.9%) 137 (81.5%) 0.919

Yes 1313 (18.1%) 1282 (18.1%) 31 (18.5%)

CAD No 7120 (98.2%) 6960 (98.2%) 160 (95.2%) 0.011

Yes 132 (1.8%) 124 (1.8%) 8 (4.8%)

CHF No 7228 (99.7%) 7061 (99.7%) 167 (99.4%) 0.431

Yes 24 (0.3%) 23 (0.3%) 1 (0.6%)

CVA No 7168 (98.8%) 7002 (98.8%) 166 (98.8%) 0.722

Yes 84 (1.2%) 82 (1.2%) 2 (1.2%)

ESRD No 7250 (100%) 7082 (100%) 168 (100%) 1.000

Yes 2 (0.0%) 2 (0.0%) 0 (0.0%)

AIS (head/neck) 0 4642 (64%) 4627 (65.3%) 15 (8.9%) <0.001

1 665 (9.2%) 661 (9.3%) 4 (2.4%)

2 192 (2.6%) 189 (2.7%) 3 (1.8%)

3 713 (9.8%) 699 (9.9%) 14 (8.3%)

4 840 (11.6%) 795 (11.2%) 45 (26.8%)

5 189 (2.6%) 113 (1.6%) 76 (45.3%)

6 11 (0.2%) 0 (0%) 11 (6.5%)

AIS (face) 0 5472 (75.4%) 5347 (75.5%) 125 (74.4%) <0.001

1 574 (7.9%) 568 (8%) 6 (3.6%)

2 1173 (16.2%) 1141 (16.1%) 32 (19%)

3 33 (0.5%) 28 (0.4%) 5 (3%)

AIS (thorax) 0 6081 (83.9%) 5973 (84.3%) 108 (64.3%) <0.001

1 234 (3.2%) 229 (3.3%) 5 (3%)

2 260 (3.6%) 258 (3.6%) 2 (1.2%)

3 423 (5.8%) 404 (5.7%) 19 (11.3%)

4 245 (3.4%) 217 (3.1%) 28 (16.7%)

5 7 (0.1%) 3 (<0.1%) 4 (2.4%)

6 2 (<0.1%) 0 (0%) 2 (1.1%)

AIS (abdomen) 0 6654 (91.8%) 6516 (92%) 138 (82.1%) <0.001

1 57 (0.8%) 54 (0.8%) 3 (1.8%)

2 288 (4%) 277 (3.9%) 11 (6.5%)

3 170 (2.2%) 163 (2.3%) 7 (4.2%)

4 66 (0.9%) 58 (0.8%) 8 (4.8%)

5 17 (0.2%) 16 (0.2%) 1 (0.6%)

AIS (extremity) 0 2000 (27.6%) 1897 (26.8%) 103 (61.3%) <0.001

1 528 (7.3%) 524 (7.4%) 4 (2.4%)

2 2886 (39.8%) 2853 (40.3%) 33 (19.6%)

3 1822 (25.1%) 1800 (25.4%) 22 (13.1%)

4 12 (0.2%) 8 (0.1%) 4 (2.4%)

5 4 (0.1%) 2 (0.0%) 2 (1.2%)

Continued
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samples were 0.8872 and 0.9289, respectively (figure 1). 
In the condition wherein reduced samples but not all 
samples were used in the DT model, the number of AIS 
locations would be added in the split of the node, thus 
slightly increasing the sensitivity from 62.76% to 68.97% 
and from 64.14% to 70.34% with the input composed of 
all variables and selected variables, respectively. In addi-
tion, in the condition wherein selected features but not 
all variables were used in the DT model, the level of K 
was not used in the splitting of the node and substituted 

by the cut-off value of AST (≥104 IU/L), therefore 
slightly increasing the sensitivity from 62.76% to 64.14% 
and from 68.97% to 70.34% with input composed of all 
samples and reduced samples, respectively. The AUC 
values for all samples and reduced samples were 0.8875 
and 0.9292, respectively (figure 1).

Comparison of the results of AUC analysis
When the AUCs for LR, SVM and DT were used for the 
training set (table 4 and figure 1), both LR and SVM 

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

AIS (external) 0 6155 (84.9%) 6001 (84.7%) 154 (91.7%) 0.003

1 1072 (14.8%) 1059 (14.9%) 13 (7.7%)

2 25 (0.3%) 24 (0.3%) 1 (0.6%)

Number of AIS locations 1 3687 (50.8%) 3631 (51.3%) 56 (33.3%) <0.001

2 2255 (31.1%) 2205 (31.1%) 50 (29.8%)

3 982 (13.5%) 939 (13.3%) 43 (25.6%)

4 280 (3.9%) 265 (3.7%) 15 (8.9%)

5 43 (0.6%) 39 (0.6%) 4 (2.4%)

6 5 (0.1%) 5 (0.1%) 0 (0.0%)

AIS, Abbreviated Injury Scale; CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebral vascular accident; DM, diabetes 
mellitus; ESRD, end-stage renal disease; HTN, hypertension.

Table 1 Continued 

Table 2 Injury characteristics of the patients regarding laboratory data collected from the time point when arrival at the 
emergency department

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

Age (years) 38 (29) 37 (29) 47 (32) <0.001

HR (beats/min) 89 (23) 89 (23) 93 (43) <0.001

SBP (mm Hg) 137 (38) 137 (37) 143 (79) 0.374

RR (times/min) 19 (2) 19 (2) 19 (5) 0.660

Temperature (oC) 36.4 (0.8) 36.4 (0.8) 36.0 (0.5) <0.001

GCS 15 (5) 15 (3) 3 (3) <0.001

ISS 13 (12) 13 (13) 29 (11) <0.001

RBC (1012/L) 4.6 (0.8) 4.6 (0. 8) 4.3 (1.1) <0.001

WCC (109/L) 12.9 (7.7) 12.9 (7.7) 13.2 (8.7) <0.001

Hb (g/dL) 13.9 (2.5) 13.9 (2.5) 12.9 (3.5) <0.001

Hct (%) 40.9 (6.8) 41.1 (6.6) 38.6 (9.4) <0.001

Platelets (103/μL) 228 (79) 230 (79) 190 (78) <0.001

Glucose (mg/dL) 145 (27) 145 (23) 218 (60) <0.001

Na (mEq/L) 139 (3) 139 (3) 139 (4) 0.094

K (mEq/L) 3.5 (0.6) 3.5 (0.6) 3.4 (0.9) <0.001

BUN (mg/dL) 12 (6) 12 (5) 14 (8) <0.001

Cr (mg/dL) 0.8 (0.3) 0.8 (0.3) 1.0 (0.5) <0.001

AST (U/L) 47 (50) 45 (48) 65 (76) <0.001

ALT (U/L) 34 (35) 34 (33) 39 (55) <0.001

BAC (mg/dL) 4.9 (133.0) 4.9 (136.4) 4.9 (62.5) 0.698

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BAC, blood alcohol concentration; BUN, blood urea nitrogen; Cr, creatinine; 
GCS, Glasgow Coma Scale; Hb, haemoglobin; Hct, haematocrit; HR, heart rate; ISS, Injury Severity Score; K, potassium; Na, sodium;  
RBC, red blood cell; RR, respiratory rate; SBP, systolic blood pressure; WCC, white cell count.
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had a significantly higher AUC than DT, regardless of 
whether all samples or reduced samples and whether 
all variables or selected features were used. However, no 
significant difference was observed in the AUC of LR 
and SVM, regardless of whether all samples or reduced 
samples, as well as all variables or selected features, were 
used. In addition, the DT sample reduction had a signifi-
cantly higher AUC than that obtained using all samples. 
However, no significant difference was observed in the 
AUC of DT, regardless of whether all variables or selected 
features were used.

Performance of ML classifiers in test set
In test set, the LR model for all samples and reduced 
samples had an accuracy of 98.41%, with a sensitivity of 
73.91% and specificity of 99.02%, in predicting mortality 
(table 3). These four SVM models had an accuracy of 
more than 98% and a specificity of approximately 99% in 
predicting mortality. In contrast, the SVM model for all 
samples with selected features had the highest sensitivity 
(86.96%) and geometric mean (92.79%). These four 
DT models had an accuracy of approximately 98% and 
a specificity of approximately 99% but a sensitivity of less 
than 70%. Considering that most patients survived and 
had a significantly high accuracy and specificity index 
in predicting mortality, the comparison should there-
fore focus on the sensitivity and geometric mean of the 
different ML models. All LR and SVM models, but not 
the DT models, had an increased sensitivity in the test set. 

