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編言 
 
 
 

    今年新冠肺炎疫情肆虐，全球陷入嚴峻的公衛危機，是我們醫護人員當

前最大的挑戰。高雄長庚醫院外傷科在此仍兢兢業業，除了持續服務南台灣

之大量外傷病患，不斷提升臨床之照護水準外，並仍著墨於各項臨床與基礎

方面之研究工作。每年年初，彙整我們過去一年來由科內醫護人員所發表和

外傷相關之學術研究工作內容，不僅對過去一路走來之足跡做一個回顧檢

討，也在於對未來的各項研究括劃出新的方向。我們這一年的研究探討了酒

精及酒駕新法令對於外傷患者之影響，對於外傷重症病患並嘗試從各種加

護病房評分系統找出最準確的評分方法，並嘗試利用長庚研究資料庫來進

行外傷之研究。另外，老年營養風險指數(GNRI)被認為是對於惡性腫瘤患者

或手術後患者營養狀況一種簡單有效的評估方法，但是對於其應用於外傷

急重症患者的研究闕如，此年之研究特別探討老年營養風險指數於各項外

傷急重症患者之運用。期望能藉由擴大外傷研究之範疇，增加外傷醫學領域

之學術交流，並促進對外傷病患之全方面照顧。 
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Abstract: Background: Prediction of mortality outcomes in trauma patients in the intensive care unit
(ICU) is important for patient care and quality improvement. We aimed to measure the performance
of 11 prognostic scoring systems for predicting mortality outcomes in trauma patients in the ICU.
Methods: Prospectively registered data in the Trauma Registry System from 1 January 2016 to
31 December 2018 were used to extract scores from prognostic scoring systems for 1554 trauma
patients in the ICU. The following systems were used: the Trauma and Injury Severity Score
(TRISS); the Acute Physiology and Chronic Health Evaluation (APACHE II); the Simplified Acute
Physiology Score (SAPS II); mortality prediction models (MPM II) at admission, 24, 48, and 72 h;
the Multiple Organ Dysfunction Score (MODS); the Sequential Organ Failure Assessment (SOFA);
the Logistic Organ Dysfunction Score (LODS); and the Three Days Recalibrated ICU Outcome Score
(TRIOS). Predictive performance was determined according to the area under the receiver operator
characteristic curve (AUC). Results: MPM II at 24 h had the highest AUC (0.9213), followed by MPM
II at 48 h (AUC: 0.9105). MPM II at 24, 48, and 72 h (0.8956) had a significantly higher AUC than the
TRISS (AUC: 0.8814), APACHE II (AUC: 0.8923), SAPS II (AUC: 0.9044), MPM II at admission (AUC:
0.9063), MODS (AUC: 0.8179), SOFA (AUC: 0.7073), LODS (AUC: 0.9013), and TRIOS (AUC: 0.8701).
There was no significant difference in the predictive performance of MPM II at 24 and 48 h (p = 0.37)
or at 72 h (p = 0.10). Conclusions: We compared 11 prognostic scoring systems and demonstrated
that MPM II at 24 h had the best predictive performance for 1554 trauma patients in the ICU.

Keywords: trauma; trauma and injury severity score; intensive care unit; mortality; prognostic
scoring systems

1. Introduction

Predicting mortality in trauma patients in the intensive care unit (ICU) is important for planning
better treatment and improving the overall quality of patient care. The Trauma and Injury Severity
Score (TRISS) is the most commonly used prediction algorithm to predict mortality outcomes in trauma
patients [1–3]. The TRISS determines the probability of survival mainly using four variables—age;
the Injury Severity Score (ISS), an anatomical variable; the Revised Trauma Score (RTS), a physiological
variable value related to the patient’s initial Glasgow Coma Scale (GCS) score; systolic blood pressure
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(SBP); and respiratory rate (RR) [4]—and the injury mechanism, such as blunt or penetrating injuries.
However, there is still room for improvement in prediction accuracy based on anatomical and
physiological injury scores alone [5]. Therefore, adding clinical data such as previous health status,
the main diagnosis of acute illness, physiological change, and laboratory data has been recommended
to improve the accuracy of TRISS [6,7].

Many prognostic scoring systems have been developed for critically ill patients in the ICU. Scores
for the following prognostic scoring systems are calculated using data collected on the first day in
the ICU: the Acute Physiology and Chronic Health Evaluation (APACHE II) [8], the Simplified Acute
Physiology Score (SAPS II) [9], and the Mortality Prediction Model (MPM II) at admission [10]. Scores
from the following prognostic scoring systems are calculated using data collected from the first day
in the ICU until the patient’s departure from the ICU, or for the first three days: MPM II at 24, 48,
and 72 h [10], the Multiple Organ Dysfunction Score (MODS) [11], the Sequential Organ Failure
Assessment (SOFA) [12], the Logistic Organ Dysfunction Score (LODS) [13], and the Three Days
Recalibrated ICU Outcome Score (TRIOS) [14]. Although the performance of these systems has been
extensively validated in the literature for patients in the ICU, these systems are commonly used for
general patients with critical illness. Different scoring systems vary in their predictions according to the
diagnoses [15]. For example, the Revised Injury Severity Classification II (RISC II) score is mainly based
on severely injured patients treated in the ICU [16], the Emergency Surgery Score (ESS) is recommended
for triaging perioperative patients [17], and the Physiological Parameters for Prognosis in Abdominal
Sepsis (PIPAS) is for patients with acute peritonitis [18]. The scoring systems currently in use may
have varied results for trauma patients [19,20]. As the best predictive score should be validated in the
focused population and geographic region where the scoring system is to be employed [6], this study
was designed to compare the performance of the aforementioned 11 prognostic scoring systems for
predicting mortality outcomes in trauma patients in the ICU. This study was performed based on
prospectively registered data in the Trauma Registry System of Kaohsiung Chang Gung Memorial
Hospital over a three-year period.

2. Materials and Methods

2.1. Study Population and Data Collection

This study was approved (approval numbers: 201901360B0 and 201900298B0) by the Institutional
Review Board (IRB) of Kaohsiung Chang Gung Memorial Hospital, a 2686-bed level I trauma center
in Southern Taiwan [21–23]. The informed consent requirement was waived in accordance with IRB
regulations. Detailed information on trauma patients who were admitted to the ICU between 1 January,
2016 and 31 December, 2018 that were prospectively registered in the hospital’s Trauma Registry
System was retrospectively retrieved for analysis. Information was collected about age, sex, body mass
index (BMI), pre-existing comorbidities (diabetes mellitus (DM), hypertension (HTN), coronary artery
disease (CAD), congestive heart failure (CHF), cerebral vascular accident (CVA), and end-stage renal
disease (ESRD)), the Abbreviated Injury Scale (AIS) scores in different regions of the body (head, face,
thorax, abdomen, extremities, and external regions), the ISS, and the TRISS. Vital signs (temperature,
SBP, diastolic blood pressure, mean arterial pressure, heart rate (HR), and RR), and GCS scores were
recorded at triage on arrival at the emergency department. Laboratory data at the emergency room,
including sodium (Na) levels, potassium (K) levels, blood urine nitrogen (BUN) levels, creatinine
(Cr) levels, bilirubin levels, white blood cell (WBC) counts, hematocrit (Hct) levels, platelet counts,
and blood gas levels (oxygenation, arterial pH, and bicarbonate (HCO3)) were recorded. In-hospital
mortality was recorded as the primary outcome for prediction. TRISS was calculated based on a
logarithmic regression equation: survival probability = 1/(1 + e − b), where b (penetrating injury) =

−2.5355 + 0.9934 × RTS − 0.0651 × ISS − 1.1360 × Age (index) and b (blunt injury) = −0.4499 + 0.8085 ×
RTS − 0.0835 × ISS − 1.7430 × Age (index). In the formula, the Age (index) was awarded 1 for patients
above the age of 55, and 0 for patients at or below the age of 55 [4]. The APACHE II, SAPS II, and MPM
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II scores were calculated according to the variables recorded at admission. The scores for MPM II at 24,
48, and 72 h and MODS, SOFA, LODS, and TRIOS were calculated according to the original proposed
algorithms [24].

2.2. Statistical Analyses

All statistical analyses were performed using SPSS for Windows version 23.0 (IBM Inc., Chicago,
IL, USA) or R 3.3.3. The Chi-square test was used to determine the significance of the association
between categorical variables. The Kolmogorov–Smirnov test was used to analyze the normalization
of the distributed data for continuous variables. The abnormally distributed data were analyzed using
the Mann–Whitney U test. The results are presented as median ± interquartile range (IQR). Predictive
performance was determined according to the area under the receiver operating characteristic curve
(AUC) using the roc and roc.test function in the pROC package in R [25]. Because the TRISS measures
the probability of survival, 1 − TRISS was used to present the probability of mortality for a patient while
plotting the receiver operating characteristic curves. A p-value of <0.05 was considered statistically
significant. Calibration curves were plotted to determine the degree of agreement between the
observed outcomes and predicted probabilities of each model by calculating the rank correlation
coefficient of Somers’ Dxy, the c-index, R2, and the Brier score. Somers’ Dxy determines the predictive
discrimination with measured probability of concordance minus the probability of discordance between
predicted and observed outcomes. The c-index describes how well the model is able to discriminate
between mortal and non-mortal patients; a c-index score >0.9 indicates outstanding discrimination.
R2 quantifies the goodness-of-fit of a model [26], with R2 = 1 indicating that the regression line fits the
data perfectly. The Brier score is defined as the mean squared difference between the actual outcome
and the predicted probability and falls in the range between 0 and 1 [27]. A lower Brier score indicates
a better calibrated prediction.

3. Results

3.1. Patient Demographics

As shown in the flow chart in Figure 1, of the 11,449 enrolled trauma patients, 1760 patients
were admitted to the ICU. After excluding 60 patients with burns, 129 patients younger than 20 years,
and 15 patients with incomplete data, 1554 patients were left in the study population. Among the
1554 patients enrolled, 178 patients died and 1376 patients survived. Patients who died had higher
incidence of pre-existing HTN, CAD, and ESRD and higher AIS scores in the head and thorax regions
than those who survived (Table 1). There were no significant differences in sex; pre-existing DM, CHF,
or CVA; or AIS scores in the face, abdomen, extremities, or external regions between patients who
died and those who survived. Patients who died were significantly older; had higher heart rates,
and lower body temperatures, blood pressures, and respiratory rates; and worse GCS scores, ISS, and
renal function (BUN level, Cr level, and urine output) than those who survived. Patients who died
also had significantly lower levels of Hct, platelets, arterial pH, and HCO3 than those who survived
(Table 2). There were no significant differences in BMI, Na levels, K levels, bilirubin levels, WBC counts,
and oxygenation levels between patients who died and those who survived (Table 2). Patients who
died had significantly shorter stays in the hospital than those who survived (median IQR: 5 days [1,14]
vs. 13 days [7,22], p < 0.001). Patients who died had significantly lower TRISS and higher APACHE II;
SAPS II; MPM II at admission and 24, 48, and 72 h; and MODS, SOFA, LODS, and TRIOS scores than
those who survived (Table 3).
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Table 1. Categorical variables of characteristics of critically ill trauma patients who died or survived.

Variables
Total Mortality

p-Value
(n = 1554) No (n = 1376) Yes (n = 178)

Sex
Female 529 (34.0%) 478 (34.7%) 51 (28.7%)

0.111Male 1025 (66.0%) 898 (65.3%) 127 (71.4%)

Diabetes mellitus (DM) No 1257 (80.9%) 1121 (81.5%) 136 (76.4%)
0.106Yes 297 (19.1%) 255 (18.5%) 42 (23.6%)

Hypertension (HTN) No 1023 (65.8%) 924 (67.2%) 99 (55.6%)
0.003Yes 531 (34.2%) 452 (32.9%) 79 (44.4%)

Coronary artery disease (CAD) No 1423 (91.6%) 1274 (92.6%) 149 (83.7%)
<0.001Yes 131 (8.4%) 102 (7.4%) 29 (16.3%)

Congestive heart failure (CHF) No 1548 (99.6%) 1372 (99.7%) 176 (98.9%)
0.144Yes 6 (0.4%) 4 (0.3%) 2 (1.1%)

Cerebral vascular accident (CVA) No 1464 (94.2%) 1299 (94.4%) 165 (92.7%)
0.392Yes 90 (5.8%) 77 (5.6%) 13 (7.3%)

End-stage renal disease (ESRD) No 1507 (97.0%) 1343 (97.6%) 164 (92.1%)
<0.001Yes 47 (3.0%) 33 (2.4%) 14 (7.9%)

Abbreviated Injury Scale (AIS, Head)

0 403 (25.9%) 384 (27.9%) 19 (10.7%)

<0.001

1 18 (1.2%) 18 (1.3%) 0 (0.0%)
2 110 (7.1%) 108 (7.9%) 2 (1.1%)
3 524 (33.7%) 511 (37.1%) 13 (7.3%)
4 270 (17.4%) 236 (17.2%) 34 (19.1%)
5 223 (14.4%) 118 (8.6%) 105 (59.0%)
6 6 (0.4%) 1 (0.1%) 5 (2.8%)
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Table 1. Cont.

Variables
Total Mortality

p-Value
(n = 1554) No (n = 1376) Yes (n = 178)

AIS (Face)

0 1265 (81.4%) 1118 (81.3%) 147 (82.6%)

0.939
1 56 (3.6%) 49 (3.6%) 7 (3.9%)
2 224 (14.4%) 201 (14.6%) 23 (12.9%)
3 9 (0.6%) 8 (0.6%) 1 (0.6%)

AIS (Thorax)

0 1066 (68.6%) 958 (69.6%) 108 (60.7%)

<0.001

1 42 (2.7%) 39 (2.8%) 3 (1.7%)
2 116 (7.5%) 101 (7.3%) 15 (8.4%)
3 288 (18.5%) 249 (18.1%) 39 (21.9%)
4 23 (1.5%) 14 (1.0%) 9 (5.1%)
5 19 (1.2%) 15 (1.1%) 4 (2.3%)

AIS (Abdomen)

0 1271 (81.8%) 1120 (81.4%) 151 (84.8%)

0.055
2 108 (7.0%) 99 (7.2%) 9 (5.1%)
3 86 (5.5%) 83 (6.0%) 3 (1.7%)
4 61 (3.9%) 51 (3.7%) 10 (5.6%)
5 28 (1.8%) 23 (1.7%) 5 (2.8%)

AIS (Extremities)

0 1004 (64.6%) 890 (64.7%) 114 (64.0%)

0.833
1 9 (0.6%) 8 (0.6%) 1 (0.6%)
2 364 (23.4%) 323 (23.5%) 41 (23.0%)
3 157 (10.1%) 139 (10.1%) 18 (10.1%)
4 20 (1.3%) 16 (1.2%) 4 (2.3%)

AIS (External)

0 1404 (90.4%) 1235 (89.8%) 169 (94.9%)

0.168

1 87 (5.6%) 84 (6.1%) 3 (1.7%)
2 32 (2.1%) 29 (2.1%) 3 (1.7%)
3 11 (0.7%) 11 (0.8%) 0 (0.0%)
4 6 (0.4%) 5 (0.4%) 1 (0.6%)
5 14 (0.9%) 12 (0.9%) 2 (1.1%)
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Table 2. Continuous variables of characteristics of critically ill trauma patients who died or survived.

Variables
Total Mortality

p-Value
(n = 1554) No (n = 1376) Yes (n = 178)

Age (years) 58 (41,71) 57 (40,71) 65 (49,76) <0.001
Body mass index (BMI) 23.6 (21.0, 26.6) 23.5 (20.9, 26.6) 23.7 (21.1, 26.6) 0.575

Temperature (◦C) 37 (36,37) 36.8 (36.2, 37.4) 36.0 (35.0, 37.1) <0.001
Systolic blood pressure (SBP, mmHg) 140 (123,156) 141 (125,156) 132 (105,155) <0.001

Diastolic blood pressure (DBP, mmHg) 77 (66,88) 78 (67,88) 71 (56,83) <0.001
Mean arterial pressure (MAP, mmHg) 98 (87,109) 99 (88,109) 93 (74,105) <0.001

Heart rate (times/min) 89 (77,102) 88 (76,101) 99 (84,117) <0.001
Respiratory rate (times/min) 18 (15,21) 18 (15,21) 16 (13,21) 0.009
Glasgow Coma Scale (GCS) 13 (9,15) 14 (10,15) 4 (3,7) <0.001
Injury Severity Score (ISS) 16 (9,24) 16 (9,20) 25 (25,34) <0.001

Sodium (Na, mEq/L) 139 (137,140) 139 (137,140) 138 (136,141) 0.585
Potassium (K, mEq/L) 4 (3,4) 3.7 (3.3, 4.0) 3.7 (3.2, 4.1) 0.667

Blood urine nitrogen (BUN, mg/dL) 14 (11,19) 14 (11,19) 16 (12,24) <0.001
Creatinine (Cr, mg/dL) 0.94 (0.75, 1.19) 0.92 (0.74, 1.14) 1.16 (0.92, 1.64) <0.001

Bilirubin (mg/dL) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1) 0.8 (0.5, 1.1) 0.937
White Blood Cell (WBC, 103/uL) 12.6 (9.0, 17.4) 12.6 (8.9, 17.5) 12.4 (9.7, 16.6) 0.948

Hematocrit (Hct, %) 38.2 (33.8, 42.0) 38.6 (34.4, 42.0) 34.9 (30.2, 40.5) <0.001
Platelets (103/uL) 199 (160,242) 203 (163,247) 176 (127,216) <0.001

Oxygenation (mmHg) 121.8 (84.5, 176.1) 120.9 (85.7, 170.9) 130.3 (80.7, 203.2) 0.234
Arterial pH 7.4 (7.3, 7.4) 7.4 (7.4, 7.4) 7.4 (7.3, 7.4) <0.001

HCO3 (meq/L) 21.8 (19.4, 23.6) 22.1 (19.7, 23.8) 20.4 (17.0, 22.4) <0.001
Urine output (L/day) 2.0 (1.5, 2.7) 2.1 (1.5, 2.7) 1.8 (1.0, 2.8) 0.001

Length of stay in hospital (days) 12 (7,22) 13 (7,22) 5 (1,14) <0.001
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Table 3. Comparison of the prognostic scoring systems in critically ill trauma patients who died
or survived.