In addition, the SVM model for all samples with selected 
features had the highest sensitivity and geometric mean.

disCussiOn
LR is widely used in epidemiological studies for causal 
inference, and with the selection of built-in features, it 
does not necessarily use all the predictors. With a relatively 
limited number of variables, that is, variables less than 20, 
LR provides the estimates of the ORs of the risk factors.50 
However, its limitations became apparent when a complex 
dataset with a high number of relevant exposures and 
multiple interactions was analysed.51 With the use of several 
predictors, data that can specify all interactions may not 
be obtained.51 In addition, the DT with CART analysis was 
exploratory and was not based on a probabilistic method, 
which may lead to an overestimation of the importance of 
the risk factors or may cause other potential confounders 
to be missed, thus affecting each patient’s actual risk.52 In 
contrast to LR, which is significantly affected by outliers 
using a linear discriminant analysis method, the SVM 
boundary is only minimally affected by outliers that are 
difficult to separate, despite the complexity of data.53 In 
addition, the use of kernels in the SVM model is benefi-
cial for non-linear decision boundaries, thus allowing the 
classifier to solve more difficult classification problems than 
the linear analysis method.54 These three ML models (LR, 
SVM and DT) all had an accuracy and specificity of approx-
imately 98% and 99%, respectively, but a sensitivity less than 

Figure 1 ROC curves for LR, SVM and DT models in predicting mortality of motorcycle riders. AUC, area under the curve;   
DT, decision tree; LR, logistic regression; ROC, receiver operating characteristic; SVM, support vector machine.
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or approximately 70% in the training dataset. In this study, 
both LR and SVM had a significantly higher AUC than 
DT in the training set, regardless of whether all samples 
or reduced samples and whether all variables or selected 
features were used.

This study included the different variants of SVM, 
considering the sample size and feature selection, to show 
all possible improvements and conventional strategies, 
such as LR or DT. Although the sample reduction for SVM 
had been proposed to significantly improve the training 
speed of the SVM and save a lot of storage space,55 56 kernel 
use is a more efficient technique for the representation 
between samples. Thus, the computational complexity of 
SVM is not wholly governed by the number of samples 
but by the number of features, which is advantageous for 
the analysis in high-dimensional settings.54 In addition, 
feature selection in SVM may maximise the AUC.25 When 
aided by feature selection, the proposed SVM method 
identifies the most discriminating indexes for mortality 
prediction. Although both LR and SVM did not have a 

different AUC in the training procedure, the SVM model 
for all samples with selected features had a significantly 
higher sensitivity (86.96%) in predicting the mortality of 
motorcycle riders in the test set compared with the rest of 
the models. The higher sensitivity of SVM in the test set 
compared with that in the training set may be attributed 
to an improved quality of registered content and less 
missing data in our registered data after continuous 
quality assessment and years of working experience with 
the registers. Such increased sensitivity was also found in 
the LR model in the test set. With the addition of more 
data in the model, the SVM model may have an increased 
predictive power. In the present study, the feasibility of 
using SVM classification with feature selection can predict 
the mortality risk of motorcycle riders admitted in trauma 
care centres. However, the SVM model generally works 
like a black box, and it cannot identify the relationships 
between mortality and various explanatory variables. 
Therefore, this model cannot be directly used to validate 
our hypothesis on the increased sensitivity in the test set.

Table 3 Summary of mortality prediction performances regarding accuracy, sensitivity, specificity and geometric mean with 
LR, SVM and DT models in the training and test sets

All samples (n=6306) Reduced samples (n=1510)

All variables All variables

LR Train Accuracy 98.64 94.44

Sensitivity 59.31 60

Specificity 99.56 98.1

Geometric mean 76.84 76.72

Test Accuracy 98.41 98.41

Sensitivity 73.91 73.91

Specificity 99.02 99.02

Geometric mean 85.55 85.55

All variables Selected features All variables Selected features

SVM Train Accuracy 98.62 98.62 94.37 93.84

Sensitivity 62.07 64.14 59.31 62.76

Specificity 99.48 99.43 98.1 97.14

Geometric mean 78.58 79.86 76.28 78.08

Test Accuracy 98.41 98.73 98.41 98.31

Sensitivity 69.57 86.96 69.57 73.91

Specificity 99.13 99.02 99.13 98.92

Geometric mean 83.05 92.79 83.05 85.51

DT Train Accuracy 98.92 98.92 95.83 95.83

Sensitivity 62.76 64.14 68.97 70.34

Specificity 99.77 99.74 98.68 98.53

Geometric mean 79.13 79.98 82.50 83.25

Test Accuracy 98.31 98.52 97.67 97.89

Sensitivity 65.22 69.57 65.22 69.57

Specificity 99.13 99.24 98.48 98.59

Geometric mean 80.41 83.09 80.14 82.82

DT, decision tree; LR, logistic regression; SVM, support vector machine. 
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This study has several limitations. First, the patients who 
had incomplete records were excluded from the analysis. 
This could have caused result bias, and the results could 
have been different from the data acquired if the patients 
with incomplete records were included and the missing 
data on a variable were replaced by a value that is drawn 
from an estimate of the distribution of this variable.57–59 
Imputation can include patients who might have relevant 
features for analysis. However, these patients were excluded 
due to errors in data collection or recording.57–59 Second, 
the exclusion of patients who were declared dead (either 

on arriving at the hospital or at the accident area itself) 
and patients with injuries who were discharged against the 
advice of physicians in the emergency department may 
cause a potential bias. Third, important data regarding 
injury mechanism and circumstance, including motorcycle 
speed and type, helmet material and impact force during 
collision, were missing. In addition, the imputation of 
physiological and laboratory data collected from the time 
of arrival at the emergency department cannot reflect the 
dynamic changes in haemodynamic and metabolic vari-
ables of the patients with trauma when resuscitation is 

Figure 2 Illustration of DT model for mortality of motorcycle riders. The boxes denote the percentage of patients with 
discriminating variables from CART analysis. Those who were survival and fatal were indicated with green and red colours, 
respectively, in the boxes. CART, classification and regression trees; DT, decision tree. 

Table 4 Comparison of AUC between LR, SVM and DT models in the training set

LR SVM DT

AS RS (AS+AV) (AS+SF) (RS+AV) (RS+SF) (AS+AV) (AS+SF) (RS+AV) (RS+SF)

LR AS

RS 0.6575

SVM (AS+AV) 0.7481 0.6785

(AS+SF) 0.4121 0.7075 0.2473

(RS+AV) 0.9151 0.9161 0.6619 0.6652

(RS+SF) 0.3502 0.5965 0.4135 0.9939 0.5346

DT (AS+AV) 0.0001* 0.0001* 0.0001* 0.0002* 0.0002* 0.0002*

(AS+SF) 0.0001* 0.0002* 0.0001* 0.0002* 0.0002* 0.0002* 0.3578

(RS+AV) 0.0542 0.0618 0.0543 0.0713 0.0658 0.0703 0.0009* 0.0010*

(RS+SF) 0.0566 0.0643 0.0567 0.0743 0.0684 0.0731 0.0008* 0.0009* 0.3570

*P<0.05.
AS, all samples; AUC, area under the curve; AV, all variables; DT, decision tree; LR, Logistic regression; RS, reduced samples; SF, selected 
features; SVM, support vector machine.
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possible. Furthermore, other DT-related methods, such as 
DT by C4.5,60 combined classifiers of LR and DT by C4.5,48 
and random forest,61 have extremely satisfying perfor-
mance in dealing with the classification problem. However, 
these techniques were not investigated in this study. Lastly, 
the study population was limited to a single urban trauma 
centre in southern Taiwan, which may not be representative 
of other populations.

COnCLusiOn
ML can provide a feasible level of accuracy in predicting 
the mortality of motorcycle riders. However, there are 
significant theoretical and practical challenges to the 
translational implementation of this approach. The 
results of previous studies are extremely helpful and may 
help in establishing the first step towards the develop-
ment of a prediction model that can be integrated into 
the trauma care system to identify an individual motor-
cycle rider’s risk of mortality.
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Background:  
In spite of different approaches reported in the literature, the reconstruction of a 

hand degloving injury, which requires extensive skin and soft tissue coverage, still 
presents a significant challenge for plastic surgeons. 

Aims and objectives: 
To repair a degloved hand with a free anterolateral thigh (ALT) flap, with 

subsequent syndactyly release and a debulking procedure, and to evaluate long-term 
outcomes. 
Methods: 

Here, we present the case of a 22-year-old man who had sustained a degloving 
injury of the right hand during a road traffic accident. The detached skin segment of  
the hand was severely damaged and could not therefore be replanted. After initial 
debridement, we performed immediate reconstruction with a 30 × 10-cm free ALT flap 

to cover the injury site. In order to prevent further contracture, we also released the 
interphalangeal joints of the third to fifth digits by fixation with K-wires extending 

through the distal phalanx. The volar skin defect was then resurfaced with a full-
thickness skin graft. Two subsequent operations were required for syndactyly release 
and flap debulking. 

Results:  
Free flap reconstruction was successful with no major complication. The patient 

was able to return to his original work one year following surgery. Upon follow-up at 
around three years post-injury, the patient had a functional hand which could grasp and 

grip objects without difficulty. 
Conclusion: 

Immediate free ALT flap reconstruction, with subsequent syndactyly release and 

debulking, was an effective choice of repair for a degloved hand. (J Taiwan Soc of Plast 
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Introduction 
 
Hand degloving injuries as a result of  trauma 

present the reconstructive surgeon a challenge with    
a myriad of  potential treatment options. Extensive 
literature searches reveal a plethora of  solutions, 
ranging from the most simple to the most complex of  
operations. Whichever approach is chosen, the surgeon 
should make a swift decision to repair the defect  
based on his/her technical experience, institutional 
capabilities, and patient expectations. The surgeon 
should also choose an option associated with the least 
morbidity, the most acceptable aesthetics and ultimately, 
the best return of  function and patient satisfaction. 
With advances in microsurgical techniques, and an 
increase in the number of  surgeons who have acquired 
the relevant skills in microsurgery, we now present a 
case of  a hand degloving injury using the anterolateral 
thigh (ALT) free flap for reconstruction with good long-
term function and an acceptable aesthetic outcome. 

 
Case Report 

 
A 22-year-old man sustained a degloving injury of  

the right hand during a road traffic accident and 
presented in our emergency room. The skin was 
completely avulsed on the right hand from the second 
to the fifth digits up to the mid-palmar area (Figure 1A-
D). The metacarpal bones and digital extensor tendons 
were exposed and tissue had been lost from the tip and 
the pulp of  the thumb. Hand radiographs showed 
minimal finger amputation via the proximal interphalangeal 
joint, but no other fracture elsewhere (Figure 1E).  

In the operating room, we commenced debridement 
with copious irrigation. The accompanying crush 
component of  the injury caused severe damage and 
ischemia to the detached skin and this rendered 
replantation impossible. All nonviable tissues were 
removed. We then repaired the remaining disrupted and 

split extensor tendons of  the index, middle, ring, and 
little fingers and began immediate reconstruction with 
a 30 × 10 cm free ALT flap which was anastomosed to 
the branch of  the radial artery and its two commitant 
veins in the snuff  box. The thumb skin defect was buried 
under the coverage of  the flap. Complete coverage of  
the exposed hand tissues was achieved with the flap 
(Figure 2A). The donor site on the thigh was closed 
while a small defect in the center portion was left 
unclosed due to high tension. However, because we 
noted the beginning of  flexion contracture of  the third 
to the fifth digits (Figure 2B) two weeks after the initial 
surgery, we elevated the flap at the mid-palmar aspect 
to release the interphalangeal joints of  the third to the 
fifth digits and fixed them with K-wires extended 
through the distal phalanx in order to prevent further 
contracture. After release, the resultant 12 × 6 cm volar 
skin defect was resurfaced with a full-thickness skin 
graft. In this operation, the skin portion of  the flap 
which covered the thumb was divided and the remained 
skin defect upon the donor thigh was also closed. Two 
weeks later, the K pins were removed and the patient 
began rehabilitation. The postoperative course proceeded 
smoothly without complications (Figure 2C and 2D).  

Subsequent operations included the release of  
syndactyly and debulking procedures. Further division 
of  the flap was performed to release the syndactyly over 
the third and fourth digits (Figure 3A and 3B), and to 
release the syndactyly over the second to third as well 
as fourth to fifth digits (Figure 3C and 3D), at three 
months and six months post-surgery, respectively. 
Debulking of  the flap was completed at ten months 
post-injury which involved removal of  the skin from the 
flap, defatting and re-grafting of  the skin to the fascial 
layer1. The patient returned to his original work one 
year after initial surgery. Follow-up at around three 
years post-injury showed that the patient had a 
functional hand which could grasp and grip objects 
without difficulty (Figure 4A-D). 
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Fig. 2. (A) Right hand immediately after coverage with a free ALT flap; (B) The flap was elevated at the 
mid-palmar aspect to release the interphalangeal joints of the third to the fifth digits and fixed 
with K-wire extended through the distal phalanx to prevent further contracture at two weeks 
postoperatively; (C) Dorsal aspect of the repaired right hand at 3 months; (D) Ventral aspect of 
the repaired right hand at 3 months.  

Fig. 1. (A) Dorsal aspect of the degloved hand; (B) Ventral aspect of the degloved hand; (C) Dorsal aspect of 
the degloved hand after removal of all nonviable tissues; (D) Ventral aspect of the degloved hand 
following the removal of all nonviable tissues; (E) Radiograph of the degloved right hand showing the 
little finger amputation via distal interphalangeal joint level.  
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Fig. 4. (A) Dorsal aspect of the repaired hand at approximately 3-year follow up; (B) Ventral aspect of 
the repaired hand at approximately 3-year follow up; (C) Fisting of the repaired hand; (D) 
Opposition of the thumb on the repaired hand.  

Fig. 3. (A) Dorsal aspect of the hand after the first release of syndactyly; (B) Ventral aspect of the hand 
after the first release of syndactyly; (C) Dorsal aspect of the hand after the second release of 
syndactyly; (D) Ventral aspect of the hand after the second release of syndactyly.  
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Discussion 
 

To achieve the best outcome in dealing with a hand 
degloving injury, a replantation or revascularization 
procedure is still the best option2. However, as in our 
case, the severe crushed skin envelope precluded the 
possibility of  a successful replantation. To repair such a 
complex defect which has functional requirements, it is 
important to consider preserving the unique structure 
of  the hand, including joint motion and tendon gliding3. 
Therefore, such a defect should not be addressed by 
simple wound coverage. Although there are reports 
regarding the use of  vacuum-assisted closure, or the  
use of  artificial dermis for degloving hand injury 
reconstruction, these simplistic approaches do not 
provide adequate coverage of  the exposed bone and 
tendon tissues of  the hand. The use of  a soft tissue flap, 
either as a pedicle or free flap, is deemed to be more 
appropriate. 

The most common pedicle flap used in hand 
reconstruction is an abdominal flap4-9, followed by a 
groin flap8,10. The procedure involving pedicle flap 
repair is deemed safe and can be done in a short time. 
Yunchuan et al. reported harvesting pedicle abdominal 
flaps up to 16 × 12 cm for reconstruction of  upper limb 
wounds with satisfactory results11. Another option is 
the ALT flap pocket procedure which can provide thin 
and durable skin coverage for degloving hand injuries 
by creating a pocket in the deep fascial layer of  the 
ipsilateral thigh12. However, the limited flap dimensions 
offered by such flaps may represent an important issue 
in some cases. These pedicle flaps may only provide 
coverage for one aspect of  the hand (volar or dorsal) at 
a time. To cope with a larger defect, a combination of  
abdominal flaps and additional pedicle flaps may be 
useful to line the dorsal and volar aspects of  the 
degloved hand simultaneously13,14. A further study by 
Doctor et al. reported a three-flap coverage for total 
hand degloving injury15. In their 29-year-old male 
patient, a reverse radial forearm flap, together with a 
pedicle groin-hypogastric flap, was used for the 
reconstruction of  a total hand degloving injury. In a 
subsequent operation, a bilobed shaped groin and 
hypogastric pedicle flap was used for the dorsal and 

palmar aspects of  the rest of  the hand15. However, 
although the pedicle flaps, either singly or in combination, 
may provide adequate bulk and coverage for degloving 
injuries of  the hand, the time to division of  the pedicle 
(3 to 7 weeks) prolongs immobilization of  the hand and 
leads to potential patient discomfort, thus precluding its 
use. Another disadvantage is the resultant defect from 
the donor site requiring skin grafting which may not be 
acceptable for some patients.  

Free flap reconstruction of  the upper extremity 
provides the same coverage as pedicle flaps but with the 
added advantage of  composite reconstruction and early 
mobilization to restore function16. It has been reported 
that early microsurgical treatment for extremity 
reconstruction results in a better success rate compared 
to delayed and late treatment groups, and that 
immediate flap reconstruction also reduces tissue 
fibrosis caused by a prolonged severe inflammatory 
phase in the wound bed17. Free flaps also provide 
versatility in design in order to best fit the defect, tissue 
harvest from outside of  the zone of  injury, and minimal 
donor site morbidity with acceptable scar locations. 
Thus far, the range of  free flap options reported for 
hand degloving injuries include the ALT flap12,18-20 and 
the thoracodorsal artery perforator flap21. Although a 
thoracodorsal artery perforator flap can successfully 
resurface a palmar defect and the serratus fascia to 
resurface a dorsal defect with a split-thickness skin graft 
coverage21, obviously the ALT flap may represent an 
ideal flap for the reconstruction of  most upper 
extremity defects22,23.  The ALT flap is versatile and 
dependable as a source of  soft tissue over a large area 
with a long vascular pedicle, large vessels, with the 
possibility of  composite flap harvest, and can be 
harvested simultaneously in a two team approach  
with the patient in the supine position23,24. It is also 
performed outside of  the operative site which is within 
the ‘zone of  injury’, and has low donor site morbidity. 
Furthermore, the donor site can generally be closed in 
an initial or a subsequent instance, which is what 
happened in our case. In our current case, the ALT flap 
provided adequate coverage of  the dorsal and volar 
aspects of  the degloved hand. This flap can easily be 
trimmed in a secondary debulking procedure, which 



       Rowena Sudario-Lumague, Tsan-Shiun Lin, Pao-Jen Kuo, Ching-Hua Hsieh                       423 

JTSPS 2017. Vol 26‧No.4 

proceeds with the removal of  skin from the flap, 
defatting and re-grafting of  the skin to the fascial layer1. 
This debulking procedure is able to create a soft and 
pliable skin envelope which results in good functional 
outcome. 