Variables
Total Mortality

p-Value
(n = 1554) No (n = 1376) Yes (n = 178)

Trauma and Injury Severity Score (TRISS) 0.96 (0.89, 0.98) 0.97 (0.91, 0.98) 0.61 (0.27, 0.89) <0.001
Acute Physiology and Chronic Health Evaluation

(APACHE II) 12 (8,18) 11 (7,16) 24 (20,29) <0.001

Simplified Acute Physiology Score (SAPS II) 24 (17,35) 23 (15,31) 52 (41,60) <0.001
Mortality prediction model (MPM II) 10.8 (6.6, 19.2) 10.0 (6.2, 15.3) 59.3 (35.7, 76.5) <0.001

MPM II 24 h 7.0 (4.0, 11.7) 6.4 (3.7, 10.0) 47.3 (21.9, 65.1) <0.001
MPM II 48 h 8.8 (5.1, 14.9) 8.0 (4.6, 12.9) 49.3 (22.7, 67.2) <0.001
MPM II 72 h 11.1 (6.0, 19.2) 9.6 (5.7, 15.9) 51.3 (25.8, 69.1) <0.001

Multiple Organ Dysfunction Score (MODS) 2 (1,4) 2 (1,3) 6 (4,8) <0.001
Sequential Organ Failure Assessment (SOFA) 2 (1,4) 2 (1,4) 6 (4,9) <0.001

Logistic Organ Dysfunction Score (LODS) 2 (1,4) 1 (0,3) 7 (5,9) <0.001
Three Days Recalibrated ICU Outcome Score (TRIOS) 6.5 (3.1, 14.1) 5.9 (2.9, 10.7) 27.3 (16.5, 46.2) <0.001

Figure 1. Flow chart showing the selection of trauma patients in the intensive care unit (ICU) for the
study population.

3.2. Performance of the Prognostic Scoring Systems

A comparison of AUCs among the 11 prognostic scoring systems (Figure 2) demonstrated that the
MPM II at 24 h had the highest AUC (0.9213), followed by the MPM II at 48 h (AUC: 0.9105) (Table 4).
The MPM II had a significantly higher AUC at 24, 48, and 72 h than at admission (AUC: 0.9063).
There was no significant difference in the predictive performance of the MPM II at 24 and 48 h (p = 0.37)
or at 72 h (p = 0.10). The TRISS, APACHE II, SAPS II, LODS, and TRIOS systems had an AUC of 0.8814,
0.8923, 0.9044, 0.9013, and 0.8701, respectively. The MODS (AUC: 0.8179) and SOFA (AUC: 0.7073)
systems had a significantly lower predictive performance than the other prognostic scoring systems.
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Figure 2. The receiver operating characteristic curves and the area under the curve (AUC) of the
prognostic scoring systems for trauma patients with critical illness.

Table 4. Comparison of the predictive performance of the evaluated prognostic scoring systems for
trauma patients with critical illness.

Performance
The Area under the Curve (AUC) of Receiver Operating Characteristic (ROC) Curves

88.14% 89.23% 90.44% 90.63% 92.13% 91.05% 89.56% 81.79% 70.73% 90.13% 87.04%

Variables TRISS APACHE
II

SAPS
II

MPM
II

MPM
II 24 h

MPM
II 48 h

MPM
II 72 h MODS SOFA LODS TRIOS

TRISS - 0.41 0.07 0.04 <0.001 <0.001 <0.001 <0.001 <0.001 0.12 0.13
APACHE II - - 0.17 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 0.37 0.13

SAPS II - - - 0.79 0.01 0.02 <0.001 <0.001 <0.001 0.74 0.75
MPM II - - - - <0.001 0.01 <0.001 <0.001 <0.001 0.59 0.54

MPM II 24 h - - - - - 0.37 0.10 <0.001 <0.001 0.03 0.01
MPM II 48 h - - - - - - 0.01 <0.001 <0.001 0.01 0.01
MPM II 72 h - - - - - - - <0.001 <0.001 <0.001 <0.001

MODS - - - - - - - - <0.001 <0.001 <0.001
SOFA - - - - - - - - - <0.001 <0.001
LODS - - - - - - - - - - 0.46

The calibration curves of these eleven predictions are demonstrated in Figure 3. The MPM II
at 24 h generated a nonparametric line close to the ideal diagonal line with the highest Somers’ Dxy
(0.843), c-index (0.921), and R2 (0.493) and the lowest Brier score (0.054), followed by the MPM II at
48 h (Somers’ Dxy: 0.821, c-index: 0.911, R2: 0.450, and Brier score: 0.059). By contrast, MODS, SOFA,
and TRIOS exhibited marked deviation from the ideal diagonal line located between the predicted
probability and the actual outcome.
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Figure 3. The calibration curves of the prognostic scoring systems for trauma patients with critical illness.

4. Discussion

In this study, we compared the performance of 11 prognostic scoring systems for predicting
mortality outcomes in trauma patients in the ICU and revealed that the MPM II has the best predictive
performance. The MPM II at 24, 48, and 72 h had a significantly higher AUC than all the other scoring
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systems. In addition, there was no significant difference in the predictive performance of the MPM II
at 24, 48, or 72 h.

The MPM II uses data on heath condition (medical or unscheduled surgical admission),
pre-existing illness (such as metastatic neoplasm and cirrhosis), acute diagnosis (such as infection,
coma, and intracranial mass effect), physiological variables (such as Cr levels, urine output, and partial
pressure of oxygen), laboratory data (prothrombin time), and other variables (such as mechanical
ventilation and use of vasoactive drugs) [10]. The MPM II at 48 and 72 h uses the same variables as at
24 h and is based on the most deranged values of the preceding 24 h to determine the outcome with
different weights from logistic regression [28,29]. Because the physiological variables of patients are
dynamic and may be influenced by ongoing management and resuscitation, estimating the outcome
based only on physiological variables would lead to bias [19]. Differences in the variables used in
different systems (e.g., acute diagnosis is a variable in APACHE II, but not in SAPS II) would contribute
to discrepancies in the performance of these systems [30]. Hence, in our study, better performance of
the MPM II than the MODS, LODS, and TRIOS is in line with expectations because the MODS and
LODS use only physiological and laboratory data and the TRIOS uses only daily SAPS II and LODS
data. In the SOFA system, physiological or laboratory variables from five organ systems are classified
by integer from 0 to 4, but the real number for computing also markedly reduces its performance in the
prediction of mortality. Furthermore, not using laboratory data in the TRISS reduces its performance.

When choosing a scoring system for specific populations in the ICU, the performance, feasibility
(e.g., time to calculate score, abstraction burden, copyright), and interobserver variability should be
considered [6]. For a prognostic model to be effective for critical care patients, an acceptable time for
data collection is needed. The MPM II uses data exclusively obtained at the time of ICU admission as
their proponents have focused on simplicity and feasibility for routine use. The MPM II has the lowest
abstraction burden and is less prone to interobserver variability because it uses less physiological
and laboratory data [31]. In contrast, the use of APACHE II is deterred by the possible associated
comorbidities; furthermore, the selection of only one principal diagnostic category from many specific
acute diagnoses may be very difficult [24]. The abstraction burden of the APACHE II is substantially
greater than that of the MPM II [32].

The study had a few limitations. First, patients declared dead on arrival at the emergency room
were not recorded in the registered database. In addition, only in-hospital mortality, not long-term
mortality, was evaluated. This may have led to a selection bias. Second, the lack of data on the
mechanism of trauma or severity of injury, which are generally used in the assessment of trauma
patients, may have limited the accuracy of the prediction systems for trauma patients. Third, because
the effects of any one particular treatment intervention could not be assessed, especially the use
of vasopressive support on admission and surgical interventions, we assumed that the treatment
outcomes were uniform across all the patients studied. Finally, only single-center data from southern
Taiwan was used in the analysis; hence, the study results may not be applicable for other populations.

5. Conclusions

This study revealed that the MPM II at 24 h had the best predictive performance for predicting
mortality outcomes in 1554 trauma patients in the ICU after comparing the performance of the 11 most
popular prognostic scoring systems. Considering that each scoring system contains different variables
possibly related to the patient’s outcome, further study to update some of these prognostic scores is
encouraged to make them more usable for trauma populations.
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Abstract: Background: Hyperglycemia at the time of hospital admission is associated with higher
morbidity and mortality rates in patients with traumatic brain injury (TBI). Using data from the
Chang Gung Research Database (CGRD), this study aimed to compare mortality outcomes between
patients with stress-induced hyperglycemia (SIH), diabetic hyperglycemia (DH), and nondiabetic
normoglycemia (NDN). The study occurred at Keelung, Linkou, Chiayi, and Kaohsiung Chang Gung
Memorial Hospitals (CGMHs). Methods: A total of 1166, 6318, 3622, and 5599 health records from
Keelung, Linkou, Chiayi, and Kaohsiung CGMHs, respectively, were retrieved from the CGRD for
hospitalized patients with TBI between January 2001 and December 2015. After propensity score
matching for sex, age, and Glasgow Coma Scale (GCS) score, the matched cohorts were compared to
evaluate differences in the primary outcome between patients with SIH, DH, and NDN. In-hospital
mortality was the primary outcome. Results: The analysis of matched patient populations revealed
that at the Kaohsiung CGMH, patients with SIH had 1.63-fold (95% CI: 1.09–2.44; p = 0.017) and
1.91-fold (95% CI: 1.12–3.23; p = 0.017) higher odds of mortality than patients with NDN and DH,
respectively. Similar patterns were found at the Linkou CGMH; patients with SIH had higher odds
of mortality than patients with NDN and DH. In contrast, at the Keelung CGMH, patients with
SIH had significantly higher odds of mortality than those with NDN (OR: 3.25; 95% CI: 1.06–9.97;
p = 0.039). At the Chiayi CGMH, there were no significant differences in mortality rates among
all groups. Conclusions: This study’s results suggest that SIH and DH differ in their effect on the
outcomes of patients with TBI. The results were similar between medical centers but not nonmedical
centers; in the medical centers, patients with SIH had significantly higher odds of mortality than
patients with either NDN or DH.

Keywords: stress-induced hyperglycemia; diabetic hyperglycemia; traumatic brain injury; mortality

Int. J. Environ. Res. Public Health 2020, 17, 4266; doi:10.3390/ijerph17124266 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-0984-6921
https://orcid.org/0000-0002-0945-2746
http://www.mdpi.com/1660-4601/17/12/4266?type=check_update&version=1
http://dx.doi.org/10.3390/ijerph17124266
http://www.mdpi.com/journal/ijerph


Int. J. Environ. Res. Public Health 2020, 17, 4266 2 of 11

1. Introduction

Following traumatic brain injury (TBI), hyperglycemia may contribute to lactic acidosis in brain
tissue, subsequently resulting in neuronal injury [1,2]. Hyperglycemia is associated with higher
morbidity and mortality in patients [3,4]. Hyperglycemia observed at the time as hospital admission
may be either diabetic hyperglycemia (DH) or stress-induced hyperglycemia (SIH). DH and SIH are
diagnosed when serum glucose concentrations are ≥200 mg/dL in patients with and without diabetes
mellitus (DM), respectively [5]. A stress response can commonly induce a form of SIH in patients
with critical illnesses such as TBI [6–8], myocardial infarction [9], femoral fracture [10], or major
trauma [11–14]. Unlike DH, which is a chronic process associated with microvascular changes in
cases of prolonged hyperglycemia [15], SIH occurs secondary to increased hepatic output of glucose.
SIH is also characterized by diminished insulin production and insulin resistance in peripheral tissues;
furthermore, those with SIH exhibit excessive adrenal cortical output and high levels of circulating
inflammatory cytokines [15,16].

There is an association between SIH and increased mortality following TBI [7,15]. However,
there is limited information regarding whether patients with SIH and TBI represent a distinct group
with outcomes differing from those of patients with DH. Bosarge et al. (2015) reported that after
adjusting for age, sex, injury severity, and lactic acid levels, patients with SIH and severe TBI had a
50% higher mortality rate than patients with severe TBI and nondiabetic normoglycemia (NDN) [7].
In contrast, patients with severe TBI and DH did not have a significantly higher mortality rate than those
with severe TBI and NDN [7]. Our prior study regarding patients with isolated moderate-to-severe
TBI [16], which was performed in a level I trauma center, revealed that patients with SIH and DH had
9.1-fold and 2.3-fold higher odds of mortality, respectively, than those with NDN. After propensity score
matching for sex, age, preexisting comorbidities, the presence of different intracerebral hemorrhages,
and injury severity, patients with SIH still had 6.6-fold higher odds of mortality than those with NDN.
However, patients with DH did not show significantly higher mortality odds than those with NDN
after adjusting for the aforementioned variables.

Given that our previous study was limited to a single urban Level I trauma center, we were
interested in whether such observations would be detected in other regions. Therefore, in this
study, we aimed to compare the mortality outcomes between patients with TBI and either SIH, DH,
or NDN using the Chang Gung Research Database (CGRD), which comprises medical data from
the largest private hospital system in Taiwan, namely, the Chang Gung Memorial Hospital (CGMH).
The CGRD encompasses 6.1% of the outpatients and 10.2% of the hospitalized patients in Taiwan [17].
The hypothesis of this study was that, regardless of the level of hospital (medical center or nonmedical
center), the associated odds of mortality in patients with TBI and SIH, DH, or NDN would not be
significantly different.

2. Materials and Methods

2.1. Ethics Statement

This cross-sectional retrospective study used registered data in the trauma registry system of the
CGMH. This study was approved by the Institutional Review Board (IRB) of the CGMH (approval
number 201600533B0). Informed consent was waived according to IRB regulations.

2.2. Inclusion Criteria for Patient Groups: Diagnostic Methods

Hyperglycemia was defined as serum glucose concentrations of ≥200 mg/dL in the emergency
department. Using the American Diabetes Association’s current recommendations for DM diagnosis,
DM was diagnosed by patient history (International Classification of Diseases, Ninth Revision [ICD-9]
code 250) and/or glycated hemoglobin (HbA1c) levels of ≥6.5% on admission [5]. NDN was defined
as serum glucose concentrations of <200 mg/dL in patients without DM. Diabetic normoglycemia
(DN) was defined as serum glucose concentrations of <200 mg/dL in patients with DM. DH and SIH
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were diagnosed when serum glucose concentrations were ≥200 mg/dL in patients with and without
DM, respectively. In the present study, enrolled patients from each hospital were allocated into four
mutually exclusive groups (NDN, DN, SIH, DH) based on the above criteria.

2.3. Study Population

Only patients with available data on serum glucose levels in the emergency department and
patients with a history of DM or available HbA1c level data within three months on admission
were included. Patients with incomplete data were excluded from the study. As shown in Figure 1,
the medical data and original medical records of the 190,310 hospitalized trauma patients in the CGRD
from January 2001 to December 2015 were obtained from four medical institutes: the Keelung, Linkou,
Chiayi, and Kaohsiung CGMHs, which are located in the northeast, northern, central, and southern
regions of Taiwan, respectively. The Linkou and Kaohsiung CGMHs are urban medical centers
with a Level I trauma center. The extraction of patient information under ICD-9 codes 850 to 854
(850: concussion; 851: cerebral laceration and contusion; 852: subarachnoid, subdural, and extradural
hemorrhage following injury; 853: other and unspecified intracranial hemorrhage following injury;
854: intracranial injury of other and unspecified nature) resulted in 55,689 patients with TBI being
included in the study. We further excluded patients under 20 years of age (n = 7532). Additionally,
individuals were excluded if their admission could not be linked with an emergency room visit
(n = 9052) or if they were admitted to an internal medicine department (n = 2369). Patients without
HbA1c level data during that particular admission (n = 6518) and those without serum glucose level
data at the emergency department (n = 13,513) were also excluded. Following exclusions, 16,705 adult
patients with TBI were included in this study. This included 1166, 6318, 3622, and 5599 patients in the
Keelung, Linkou, Chiayi, and Kaohsiung CGMHs, respectively (Figure 1). These patients’ medical
information, including data on sex, age, Glasgow Coma Scale (GCS) score, and status at discharge,
including mortality or survival, was retrieved from the database.
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2.4. Statistical Analysis

Statistical analyses were performed using SPSS 23.0 software for Windows (IBM Corp., Armonk,
NY, USA). In each hospital (Keelung, Linkou, Chiayi, Kaohsiung), comparisons were made among the
four patient groups (NDN, DN, SIH, DH). The continuous variables were analyzed using one-way
analysis of variance following Games-Howell post-hoc tests and were expressed as mean ± standard
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deviation. Two-sided Fisher’s exact or Pearson’s chi-squared (χ2) tests were used to compare categorical
data, with odds ratios (ORs) being calculated with 95% confidence intervals (CIs). To minimize the
confounding effects of baseline characteristics between patient populations when assessing mortality
outcomes, a 1:1 propensity score-matched study group was created by the Greedy method with a
0.2 caliper width using NCSS 10 software (NCSS Statistical Software, Kaysville, Utah). The propensity
scores were calculated using a logistic regression model, including the following covariates: sex, age,
and GCS score. After adjusting for these confounding factors, Cox regression was used to evaluate the
effects of SIH and DH on the primary outcome compared to NDN. Additionally, this method was used
to examine differences between the SIH and DH patient groups. The primary outcome measure was
in-hospital mortality. A p value of < 0.05 was set to determine statistically significant group differences.