Notably, reconstruction of  a hand degloving injury 
with a free flap, in combination with a pedicle flap, is 
another choice and has been reported in the literature. 
Han et al.  described the combined use of  the pedicle 
abdominal flap for the dorsal aspect of  the hand and 
subsequent foot-derived free flaps (dorsalis pedis flap, 
dorsal toe flap or toe-web flap) based on the plantar 
deep branch of  the dorsalis pedis artery for the volar 
aspect of  the hand25. However, the combination of  a 
free flap with a pedicle flap might not confer any further 
advantages for free flap reconstruction compared to 
repair with a pedicle flap. Furthermore, the use of  
multiple free flaps in hand degloving injuries was also 
reported by Kim et al., who described the use of  two 
thin and broad free flaps: a 22 × 14 cm paraumbilical 
perforator based flap for the dorsal defect and a 22 × 15 
cm ALT flap for the volar defect. The deep inferior 
epigastric vessels were anastomosed to the radial artery 
and its commitant veins, while the lateral femoral 
circumflex vessels were anastomosed to the ulnar artery 
and its commitant veins26. Although this practice might 
provide adequate coverage and satisfactory bulk, the 
use of  two free flaps could still be tedious, even for an 
expert microsurgeon. The use of  both, donor radial and 
ulnar arteries, which provide perfusion to the already 
injured hand, would also raise some concern if  free flap 
reconstruction failed.   

  
Conclusion 

 
Here, we present the successful reconstruction of  a 

hand degloving injury with an immediate ALT free flap 
with a secondary debulking procedure. Functional 
return was good and aesthetic outcome was acceptable. 
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使用前大腿外側自由皮瓣重建手部脫手套傷  

―― 案例報告  
 

 

Rowena Sudario-Lumague 林燦勳 郭寶仁 謝青華 
 

 
背   景：  

雖然文獻上已有許多重建手部脫手套傷之方法，要重建手部脫手套傷大片皮膚軟組織之缺損仍是

對於整型外科醫師的重大挑戰。  

目標及主旨：   

使用前大腿外側自由皮瓣並合併後續之手指分割及皮瓣打薄手術來重建手部脫手套傷，並且報告

長期追蹤之結果。  

方   法：  

一位二十二歲之男性病患於車禍中罹致右手脫手套傷。脫手套分離之皮膚因為過於嚴重之創傷而

無法進行再植手術。經過初步清創後，我們使用一個三十公分乘十公分的前大腿外側自由皮瓣來重建

傷口，在另一次之手術中使用鋼釘固定第三至第五指以避免指頭攣縮並使用全層植皮重建手掌剩餘之

皮膚缺損。之後並執行兩次階段性之手指分割及皮瓣打薄手術。  

結   果：  

自由皮瓣手術成功地執行且無主要之併發症。病患一年後可以回到原來之工作崗位。在受傷後三

年的追蹤時，病患可以回復到具備功能之手並可以無困難地抓握東西。  

結   論：  

立即性之前大腿外側自由皮瓣覆蓋，合併後續之手指分割及皮瓣打薄手術是對於重建手部脫手套

傷之一種良好選擇。  
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ABSTRACT

Background: Toll-like receptors (TLRs) are involved in the initiation of Schwann 
cell activation and subsequent recruitment of macrophages for clearance of 
degenerated myelin and neuronal debris after nerve injury. The present study was 
designed to investigate the regenerative outcome and expression of myelination-
related factors in Tlr-knockout mice following a sciatic nerve crush injury.

Materials and methods: A standard sciatic nerve crush injury, induced by 
applying constant pressure to the nerve with a No. 5 jeweler’s forceps for 30 s, 
was performed in C57BL/6, Tlr2-/-, Tlr3-/- , Tlr4-/-, Tlr5-/-, and Tlr7-/- mice. Quantitative 
histomorphometric analysis of toluidine blue-stained nerve specimens and walking 
track analysis were performed to evaluate nerve regeneration outcomes. PCR Arrays 
were used to detect the expression of neurogenesis-related genes of dorsal root 
ganglia as well as of myelination-related genes of the distal nerve segments.

Results: Worse nerve regeneration after nerve crush injury was found in all 
Tlr-knockout mice than in C57BL/6 mice. Delayed expression of myelin genes 
and a different expression pattern of myelination-related neurotrophin genes and 
transcription factors were found in Tlr-knockout mice in comparison to C57BL/6 
mice. In these TLR-mediated pathways, insulin-like growth factor 2 and brain-derived 
neurotrophic factor, as well as early growth response 2 and N-myc downstream-
regulated gene 1, were significantly decreased in the early and late stages, 
respectively, of nerve regeneration after a crush injury.

Conclusions: Knockout of Tlr genes decreases the expression of myelination-
related factors and impairs nerve regeneration after a sciatic nerve crush injury.

INTRODUCTION

Upon peripheral nerve injury, Schwann cells 
are activated for clearance of degenerated myelin and 

neuronal debris by phagocytosis [1]. Rapid and efficient 
clearance of this debris is a prerequisite for successful 
nerve regeneration to proceed [2]. Within hours to 
days after the injury [3-6], an inflammatory reaction is 
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elicited by Schwann cells, which leads to recruitment 
of macrophages, with subsequent release of many pro-
inflammatory cytokines [7, 8]. In addition, both Schwann 
cells and macrophages can remove degenerated myelin 
and neuronal debris in vitro [9, 10] and in vivo [11, 
12]. Delayed initiation of Schwann cell activation or 
macrophage recruitment would delay nerve regeneration 
and prolong the period of disability [8, 13].

A large family of toll-like receptors (TLRs), 
consisting of 10 highly homologous TLRs in humans, 
has been characterized [14, 15]. TLRs are transmembrane 
receptors and are divided into those located in the 
cell membrane, such as TLR1, TLR2, TLR4, TLR5, 
and TLR6, and those located in the membrane of the 
endosome, such as TLR3, TLR7, TLR8, and TLR9 [15]. 
Further, TLRs are pattern recognition receptors that were 
originally characterized in the innate immune system; they 
are activated by pathogen-associated molecular patterns, 
such as bacterial cell wall components, and endogenous 
TLR ligands, such as fibronectin, heparan sulfate, 
fragmented hyaluronic acid, high mobility group B1, 
hyaluronan, and heat shock proteins 60 and 70 [16-19]. 
Moreover, double-stranded RNA and single-stranded RNA 
have also been described as endogenous danger signals 
and could be recognized by TLR3 [20] and TLR7 [21], 
respectively. Upon axotomy, TLR1, TLR2, TLR3, TLR4, 
and TLR7 become strongly induced in the peripheral 
nerves and are involved in Schwann cell activation in 
response to the endogenous danger signals [2, 22, 23]. In 
addition, stimulation of Schwann cells leads to expression 
of TLRs [24, 25]. Lee et al. had previously demonstrated 
the expression of TLRs in rat Schwann cells, and showed 
that TLR2, TLR3, and TLR4 are highly expressed in 
these cells [26]. Goethals et al. have reported expression 
of a broad range of TLRs (TLR1–9) in Schwann cells; in 
particular, TLR3, TLR4, and TLR7 are highly expressed, 
while the expression levels were markedly lower in motor 
and sensory neurons [2]. In Schwann cells, the expressed 
TLRs have been shown to be functional [2, 25] and lead to 
increased expression of pro-inflammatory mediators [24, 
26-28], which contribute to the Wallerian degeneration 
process. In Tlr2-/- and Tlr4-/- mice, reduced recruitment of 
macrophages resulted in persistent myelin debris in the 
distal nerve stump, and a significant delay in the Wallerian 
degeneration process was found during nerve regeneration 
[29].

The innate TLR response not only facilitates 
removal of inhibitory myelin and neuronal debris, but 
also upregulates local production of neurotrophins [26, 30, 
31]. In addition, Schwann cell myelination is controlled 
by many neurotrophins, as well as by myelination-
related transcription factors [32]. For example, we have 
previously reported that nerve regeneration is impaired 
in Tlr2-/- and Tlr4-/- mice with a delayed expression of 
the critical re-myelination transcription factors Oct6 and 
Sox10 [33]. However, the roles of other TLRs in nerve 

regeneration and expression of myelination-related 
transcription factors and neurotrophins are less explored.

Therefore, the present study was designed to 
investigate the regenerative outcome and the expression 
of myelination-related factors in Tlr-knockout mice after 
a sciatic nerve crush injury.

RESULTS

Knockout of Tlr causes poor nerve regeneration

The toluidine blue-stained axial semi-thin section 
of the nerve, taken 5 mm distal to the injured site, in 6 
mice groups (C57BL/6, Tlr2-/-, Tlr3-/- , Tlr4-/-, Tlr5-/-, and 
Tlr7-/-) on post-operative day 10 are illustrated in Figure 
1. In the histomorphometric analysis, all the investigated 
Tlr-knockout mice presented worse nerve regeneration 
than the C57BL/6 mice. On day 10, the specimens of 
Tlr2-/-, Tlr3-/- , Tlr4-/-, Tlr5-/-, and Tlr7-/- mice presented 
significantly smaller fiber width, axon width, total fiber 
area, fiber area, myelin area, and axon area, as well as 
a significantly greater fiber debris area than those in the 
C57BL/6 mice (n = 6).

The CatWalk gait analysis (Figure 2) revealed that 
the values of sciatic static index in mice (SSIm) in the 
C57BL/6 mice were decreased the most at post-crush day 
9 and then recovered by day 16. However, there were 
still significant decreases in SSIm in all Tlr-knockout 
mice at the corresponding time points of day 16 to 21, as 
compared with that of C57BL/6 mice. The SSIm values of 
all Tlr-knockout mice had recovered by post-crush day 25.

Post-crush gene expression of distal nerve 
segment of C57BL/6 mice

As shown in Figure 3 and Table 1, at post-crush 
day 3, the custom PCR array showed significant (2-
fold) upregulation of 9 genes (Gdnf, Sox2, Tgfb1, Jun, 
Bdnf, Nrg1, Notch1, Hdac1, and Igf2) in the distal nerve 
segment of C57BL/6 mice after a crush injury. In addition, 
5 (Gdnf, Jun, Bdnf, Sox2, and Tgfb1) and 8 genes (Gdnf, 
Sox2, Tgfb1, Bdnf, Pou3f2, Nrg1, Nrdg1, and Hdac1) 
were significantly upregulated at post-crush days 7 and 
14, respectively. Persistent expression, with 5-fold up-
regulation throughout 14 days after the nerve crush injury, 
was found in 4 genes (Gdnf, Sox2, Tgfb1, and Bdnf). 
Expression of Jun was observed on days 3 and 7, but not 
on day 14 after nerve crush injury.

In contrast, significantly decreased expression of 
myelin genes (Plp1, Pmp22, Mal, and Mbp) was found at 
post-crush days 3 and 7, but not on day 14. Representative 
differentially-expressed genes (Sox2, Jun, Notch1, and Mbp) 
were selected for protein level detection in the distal nerve 
segment of C57BL/6 mice by means of western blotting 
(Figure 4). The Sox2 level of sciatic nerve increased 
significantly at post-crush day 3 and persisted till the post-
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crush day 14. The c-Jun increased at post-crush day 3 and 
7, and returned to normal level at day 14. The expression of 
Notch1 increased at post-crush day 3 and returned to normal 
level at day 7. The Mbp level showed a significant down-
regulation at post-crush day 3 to day 7, with recovery at 
day 14. The temporal protein expression pattern of these 
selected representative genes were similar to that of the 
transcripts identified in the PCR array.

Post-Crush gene expression of distal nerve 
segment of Tlr-Knockout mice

The PCR array experiments revealed that, at post-
crush day 3, Igf2 was significantly down-regulated in the 

Tlr2-/-, Tlr3-/- , Tlr4-/-, Tlr5-/-, and Tlr7-/- mice, while Bdnf 
was significantly down-regulated in the Tlr4-/-, Tlr5-/- and 
Tlr7-/- mice, as compared to the C57BL/6 mice (Figure 5 
and Table 2). Moreover, down-regulation of 7 additional 
genes was found in the Tlr7-/- mice. On post-crush day 7, 
Igf2 and Bdnf were significantly down-regulated in Tlr2-/-, 
Tlr3-/- , and Tlr7-/- mice, as compared to C57BL/6 mice. 
In addition, Pou3f2 was significantly down-regulated in 
Tlr7-/- mice. On post-crush day 7, Erg2 and Ndrg1 were 
significantly down-regulated in the Tlr2-/-, Tlr3-/- , Tlr4-/-, 
Tlr5-/-, and Tlr7-/- mice, as compared to C57BL/6 mice. 
Additionally, 3 (Pou3f2, Hdac1, and Sox2) and 1 (Nrg1) 
genes were significantly down-regulated in the Tlr4-/- and 
Tlr7-/- mice, respectively.

Figure 1: Quantitative histomorphometric analysis of the toluidine blue-stained nerve specimens 5-mm distal to the 
injured site in C57BL/6, Tlr2-/-, Tlr3-/-, Tlr4-/-, Tlr5-/-, and Tlr7-/- mice at post-crush day 10, with representative histological 
sections (× 1000) obtained distal to the nerve crush injury site on post-operative day 10, stained with toluidine blue. 
The magnification bars represent 10 μm.
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In the TLR-mediated pathways, 2 genes in the early 
stage (Igf2 and Bdnf) and 2 genes (Erg2 and Ndrg1) in 
the late stage seem to play an important role in nerve 
regeneration following a crush injury. Furthermore, in 
contrast to the significantly decreased expression of myelin 
genes (Plp1, Pmp22, Mal, and Mbp) in C57BL/6 mice at 
post-crush days 3 and 7, but not on day 14, decreased 
expression of various myelin genes (Plp1, Pmp22, Mal, 
and Mbp) was found at post-crush day 14 in Tlr-knockout 
mice. Compared to the C57BL/6 mice, a delay of myelin 
gene expression and a different expression pattern of 
myelination-related neurotrophin genes and transcription 
factors were found in Tlr-knockout mice after nerve injury.

Post-Crush gene expression of DRGs of C57BL/6 
mice

As shown in Figure 6 and Table 3, there was no 
significant dysregulated genes at post-crush day 3 in the 
DRGs of C57BL/6 mice after a crush injury. At post-
crush days 7 and 14, two genes (Drd2 and Bcl2) and one 
gene (Bcl2) were significantly upregulated, respectively, 
and six (Sod1, Ptn, Slits, Bmp4, S100b, and Ntf3) and 
two genes (Bmp4 and Ntf3) were significantly decreased, 
respectively. Using RT-qPCR to measure the expression 
level of dysregulated genes (Table 4) in the DRGs of Tlr-
knockout mice following nerve crush injury, we found 

Figure 2: The sciatic static index in mice (SSIm) in the CatWalk gait analysis of sham-operated and experimental mice 
after sciatic nerve crush injury (n = 10) were recorded thrice a week for 1−7 weeks. The range indicated with horizontal blue 
lines along the x-axis represent the preoperative values of the experimental mice prior to crush injury. * indicated p < 0.05 of C57BL/6 
receiving nerve crush injury versus sham control; # indicated p < 0.05 of each Tlr-knockout mice versus C57BL/6 receiving nerve crush 
injury.

Figure 3: Plot of the differentially-expressed genes in a distal nerve segment of C57BL/6 mice in the PCR array at post-
crush days 3, 7, and 14. Genes showing at least 2-fold differential expression and P < 0.05 between experimental and control groups 
were considered significant and are indicated in red (up-regulation) or green (down-regulation) colors.
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that the expression pattern of these genes were similar 
to that of the transcripts identified in the PCR array. In 
addition, the knockout of Tlr2, Tlr3, Tlr4, Tlr5, and Tlr7 
did not significantly change the expression level of these 
dysregulated genes in the DRGs, when compared to those 
of C57BL/6 mice (Figure 7).

T cells and macrophages expression in distal 
nerve segment

Using the flow cytometry to measure the abundance 
of T cells and macrophages in the distal nerve segment 

after nerve crush injury (Supplementary Figure 1), 
we found the percentages of residual CD4+IL4+ 
Th1, CD4+IFNγ+ Th2, CD4+IL17A+ Th17 cells, and 
CD11b+F4/80+ macrophages in the sciatic nerve segment 
of C57BL/6 mice account for 0.1%, 1.35%, 0.2%, and 
2.8% of total cell population, respectively (Figure 8). 
After nerve crush injury, there were a significant increased 
percentage of these cells to 0.4% (Th1), 3.8% (Th2), 0.8% 
(Th17), and 9.0% (macrophages) of total cell population 
in the nerve at post-crush day 7. Then the percentage of 
cells was significantly decreased to 0.3% (Th1), 2.6% 
(Th2), 0.4% (Th17), and 5.5% (macrophages) at post-

Table 1: Differentially-expressed genes in a distal nerve segment of C57BL/6 mice in the PCR array at post-crush 
days 3, 7, and 14

3 days 7 days 14 days

Genes Fold p-value Genes Fold p-value Genes Fold p-value

Gdnf 197.85 0.03 Gdnf 59.66 0.04 Gdnf 15.68 0.03

Sox2 9.81 0.04 Jun 11.46 0.03 Sox2 9.13 0.03

Tgfb1 7.41 0.001 Bdnf 10.25 0.02 Tgfb1 5.60 0.04

Jun 6.32 0.04 Sox2 9.14 0.02 Bdnf 5.58 0.03

Bdnf 5.14 0.001 Tgfb1 6.20 0.02 Pou3f2 4.70 0.02

Nrg1 3.33 0.01 Plp1 0.18 0.01 Nrg1 4.41 0.02

Notch1 3.01 0.02 Mal 0.12 0.001 Nrdg1 4.24 0.02

Hdac1 2.97 0.003 Pmp22 0.09 0.001 Hdac1 2.91 0.04

Igf2 2.61 0.03 Mbp 0.07 0.001

Plp1 0.22 0.01

Pmp22 0.19 0.02

Mal 0.15 0.001

Mbp 0.14 0.001

Figure 4: Western blot analysis of protein levels of 4 selected representative differentially-expressed genes (Sox2, Jun, 
Notch1, and Mbp) from the PCR array. *, P < 0.05 vs. control group.
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Figure 5: Plot of the differentially-expressed genes in distal nerve segment of Tlr2-/-, Tlr3-/-, Tlr4-/-, Tlr5-/-, and Tlr7-/-

 mice in the PCR array at post-crush day 3, 7, and 14. Genes showing at least 2-fold differential expression and P < 0.05 between 
experimental and control groups were considered significant and are indicated in red (up-regulation) or green (down-regulation) colors.
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crush day 14. However, in the nerve segment of Tlr2-/-, 
Tlr3-/- , Tlr4-/-, Tlr5-/-, and Tlr7-/-) mice at post-crush day 7, 
the percentage of Th1, Th2, Th17 cells, and macrophages 
did not significantly differ from those measured in the 
C57BL/6 mice at post-crush day 7 (Figure 8). These 
results suggested that the population of T cells and 
macrophages increased in the nerve after a crush injury 
but the knockout of Tlr gene did not significantly change 
the accumulated population of T cells and macrophages 
in the nerve.