3. Results

3.1. Demographics and Patient Outcomes

The patients enrolled in this study were categorized into four groups: NDN, DN, SIH, and DH.
The mortality rate ranged from 2.1% to 5.4% for patients with NDN, 10.8% to 21.2% for patients with
SIH, and 3.6% to 10.7% for patients with DH (Table 1). The GSC scores of patients with SIH were
significantly lower at the Linkou (8.2 ± 4.6) and Kaohsiung (8.5 ± 4.9) CGMHs than at the Keelung
(11.0 ± 4.6) and Chiayi (10.5 ± 5.0) CGMHs (all p < 0.001). As shown in Table 2, at the Kaohsiung
CGMH, patients with SIH and DH had 5.81-fold (95% CI: 4.40–7.68; p < 0.001) and 2.15-fold (95% CI:
1.48–3.12; p < 0.001) higher odds of mortality, respectively, than patients with NDN. Additionally,
patients with SIH had 2.71-fold (95% CI: 1.80–4.08; p < 0.001) higher odds of mortality than patients
with DH. Similar patterns were observed at the Linkou CGMH, as patients with SIH and DH had
4.68-fold (95% CI: 3.80–5.78; p < 0.001) and 1.68-fold (95% CI: 1.21–2.35; p = 0.002) higher odds of
mortality, respectively, than patients with NDN. Furthermore, patients with SIH had 2.78-fold (95% CI:
1.96–3.96; p < 0.001) higher odds of mortality than patients with DH. In contrast, at the Keelung CGMH,
higher odds of mortality were only found in patients with SIH (OR: 4.90; 95% CI: 2.76–8.70; p < 0.001),
not in patients with DH, when compared to patients with NDN. There were no significant differences
in mortality between patients with SIH and DH. At the Chiayi CGMH, higher odds of mortality were
only found in patients with SIH (OR: 5.71; 95% CI: 3.67–8.89; p < 0.001), not in patients with DH,
when compared to patients with NDN. However, patients with SIH had 3.29-fold (95% CI: 1.54–7.01;
p = 0.001) higher odds of mortality than patients with DH. In other words, patients with SIH had
significantly higher mortality odds than patients with NDN in all four hospitals, and patients with DH
had significantly higher mortality odds than patients with NDN at the Linkou and Kaohsiung CGMHs
but not at the Keelung and Chiayi CGMHs. Additionally, patients with SIH showed significantly
higher mortality odds than patients with DH at the Linkou, Chiayi, and Kaohsiung CGMHs but not at
the Keelung CGMH.

Table 1. Demographics and outcomes of the enrolled patients with traumatic brain injuries in each
hospital categorized into four groups (NDN, DN, SIH, DH).

Keelung CGMH NDN (n = 950) DN (n = 56) SIH (n = 104) DH (n = 56)

Female, n (%) 319(33.6) 23(41.1) 41(39.4) 22(39.3)
Age (years) 49.6 ± 20.3 72.8 ± 9.1 51.7 ± 19.4 62.4 ± 14.1

GCS 13.9 ± 2.8 13.9 ± 2.8 11.0 ± 4.6 12.3 ± 3.8
Mortality, n (%) 44(4.6) 2(3.6) 20(19.2) 6(10.7)

Linkou CGMH NDN (n = 4729) DN (n = 279) SIH (n = 811) DH (n = 499)

Female, n (%) 1276(27.0) 102(36.6) 262(32.3) 179(35.9)
Age (years) 47.9 ± 20.1 69.4 ± 12.4 49.7 ± 20.4 64.8 ± 13.4

GCS 11.8 ± 4.2 12.3 ± 3.8 8.2 ± 4.6 11.0 ± 4.6
Mortality, n (%) 257(5.4) 15(5.4) 172(21.2) 44(8.8)
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Table 1. Cont.

Chiayi CGMH NDN (n = 2884) DN (n = 180) SIH (n = 305) DH (n = 253)

Female, n (%) 1022(35.4) 63(35.0) 104(34.1) 91(36.0)
Age (years) 51.6 ± 20.5 68.0 ± 12.0 53.8 ± 19.8 64.5 ± 12.3

GCS 13.7 ± 2.9 13.9 ± 2.7 10.5 ± 5.0 13.5 ± 3.1
Mortality, n (%) 60(2.1) 5(2.8) 33(10.8) 9(3.6)

Kaohsiung CGMH NDN (n = 4275) DN (n = 352) SIH (n = 496) DH (n = 476)

Female, n (%) 1412(33.0) 154(43.8) 165(33.3) 202(42.4)
Age (years) 48.4 ± 20.1 68.3 ± 11.3 50.2 ± 19.6 62.5 ± 12.9

GCS 12.7 ± 3.7 13.3 ± 3.2 8.5 ± 4.9 12.1 ± 4.1
Mortality, n (%) 157(3.7) 12(3.4) 90(18.1) 36(7.6)

CGMH = Chang Gung Memorial Hospital; DH = diabetic hyperglycemia; DN = diabetic normoglycemia; GCS =
Glasgow coma scale; NDN = nondiabetic normoglycemia; SIH = stress-induced hyperglycemia.

Table 2. Comparison among the four groups (NDN, DN, SIH, DH) of patients with traumatic brain
injuries within each hospital.

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

Keelung CGMH

Female 1.38 (0.80–2.39) 0.250 1.29 (0.85–1.95) 0.233 1.28 (0.74–2.26) 0.381 1.01 (0.52–1.96) 0.986
Age — <0.001 — 0.301 — <0.001 — <0.001
GCS — 0.855 — <0.001 — 0.005 — 0.064

Mortality 0.76 (0.18–3.23) 1.000 4.90 (2.76–8.70) <0.001 2.47 (1.01–6.07) 0.053 1.98 (0.75–5.27) 0.164

Linkou CGMH

Female 1.56 (1.21–2.01) 0.001 1.29 (1.10–1.52) 0.002 1.51 (1.25–1.84) <0.001 0.85 (0.68–1.08) 0.185
Age — <0.001 — 0.017 — <0.001 — <0.001
GCS — 0.040 — <0.001 — <0.001 — <0.001

Mortality 0.99(0.58-1.69) 0.967 4.68 (3.80–5.78) <0.001 1.68 (1.21–2.35) 0.002 2.78 (1.96–3.96) <0.001

Chiayi CGMH

Female 0.98 (0.72–1.35) 0.905 0.94 (0.74–1.21) 0.642 1.02 (0.78–1.34) 0.865 0.92 (0.65–1.31) 0.645
Age — <0.001 — 0.067 — <0.001 — <0.001
GCS — 0.158 — <0.001 — 0.326 — <0.001

Mortality 1.35 (0.53–3.39) 0.430 5.71 (3.67–8.89) <0.001 1.74 (0.85–3.54) 0.125 3.29 (1.54–7.01) 0.001

Kaohsiung
CGMH

Female 1.58 (1.27–1.97) <0.001 1.01 (0.83–1.23) 0.915 1.50 (1.23–1.81) <0.001 0.68 (0.52–0.88) 0.003
Age — <0.001 — 0.059 — <0.001 — <0.001
GCS — 0.002 — <0.001 — <0.001 — <0.001

Mortality 0.93 (0.51–1.68) 0.800 5.81 (4.40–7.68) <0.001 2.15 (1.48–3.12) <0.001 2.71 (1.80–4.08) <0.001

CGMH = Chang Gung Memorial Hospital; DH = diabetic hyperglycemia; DN = diabetic normoglycemia;
GCS = Glasgow coma scale; NDN = nondiabetic normoglycemia; SIH = stress-induced hyperglycemia.

3.2. Outcomes of the Matched Patients

To control for the confounding effects of sex, age, and GCS score in the compared patient
populations on outcomes, several well-balanced 1:1 propensity score-matched study groups were
created for comparisons of patients with DN, SIH, and DH vs. patients with NDN as well as patients
with SIH vs. patients with DH in each hospital (Table 3). Among these selected well-balanced pairs
of patients, there were no significant differences in sex, age, and GCS scores across the two selected
patient cohorts. Analysis of these matched patient populations (Table 4) revealed that, at the Kaohsiung
CGMH, patients with SIH had 1.63-fold (95% CI: 1.09–2.44; p = 0.017) and 1.91-fold (95% CI: 1.12–3.23;
p = 0.017) higher odds of mortality than patients with NDN and DH, respectively. A similar pattern
was found at the Linkou CGMH, as patients with SIH had 2.08-fold (95% CI: 1.53–2.83; p < 0.001)
and 2.82-fold (95% CI: 1.73–4.58; p < 0.001) higher odds of mortality than patients with NDN and
DH, respectively. However, at the Keelung CGMH, patients with SIH had significantly higher odds
of mortality than those with NDN (OR: 3.25; 95% CI: 1.06–9.97; p = 0.039); however, there were no
significant differences in mortality rates between patients with SIH and DH (OR: 1.25; 95% CI: 0.34–4.66;
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p = 0.739). At the Chiayi CGMH, there were no significant differences in mortality rates among the
four groups of patients. Analysis of mortality outcomes in the matched patients from all four hospitals
revealed that patients with SIH showed significantly higher odds of mortality than patients with NDN
at the Keelung, Linkou, and Kaohsiung CGMHs but not at the Chiayi CGMH. Higher odds of mortality
were not observed in patients with DH in comparison to patients with NDN across all four hospitals.
Furthermore, patients with SIH showed significantly higher odds of mortality than patients with DH
at the Linkou and Kaohsiung CGMHs but not at the Keelung and Chiayi CGMHs.

Table 3. Well-balanced propensity score-matched cohorts among the four groups (NDN, DN, SIH, DH)
of patients with traumatic brain injuries within each hospital were created.

Propensity Score–Matched Cohorts

Keelung CGMH

DN vs. NDN DN (n = 56) NDN (n = 56) OR (95% CI) p SD
Sex 1.00 (0.47–2.12) 1.000 0.00%

Male 33(58.9) 33(58.9)
Female 23(41.1) 23(41.1)

Age 72.8 ± 9.1 73.0 ± 9.1 — 0.942 −0.68%
GCS 13.9 ± 2.8 14.1 ± 2.4 — 0.668 −3.42%

SIH vs. NDN SIH (n = 102) NDN (n = 102) OR (95% CI) p SD
Sex 1.00 (0.57–1.75) 1.000 0.00%

Male 62(60.8) 62(60.8)
Female 40(39.2) 40(39.2)

Age 51.4 ± 19.4 50.8 ± 18.5 — 0.831 1.38%
GCS 11.2 ± 4.5 11.2 ± 4.6 — 0.939 −0.72%

DH vs. NDN DH (n = 53) NDN (n = 53) OR (95% CI) p SD
Sex 1.00 (0.45–2.21) 1.000 0.00%

Male 34(64.2) 34(64.2)
Female 19(35.8) 19(35.8)

Age 61.5 ± 13.8 62.3 ± 14.8 — 0.766 −3.84%
GCS 12.8 ± 3.3 13.0 ± 3.1 — 0.760 −3.92%

SIH vs. DH SIH (n = 47) DH (n = 47) OR (95% CI) p SD
Sex 1.00 (0.43–2.32) 1.000 0.00%

Male 30(63.8) 30(63.8)
Female 17(36.2) 17(36.2)

Age 61.1 ± 14.3 60.7 ± 13.3 — 0.870 1.23%
GCS 12.0 ± 4.1 12.2 ± 3.8 — 0.797 −3.02%

Linkou CGMH

DN vs. NDN DN (n = 279) NDN (n = 279) OR (95% CI) p SD
Sex 1.00 (0.71–1.41) 1.000 0.00%

Male 177(63.4) 177(63.4)
Female 102(36.6) 102(36.6)

Age 69.4 ± 12.4 69.3 ± 12.5 — 0.970 0.24%
GCS 12.3 ± 3.8 12.3 ± 3.8 — 0.956 0.44%

SIH vs. NDN SIH (n = 810) NDN (n = 810) OR (95% CI) p SD
Sex 1.00 (0.81–1.23) 1.000 0.00%

Male 549(67.8) 549(67.8)
Female 261(32.2) 261(32.2)

Age 49.7 ± 20.3 49.9 ± 20.0 — 0.868 −1.42%
GCS 8.3 ± 4.6 8.3 ± 4.6 — 0.961 0.12%

DH vs. NDN DH (n = 499) NDN (n = 499) OR (95% CI) p SD
Sex 1.00 (0.77–1.30) 1.000 0.00%

Male 320(64.1) 320(64.1)
Female 179(35.9) 179(35.9)

Age 64.8 ± 13.4 64.8 ± 13.4 — 0.964 0.30%
GCS 11.0 ± 4.6 11.0 ± 4.6 — 0.972 0.26%
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Table 3. Cont.

Propensity Score–Matched Cohorts

Linkou CGMH

SIH vs. DH SIH (n = 399) DH (n = 399) OR (95% CI) p SD
Sex 1.00 (0.74–1.34) 1.000 0.00%

Male 268(67.2) 268(67.2)
Female 131(32.8) 131(32.8)

Age 63.4 ± 14.0 62.7 ± 13.5 — 0.513 4.82%
GCS 9.9 ± 4.7 10.2 ± 4.7 — 0.308 −5.67%

Chiayi CGMH

DN vs. NDN DN (n = 180) NDN (n = 180) OR (95% CI) p SD
Sex 1.00 (0.65–1.54) 1.000 0.00%

Male 117(65.0) 117(65.0)
Female 63(35.0) 63(35.0)

Age 68.0 ± 12.0 68.0 ± 12.0 — 0.993 0.07%
GCS 13.9 ± 2.7 13.9 ± 2.7 — 0.984 0.12%

SIH vs. NDN SIH (n = 304) NDN (n = 304) OR (95% CI) p SD
Sex 1.00 (0.72–1.40) 1.000 0.00%

Male 201(66.1) 201(66.1)
Female 103(33.9) 103(33.9)

Age 53.7 ± 19.8 54.0 ± 18.6 — 0.868 −1.32%
GCS 10.5 ± 4.9 10.6 ± 4.9 — 0.934 −0.71%

DH vs. NDN DH (n = 253) NDN (n = 253) OR (95% CI) p SD
Sex 1.00 (0.70–1.44) 1.000 0.00%

Male 162(64.0) 162(64.0)
Female 91(36.0) 91(36.0)

Age 64.5 ± 12.3 64.5 ± 12.3 — 0.986 0.14%
GCS 13.5 ± 3.1 13.5 ± 3.1 — 0.977 0.07%

SIH vs. DH SIH (n = 178) DH (n = 178) OR (95% CI) p SD
Sex 1.00 (0.65–1.55) 1.000 0.00%

Male 117(65.7) 117(65.7)
Female 61(34.3) 61(34.3)

Age 62.5 ± 14.3 62.8 ± 13.7 — 0.839 −1.71%
GCS 12.9 ± 3.6 13.0 ± 3.5 — 0.893 −1.12%

Kaohsiung CGMH

DN vs. NDN DN (n = 352) NDN (n = 352) OR (95% CI) p SD
Sex 1.00 (0.74–1.35) 1.000 0.00%

Male 198(56.3) 198(56.3)
Female 154(43.8) 154(43.8)

Age 68.3 ± 11.3 68.3 ± 11.2 — 0.989 0.02%
GCS 13.3 ± 3.2 13.3 ± 3.2 — 0.944 0.06%

SIH vs. NDN SIH (n = 496) NDN (n = 496) OR (95% CI) p SD
Sex 1.00 (0.77–1.30) 1.000 0.00%

Male 331(66.7) 331(66.7)
Female 165(33.3) 165(33.3)

Age 50.2 ± 19.6 50.5 ± 19.0 — 0.838 −1.77%
GCS 8.5 ± 4.9 8.5 ± 4.9 — 0.954 0.05%

DH vs. NDN DH (n = 476) NDN (n = 476) OR (95% CI) p SD
Sex 1.11 (0.77–1.29) 1.000 0.00%

Male 274(57.6) 274(57.6)
Female 202(42.4) 202(42.4)

Age 62.5 ± 12.9 62.5 ± 13.0 — 0.984 −0.02%
GCS 12.1 ± 4.1 12.1 ± 4.1 — 0.975 −0.07%

SIH vs. DH SIH (n = 301) DH (n = 301) OR (95% CI) p SD
Sex 1.00 (0.72–1.38) 1.000 0.00%

Male 177(58.8) 177(58.8)
Female 124(41.2) 124(41.2)

Age 59.8 ± 14.4 58.8 ± 13.5 — 0.389 4.78%
GCS 10.4 ± 4.8 10.7 ± 4.6 — 0.362 −5.92%

CGMH = Chang Gung Memorial Hospital; DH = diabetic hyperglycemia; DN = diabetic normoglycemia;
NDN = nondiabetic normoglycemia; SIH = stress-induced hyperglycemia; SD: standardized difference.
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Table 4. Comparison of the mortality outcome among the four groups (NDN, DN, SIH, DH) within
each hospital after propensity matching.