DISCUSSION

In this study, we aimed to investigate the 
regenerative outcome and expression of myelination-
related factors after a sciatic nerve crush injury in 
Tlr-knockout mice. We have demonstrated that nerve 
regeneration after sciatic nerve crush injury in Tlr2-/-

, Tlr3-/- , Tlr4-/-, Tlr5-/-, and Tlr7-/- mice was worse than 
that in C57BL/6 mice, according to histomorphometric 
measurement and CatWalk gait analysis. The Tlr-knockout 

Table 2: Differentially-expressed genes in a distal nerve segment of Tlr2-/-, Tlr3-/-, Tlr4-/-, Tlr5-/-, and Tlr7-/- mice in the 
PCR array than those of C57BL/6 mice at corresponding post-crush days 3, 7, and 14

Tlr2-/- Tlr3-/- Tlr4-/- Tlr5-/- Tlr7-/-

Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value

Igf2 0.44 0.03 Igf2 0.33 0.03 Igf2 0.35 0.02 Igf2 0.10 0.02 Igf2 0.09 0.01

Bdnf 0.32 0.01 Bdnf 0.06 0.02 Bdnf 0.06 0.01

Jun 0.08 0.04

Egr2 0.08 0.003

Ndrg1 0.03 0.01

Pou3f2 0.04 0.04

Sox10 0.04 0.04

Hdac1 0.10 0.01

Notch1 0.05 0.01

Tgfb1 0.19 0.01

Sox2 0.06 0.02

Differentially-expressed genes of distal nerve segment of toll-like receptor knockout mice in the PCR array at post-crush day 7

Tlr2-/- Tlr3-/- Tlr4-/- Tlr5-/- Tlr7-/-

Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value

Igf2 0.22 0.03 Igf2 0.26 0.05 Igf2 0.27 0.04

Bdnf 0.11 0.03 Bdnf 0.24 0.04 Bdnf 0.26 0.04

Pou3f2 0.17 0.01

Differentially-expressed genes of distal nerve segment of toll-like receptor knockout mice in the PCR array at post-crush day 14

Tlr2-/- Tlr3-/- Tlr4-/- Tlr5-/- Tlr7-/-

Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value Genes Fold p-value

Erg2 0.08 0.03 Erg2 0.02 0.02 Erg2 0.12 0.02 Erg2 0.21 0.03 Erg2 0.43 0.04

Ndrg1 0.09 0.04 Ndrg1 0.06 0.02 Ndrg1 0.08 0.01 Ndrg1 0.22 0.03 Ndrg1 0.35 0.02

Mal 0.11 0.04 Mal 0.02 0.03 Pou3f2 0.15 0.03 Mal 0.33 0.01 Nrg1 0.28 0.02

Pmp22 0.11 0.04 Pmp22 0.42 0.02 Hdac1 0.11 0.03 Pmp22 0.26 0.01 Mal 0.35 0.002

Sox2 0.20 0.04 Mbp 0.24 0.01 Pmp22 0.49 0.02

Mal 0.28 0.002

Pmp22 0.12 0.001

Mbp 0.11 0.003

Plp1 0.14 0.02
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Figure 6: Plot of the differentially-expressed genes in L4-L6 dorsal root ganglia of C57BL/6 mice in the PCR array at 
post-crush day 3, 7, and 14. Genes showing at least 2-fold differential expression and P < 0.05 between experimental and sham control 
groups were considered significant and are indicated in red (up-regulation) or green (down-regulation) colors.

Figure 7: Real time quantitative PCR measurement of the expression level of those differentially-expressed genes in 
the DRGs of C57BL/6 and Tlr-knockout mice. 
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mice not only presented a significantly more prominent 
fiber debris area, but also a cluster of significantly down-
regulated myelination-related factors, as compared to 
C57BL/6 mice. The various TLRs signal through different 
signaling pathways. While TLR2 forms heteromers with 
TLR1 or TLR6 to regulate intracellular signaling [34], the 
other TLRs form homodimers [35, 36] to initiate signaling 
pathways via either a myeloid differentiation 88 (MyD88)-
dependent pathway or a TIR-domain-containing adapter-
inducing interferon (TRIF)-dependent pathway [37]. 
The majority of TLRs (TLR1/2, 5, 2/6, 7, and 9) signal 
primarily through the MyD88 pathway; in contrast, TLR3 
acts via the TRIF pathway and TLR4 uniquely signals via 
both MyD88 and TRIF pathways. However, in this study, 
the expression of down-regulated myelination-related 
factors was not markedly different among TLRs with 
distinct downstream signaling pathways or between those 
TLRs located in the cell membrane or in the endosomal 
membrane. A complex combination of endogenous TLR 

ligands in the degenerated nerve segment after nerve crush 
injury may be involved in the mechanism.

In this study, the knockout of Tlr gene did 
not significantly change the expression level of the 
dysregulated neurogenesis-related genes in the DRGs, 
indicating the impaired nerve degeneration in Tlr-
knockout mice was attributed to condition of the distal 
nerve segment but not innervated neurons. In addition, 
the knockout of Tlr gene did not significantly change the 
accumulation of T cells and macrophages in the distal 
nerve segment after a crush injury, implying an more 
important role of Schwann cells than those immune 
cells here to explain the impaired nerve degeneration in 
Tlr-knockout mice. Reprogramming of gene expression 
patterns in Schwann cells during an injury response is 
regulated by the actions of distal regulatory elements that 
integrate the actions of multiple transcription factors [38]. 
In this study, persistent expression of 4 genes (Gdnf, Sox2, 
Tgfb1, and Bdnf) was found in C57BL/6 mice throughout 

Table 3: Differentially-expressed genes in L4-L6 dorsal root ganglia of C57BL/6 mice in the PCR array at post-crush 
days 3, 7, and 14 against C57BL/6 sham control mice

3 days 7 days 14 days

Genes Fold p-value Genes Fold p-value Genes Fold p-value

Drd2 2.21 0.03 Bcl2 2.02 0.03

Bcl2 2.08 0.04 Bmp4 0.42 0.04

Sod1 0.48 0.01 Ntf3 0.33 0.02

Ptn 0.47 0.02

Slit2 0.45 0.03

Bmp4 0.44 0.04

S100b 0.37 0.01

Ntf3 0.27 0.01

Table 4: The dysregulated genes of the DRGs identified from PCR array in C57BL/6 mice after a nerve crush injury

No. Abbreviation Gene ID Description Primer catalog number

1 Bcl2 12043 B-cell leukemia/lymphoma 2 PPM02918F

2 Bmp4 12159 bone morphogenetic protein 
4 PPM02998F

3 Drd2 13489 dopamine receptor D2 PPM04228A

4 Ntf3 18205 neurotrophin 3 PPM04325A

5 Ptn 19242 pleiotrophin PPM03042F

6 S100b 20203 S100 protein, beta 
polypeptide, neural PPM04492B

7 Slit2 20563 slit homolog 2 PPM37706A

8 Sod1 20655 superoxide dismutase 1, 
soluble PPM03582A
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14 days after nerve crush injury. GDNF is a potent 
survival factor for many types of neurons [39-41] and is 
up-regulated in Schwann cells to support axonal growth 
after nerve injury [42, 43]. Sox2 influences transcription at 
the level of elongation in Schwann cells and is important 
for Schwann cell development [44]. Sox2 also activates 
ephrin-B signaling, which is required for Schwann cells 
to migrate in an organized fashion to allow axons to grow 
back properly [45]. TGFβ1 is a potent Schwann cell 
mitogen and controls Schwann cell division in vivo [32]. 
It is also critical for Wallerian degeneration after nerve 
injury, as the knockdown of TGFβ1 expression results in 
a reduction of Schwann cell proliferation and apoptosis 
[46]. c-Jun induced in Schwann cells of the nerve distal to 
the injury governs major aspects of Wallerian degeneration 
by activating a repair program and changing the phenotype 
of Schwann cells [47]. The absence of c-Jun results in a 
striking failure of functional recovery, with such Schwann 
cells being unable to generate the repair phenotype that 
is essential for regeneration [47]. Notably, c-Jun has also 
been reported to mediate suppression of myelin genes after 
nerve injury [48].