Propensity Score-Matched Populations Mortality, Group: n (%) OR (95% CI) p

Keelung CGMH

DN (n = 56) vs. NDN (n = 56) DN: 2(3.6) NDN: 2(3.6) 1.00 (0.06–15.99) 1.000
SIH (n = 102) vs. NDN (n = 102) SIH: 18(17.6) NDN: 9(8.8) 3.25 (1.06–9.97) 0.039

DH (n = 53) vs. NDN (n = 53) DH: 4(7.5) NDN: 2(3.8) 3.00 (0.31–28.84) 0.341
SIH (n = 47) vs. DH (n = 47) SIH: 6(12.8) DH: 5(10.6) 1.25 (0.34–4.66) 0.739

Linkou CGMH

DN (n = 279) vs. NDN (n = 279) DN: 15(5.4) NDN: 12(4.3) 1.33 (0.56–3.16) 0.514
SIH (n = 810) vs. NDN (n = 810) SIH: 171(21.1) NDN: 106(13.1) 2.08 (1.53–2.83) <0.001
DH (n = 499) vs. NDN (n = 499) DH: 44(8.8) NDN: 50(10.0) 0.83 (0.51–1.35) 0.461
SIH (n = 399) vs. DH (n = 399) SIH: 79(19.8) DH: 39(9.8) 2.82 (1.73–4.58) <0.001

Chiayi CGMH

DN (n = 180) vs. NDN (n = 180) DN: 5(2.8) NDN: 4(2.2) 1.25 (0.34–4.66) 0.739
SIH (n = 304) vs. NDN (n = 304) SIH: 33(10.9) NDN: 25(8.2) 1.50 (0.80–2.82) 0.209
DH (n = 253) vs. NDN (n = 253) DH: 9(3.6) NDN: 5(2.0) 2.33 (0.60–9.02) 0.220
SIH (n = 178) vs. DH (n = 178) SIH: 14(7.9) DH: 8(4.5) 1.86 (0.74–4.66) 0.187

Kaohsiung CGMH

DN (n = 352) vs. NDN (n = 352) DN: 12(3.4) NDN: 13(3.7) 0.91 (0.39–2.14) 0.827
SIH (n = 496) vs. NDN (n = 496) SIH: 90(18.1) NDN: 66(13.3) 1.63 (1.09–2.44) 0.017
DH (n = 476) vs. NDN (n = 476) DH: 36(7.6) NDN: 33(6.9) 1.11 (0.66–1.87) 0.691
SIH (n = 301) vs. DH (n = 301) SIH: 51(16.9) DH: 32(10.6) 1.91 (1.12–3.23) 0.017

CGMH = Chang Gung Memorial Hospital; DH = diabetic hyperglycemia; DN = diabetic normoglycemia;
NDN = nondiabetic normoglycemia; SIH = stress-induced hyperglycemia.

4. Discussion

This study was performed across four hospitals, which consisted of two medical centers and
two nonmedical centers of the same hospital system. The results reveal that patients with SIH
showed significantly higher odds of mortality than patients with NDN in three of the four hospitals.
Additionally, patients with DH did not show significantly higher odds of mortality than patients with
NDN across all four hospitals. Furthermore, the patterns were similar across the two medical centers
(Linkou and Kaohsiung) in comparison with the two nonmedical centers, as patients with SIH showed
significantly higher odds of mortality than patients with either NDN or DH.

The results of this study suggest that SIH and DH differ in their effect on patient outcomes
after TBI. Although the mechanism underlying the detrimental effects of these two hyperglycemia
states is unknown, the pathophysiological effects associated with SIH might differ from those of
DH. However, it remains unknown as to why different patterns of mortality risk exist between the
patients from medical centers in comparison to nonmedical centers. The potential reasons for this
observation remain to be explored. Such discrepancies in risk may be attributed to different patient
characteristics in the local regions served by the hospitals or the different interventions provided by
the hospitals. Reasonably, the patient populations may differ in injury severity between the medical
centers and nonmedical centers. As observed in this study, the GSC scores of the patients with
SIH were significantly lower in the Linkou and Kaohsiung CGMHs than in the Keelung and Chiayi
CGMHs. Our previous study [14] was performed with data from the trauma registry database in our
hospital [18–20], where the matched patients could be adjusted not only by patient characteristics,
but also by injury severity score (ISS). However, in the current study, the matched patient population
could only be adjusted for GCS score. Although GCS scores may partly reflect injury severity, these two
patient groups were quite different, as GCS score only indicates brain injury severity, while ISS reflects
the sum of injuries over the patients’ six body regions. Unavailable data regarding the patients’ injury
severity or abbreviated injury scale (AIS) scores of each body region may have led to bias in the outcome
measurement because some patients may have passed away due to body injury rather than brain injury.
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Although the results of this study are derived from data from the same hospital system, the results
from the Kaohsiung CGMH were similar to the results of our previous study [14], which indicated that
patients with SIH, but not DH, showed higher mortality odds than patients with NDN. Additionally,
patients with SIH had higher odds of mortality than patients with DH. The unknown condition of the
patients’ injury and the impossibility of excluding patients with polytrauma in the present study are
limitations to consider when interpreting the results of this study.

Taiwan is a heavily populated island of 36,188 km2, with 23 million people living there. There are
19 medical centers across the island. The medical centers are accredited by the appraisal system of the
Ministry of Health and Welfare every four years. Most medical resources are unequally distributed
in Taiwan; the top 10 medical centers are all located in urban areas and consume a quarter of the
national health expenditure, while the medical resources and medical manpower are under-distributed
in rural areas [21]. However, it is hard to determine whether the discrepancy in the findings between
the medical and nonmedical centers in this study was due to the different interventions provided by
the medical or nonmedical centers or due to the different characteristics of the patients served by the
medical or nonmedical centers in different regions. This study implies that the comparison of the
outcomes of patients with SIH or DH in the evaluation of various intervention procedures may need
to be limited to the same level of hospital. Furthermore, a prospective study with a controlled study
population may provide more valuable information for the outcome measurement. Although these
four hospitals have accredited trauma surgeons and neurosurgeons trained within the same hospital
system, unknown factors, such as management guidelines, resuscitation statuses, critical care resources,
surgical intervention indications, and the use of glycemic control measures, may have contributed to
bias in the outcome measurement (i.e., mortality odds). In a study of 7404 intensive care adult patients
with type 2 diabetes mellitus, preadmission metformin use as monotherapy or in combination with
other antidiabetic drugs was associated with reduced 30-day mortality [22]. In this study, the patients
with DN may have used antidiabetic drugs; however, the use of such drugs was unknown in this study
and thus may have led to bias in the assessment of mortality outcomes.

The present study had several other limitations. The retrospective study design could have led to
a selection bias. In addition, only in-hospital mortality was measured, and data on long-term mortality
were not included; thereby, the results do not reflect the full scope of mortality. Moreover, because
some degree of the stress response could have invoked hyperglycemia in patients with DH, the SIH
and DH groups are not mutually exclusive. Moreover, we were unable to measure stress response
hormone levels or catecholamine levels, resulting in an inability to specifically identify whether stress
might be more responsible for the hyperglycemia in the patients with DH. Furthermore, the potential
inaccuracy of the ICD-9 codes is a limitation of this study. Finally, although the CGRD could serve as
the basis for accurate mortality estimates in medical studies [17,23,24], the lack of validation of the
registered data may be a limitation in the interpretation of results derived from this database.

5. Conclusions

The results of this study suggest that SIH and DH differ in their effect on the outcomes of patients
following TBI. Additionally, the results were similar across the medical centers in comparison with the
nonmedical centers, as patients with SIH showed significantly higher odds of mortality than patients
with either NDN or DH.

Author Contributions: Y.-C.T. wrote the manuscript; S.-C.W. reviewed and edited the manuscript; T.-M.H. and
H.-T.L. contributed to the interpretation of the analyzed data; C.-Y.H. was responsible for the integrity of the
registered data; S.-E.C. contributed to the data analysis and interpretation; W.-T.S. reviewed the literature; S.-Y.H.
collected the data and performed the statistical analyses; C.-H.H. designed the study and proofread the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a grant from the Chang Gung Memorial Hospital (CDRPG8H0013).

Acknowledgments: The authors would like to thank the Biostatistics Center of Kaohsiung Chang Gung Memorial
Hospital for their statistics work.



Int. J. Environ. Res. Public Health 2020, 17, 4266 10 of 11

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

Abbreviations

(CGMH) Chang Gung Memorial Hospital
(CGRD) Chang Gung Research Database
(DH) Diabetic hyperglycemia
(ICD-9) International Classification of Diseases, Ninth Revision
(DM) Diabetes mellitus
(DN) Diabetic normoglycemia
(HbA1c) Glycated hemoglobin
(NDN) Nondiabetic normoglycemia
(SIH) Stress-induced hyperglycemia
(TBI) Traumatic brain injury

References

1. 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]

2. 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]

3. 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]

4. 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.

5. Diagnosis and classification of diabetes mellitus. Diabetes Care 2012, 35 (Suppl. 1), S64–S71. [CrossRef]
6. Khajavikhan, J.; Vasigh, A.; Kokhazade, T.; Khani, A. Association between Hyperglycaemia with Neurological

Outcomes Following Severe Head Trauma. J. Clin. Diagn. Res. 2016, 10, PC11. [CrossRef]
7. 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]
8. Kinoshita, K. Traumatic brain injury: Pathophysiology for neurocritical care. J. Intensive Care 2016, 4, 29.

[CrossRef]
9. Smit, J.W.; Romijn, J.A. Acute insulin resistance in myocardial ischemia: Causes and consequences.

Semin. Cardiothorac. Vasc. Anesth. 2006, 10, 215–219. [CrossRef]
10. Rau, C.S.; Wu, S.C.; Chen, Y.C.; Chien, P.C.; Hsieh, H.Y.; Kuo, P.J.; Hsieh, C.H. Mortality Rate Associated

with Admission Hyperglycemia in Traumatic Femoral Fracture Patients Is Greater Than Non-Diabetic
Normoglycemic Patients but Not Diabetic Normoglycemic Patients. Int. J. Environ. Res. Public Health 2017,
15, 28. [CrossRef]

11. 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]

12. 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]

13. 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]

14. 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]

15. 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]

16. Rau, C.S.; Wu, S.C.; Chen, Y.C.; Chien, P.C.; Hsieh, H.Y.; Kuo, P.J.; Hsieh, C.H. Stress-Induced Hyperglycemia,
but Not Diabetic Hyperglycemia, Is Associated with Higher Mortality in Patients with Isolated Moderate
and Severe Traumatic Brain Injury: Analysis of a Propensity Score-Matched Population. Int. J. Environ. Res.
Public Health 2017, 14, 1340. [CrossRef]

http://dx.doi.org/10.1097/MCO.0b013e3282f37b43
http://dx.doi.org/10.1177/193229681100500314
http://dx.doi.org/10.3109/02699052.2014.888769
http://dx.doi.org/10.2337/dc12-s064
http://dx.doi.org/10.7860/JCDR/2016/17208.7686
http://dx.doi.org/10.1097/TA.0000000000000716
http://dx.doi.org/10.1186/s40560-016-0138-3
http://dx.doi.org/10.1177/1089253206291153
http://dx.doi.org/10.3390/ijerph15010028
http://dx.doi.org/10.2106/JBJS.K.00193
http://dx.doi.org/10.1097/BOT.0b013e31825d60e5
http://dx.doi.org/10.1177/193229681100500231
http://dx.doi.org/10.1097/MEJ.0000000000000119
http://dx.doi.org/10.1186/1757-7241-20-69
http://dx.doi.org/10.3390/ijerph14111340


Int. J. Environ. Res. Public Health 2020, 17, 4266 11 of 11

17. Tsai, M.S.; Lin, M.H.; Lee, C.P.; Yang, Y.H.; Chen, W.C.; Chang, G.H.; Tsai, Y.T.; Chen, P.C.; Tsai, Y.H. Chang
Gung Research Database: A multi-institutional database consisting of original medical records. Biomed. J.
2017, 40, 263–269. [CrossRef]

18. 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]

19. 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]

20. Hsieh, C.H.; Chen, Y.C.; Hsu, S.Y.; Hsieh, H.Y.; Chien, P.C. Defining polytrauma by abbreviated injury scale
>/= 3 for a least two body regions is insufficient in terms of short-term outcome: A cross-sectional study at a
level I trauma center. Biomed. J. 2018, 41, 321–327. [CrossRef]

21. Ho Chan, W.S. Taiwan’s healthcare report 2010. EPMA J. 2010, 1, 563–585. [CrossRef] [PubMed]
22. Christiansen, C.; Johansen, M.; Christensen, S.; O’Brien, J.M.; Tønnesen, E.; Sørensen, H. Preadmission

metformin use and mortality among intensive care patients with diabetes: A cohort study. Crit. Care 2013,
17, R192. [CrossRef]

23. Shao, S.C.; Chan, Y.Y.; Kao Yang, Y.H.; Lin, S.J.; Hung, M.J.; Chien, R.N.; Lai, C.C.; Lai, E.C. The Chang Gung
Research Database-A multi-institutional electronic medical records database for real-world epidemiological
studies in Taiwan. Pharmacoepidemiol. Drug Saf. 2019, 28, 593–600. [CrossRef] [PubMed]

24. Tsai, M.S.; Lai, C.H.; Lee, C.P.; Yang, Y.H.; Chen, P.C.; Kang, C.J.; Chang, G.H.; Tsai, Y.T.; Lu, C.H.;
Chien, C.Y.; et al. Mortality in tongue cancer patients treated by curative surgery: A retrospective cohort
study from CGRD. PeerJ 2016, 4, e2794. [CrossRef] [PubMed]

© 2020 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/10.1016/j.bj.2017.08.002
http://dx.doi.org/10.1016/j.bj.2016.10.005
http://dx.doi.org/10.1016/j.bj.2016.10.006
http://dx.doi.org/10.1016/j.bj.2018.08.007
http://dx.doi.org/10.1007/s13167-010-0056-8
http://www.ncbi.nlm.nih.gov/pubmed/23199110
http://dx.doi.org/10.1186/cc12886
http://dx.doi.org/10.1002/pds.4713
http://www.ncbi.nlm.nih.gov/pubmed/30648314
http://dx.doi.org/10.7717/peerj.2794
http://www.ncbi.nlm.nih.gov/pubmed/27994985
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.


OR I G I N A L R E S E A R C H

Effect of Lowering the Blood Alcohol

Concentration Limit to 0.03 Among Hospitalized

Trauma Patients in Southern Taiwan: A

Cross-Sectional Analysis
This article was published in the following Dove Press journal:

Risk Management and Healthcare Policy

Chun-Ying Huang1,*

Sheng-En Chou1,*

Wei-Ti Su1

Hang-Tsung Liu1

Ting-Min Hsieh1

Shiun-Yuan Hsu1

Hsiao-Yun Hsieh2

Ching-Hua Hsieh 2

1Department of Trauma Surgery,

Kaohsiung Chang Gung Memorial

Hospital, Chang Gung University and

College of Medicine, Kaohsiung 83301,

Taiwan; 2Department of Plastic Surgery,

Kaohsiung Chang Gung Memorial

Hospital, Chang Gung University and

College of Medicine, Kaohsiung 83301,

Taiwan

*These authors contributed equally to

this work

Background: In June 2013, the legal blood alcohol concentration (BAC) limit for driving

was lowered from 0.05 to 0.03 mg/mL in Taiwan. Thus, this study aimed to assess the

epidemiological changes in terms of drinking among drivers in southern Taiwan before and

after the law was imposed.

Methods: Only patients who had undergone the BAC test at the emergency room were

included in the study. The patients during the study period before (n = 2735) and after (n =

2413) the implementation of the law were selected for comparison. Drunk patients were

defined as those who had a BAC ≥0.005 and were considered as driving under the influence

(DUI) of alcohol. Meanwhile, driving while intoxicated (DWI) was defined as a BAC ≥0.05,

which was the level adopted in the new law.

Results: Since the BAC limit lowered to 0.03, the number of DUI patients significantly

decreased from 340 (12.4%) to 171 (7.1%), and that of DWI patients significantly reduced

from 273 (10.0%) to 146 (6.1%) based on the alcohol test. In addition, after the implementa-

tion of the law, the number of associated injuries did not significantly decrease from that

before the law was implemented in patients involved in alcohol-related crashes.

Conclusion: After lowering the legal BAC limit from 0.05 to 0.03, responsiveness to the

change in law was observed among the studied population. However, such responsiveness

may not be observed in some citizens who may need special interventions to help reduce

their behavior of drinking and driving.

Keywords: alcohol, blood alcohol concentration, BAC, driving under the influence (DUI) of

alcohol, driving while intoxicated, DWI, alcohol-related crashes, law sanction, mortality

Background
Drinking is one of the major risk factors of traffic crashes. Approximately one-third

of individuals who died from traffic crashes are intoxicated.1 The association

between blood alcohol concentration (BAC) and driving skill had been widely

studied. A significant decrease in driving skills was noted in drivers with a BAC

of 0.05 g/dL in a review of 112 studies.2 In single-vehicle crashes, the relative risk

for fatality in drivers with BACs of 0.05–0.079 is 7–21 times higher than those with

a BAC of 0.00.3 The risk of fatal traffic accidents among drivers with BAC between

0.021 and 0.05 was 3.8 times higher than that of drivers with a BAC of 0.00.4

Laboratory studies have also revealed that impaired driving increased with elevated
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alcohol level, beginning at a BAC of 0.01 up to a BAC of

0.24.5 In motor vehicle accidents, drivers with

a BAC=0.01 are 46% more likely to be blamed for

a crash than sober drivers.5 One large-scale study on traffic

crashes in the United States has found that even minimally

buzzed drivers (BAC=0.01) are significantly more danger-

ous than those who are sober.6

In the United States, the legal BAC limit is generally

0.08. However, the value varies per state and has changed

over the years.7 In most countries worldwide, the legal

limit of BAC is 0.05.8,9 While Japan and Poland have

a legal BAC limit of 0.03,9,10 Norway, Sweden, and

Russia have a legal BAC limit of 0.02,11,12 and Vietnam

even has a zero tolerance for drivers of all motorized

vehicle except motorcyclists.13 A number of studies had

shown a reduction in the BAC level at which individuals

can legally drive to effectively reduce alcohol-related traf-

fic crashes.3,8,10,14-17 The lowering of the illegal level of

BAC from 0.10 to 0.08 resulted in reductions in alcohol-

related crashes and fatalities up to 5%–16%.3,8 After low-

ering the BAC legal limit from 0.08 to 0.05, the fatal

crashes involving drunk drivers decreased to at least 5%–

8% and up to 18% in other countries,17–20 and the number

of fatalities reduced from approximately 100 to 64 after

implementing the law in France,21 and an overall 9.4%

decrease in alcohol-related crashes was observed in

Austria.18 Furthermore, the lowering of the legal BAC

limit from 0.05 to 0.03 in Japan led to a reduction in

alcohol-related crashes by 50% and 52% in adult men

and women, respectively, as well as by 64% in

teenagers.10

In Taiwan, a series of amendments were made in rela-

tion to the Road Traffic Management and Penalty Act,

Road Traffic Security Rules, and Article 185 of the

Criminal Law22 in 2013 to lower the BAC legal limit

from 0.05 to 0.03. Furthermore, the penalties were

increased from New Taiwan Dollars (NTD) 15,000–-

60,000 (~$500–2000) to NTD 15,000–90,000 (~$500–-

3000) according to the BAC and the type of vehicle used

(motorcycle, car, or bus). Driving with a BAC of 0.05 or

higher is considered a criminal act, and some administra-

tive penalties, such as license suspension or revocation,

may be imposed. According to the national traffic statis-

tics, the number of casualties from drunk driving reduced

after implementing these sanctions.22 Moreover, after the

BAC limit change, airbag use in car crashes (OR: 0.30,

95%CI 0.10 to 0.88, p=0.007) and helmet use in motor-

cycle crashes (OR: 0.20, 95%CI 0.15 to 0.26, p<0.001)

was lower in DUI patients than non-DUI patients.23

However, data about the effectiveness of lowering the

legal BAC limit on injuries and mortality among drunk

drivers involved in alcohol-related crashes are not avail-

able. Using the registered trauma data from the hospital,

this study aimed to assess the epidemiological change in

the behavior of drunk drivers in southern Taiwan before

(from July 2009 to December 2012) and after (from

July 2013 to December 2016) the implementation of

the law.

Methods
The institutional review board (IRB) of the Kaohsiung

Chang Gung Memorial Hospital, a level I regional trauma

center in southern Taiwan,24–26 had approved this study

(reference number: 201600001B0). Due to the retrospec-

tive nature of the study that used registered data from

a trauma database, the need for informed consent waived

off according to the regulation of the IRB. The study

protocol conforms to the ethical guidelines of patient

data confidentiality and compliance with 1975

Declaration of Helsinki. This study included all patients

with trauma who had been suspected with drunk driving

and admitted for treatment. Only the patients who had

undergone the BAC test at the emergency room were

included. Those with incomplete data were excluded.

This study was designed to compare the occurrence of

drunk driving during the 2-year study period before and

after the law was imposed. Implementation of the revised

part of the Road Traffic Act in Taiwan that lowered the

legal limit for drivers from a BAC level of 0.05 to 0.03

with increased penalties was executed in June 13, 2013. In

this study, due to some minor revisions during the propa-

ganda that occurred approximately 6 months before the

legislation, the patients were selected based on the two

time periods for comparison: from January 1, 2011 to

December 31, 2012 (a 2-year period before imposing the

law) as well as from July 1, 2013 to June 30, 2015 (a

2-year period after imposing the law). Drunk patients were

defined as those who had a BAC ≥ 0.005 and were con-

sidered as driving under the influence (DUI) of alcohol.

Meanwhile, driving while intoxicated (DWI) was defined

as a BAC ≥ 0.05, which was the level adopted in the new

law. The term alcohol-related crashes indicated a traffic

accident involving DUI or DWI patients. Those with

a BAC < 0.005 were not considered drunk. The following

data about the patients were obtained: age; sex; trauma

mechanism (driver or passenger; motor vehicle or
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motorcycle); BAC at the emergency room; Glasgow Coma

Scale (GCS) score; abbreviated injury scale (AIS) score

and associated injuries in six body regions; injury severity

score (ISS); length of stay (LOS) in the hospital; rates of

admission in the intensive care unit (ICU); in-hospital

mortality; and the expenditure in total and per patient,

including cost of operation (operation and operation sup-

plies), cost of examination (physical examination, hema-

tology test, pathological examination, radiography,

electrocardiography, echography, endoscopy, electromyo-

graphy, cardiac catheterization, and electroencephalogra-

phy), cost of medicines (medicine and medicine services),

and cost of other fees (administrative fees).

We used the Statistical Package for the Social Sciences

software version 22.0 (IBM Corp., Armonk, NY) for statis-

tical analysis. In-hospital mortality was the primary outcome;

LOS in the hospital and the rates of ICU admission were the

secondary outcomes. The odds ratios (ORs) with 95% con-

fidence intervals (CIs) of the associated conditions of the

patients were presented. For continuous variables, the

Levene’s test was used to estimate the homogeneity of var-

iance, and the one-way analysis of variance with Games–

Howell post hoc test was performed to assess the differences

between the groups. Continuous data were expressed as

mean ± standard deviation. The ISS was expressed as median

and interquartile range (IQR: Q1–Q3). A p value < 0.05 was

considered statistically significant.

Results
Characteristics of the Injury and Patients

Who Underwent BAC Measurement
A total of 2735 and 2413 patients underwent the BAC test

from January 1, 2011 to December 31, 2012 (a 2-year period

before implementing the law) and from July 1, 2013 to

June 30, 2015 (a 2-year period before implementing the

law), respectively (Table 1). After implementing the law,

in vehicle crashes, the number of male patients was signifi-

cantly lower, and that of old patients was higher. No sig-

nificant difference was observed in terms of trauma

mechanism, with motorcycle drivers accounting for most

of the patients in this trauma population. The number of

DUI patients significantly decreased from 340 (12.4%) to

171 (7.1%), and that of DWI patients significantly reduced

from 273 (10.0%) to 146 (6.1%) based on the alcohol test.

However, in terms of BAC, no significant difference was

observed before and after implementing the law among DUI

patients (BAC ≥ 0.005) or DWI patients (BAC ≥ 0.05).

After the law was imposed, the percentage of injuries to

body regions, such as the head/neck and extremity, but not to

the other body regions, significantly decreased. No signifi-

cant change was observed in terms of the GCS score and ISS

after implementing the law. After implementation,

a significantly longer LOS in the hospital (10.7 days vs 9.4

days, respectively; p < 0.001) and a higher rate of admission

in the ICU (24.0% vs 20.7%, respectively; p = 0.005) were

observed in patients who underwent the alcohol test.

However, no significant difference was observed in terms

of mortality rate (1.7% vs 1.6%, respectively; p = 0.338)

among patients who underwent the alcohol test.

Characteristics of the Injury and DUI

Patients
A total of 340 and 171 patients were drunk and driving

under the influence of alcohol (ie BAC ≥ 0.005) during the

2-year study period before and after implementing the law

(Table 2). After the law was imposed, no significant

changes were observed in terms of gender, age, GCS

score, AIS score, and ISS. However, the percentage of

injuries to the extremity significantly decreased. After

implementing the law, no significant difference was

observed in the LOS in the hospital (12.8 days vs 12.0

days, respectively; p = 0.464) and mortality rate (7.6% vs

4.7%, respectively; p = 0.224) of DUI patients. A higher

rate of ICU admission (54.4% vs 40.0%, respectively; p =

0.003) was found after implementing the law.

Characteristics of Injury and DWI

Patients
A total of 273 and 146 DWI patients (ie BAC ≥ 0.05) were

recorded during the 2-year study period before and after

implementing the law (Table 3). After the law was imposed,

no significant changes in terms of gender, age, GCS score,

AIS score, and ISS were found. However, the percentage of

injuries to the extremity significantly decreased. After imple-

menting the law, no significant difference was observed in

the LOS in the hospital (13.0 days vs 11.9 days, respectively;

p = 0.385), the rate of admission in the ICU (51.4% vs

41.0%, respectively; p = 0.050), and mortality rate (4.8%

vs 4.8%, respectively; p = 1.000) among DWI patients.

Associated Injuries in DUI and DWI

Patients
The associated injuries in the body regions of DUI (Table 4)

patients with trauma and DWI (Table 5) before and after
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implementing the law are listed. After the law was imposed,

the odds for subdural hematoma (SDH), subarachnoid

hemorrhage, and mandibular fracture were significantly

higher. However, those for hemothorax in DUI patients

were low (Table 6). In DWI patients, the odds for SDH,

mandibular fracture, and femoral fracture were significantly

higher after the law was imposed (Table 7).

Expenditure for DUI and DWI Patients
After the law was imposed, as the number of DUI (Table 8)

and DWI (Table 9) patients was lower, the total expenditure

had decreased to 41.6% and 38.1%, respectively, compared

to that before the law was imposed. In addition, the cost for

operation, examination, andmedicines decreased by approxi-

mately 30%–50%. However, no difference was observed in

terms of expenditure, including the cost of operation, exam-

ination, and medicines per person before or after the law was

imposed in DUI or DWI patients.

Discussion
This study was conducted for a period of 2 years before

and after the implementation of the 0.03 BAC legislation

in 2013 in Taiwan to determine the effect of the law on the

rates and outcomes of hospitalized patients with trauma

due to alcohol-related crashes. Since the introduction of

the 0.03 BAC law, the number of DUI and DWI patients

who underwent the alcohol test significantly decreased,

and as a result, the total expenditure for DUI and DWI

patients decreased by 41.6% and 38.1%, respectively.

However, for DUI and DWI patients, no significant

Table 1 Characteristics of Injury and Patients with Trauma Who Underwent Measurement of Blood Alcohol

Concentration (BAC) at the Emergency Room During the 2-Year Study Period Before and After the Law Was Imposed

Variables After Law n=2413 Before Law n=2735 p

Gender, n (%) 0.006

Male 1347 (55.8) 1631 (59.6)

Female 1066 (44.2) 1104 (40.4)

Age (years) 43.3 ±19.4 41.7 ±18.8 0.002

Trauma mechanism

Driver of motor vehicle 65 (2.7) 92 (3.4) 0.168

Passenger of motor vehicle 45 (1.9) 58 (2.1) 0.550

Driver of motorcycle 2153 (89.2) 2418 (88.4) 0.376

Passenger of motorcycle 150 (6.2) 167 (6.1) 0.908

Patients with DUI, n (%) 171 (7.1) 340 (12.4) <0.001

DWI Patients, n (%) 146 (6.1) 273 (10.0) <0.001

BAC in patients with DUI (mg/dl) 157.7 ±88.0 151.4 ±93.5 0.465

BAC in DWI patients (mg/dl) 181.8 ±71.1 183.7 ±74.3 0.795

GCS 14.2 ±2.5 14.2 ±2.4 0.887

AIS

Head/Neck 736 (30.5) 963 (35.2) <0.001

Face 561 (23.2) 693 (25.3) 0.085

Thorax 400 (16.6) 477 (17.4) 0.414

Abdomen 181 (7.5) 233 (8.5) 0.182

Extremity 1721 (71.3) 2024 (74.0) 0.033

ISS (median, IQR) 9 (4–13) 9 (4–13) 0.887

<16 1936 (80.2) 2199 (80.6) 0.888

16–24 303 (12.6) 359 (13.1) 0.559

≥25 174 (7.2) 177 (6.5) 0.319

LOS in hospital (days) 10.7 ±11.0 9.4 ±9.9 <0.001

ICU admission, n (%) 579 (24.0) 566 (20.7) 0.005

Mortality, n (%) 47 (1.9) 43 (1.6) 0.338

Abbreviations: AIS, abbreviated injury scale; BAC, blood alcohol concentration; CI, confidence interval; DUI, driving under influence of alcohol; DWI, driving

while intoxicated; GCS, Glasgow Coma Scale; ISS, injury severity score; IQR, interquartile range; ICU, intensive care unit; LOS, length of stay.
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Table 2 Characteristics of Injury and Patients with Trauma Who Were Driving Under the Influence of Alcohol (BAC ≥
0.005) at the Emergency Room Before and After the Law Was Imposed

Variables After Law n=171 Before Law n=340 Odds Ratio (95% CI) p

Gender, n (%) 0.333

Male 145 (84.8) 299 (87.9) 0.8 (0.45–1.30)

Female 26 (15.2) 41 (12.1) 1.3 (0.77–2.22)

Age (years) 41.3 ±13.3 39.6 ±14.0 – 0.173

GCS 12.1 ±3.6 12.3 ±3.9 – 0.485

AIS

Head/Neck 110 (64.3) 198 (58.2) 1.3 (0.88–1.89) 0.213

Face 80 (46.8) 144 (42.4) 1.2 (0.83–1.73) 0.347

Thorax 38 (22.2) 83 (24.4) 0.9 (0.57–1.37) 0.659

Abdomen 19 (11.1) 55 (16.2) 0.6 (0.37–1.13) 0.143

Extremity 84 (49.1) 217 (63.8) 0.5 (0.38–0.79) 0.002

ISS (median, IQR) 15.3 ±9.4 14.6 ±12.1 – 0.520

<16 93 (54.4) 204 (60.0) 0.8 (0.55–1.15) 0.254

16–24 44 (25.7) 83 (24.4) 1.1 (0.73–1.64) 0.746

≥25 34 (19.9) 53 (15.6) 1.3 (0.84–2.16) 0.261

LOS in hospital (days) 12.8 ±13.5 12.0 ±11.1 – 0.464

ICU admission, n (%) 93 (54.4) 136 (40.0) 1.8 (1.23–2.59) 0.003

Mortality, n (%) 13 (7.6) 16 (4.7) 1.7 (0.78–3.55) 0.224

Abbreviations: AIS, abbreviated injury scale; BAC, blood alcohol concentration; CI, confidence interval; GCS, Glasgow Coma Scale; ISS, injury severity

score; IQR, interquartile range; ICU, intensive care unit; LOS, length of stay.

Table 3 Characteristics of Injury and DWI Patients with Trauma (BAC ≥ 0.05) at the Emergency Room Before and After

the Law Was Imposed

Variables After Law n=146 Before Law n=273 Odds ratio (95% CI) p

Gender, n (%) 0.334

Male 126 (86.3) 245 (89.7) 0.7 (0.39-1.33)

Female 20 (13.7) 28 (10.3) 1.4 (0.75-2.56)

Age, (years) 41.0 ±11.9 39.1 ±13.2 – 0.127

GCS 12.2 ±3.6 12.0 ±4.0 – 0.724

AIS

Head/Neck 93 (63.7) 165 (60.4) 1.1 (0.76-1.74) 0.529

Face 71 (48.6) 119 (43.6) 1.2 (0.82-1.83) 0.354

Thorax 29 (19.9) 65 (23.8) 0.8 (0.49-1.30) 0.391

Abdomen 16 (11.0) 43 (15.8) 0.7 (0.36-1.22) 0.189

Extremity 74 (50.7) 173 (63.4) 0.6 (0.40-0.89) 0.013

ISS (median, IQR) 14.4 ±8.5 14.7 ±12.5 – 0.771

<16 86 (58.9) 162 (59.3) 1.0 (0.65-1.48) 1.000

16-24 37 (25.3) 70 (25.6) 1.0 (0.62-1.56) 1.000

≥25 23 (15.8) 41 (15.0) 1.1 (0.61-1.84) 0.887

LOS in hospital (days) 13.0 ±13.6 11.9 ±11.0 – 0.385

ICU admission, n (%) 75 (51.4) 112 (41.0) 1.5 (1.01-2.28) 0.050

Mortality, n (%) 7 (4.8) 13 (4.8) 1.0 (0.39-2.58) 1.000

Abbreviations: AIS, abbreviated injury scale; BAC, blood alcohol concentration; CI, confidence interval; DWI, driving while intoxicated; GCS, Glasgow

Coma Scale; ISS, injury severity score; IQR, interquartile range; ICU, intensive care unit; LOS, length of stay.
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difference was observed in their BAC level before and

after the law was imposed. The mortality rate did not differ

in individuals who underwent BAC measurement, DUI

patients, and DWI patients before and after the law was

imposed. After the introduction of the law, a significantly

longer LOS in the hospital was noted in patients who

underwent BAC measurement, and a higher rate of ICU

admission was observed in those who underwent BAC

measurement and DUI patients. Furthermore, after the

law was imposed, the associated injuries were not

significantly reduced but the odds for subdural hematoma

and mandibular fracture were significantly higher in those

patients with DUI and DWI after the implementation of

the law, and the average expenditure per person was not

significantly different from that before the law was imple-

mented in patients involved in alcohol-related crashes.