In this study, a large number of myelin genes 
(Pmp22, Mal, and Mbp) showed remarkably similar 
patterns of expression; it is likely that a specific set of 
transcription factors, including EGR2 and POU-domain 
transcription factors, commonly regulates these genes [49, 
50]. However, in contrast to the significantly decreased 
expression of myelin genes (Plp1, Pmp22, Mal, and Mbp) 
in C57BL/6 at post-crush days 3 and 7, but not on day 

14, the decreased expression of these genes were only 
found at post-crush day 14 in Tlr-knockout mice. In this 
study, the different expression patterns of myelination-
related factors in Schwann cells of Tlr-knockout mice after 
nerve injury could not be explained solely by the delayed 
demyelination that was shown by a delayed expression 
of the myelin genes. Notably, in these TLR-mediated 
pathways, Igf2 and Bdnf, and Erg2 and Ndrg1, seem to be 
important in the early and late stage, respectively, of nerve 
regeneration after a crush injury.

Among these factors, IGF2 is a nerve- and muscle-
derived soluble factor that supports neuronal survival 
and nerve regeneration [51] and promotes in vitro neurite 
outgrowth from sympathetic [52], sensory neurons 
[52], and motoneurons [53]. IGF2 can increase nerve 
regeneration [54], and is expressed in a spatially and 
temporally distinct manner within Schwann cells of the 
injured nerve [55].

BDNF is a neurotrophin richly expressed in 
denervated Schwann cells, and facilitates creation of a 
permissive growth environment for regenerating axons 
[56]. It promotes neuronal survival, maturation, and 
growth [57]. BDNF promotes Schwann cell migration 
in the distal nerve stump [58] and increases sprouting 
of axons from the proximal end of the cut nerve into the 
denervated nerve stumps [59].

NDRG1 protein is highly expressed in peripheral 
nerves and is localized in the cytoplasm of myelinating 
Schwann cells [60, 61]. In contrast, there is a lack of 
NDRG1 expression in sensory and motor neurons as well 

Figure 8: The percentages of CD4+IL4+ Th1, CD4+IFNγ+ Th2, CD4+IL17A+ Th17 cells, and CD11b+F4/80+ macrophages 
in the distal sciatic nerve segment of C57BL/6 mice in sham control and at post-crush days 7 and 14 as well as of Tlr-
knockout mice at post-crush day 7. * indicated p < 0.05 versus post-crush day 7.
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as in their axons [61]. After peripheral nerve axotomy, 
NDRG1 expression is maintained in the early stage of 
myelin degradation, but is then markedly depleted at the 
end-stage of myelin degradation [61], and finally recovers 
during remyelination. NDRG1 had also been suggested to 
be important in the terminal differentiation of Schwann 
cells during nerve regeneration [60].

EGR2 is a zinc finger transactivator that increases 
a diverse array of genes required for peripheral nerve 
myelination [38, 62]. EGR2 directly increases expression 

of desert hedgehog, which is critically involved 
in development, maintenance, and regeneration of 
myelinated fibers [62].

In this study, the down-regulation of Igf2 and Bdnf 
in the early stage as well as Erg2 and Ndrg1 in the late 
stage in the distal nerve segment may explain the impaired 
nerve regeneration of Tlr-knockout mice after a nerve 
crush injury. However, although the myelination-related 
factors in downstream signal pathways of different TLRs 
are quite similar but not the same; therefore, further 

Table 5: The myelin genes and myelination-related transcription factors or neurotrophin genes included in the 
customized Qiagen RT2 Profiler PCR Mouse Array

No. Abbreviation Gene ID Ensemble Description

Myelin

1 Mal 4118 ENSMUSG00000027375
myelin and lymphocyte 

protein, T cell differentiation 
protein

2 Mbp 17196 ENSMUSG00000041607 myelin basic protein

3 Plp 18823 ENSMUSG00000031425 proteolipid protein 1

4 Pmp22 18858 ENSMUSG00000018217 peripheral myelin protein 22

Myelination-related neurotrophic and transcript factors

1 Bdnf 12064 ENSMUSG00000048482 brain derived neurotrophic 
factor

2 Pou3f2 (Brn2) 18992 ENSMUSG00000095139 POU domain, class 3, 
transcription factor 2

3 Gdnf 14573 ENSMUSG00000022144 glial cell line derived 
neurotrophic factor

4 Igf2 16000 ENSMUSG00000048583 insulin-like growth factor 2

5 Egr2 (Krox20) 13654 ENSMUSG00000037868 early growth response 2

6 Nrg1 211323 ENSMUSG00000062991 neuregulin 1

7 Pou3f1 (Oct6) 18991 ENSMUSG00000090125 POU domain, class 3, 
transcription factor 1

8 Sox10 20665 ENSMUSG00000033006 SRY (sex determining region 
Y)-box 10

9 Hdac1 433759 ENSMUSG00000028800 histone deacetylase 1

10 Ndrg1 10397 ENSG00000104419 N-myc downstream regulated 
gene 1

11 Jun 16476 ENSMUSG00000052684 jun proto-oncogene

12 Notch1 18128 ENSMUSG00000026923 notch 1

13 Ntf3 18205 ENSMUSG00000049107 neurotrophin 3

14 Pax3 18050 ENSMUSG00000004872 paired box 3

15 Sox2 20674 ENSMUSG00000074637 SRY (sex determining region 
Y)-box 2

16 Tgfb1 21803 ENSMUSG00000002603 transforming growth factor, 
beta 1



Oncotarget80752www.impactjournals.com/oncotarget

investigation is needed to clarify the regulated pathways 
of different TLRs in more details, this also comprise a 
limitation in this study.

In conclusion, nockout of Tlr genes decreases the 
expression of myelination-related transcription factors and 
neurotrophin genes and impairs nerve regeneration after a 
sciatic nerve crush injury. This study has yielded insights 
into the pathways involved in nerve generation, laying the 
basis for further research into treatments of nerve injuries.

MATERIALS AND METHODS

Animals

Tlr2−/−(B6.129-Tlr2tm1Kir/J), Tlr3−/− (B6N.129S1-
Tlr3tm1Flv/J), Tlr4−/− (C57BL/10ScNJ), Tlr5−/− (B6.129S1-
Tlr5tm1Flv/J), and Tlr7−/− (B6.129S1-Tlr7tm1Flv/J) mice 
were purchased from Jackson Laboratory (Bar Harbor, 
ME). C57BL/6 mice were purchased from the National 
Laboratory Animal Center, Taiwan. In this study, only 
8-12-week-old male mice, weighing between 20 and 30 
g, were used. All housing conditions were established 
and surgical procedures, analgesia, and assessments 
were performed in an AAALAC-accredited, specific 
pathogen-free facility, following national and institutional 
guidelines. Animal protocols were approved by the 
IACUC of Chang Gung Memorial Hospital.

Animal surgery and sample collection

On the day of surgery (indicated as day 0), mice 
were anesthetized by intramuscular injection of 25 mg/kg 
ketamine and 50 mg/kg xylazine. The right sciatic nerve 
at the mid-thigh level was exposed and was then crushed 
with No. 5 Jeweler forceps, using consistent pressure for 
30 s. After release of the forceps, a 10-0 Ethilon suture 
(Micro suture Ethicon, Somerville, NJ) passed through 
the epineurium only, without constriction, was used to 
mark the injured site to facilitate further harvest of the 
nerve specimen. The right sciatic nerve of sham-operated 
mice was left untouched, except for a mark made with 
an epineurial suture at the corresponding site. Then, all 
mice were allowed to awake and recover in a separate 
postoperative care room. In this study, totally 84 C57BL/6 
mice and 34 mice of each Tlr-knockout species were 
used. Mice in 6 groups (C57BL/6, Tlr2-/-, Tlr3-/- , Tlr4-/-, 
Tlr5-/-, and Tlr7-/-) were re-anesthetized for harvesting the 
innervated L4-L6 dorsal root ganglia (DRGs) as well as 
one cm of the nerve distal to the injured site and were then 
euthanized, at post-crush days 3, 7, and 14. The samples 
from sham-operated C57BL/6 mice were used as a sham 
control. The DRGs and nerve samples were used for PCR 
array (n = 4 for each group at each time point). Besides, the 
nerve samples were harvested from additional C57BL/6 
mice (sham control, at post-crush days 3, 7, and 14) were 
used for Western blot analysis (n = 6 at each time point) to 

validate the protein expression of the dysregulated genes 
identified from the PCR array. Additional mice (n=6 for 
each group) were sacrificed at day 10 and the distal nerves 
were harvested for histomorphometric analysis. Additional 
ten mice in each of seven groups (C57BL/6 sham control, 
nerve crush injury in C57BL/6, Tlr2-/-, Tlr3-/- , Tlr4-/-, Tlr5-

/-, and Tlr7-/- mice) were used for walking track analysis. 
Additional C57BL/6 mice (sham control, post-crush days 
7 and 14) and Tlr-knockout mice at post-crush day 7 were 
sacrificed (n=6 for each group) to measure the infiltration 
of immune cells into the distal nerve by flow cytometry.