Laws that consider driving with a high BAC as illegal

is the most successful intervention among all efforts in

reducing alcohol-related driving, and it decreases the asso-

ciated injuries in individuals in developed countries.27

Table 4 Associated Injuries in the Body Regions of Patients with Trauma Who Had a Blood Alcohol Concentration ≥ 0.005 mg/mL at

the Emergency Room During the 2-Year Study Period Before and After the Law Was Imposed

Variables After Law n=171 Before Law n=340 Odds Ratio (95% CI) p

Head trauma, n (%)

Cranial fracture 37 (21.6) 62 (18.2) 1.2 (0.78–1.95) 0.406

Epidural hematoma (EDH) 31 (18.1) 42 (12.4) 1.6 (0.95–2.61) 0.083

Subdural hematoma (SDH) 54 (31.6) 64 (18.8) 2.0 (1.31–3.04) 0.001

Subarachnoid hemorrhage (SAH) 50 (29.2) 66 (19.4) 1.7 (1.12–2.63) 0.014

Intracerebral hematoma (ICH) 13 (7.6) 13 (3.8) 2.1 (0.94–4.57) 0.087

Cerebral contusion 18 (10.5) 33 (9.7) 1.1 (0.60–2.01) 0.876

Cervical vertebral fracture 4 (2.3) 3 (0.9) 2.7 (0.60–12.16) 0.230

Maxillofacial trauma, n (%)

Orbital fracture 16 (9.4) 22 (6.5) 1.5 (0.76–2.92) 0.284

Nasal fracture 5 (2.9) 11 (3.2) 0.9 (0.31–2.64) 1.000

Maxillary fracture 30 (17.5) 67 (19.7) 0.9 (0.54–1.40) 0.633

Mandibular fracture 22 (12.9) 17 (5.0) 2.8 (1.45–5.44) 0.002

Thoracic trauma, n (%)

Rib fracture 25 (14.6) 50 (14.7) 1.0 (0.59–1.67) 1.000

Hemothorax 4 (2.3) 36 (10.6) 0.2 (0.71–0.58) 0.001

Pneumothorax 4 (2.3) 16 (4.7) 0.5 (0.16–1.47) 0.233

Hemopneumothorax 5 (2.9) 9 (2.6) 1.1 (0.37–3.36) 1.000

Lung contusion 9 (5.3) 11 (3.2) 1.7 (0.68–4.09) 0.333

Abdominal trauma, n (%)

Intra-abdominal injury 5 (2.9) 23 (6.8) 0.4 (1.16–1.11) 0.098

Hepatic injury 11 (6.4) 28 (8.2) 0.8 (0.37–1.58) 0.489

Splenic injury 4 (2.3) 11 (3.2) 0.7 (0.23–2.28) 0.601

Renal injury 1 (0.6) 4 (1.2) 0.5 (0.06–4.46) 0.669

Lumbar vertebral fracture 1 (0.6) 2 (0.6) 1.0 (0.09–11.04) 1.000

Extremity trauma, n (%)

Scapular fracture 3 (1.8) 12 (3.5) 0.5 (0.14–1.75) 0.289

Clavicle fracture 19 (11.1) 42 (12.4) 0.9 (0.50–1.58) 0.773

Humeral fracture 5 (2.9) 15 (4.4) 0.7 (0.23–1.83) 0.478

Radial fracture 11 (6.4) 25 (7.4) 0.9 (0.42–1.81) 0.721

Ulnar fracture 10 (5.8) 12 (3.5) 1.7 (0.72–4.01) 0.251

Pelvic fracture 9 (5.3) 15 (4.4) 1.2 (0.52–2.81) 0.825

Femoral fracture 28 (16.4) 37 (10.9) 1.6 (0.94–2.72) 0.091

Patella fracture 6 (3.5) 16 (4.7) 0.7 (0.28–1.92) 0.647

Tibial fracture 15 (8.8) 23 (6.8) 1.3 (0.67–2.61) 0.475

Fibular fracture 9 (5.3) 18 (5.3) 1.0 (0.44–2.26) 1.000
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Table 5 Associated Injuries in the Body Regions of Patients with Trauma Who Had a Blood Alcohol Concentration ≥ 0.05 mg/mL at

the Emergency Room During the 2-Year Study Period Before and After the Law Was Imposed

Variables After Law n=146 Before Law n=273 Odds Ratio (95% CI) p

Head trauma, n (%)

Cranial fracture 30 (20.5) 52 (19.0) 1.1 (0.67–1.82) 0.796

Epidural hematoma (EDH) 26 (17.8) 37 (13.6) 1.4 (0.80–2.39) 0.254

Subdural hematoma (SDH) 43 (29.5) 52 (19.0) 1.8 (1.11–2.83) 0.020

Subarachnoid hemorrhage (SAH) 39 (26.7) 58 (21.2) 1.4 (0.85–2.16) 0.225

Intracerebral hematoma (ICH) 12 (8.2) 10 (3.7) 2.4 (0.99–5.59) 0.064

Cerebral contusion 13 (8.9) 28 (10.3) 0.9 (0.43–1.71) 0.732

Cervical vertebral fracture 4 (2.7) 2 (0.7) 3.8 (0.69–21.09) 0.189

Maxillofacial trauma, n (%)

Orbital fracture 15 (10.3) 20 (7.3) 1.4 (0.72–2.92) 0.354

Nasal fracture 3 (2.1) 10 (3.7) 0.6 (0.15–2.04) 0.402

Maxillary fracture 28 (19.2) 59 (21.6) 0.9 (0.52–1.42) 0.614

Mandibular fracture 19 (13.0) 13 (4.8) 3.0 (1.43–6.25) 0.004

Thoracic trauma, n (%)

Rib fracture 20 (13.7) 37 (13.6) 1.0 (0.56–1.82) 1.000

Hemothorax 2 (1.4) 10 (3.7) 0.4 (0.08–1.69) 0.230

Pneumothorax 3 (2.1) 12 (4.4) 0.5 (0.13–1.64) 0.278

Hemopneumothorax 4 (2.7) 6 (2.2) 1.3 (0.35–4.52) 0.744

Lung contusion 6 (4.1) 8 (2.9) 1.4 (0.48–1.47) 0.573

Abdominal trauma, n (%)

Intra-abdominal injury 5 (3.4) 18 (6.6) 0.5 (0.18–1.38) 0.188

Hepatic injury 8 (5.5) 22 (8.1) 0.7 (0.29–1.53) 0.427

Splenic injury 3 (2.1) 7 (2.6) 0.8 (0.20–3.13) 1.000

Renal injury 1 (0.7) 4 (1.5) 0.5 (0.05–4.19) 0.662

Lumbar vertebral fracture 1 (0.7) 1 (0.4) 1.9 (0.12–30.21) 1.000

Extremity trauma, n (%)

Scapular fracture 2 (1.4) 11 (4.0) 0.3 (0.07–1.51) 0.154

Clavicle fracture 16 (11.0) 35 (12.8) 0.8 (0.45–1.57) 0.640

Humeral fracture 5 (3.4) 12 (4.4) 0.8 (0.27–2.23) 0.797

Radial fracture 10 (6.8) 16 (5.9) 1.2 (0.52–2.67) 0.832

Ulnar fracture 9 (6.2) 9 (3.3) 1.9 (0.75–4.97) 0.207

Pelvic fracture 8 (5.5) 11 (4.0) 1.4 (0.54–3.51) 0.623

Femoral fracture 26 (17.8) 27 (9.9) 2.0 (1.10–3.53) 0.022

Patella fracture 6 (4.1) 13 (4.8) 0.9 (0.32–2.30) 0.812

Tibial fracture 14 (9.6) 18 (6.6) 1.5 (0.73–3.12) 0.334

Fibular fracture 7 (4.8) 15 (5.5) 0.9 (0.35–2.18) 0.823

Table 6 Associated Injuries in the Body Regions of Patients with Trauma Who Were Driving Under the Influence of Alcohol (BAC ≥
0.005) at the Emergency Room During the 2-Year Study Period Before and After the Law Was Imposed

Variables After Law n=171 Before Law n=340 Odds Ratio (95% CI) p

Subdural hematoma (SDH) 54 (31.6) 64 (18.8) 2.0 (1.31–3.04) 0.001

Subarachnoid hemorrhage (SAH) 50 (29.2) 66 (19.4) 1.7 (1.12–2.63) 0.014

Mandibular fracture 22 (12.9) 17 (5.0) 2.8 (1.45–5.44) 0.002

Hemothorax 4 (2.3) 36 (10.6) 0.2 (0.71–0.58) 0.001
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A study in Turkey has revealed that the mean BAC for

private vehicle drivers is 0.05, which was significantly

higher than that of drivers of public transport, commercial,

and official vehicles as well as taxis who are subjected to

a zero alcohol level (52.60 mg/dL vs 10.76 mg/dL, respec-

tively, p < 0.001).28 However, a significant effort in redu-

cing alcohol-related crashes and fatalities cannot be

achieved all the time with just lowering the BAC legal

limit. In Japan, the enactment of a 0.03 legal BAC legal

limit law in 2002 resulted in significant decreases in the

rate of alcohol-related crashes.10 In Chile, lowering the

BAC legal limit for drivers from 0.05 to 0.03 and increas-

ing license suspension periods for offenders lead to

a significant decrease in alcohol-related crashes by 32%

after the law was implemented and by 15% after 3 years.

However, the reduction in alcohol-related crashes had no

significant effects on mortalities.14 In Sweden, after the

introduction of lowering the BAC legal limit from 0.05 to

0.02 in 1990, a reduction in fatal crashes, single-vehicle

crashes, and all crashes by 9.7%, 11%, and 7.5% were

observed, respectively,29 and the interrupted time series

analysis has revealed a 15% reduction in overall traffic

fatalities.30 In Norway, the enactment of the BAC legal

limit from 0.05 to 0.02 in 2001 did not lead to any reduc-

tion in single-vehicle nighttime accidents, weekend perso-

nal injury, and fatal crashes compared with the situation 6

years before and after the decrease in the legal limit.12 The

zero tolerance law was implemented to reduce the odds of

an alcohol-impaired fatal crash by over 24% in a review

covering 16 years of statistics in the United States.31

However, a study on zero tolerance laws did not result in

a reduction of nighttime single-vehicle crashes in Texas

compared to a decrease as much as 36% in Maine, 40% in

Oregon, or as low as 5% in Florida.32

In this study, the legislation of lowering the legal BAC

limit to 0.03 resulted in a statistically significant decrease

in the number of hospitalized patients with trauma due to

alcohol-related crashes on the road in Southern Taiwan.

However, although the lowering in the legal BAC limit

affects drivers at all levels of drinking, from the lighter to

Table 7 Associated Injuries in the Body Regions of DWI Patients with Trauma (BAC ≥ 0.05) at the Emergency Room During the

2-Year Study Period Before and After the Law Was Imposed

Variables After Law n=146 Before Law n=237 Odds Ratio (95% CI) p

Subdural hematoma (SDH) 43 (29.5) 52 (19.0) 1.8 (1.11–2.83) 0.020

Mandibular fracture 19 (13.0) 13 (4.8) 3.0 (1.43–6.25) 0.004

Femoral fracture 26 (17.8) 27 (9.9) 2.0 (1.10–3.53) 0.022

Table 8 Expenditure in US Dollars During Hospitalization in Patients with Trauma Who Were Driving Under the Influence of Alcohol

(BAC ≥ 0.005) at the Emergency Room Before and After the Law Was Imposed

After Law n=171 Before Law n=340 Decrease (%) p

Total Average Total Average Total Average

Expenditure 766,399 4482 ±5440 1,313,330 3863 ±4998 41.6↓ 0.200

Cost of operation 126,977 743 ±1040 199,865 588 ±758 36.5↓ 0.085

Cost of examination 41,082 240 ±360 83,611 246 ±384 50.9↓ 0.873

Cost for pharmaceuticals 55,369 324 ±669 106,003 312 ±939 47.8↓ 0.881

Table 9 Expenditure in US Dollars During Hospitalization in DWI Patients with Trauma (BAC ≥ 0.05) at the Emergency Room Before

and After the Law Was Imposed

After Law n=146 Before Law n=237 Decrease (%) p

Total Average Total Average Total Average

Expenditure 646,437 4428 ±5327 1,044,796 3827 ±4826 38.1↓ 0.257

Cost of operation 107,905 739 ±1004 161,089 590 ±786 33.0↓ 0.121

Cost of examination 31,108 213 ±316 65,438 240 ±341 52.5↓ 0.435

Cost for pharmaceuticals 40,08 279 ±474 83,498 306 ±754 51.2↓ 0.654
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the heaviest drinkers, the reduced risk was not accompa-

nied by a significant reduction in the mortality rates nor

the BAC level in DUI and DWI patients, and this result

indicates a responsiveness to the change in BAC limit

among the studied population. However, such responsive-

ness may not be observed in some citizens. In 1011

nationally representative sample of licensed drivers in the

United States, 63.9% of the respondents to a questionnaire

survey indicated that the lowering of BAC limit to 0.05

would not have any effect on their decisions to drink and

drive.33 Nearly 60% of the respondents did not know the

accurate limit for BAC in their state, of which 14%

reported a higher value and 7% reported a value lower

than 0.08, and the rest did not know the limit.33 In general,

the respondents also underestimated the number of drinks

(approximately three drinks for a woman and four for

a man) it would take to reach a BAC level of 0.08.33

Despite the laws and penalties for drunk driving, the

drivers have a low perception regarding the chances of

being caught and penalized by the police.13 In this study,

the percentage of injuries to the head/neck of the patients

underwent measurement of BAC was significantly

decreased after the law was imposed. However, the odds

of associated injuries as subdural hematoma, subarachnoid

hemorrhage, and mandibular fracture were significantly

higher in those patients with DUI (Table 6) and the odds

of subdural hematoma, mandibular fracture, and femoral

fracture were significantly higher in those patients with

DWI (Table 7) after the implementation of the law. The

results imply that, after lowering the legal BAC limit from

0.05 to 0.03, responsiveness to the change in law was

observed among the studied population but not in all

citizens. Those patients who were accustomed to alcohol

drinking may still not obey to the new law. Therefore, the

assumption that drunk drivers will comply with the lower

limit by reducing the amount of alcohol consumed prior to

driving may not be fit for all drivers. In this study,

The effects of lowering the legal BAC limit depend on

the public’s compliance with the law. Several factors can

influence compliance, which include the level of enforce-

ment, fines, adjudication, public acceptance, and willing-

ness to comply.34 The compliance behavior of drivers was

found to be sensitive to the benefits of the policy of low-

ering BAC in different kinds of scenarios.34 The extent

and limits of the benefits achieved by lowering the legal

BAC limits may vary in terms of strategies in the reduc-

tion of alcohol-impaired driving.34 Thus, to effectively

reduce the fatal outcomes from alcohol-related crashes,

attention along with special actions may be applied to

drivers who are less complaint to the prohibition of drink-

ing prior to driving. However, the strategies should not

only rely on lowering the BAC legal limit. For example,

the frequency of sobriety checkpoints must be increased,

and alcohol ignition interlocks should be required for all

alcohol-impaired driving offenders, which is one of the

most supported strategies for reducing alcohol-impaired

driving.35 The enforcement with random breath testing is

associated with a significant reduction in the rate of alco-

hol-related crashes.36 Immediate roadside prohibitions,

which aimed to increase the efficiency of police and courts

for processing drinking drivers, significantly reduced fatal

and injury crashes than non-alcohol-related crashes.37

Furthermore, mass media are effective in the reduction of

alcohol-related crashes.38 The reduction of the risk of

traffic crashes by changing the behaviors of drinking and

driving would lead to people’s support for the new

law.39–41

The present study had some limitations that should be

acknowledged. First, we only included hospitalized

patients. Some drivers involved in alcohol-related crash

may not require admission in the hospital. Since the legal

BAC limit did not significantly affect the number of dri-

vers with fatal injuries who were legally hit,42 therefore,

some selection bias may exist, and the effect of lowering

BAC cannot be estimated in those who drank and drive but

were not hurt. Motorcycle accidents accounted for almost

95% of the accidents, and the rate was obviously higher

than that in our previous reports, and this bias could also

be found in this study.24,25,43 In addition, the fatality rate

from car or motorcycle accidents differed. For motorcycle

riders, an exponential increase was noted in the associated

risk for crash even from a relatively low BAC.44 Second,

the retrospective study design may cause a bias for out-

come measurement. Third, the patients declared dead at

the scene of the accident or upon arrival to the hospital

were not included in the Trauma registry database, and

selection bias on mortality assessment may exist. Fourth,

the traffic accident recording system is not capable of

showing detailed causative factors, such as driving skills,

features of the road and vehicles, and the used protection

apparatus. Finally, this study was limited to a regional

level I trauma center, and the observation or conclusion

may not be generalized to other areas, considering that

there is a wide geographic variation in terms of alcohol

drinking.
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Conclusion
After lowering the legal BAC limit from 0.05 to 0.03,

responsiveness to the change in law was observed among

the studied population. However, such responsiveness may

not be observed in some citizens who may require special

intervention to reduce their behavior of drinking and driving.
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The impact of alcohol intoxication on injury severity and 
outcomes of adult patients with different trauma type
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Original Article

INTRODUCTION

As alcohol consumption is continuously increasing 
worldwide, it is considered as a major risk factor for 

disability and mortality associated with diseases and 
injuries.[1] In 2012, an estimated 3.3 million global deaths 
were attributable to alcohol consumption.[2] Consuming 
alcohol before driving increases the risk of  vehicular 

Background: This study was designed to investigate the impact of alcohol intoxication on injury severity 
and outcomes of adult patients who experienced different modes of trauma.
Materials and Methods: This retrospective study collected data of hospitalized patients who experienced 
trauma at age ≥20 years between January 1, 2009 and December 21, 2015, from the Trauma Registry System 
of a Level I trauma center. Patients were categorized into two groups according to their blood alcohol 
concentrations (BACs): alcohol intoxication (BAC of ≥50 mg/dL at the time of arrival to the emergency 
room) and nonalcohol intoxication (BAC of <50 mg/dL). The Abbreviated Injury Scale (AIS) score of each 
injured body region, Injury Severity Score, length of stay (LOS) in the hospital, and in‑hospital mortality of 
these trauma patients according to different modes of trauma were compared between patients with or 
without alcohol intoxication.
Results: Among 20,513 patients included in this study, 1206 had alcohol intoxication and 19,307 did not. 
Patients with alcohol intoxication were predominantly males and younger than those without alcohol 
intoxication. Among patients who had a motorcycle accident, bicycle accident, fall accident, and hit 
by/against an object, AIS of ≥3 head/neck injuries more commonly occurred in patients with alcohol 
intoxication than in those without. In addition, compared to those without alcohol intoxication, patients 
with alcohol intoxication who experienced motorcycle accidents and hit by/against an object had longer 
hospital LOS, whereas those who experienced motor vehicle and motorcycle accidents had significantly 
higher mortality rates.
Conclusions: This study revealed that alcohol intoxication had impacted the injury severity and outcomes 
in adult patients who experienced different modes of trauma.
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accidents and deaths.[3] Many trauma injuries are related to 
alcohol intoxication, which profoundly affects behaviors 
and consciousness levels.[4,5] In addition, not only drunk 
drinking but also alcohol‑intoxicated pedestrian people 
contribute to the occurrence of  road traffic accidents.[6] A 
positive blood alcohol concentration (BAC) is associated 
with high Injury Severity Score (ISS) and long hospital 
length of  stay (LOS) of  trauma patients.[7] Alcohol 
intoxication in trauma patients also leads to higher impact 
speed difference, injury severity, and preclinical mortality.[8]

However, most previous studies focused on the effect 
of  alcohol intoxication while driving a car and rarely 
explored its effects on patients injured by other modes 
of  trauma such as motorcycles and bicycle accidents, 
fall accidents, and injuries due to penetration or strike 
by/against objects. Nonetheless, as motorcycle accidents 
comprised a major portion of  the trauma population and 
fall accidents predominating in elderly populations, the 
modes of  trauma in Taiwan differ from those in Western 
countries.[8‑11] Whether the effect of  alcohol intoxication 
on injury severity and outcome is similar in patients injured 
by different modes of  trauma remains unclear. Therefore, 
this study aimed to investigate the impact of  alcohol 
intoxication on injury severity and outcomes of  adult 
patients with different modes of  trauma.

MATERIALS AND METHODS

Ethics statement
This study was approved by the Institutional Review Board 
(IRB) of  the Chang Gung Memorial Hospital (approval 
number 201601396B0). Informed consent was obtained 
according to IRB regulations.

Definition
BAC of  50 mg/dL, the legal limit for drivers in Taiwan, 
was defined as the cutoff  value for alcohol intoxication 
in this study. Patients with BAC of  ≥50 mg/dL at the 
time of  arrival to the emergency room were considered 
intoxicated and included in the study as BAC (+). Patients 
who did not undergo an alcohol test or who had a BAC 
of  <50 mg/dL at the time of  arrival to the emergency 
room were considered nonintoxicated and categorized 
as BAC (−). An Abbreviated Injury Scale (AIS) score of  
six body regions including the head/neck, face, chest, 
abdomen, extremities, and external regions were recorded 
according to the 1998 version of  the AIS.[12] The ISS is an 
international anatomical scoring system for patients with 
multiple injuries. ISS ranges from 1 to 75 and is obtained 
as the sum of  squares of  the three highest AIS scores in 
different body regions.[13,14]

Study design
This retrospective study reviewed data of  23,705 trauma 
patients registered in the Trauma Registry System 
of  a single urban trauma center in Southern Taiwan 
from January 1, 2009 to December 31, 2015. Patients 
aged <20 years (n = 2710) and with incomplete registered 
data (n = 482) were excluded from the study. Detailed 
patient information was retrieved from the Trauma Registry 
System of  our institution, including data on age, sex, 
modes of  trauma, AIS score for each body region, ISS, 
hospital LOS, and mortality. In this study, only data on 
in‑hospital mortality were included but not data at 30 days 
or beyond. Different modes of  trauma included motor 
vehicle accident, motorcycle accident, bicycle accident, fall 
accident, penetration injury, and strike by/against an object.

Statistical analysis
The ISS was expressed as median and interquartile 
range (Q1–Q3). The hospital LOS was expressed as median 
and standard deviation. Two‑sided Fisher’s exact or Pearson 
Chi‑square tests were used to compare categorical data. 
Odds ratios (ORs) of  associated injuries in each body 
region with AIS of  ≥3 were calculated with 95% confidence 
intervals (CIs). Collected data were compared using IBM 
SPSS Statistics for Windows, Version 22.0 (IBM Corp., 
Armonk, New York, USA).

RESULTS

Patient demographics
Of 20,513 enrolled eligible adult trauma patients, 1206 (5.9%) 
were categorized into the alcohol intoxication group, 
whereas 19,307 (94.1%) were considered nonintoxicated 
[Table 1]. Male sex predominated in the alcohol intoxication 
group: 1065 (88.3%) male and 141 (11.7%) female patients. 
The average age of  BAC (+) patients was lower than that 
of  BAC (−) patients (41.7 ± 12.6 vs. 53.2 ± 19.4 years, 
respectively, P < 0.001). Motorcycle accidents were the most 
common mode of  injury in both alcohol intoxication and 
nonintoxication groups, followed by fall accidents and strike 
by/against an object. Rates of  motor vehicle and motorcycle 
accidents were significantly higher and rates of  fall accident 
and strike by/against an object were significantly lower in 
patients with alcohol intoxication than in those without 
alcohol intoxication. No differences in the rates of  bicycle 
accidents and penetration injuries were observed between 
patients with and without alcohol intoxication.

Patient injury severity
These trauma patients were also divided into groups 
according to their mode of  injury [Table 2]. Among 
those with motor vehicle accidents, AIS of  ≥3 abdominal 
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injuries was significantly higher in patients with alcohol 
intoxication than in those without (19.7% vs. 8.6%, 
OR 2.6, 95% CI 1.34–5.04, P < 0.004). No significant 
difference in the injury severity was observed between 
patients with motor vehicle accidents with or without 
alcohol intoxication, as illustrated by the comparable 
distribution figures among all ISS stratification levels (<16, 
16–24, or ≥25).

Among motorcycle accidents, rates of  AIS of  ≥3 injuries 
to the head/neck (41.4% vs. 18.2%, OR 3.2, 95% CI 
2.72–3.69, P < 0.001), thorax (12.9% vs. 9.0%, OR 1.5, 
95% CI 1.20–1.87, P < 0.001), and abdomen (3.8% 
vs. 2.4%, OR 1.6, 95% CI 1.11–2.43, P = 0.013) were 
higher, but the rate of  extremity injury (20.2% vs. 23.8%, 
OR 0.8, 95% CI 0.68–0.97, P = 0.023) was lower in 
patients with alcohol intoxication as compared to those 
without alcohol intoxication. Among those involved in 
motorcycle accidents, patients with alcohol intoxication 
also had higher injury severity than those without alcohol 
intoxication (median [Q1–Q3]; 11 [5–20] vs. 8 [4–10] 
P < 0.001). A significantly higher rate of  patients with 
alcohol intoxication had ISS of  16–24 and ≥25; however, 
the rate of  patients with ISS of  <16 was lower than that 
in patients without alcohol intoxication.

Among bicycle accidents, the rate of  patients with alcohol 
intoxication with an AIS of  ≥3 head/neck injury (37.8% vs. 
23.4%, OR 2.0, 95% CI 1.0–4.0, P = 0.015) was significantly 
higher and those with an AIS of  ≥3 extremity injury was 
lower than those without alcohol intoxication (13.5% vs. 
32.7%, OR 0.3, 95% CI 0.1–0.8, P = 0.015). No significant 
difference in injury severity was observed in patients 
who experienced bicycle accidents with and without 
alcohol intoxication, as illustrated by the comparable 
distribution figures among all ISS stratification levels 
(<16, 16–24, or ≥25).

Table 1: Demographics of adult trauma patients with and 
without alcohol intoxication
Variables BAC (+) (n=1206) BAC (−) (n=19307) P

Sex, n (%) <0.001
Female 141 (11.7) 8777 (45.5)
Male 1065 (88.3) 10,530 (54.5)

Age (years) 41.7±12.6 53.2±19.4 <0.001
Trauma types, n (%)

Motor vehicle 
accident

76 (6.3) 405 (2.1) <0.001

Motorcycle 
accident

788 (65.3) 7975 (41.3) <0.001

Bicycle accident 37 (3.1) 689 (3.6) 0.361
Fall accident 132 (10.9) 6246 (32.4) <0.001
Penetration injury 58 (4.8) 920 (4.8) 0.944
Strike by/against 
object

111 (9.2) 2481 (12.9) <0.001

BAC: Blood alcohol concentration

Table 2: Injury severity of body regions according to trauma 
types in patients with and without alcohol intoxication
Trauma types BAC (+) BAC (−) OR (95% CI) P

Motor vehicle 
accident

n=76 n=405

AIS ≥3, n (%)
Head/neck 14 (18.4) 75 (18.5) 1.0 (0.5-1.9) 0.984
Face 0 (0.0) 4 (1.0) - 1.000
Thorax 15 (19.7) 92 (22.7) 0.8 (0.5-1.5) 0.567
Abdomen 15 (19.7) 35 (8.6) 2.6 (1.3-5.0) 0.004

Extremity 16 (21.1) 90 (22.2) 0.9 (0.5-1.7) 0.821
ISS, median (IQR) 10 (5-18) 9 (4-16) - 0.194

<16, n (%) 53 (69.7) 301 (74.3) 0.8 (0.5-1.4) 0.405
16-24, n (%) 13 (17.1) 65 (16.0) 1.1 (0.6-2.1) 0.819
≥25, n (%) 10 (13.2) 39 (9.6) 1.4 (0.7-3.0) 0.351

Motorcycle accident n=788 n=7975
AIS≥3, n (%)

Head/neck 326 (41.4) 1453 (18.2) 3.2 (2.7-3.7) <0.001
Face 6 (0.8) 25 (0.3) 2.4 (1.0-6.0) 0.055
Thorax 102 (12.9) 719 (9.0) 1.5 (1.2-1.9) <0.001
Abdomen 30 (3.8) 188 (2.4) 1.6 (1.1-2.4) 0.013
Extremity 159 (20.2) 1896 (23.8) 0.8 (0.7-1.0) 0.023

ISS, median (IQR) 11 (5-20) 8 (4-10) - <0.001
<16, n (%) 489 (62.1) 6692 (83.9) 0.3 (0.3-0.4) <0.001
16-24, n (%) 206 (26.1) 887 (11.1) 2.8 (2.4-3.4) <0.001
≥25, n (%) 93 (11.8) 396 (5.0) 2.6 (2.0-3.3) <0.001

Bicycle accident n=37 n=689
AIS≥3, n (%)

Head/neck 14 (37.8) 161 (23.4) 2.0 (1.0-4.0) 0.045
Face 0 (0.0) 1 (0.1) - 1.000
Thorax 2 (5.4) 35 (5.1) 1.1 (0.3-4.6) 0.712
Abdomen 1 (2.7) 6 (0.9) 3.2 (0.4-27.0) 0.308
Extremity 5 (13.5) 225 (32.7) 0.3 (0.1-0.8) 0.015

ISS, median (IQR) 9 (4-17) 9 (4-10) - 0.657
<16, n (%) 26 (70.3) 568 (82.4) 0.5 (0.2-1.1) 0.062
16-24, n (%) 8 (21.6) 85 (12.3) 2.0 (0.9-4.4) 0.124
≥25, n (%) 3 (8.1) 36 (5.2) 1.6 (0.5-5.5) 0.442

Fall accident n=132 n=6246
AIS≥3, n (%)

Head/neck 63 (47.7) 980 (15.7) 4.9 (3.5-7.0) <0.001
Face 1 (0.8) 1 (0.0) 47.7 (3.0-766.3) 0.041
Thorax 7 (5.3) 258 (4.1) 1.3 (0.6-2.8) 0.504
Abdomen 4 (3.0) 119 (1.9) 1.6 (0.6-4.4) 0.325
Extremity 16 (12.1) 2942 (47.1) 0.2 (0.1-0.3) <0.001

ISS, median (IQR) 9 (5-16) 9 (4-9) - <0.001
<16, n (%) 81 (61.4) 5427 (86.9) 0.2 (0.2-0.3) <0.001
16-24, n (%) 37 (28.0) 612 (9.8) 3.6 (2.4-5.3) <0.001
≥25, n (%) 14 (10.6) 207 (3.3) 3.5 (2.0-6.1) <0.001

Penetration injury n=58 n=920
AIS≥3, n (%)

Head/neck 0 (0.0) 7 (0.8) - 1.000
Face 0 (0.0) 0 (0.0) - -
Thorax 1 (1.7) 12 (1.3) 1.3 (0.2-10.4) 0.551
Abdomen 5 (8.6) 11 (1.2) 7.8 (2.6-23.3) 0.002
Extremity 1 (1.7) 12 (1.3) 1.3 (0.2-10.4) 0.551

ISS, median (IQR) 4 (1-4) 4 (1-4) - 0.081
<16, n (%) 57 (98.3) 913 (99.2) 0.4 (0.1-3.6) 0.388
16-24, n (%) 1 (1.7) 5 (0.5) 3.2 (0.4-27.9) 0.308
≥25, n (%) 0 (0.0) 2 (0.2) - 1.000

Strike by/against 
object

n=111 n=2481

AIS≥3, n (%)
Head/neck 24 (21.6) 214 (8.6) 2.9 (1.8-4.7) <0.001
Face 0 (0.0) 2 (0.1) - 1.000
Thorax 10 (9.0) 82 (3.3) 2.9 (1.5-5.8) 0.005

Contd...
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Among fall accidents, rates of  patients with an AIS of  ≥3 
injuries to the head/neck (47.7% vs. 15.7%, OR 4.9, 95% 
CI 3.5–7.0, P < 0.001) and face (0.8% vs. 0.0%, OR 47.7, 
95% CI 3.0–766.3, P = 0.041) were higher and those in the 
extremity injury (12.1% vs. 47.1%, OR 0.2, 95% CI 0.1–0.3, 
P < 0.001) were lower in the intoxicated group than those 
in nonintoxicated group. Among those who experienced 
fall accidents, patients with alcohol intoxication had a 
higher injury severity than those without (median [Q1–Q3]; 
9 [5–16] vs. 9 [4–9], P < 0.001). The number of  patients 
with alcohol intoxication with ISS 16–24 and ≥25 was 
higher and those with an ISS <16 was lower than those 
without alcohol intoxication.

Among penetration injuries, a significantly higher 
rate of  patients with alcohol intoxication had an AIS 
of  ≥3 abdominal injuries than those without alcohol 
intoxication (8.6% vs. 1.2%, OR 7.8, 95% CI 2.6–23.3, 
P = 0.002). No significant difference in injury severity 
was observed between patients with and without alcohol 
intoxication in terms of  penetration injuries, regardless of  
ISS stratification (<16, 16–24, or ≥25).

Among injuries caused by strike by/against an object, rates 
of  AIS of  ≥3 injuries to the head/neck (21.6% vs. 8.6%, 
OR 2.9, 95% CI 1.8–4.7, P < 0.001) and thorax (9.0% vs. 
3.3%, OR 2.9, 95% CI 1.5–5.8, P = 0.005) were higher 
in patients with alcohol intoxication than those without. 
Among those who had injury caused by strike by/against 
an object, injury severity was higher in patients with than 
those without alcohol intoxication (median [Q1‑Q3]; 5 
[4–13] vs. 4 [4–8], P < 0.001). The rate of  ISS of  16–24 was 
significantly higher and ISS of  <16 was lower in patients 
with than those without alcohol intoxication.

Accordingly, patients with alcohol intoxication had a 
higher injury severity than those without when they were 
injured via motorcycle accidents, fall accidents, or when 
injuries were caused by strike by/against object. However, 
in patients who were injured in motor vehicular accidents, 
bicycle accidents, and in those who had penetration 
injuries, no significant difference in injury severity was 

observed between patients with or without alcohol 
intoxication.

Patient outcomes
Among patients who sustained injuries in motorcycle 
accidents and strike by/against an object, those with 
alcohol intoxication had longer hospital LOS than 
those without (motorcycle accident: 12.0 ± 11.5 vs. 
9.6 ± 10.2 days, P < 0.001; strike by/against an object: 
10.7 ± 10.3 vs. 8.8 ± 9.6 days, P = 0.047) [Table 3]. In other 
modes of  trauma, no significant difference was observed in 
hospital LOS between the two groups. Furthermore, among 
patients who sustained injuries via motor vehicular and 
motorcycle accidents, mortality rate was higher in patients 
with than those without alcohol intoxication (motor vehicle 
accident: 7.9% vs. 2.2%, P = 0.020); motorcycle accident: 
4.4% vs. 1.7%, P < 0.001). In other modes of  trauma, 
no significant difference was observed in mortality rates 
between patients with and without alcohol intoxication.