Quantitative assessment of sciatic nerve 
architecture

The axial 1 cm of the nerve distal to the injured 
site was isolated and fixed at 4oC with 3% glutaraldehyde 
(Polysciences Inc., Warrington, PA), washed in 0.1 M 
phosphate buffer (pH 7.2), post-fixed with 1% osmium 
tetroxide (Fisher Scientific, Pittsburgh, PA), dehydrated 
in graded ethanol solutions, and embedded in Araldite 
502 (Polysciences Inc.). Axial semi-thin sections, with 
1-μm-thick nerve specimens, taken at a 5-mm distance 
from the injured site, were stained with 1% toluidine blue 
for histomorphometric analysis. Binary image analysis 
was used for semi-automated quantitative analysis of 
multiple components of nerve histomorphometry; this 
was performed by an observer blinded to experimental 
conditions [33, 63]. Total myelinated fiber counts were 
measured based on 6 representative fields at 1000 × 
magnification. Fiber width, axon width, total fiber area, 
fiber area, myelin area, axon area, and fiber debris area 
was calculated and compared.

CatWalk gait analysis

Before the sciatic nerve crush injury, a 2-week 
training was conducted for gait analysis using The 
CatWalk system (Noldus Information Technology, 
Wageningen, Netherlands), which consists of a glass 
runway that is lit by a white fluorescent tube. Under 
normal circumstances, internal reflection causes the light 
to be restricted to the glass surface plate. When a paw 
touches the glass surface, the light exits the glass, thereby 
only illuminating the corresponding contact areas on the 
glass floor. The run of the animal across the runway is 
detected by a video camera positioned underneath the 
glass plate. The signal is digitized in 50 half-frames/s, and 
the data are acquired, compressed, stored, and eventually 
analyzed by the CatWalk software program.

During this 2-week period, we employed a 12-g/day 
food deprivation protocol, with a reward of food pellets 
placed at the end of the runway in each run to motivate 
the animals, which were trained to make consecutive runs 
over a glass runway without interruptions. Importantly, 
gait velocity was controlled in runs with a stable runway 
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crossing time of between 1 and 2 s in the CatWalk. After 
sciatic nerve crush injury, an average number of 8 replicate 
crossings made by each mouse in the sham-operated or 
experimental groups (n = 10 in each group) were recorded 
thrice a week for 1−7 weeks, on days 7, 9, 11, 14, 16, 18, 
21, 25, 28, 32, 35, 37, 39, and 42. The CatWalk software 
was used to analyze crossings that had at least 5 cycles of 
complete steps.

Gene expression in RT2 profiler PCR arrays

Total RNA was isolated with the use of an RNeasy 
Mini kit (Qiagen, Valencia, CA) under the implementation 
of the RNase-Free DNase digestion step according to the 
manufacturer’s instruction. An Agilent 2100 BioAnalyzer 
was used to confirm the RNA integrity. An RT2 First 
Strand kit was used for reverse transcription. To detect the 
expressed genes of the distal nerve segment, RT2 SYBR 
Green/ROX qPCR Master Mix was used for quantitative 
PCR on a custom Qiagen RT2 Profiler PCR Array of mouse 
(Qiagen), which included 4 myelin genes, as well as 16 
myelination-related transcription factors or neurotrophin 
genes (Table 5). To detect the expressed genes of the 
L4-L6 DRGs, the Mouse Neurogenesis RT2; Profiler™ 
PCR Array (Qiagen), which profiles the expression of 84 
genes (Supplementary Table 1) related to related to the 
regulation of key neurogenesis processes such as the cell 
cycle and cell proliferation, differentiation, motility, and 
migration. The 7500 Real-Time PCR System (Applied 
Biosystems, Carlsbad, CA) was used to amplify the 
cDNA. The expression level of target genes was calculated 
according to Qiagen RT2 Profiler PCR Array handbook, 
with a panel of housekeeping genes, including beta-actin 
(Actb) and glyceraldehyde-3-phosphate dehydrogenase 
(Gapdh), which were used as reference genes. The genes 
included in the RT2 Profiler PCR Array whose threshold 
cycle fell above the 35th cycle were excluded from data 
presentation. Quality control was confirmed with the 
positive PCR controls and reverse transcription controls 
of the PCR array, and only the results that passed quality 
checks in PCR array reproducibility and the lack of 
genomic DNA contamination were included. Genes had 
to show at least 2-fold differential expression and P < 0.05 
between experimental and control groups to be considered 
significant in this study.

Western blot analysis

Western blotting was used to confirm the protein 
level of those differentially-expressed genes of distal 
nerve segment that were identified from the PCR array of 
those C57BL/6 mice after nerve crush injury. The distal 
nerve specimens of 6 C57BL/6 mice specific for post-
crush days 3, 7, and 14 were harvested and homogenized 
with tissue protein extraction reagent T-PERTM (Pierce, 
Waltham, MA) containing phosphatase and protease 

inhibitors. The protein samples in 30 μg were resolved 
on 10% SDS-polyacrylamide gels and transferred to 
polyvinylidenedifluoride membranes. Blots were blocked 
with 5% skim milk in Tween-20/ phosphate-buffered 
saline, and incubated with various primary antibodies, 
i.e., rabbit anti–Sox2 (Millipore Biotechnology, Billerica, 
MA), anti–c–Jun (Millipore Biotechnology), anti-Notch1 
(Novus Biologicals, Littleton, CO), anti-Mbp (Novus 
Biologicals), and anti-β-actin (Millipore Biotechnology), 
at 4oC overnight. The blots were then incubated with 
horseradish peroxidase-conjugated secondary antibodies at 
room temperature for 60 min, and developed with ECL™ 
Western Blotting Systems (Amersham Pharmacia Biotech, 
Little Chalfont, UK). The protein bands were detected 
using a FluorChem 8900 imaging system and quantified 
with the AlphaEaseFC software (Alpha Innotech Corp, 
Santa Clara, CA).

Real time quantitative PCR

Real time quantitative PCR (RT-qPCR) was used 
to validate the expression level of those differentially-
expressed genes, that were identified from the PCR array, 
in the DRGs of C57BL/6 mice and to measure their 
expression level in the Tlr-knockout mice. An RNeasy 
Mini kit (Qiagen) was used to isolate total RNA from the 
DRGs of C57BL/6 at indicated groups (sham control, 
post-crush days 3, 7, and 14) and Tlr-knockout (Tlr2-/-, 
Tlr3-/-, Tlr4-/-, Tlr5-/-, and Tlr7-/-) mice at post-crush days 3, 
7, and 14. A High-Capacity cDNA Reverse Transcription 
(ABI 4368814, Applied Biosystems, Foster City, CA) was 
used for reverse transcription. This converted DNA was 
subjected to RT-qPCR with specific primer designed for 
the PCR array by Qiagen using an Applied Biosystems® 
7500 Real-Time PCR Systems (Applied Biosystems) in a 
96-well optical plate format. Amplification was carried out 
in 25 μl volume reactions containing Power SYBR Green 
PCR Master Mix (ABI 4367659, Applied Biosystems) 
according to the manufacturer’s recommendations. The 
cycling conditions consisted of a 30-minute reverse 
transcription step at 50°C, a 2 min denaturation step at 
95°C and 40 amplification cycles of 15 sec at 95°C and 
1 min at 60°C. Fluorescence was acquired during each 
extension step and reactions were performed in triplicate. 
With PCR-grade water as the negative controls and 
endogenous reference (Gapdh) for normalization, the 
target mRNA levels were obtained relativized to the sham-
operated samples using the formula 2-ΔΔCt.

Flow cytometry analysis

One cm distal nerve segment was removed from 
the C57BL/6 mice in sham control and at post-crush 
days 7 and 14 as well as from Tlr-knockout mice at post-
crush day 7 (n = 6 for each group at each time point). 
The cells isolated from the distal nerve segments of each 
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subgroup were analyzed with flow cytometry to calculate 
the population of T cells (n=3) and macrophages (n=3). 
A single-cell suspension was created by grinding the 
nerve segment with The gentleMACS™ Octo Dissociator 
(Miltenyi Biotec, Taiwan), then passing cells through a 
30 μm MACS® SmartStrainers (Miltenyi Biotec) and the 
cells were collected in Petri dishes. The cells were fixed 
and permeabilized with Fixation/Permeabilization Buffers 
(BD Biosceinces) and then washed with PBS according 
to the manufacturer’s instructions. The isolated cells 
were stained with a mouse Th1/Th2/Th17 phenotyping 
kit (BD Biosceinces) with the fluorescent antibodies: 
peridinin-chlorophyll-protein complex - CY5.5 (PerCP-
Cy5.5)-conjugated anti-CD4 as well as allophycocyanin 
(APC)-conjugated IL4, fluorescein isothiocyanate (FITC)-
conjugated IFNγ, and phycoerythrin (PE)-conjugated 
IL17A for detecting Th1, Th2 or Th17, or stained with 
FITC-conjugated anti-CD11b Ab or PE-conjugated 
anti-F4/80 Ab (BD Biosceinces) for macrophages. Flow 
cytometry was performed on a BD LSR II flow cytometer 
(BD Biosciences) with CellQuest Pro software (BD 
Biosciences).

Statistical Analysis

All the results were presented as mean ± standard 
error. An overall analysis of the differences between group 
means was calculated by one-way analysis of variance 
(ANOVA). A post-hoc Fisher’s least significant difference 
test was used to compare the differences between groups. 
In all cases, statistical significant was set at P < 0.05.
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