DISCUSSION

This study revealed that patients with alcohol intoxication 
had a higher injury severity than those without alcohol 
intoxication when they were injured via motorcycle 
accidents, fall accidents, or when injuries were caused by 
strike by/against an object. However, in patients who were 
injured in motor vehicle accidents, bicycle accidents, and 
who had penetration injuries, no significant difference 
in injury severity was observed between patients with or 
without alcohol intoxication. In addition, patients with 
alcohol intoxication had a significantly higher mortality 
rate than those without alcohol intoxication when they 

Table 2: Contd...
Trauma types BAC (+) BAC (−) OR (95% CI) P

Abdomen 2 (1.8) 36 (1.5) 1.2 (0.3-5.2) 0.677
Extremity 13 (11.7) 321 (12.9) 0.9 (0.5-1.6) 0.706

ISS, median (IQR) 5 (4-13) 4 (4-8) - <0.001
<16, n (%) 91 (82.0) 2275 (91.7) 0.4 (0.3-0.7) <0.001
16-24, n (%) 15 (13.5) 141 (5.7) 2.6 (1.5-4.6) 0.001
≥25, n (%) 5 (4.5) 65 (2.6) 1.8 (0.7-4.4) 0.223

AIS: Abbreviated Injury Scale, BAC: Blood alcohol concentration, 
CI: Confidence interval, IQR: Interquartile range, ISS: Injury Severity 
Score, OR: Odds ratio

Table 3: Outcomes of patients with and without alcohol 
intoxication injured due to different trauma types
Trauma types BAC (+) BAC (−) OR (95% CI) P

Motor vehicle accident n=76 n=405
LOS in hospital (days) 13.7±13.3 13.5±14.2 - 0.892
Mortality 6 (7.9) 9 (2.2) 3.8 (1.3-10.9) 0.020

Motorcycle accident n=788 n=7975
LOS in hospital (days) 12.0±11.5 9.6±10.2 - <0.001
Mortality 35 (4.4) 133 (1.7) 2.7 (1.9-4.0) <0.001

Bicycle accident n=37 n=689
LOS in hospital (days) 6.8±6.4 8.8±10.3 - 0.238
Mortality 2 (5.4) 26 (3.8) 1.5 (0.3-6.4) 0.648

Fall accident n=132 n=6246
LOS in hospital (days) 10.6±10.6 9.1±9.2 - 0.100
Mortality 8 (6.1) 180 (2.9) 2.2 (1.1-4.5) 0.059

Penetration injury n=58 n=920
LOS in hospital (days) 4.8±5.7 5.2±6.9 - 0.642
Mortality 1 (1.7) 4 (0.4) 4.0 (0.4-36.5) 0.264

Strike by/against object n=111 n=2481
LOS in hospital (days) 10.7±10.3 8.8±9.6 - 0.047
Mortality 1 (0.9) 38 (1.5) 0.6 (0.1-4.3) 1.000

LOS: Length of stay, BAC: Blood alcohol concentration, OR: Odds ratio, 
CI: Confidence interval
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were injured via motor vehicle or motorcycle accidents. 
However, in other modes of  trauma (bicycle accident, 
fall accident, penetration injury, and strike by/against an 
object), the difference in mortality rates between patients 
with and without alcohol intoxication was not significant.

The results of  this study revealed that motorcycle accidents 
were the most common mode of  injury in both alcohol 
intoxication and nonintoxication groups. This finding is in 
agreement with the report by the Ministry of  Transportation 
and Communications that motorcycles are the most 
commonly used vehicles in Taiwan and that approximately 
60% of  driving fatalities are motorcycle‑related.[15] 
Comparisons of  the injury characteristics and clinical 
outcomes according to different modes of  trauma between 
patients with and without alcohol intoxication in this study 
revealed that the alcohol‑intoxicated group predominantly 
comprised male and younger aged patients as compared 
to those in the nonintoxicated group. In addition, rates of  
motor vehicle and motorcycle accidents were significantly 
higher and fall accidents and strike by/against an object 
were fewer in the alcohol intoxicated group as compared 
to the nonintoxicated group.

In this study, the head and neck were the most commonly 
injured body regions. Among patients who experienced 
motorcycle accident, bicycle accident, fall accident, and 
strike by/against an object, the head and neck were 
injured significantly more often in patients with alcohol 
intoxication than in those without This may be attributed 
to the direct impact of  the head‑and‑neck region during 
the injury. Attention, judgment, and physical balance are 
also strictly required when riding motorcycles and bicycles; 
thus, traffic accidents or injuries more likely occur in 
patients with alcohol intoxication. The current literature 
has shown that, in addition to the extremities, head injuries 
are the most common causes of  morbidity and mortality 
in motorcycle accidents.[16] Inadequate regional protection 
in motorcycle and bicycle accidents may also lead to severe 
injuries to the head‑and‑neck region. Helmets are important 
to reduce the impact force associated with head injury in 
motorcycle accidents.[17] Without a helmet, head‑and‑neck 
injuries such as brain hemorrhage, cervical spine injury, and 
facial bone fracture are caused by the direct impact of  the 
head on the road after being separated from the motorcycle 
or bicycle. Bicycle helmet use may also reduce the risks of  
injury to the head and face and have larger effects among 
drunk than sober cyclists.[18]

The results of  this study revealed higher rates of  thoracic 
injury in motorcycle accidents and strikes by/against 
an object in patients with alcohol intoxication than 

those without. In addition, rates of  abdominal injury in 
motor vehicle accidents and penetration injuries were 
higher in patients with alcohol intoxication than those 
without. Reduced use of  seatbelts in patients with alcohol 
intoxication[19] might contribute to this result, which 
requires further investigation and validation.

The relationship between alcohol intoxication and ISS 
remained controversial. In motorcycle accidents, the high 
rate of  riding speed and less protection are reportedly 
as the primary cause of  higher ISS.[20] Although alcohol 
intoxication may be associated with higher injury severity, 
impaired judgment and control in individuals with alcohol 
intoxication may make them more prone to injury, even 
in less speedy riding or walking conditions. Jou et al. 
demonstrated that patients with alcohol consumption 
had lower frequencies of  specific body injuries and 
reduced likelihood of  sustaining a severe injury, with 
ISS of  ≥25.[15] Furthermore, our results showed that 
patients with alcohol intoxication had a higher ISS than 
those without in motorcycle accidents, fall accidents, 
and strikes by/against objects. However, a difference 
in sustained injury severity was not observed in motor 
vehicular accident, bicycle accident, and penetration injury. 
These results indicate that modes of  trauma mattered in 
determining the injury severity between patients with and 
without alcohol intoxication.

This study revealed that, compared to those without 
alcohol intoxication, patients with alcohol intoxication 
who experienced motorcycle accidents or strike by/against 
objects had a long hospital LOS, whereas those who 
experienced motor vehicular and motorcycle accidents had 
a significantly higher mortality rate.

Limitations
The retrospective design of  this study and unknown 
conditions such as alcoholic psychosis, alcohol dependence, 
and alcohol abuse may have led to a selection bias. The lack 
of  circumstantial data including road condition, intentional 
and unintentional injuries, and use of  protective devices 
in this study may also have resulted in bias. The speed of  
the vehicle or motorcycle that may determine the severity 
of  injury was not recorded in the registered database, 
thus may also lead to a bias in the analysis. Moreover, the 
binary division of  patients according to BAC may have 
oversimplified the conditions associated with alcohol 
consumption. Furthermore, the Trauma Registry data 
only included cases of  in‑hospital mortality but not data 
at ≥30 days; therefore, results may not reflect the full scope 
of  mortality associated with alcohol intoxication according 
to different modes of  trauma. Finally, the population 
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included in this study was limited to that of  a single urban 
trauma center in Southern Taiwan; as such, our results may 
not be applicable to a wider population.

CONCLUSIONS

This study revealed that alcohol intoxication had different 
effects on the injury severity and outcomes in adult patients 
with different modes of  trauma. Patients with alcohol 
intoxication had a higher injury severity than those without 
alcohol intoxication when they were injured via motorcycle 
accidents, fall accidents, or when injuries were caused 
by strike by/against an object. In addition, patients with 
alcohol intoxication had a significantly higher mortality 
rate than those without alcohol intoxication when they 
were injured via motor vehicular or motorcycle accidents.
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Factors affecting mortality in trauma patients with more 
than three rib fractures
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Original Article

Background: In patients with rib fractures, a higher number of rib fractures has been reported to increase 
the risk of mortality. This study aimed to explore the risk factors for mortality in patients with more than 
three rib fractures.
Materials and Methods: This retrospective study involved a data review of 35,154 trauma patients registered 
in the Trauma Registry System of a single urban trauma center in Taiwan from January 1, 2009, to December 
31, 2018. In total, 1,296 patients who had more than three rib fractures were identified and categorized 
into two groups: mortality (n = 42) and survival (n = 1,254). Univariate and multivariate logistic regression 
analyses were applied to identify the independent effects of predictive variables of mortality in patients 
with multiple rib fractures.
Results: Patients who died had a significantly higher number of rib fractures (6.9 ± 3.0 vs. 5.5 ± 1.7, 
P < 0.001), lower Glasgow Coma Scale (GCS) score (median [interquartile range, Q1–Q3]; 12.5 [3–15] 
vs. 15.0 [15–15], P < 0.001), and higher injury severity score (ISS) (median [Q1–Q3]; 35.0 [26–41] vs. 
16.0 [13–22], P < 0.001) than those who survived. The mortality group had a 10.4‑, 3.8‑, and 2.9‑fold 
higher odds of sustaining a sternal fracture, pulmonary contusion, and hemopneumothorax, respectively. 
Multivariate logistic regression analysis revealed that age (odds ratio [OR], 1.1; 95% confidence interval [CI], 
1.05–1.12; P < 0.001), number of rib fractures (OR, 1.2; 95% CI, 1.04–1.47; P = 0.016), GCS (OR, 0.8; 
95% CI, 0.76–0.93; P = 0.001), ISS (OR, 1.2; 95% CI, 1.10–1.21; P < 0.001), blood transfusion (OR, 4.3; 
95% CI, 1.37–13.40; P = 0.013), and hemopneumothorax (OR, 15.5; 95% CI, 2.769–86.62; P = 0.002) 
were the significant independent risk factors for mortality.
Conclusions: This study revealed that age, number of rib fractures, GCS, ISS, blood transfusion, and 
hemopneumothorax were the significant independent risk factors for mortality of the patients with more 
than three rib fractures.

Keywords: Mortality, rib fractures, trauma
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INTRODUCTION

Rib fractures are common sequelae after blunt trauma to 
the chest wall by direct impact or following the exposure 
to forces of  acceleration and deceleration. It is estimated 
that rib fractures affect approximately 10% of  blunt trauma 
patients admitted to trauma centers.[1] More serious rib 
injuries are often associated with concomitant fractures 
of  the chest wall, as well as the scapulae, clavicle, and/or 
sternum.[2] The pain experienced by the majority of  patients 
and deformity of  the chest wall resulting from rib fractures 
may compromise respiratory function[2,3] and lead to the 
complications such as pneumonia or acute respiratory 
distress syndrome.[4] The abdomen, spleen, liver, and 
kidney (in that order) account for the most commonly 
injured organs in conjunction with rib fractures.[4] The 
associated injuries to the head, thorax, and abdomen may 
be life‑threatening.[5‑7] Traumatic brain injury associated 
with rib fractures is the most common injury responsible 
for most deaths of  patients with rib fractures.[8,9]

The injury pattern of  a rib fracture could be divided 
into specific groups such as single rib fracture, multiple 
rib fractures, and flail chest. Patients with multiple rib 
fractures have significantly worse outcomes than patients 
with single rib fracture in terms of  the rate of  chest tube 
insertion, days on mechanical ventilation, days in the 
intensive care unit (ICU), length of  hospital stay (LOS), 
rate of  complications, and mortality rate.[10] Patients who 
sustain blunt chest trauma with three or more fractured ribs 
have a 2‑fold increased risk of  mortality.[11] The number 
of  rib fractures,[11,12] age,[11‑13] preexisting comorbidities,[3,11] 
pulmonary contusions,[14] and development of  pneumonia[11] 
has been identified as the risk factors for increased mortality 
of  patients. In Taiwan, the trauma mechanisms are different 
from that in Western countries, as motorcycle and fall 
accidents comprised most of  the trauma injuries.[15‑17] 
Although the risk factors for mortality have been identified 
in patients with multiple rib fractures,[18,19] in Taiwan, such 
risk factors were less explored in those sustaining higher 
numbers of  rib fractures.[20] This study aimed to explore 
the risk factors for mortality in patients with more than 
three rib fractures based on registered trauma data from a 
Level I trauma center.

MATERIALS AND METHODS

Ethics statement
This study was approved by the Institutional Review 
Board (IRB) of  Chang Gung Memorial Hospital (approval 
number 202000055B0). Informed consent was waived 
according to the IRB regulations.

Data extraction
This retrospective study involved data review from 
35,154 trauma patients registered in the Trauma Registry 
System of  a single urban trauma center in Southern 
Taiwan from January 1, 2009, to December 31, 2018, to 
identify those who had multiple rib fractures (more than 
three rib fractures). Of  35,154 enrolled trauma patients, 
2,878 (8.2%) patients had sustained a rib fracture [Figure 1]. 
Patients with less than four rib fractures (n = 1,508) or 
with incomplete registered data (n = 74) were excluded. 
Detailed medical information from trauma patients with 
multiple rib fractures (n = 1,296) was retrieved from 
the registered database of  the Trauma Registry System, 
including data on age, sex, preexisting comorbidities, 
including asthma, coronary artery disease (CAD), 
congestive heart failure (CHF), chronic obstructive 
pulmonary disease (COPD), cerebral vascular accident, 
diabetes mellitus (DM), end‑stage renal disease (ESRD), 
and hypertension (HTN); trauma mechanisms including 
automobile accidents, motorcycle accidents, bicycle 
accidents, pedestrian accidents, fall accidents, and strike 
by/against an object; number of  rib fractures; Glasgow 
Coma Scale (GCS), Abbreviated Injury Scale (AIS) of  six 
body parts (head/neck, face, chest, abdomen, extremities, 
and external regions); injury severity score (ISS); chest 
tube insertion at the emergency department (ED); blood 
transfusion within 24 h; hemoglobin level at the ED; all 
operations, which included any kind of  surgery performed 
during the admission, and thoracic operations; associated 
injuries in the thoracoabdominal regions (sternal fracture, 
diaphragm injury, pulmonary contusion, pneumothorax, 
hemothorax, hemopneumothorax, hepatic injury, splenic 
injury, and renal injury); LOS in hospital, admission to the 
ICU; and in‑hospital mortality. The 1998 version of  the AIS 
was used to record the scores.[21] ISS, which represented the 

Figure 1: Flow chart illustrating the inclusion of patients with more than 
three rib fractures. Data from the trauma registry system
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severity of  injury in patients with multiple injuries, ranged 
from 1 to 75 and was obtained from the sum of  the squares 
of  the three highest AIS scores in different body parts.[22,23]

Statistical analysis
Statistical analysis was performed using the SPSS 
version 23.0 window software (IBM Corp., Armonk, 
NY, USA). Continuous variables were estimated using 
Levene’s test for homogeneity of  variance and analyzed 
using the one‑way analysis of  variance with Games–Howell 
post hoc test. The results are expressed as mean ± standard 
deviation, with GCS and ISS as median and interquartile 
range (Q1–Q3). Two‑sided Fisher’s exact or Pearson 
Chi‑square tests were used to compare the categorical 
data. Odds ratios (ORs) of  the associated injuries in the 
thoracoabdominal regions were calculated with 95% 
confidence intervals (CIs). Multivariate logistic regression 
analysis was applied to identify the independent effects of  
univariate predictive variables resulting in the mortality of  
patients with multiple rib fractures. P < 0.05 was considered 
statistically significant.

RESULTS

Patient demographics
As shown in Table 1, patients were categorized into two 
groups: mortality (n = 42) and survival (n = 1,254). The 
average age of  patients in the mortality group was higher 
than that of  patients in the survival group (64.2 ± 16.3 vs. 
56.0 ± 14.8 years, respectively, P < 0.001). There was no 
significant difference in gender predominance, preexisting 
comorbidities, or trauma mechanisms between the two 
groups. The most common cause of  injury was motorcycle 
accidents (73.8% and 68.8%, respectively), followed by fall 
accidents (19.0% and 18.2%, respectively). The mortality 
group had a statistically significantly higher number 
of  rib fractures (6.9 ± 3.0 vs. 5.5 ± 1.7, respectively, 
P < 0.001), lower GCS score (median [Q1–Q3]; 12.5 [3–15] 
vs. 15.0 [15–15], respectively, P < 0.001), and higher 
ISS (median [Q1–Q3]; 35.0 [26–41] vs. 16.0 [13–22], 
respectively, P < 0.001). The hemoglobin level was 
statistically significantly lower in the mortality group than 
the survival group (11.9 ± 2.5 vs. 13.1 ± 2.1, respectively, 
P = 0.001). A greater percentage of  patients in the mortality 
group had received chest tube insertions (31.0% vs. 12.7%, 
respectively, P = 0.001) and blood transfusions (61.9% vs. 
17.3%, respectively, P < 0.001). The units of  transfused 
blood were significantly higher in the mortality group 
than the survival group (12.6 ± 13.1 vs. 5.1 ± 5.5, 
respectively, P < 0.001). There was a significantly greater 
percentage of  patients in the mortality group who had 
received operations (38.1% vs. 27.3%, respectively, 

P = 0.032) than the survival group. However, there was 
no significant difference in the percentage of  patients 
receiving thoracic operation between the mortality and 
survival group (4.8% vs. 1.7%, respectively, P = 0.136). 
Patients in the mortality group had a shorter LOS in the 
hospital (7.7 days vs. 12.9 days, respectively, P = 0.004) 
and a higher rate of  ICU admission (100.0% vs. 36.6%, 
respectively, P < 0.001) than those in the survival group.

Regarding associated injuries [Table 2], patients in 
the mortality group had a 10.4‑fold higher odds of  
sustaining sternal fracture (OR, 10.4; 95% CI, 2.04–53.13; 
P < 0.001), 3.8 fold for pulmonary contusion (OR, 
3.8; 95% CI, 1.95–7.58; P < 0.001), and 2.9 fold for 
hemopneumothorax (OR, 2.9; 95% CI, 1.52–5.45; 
P < 0.001). There was no significant difference between 
the mortality and survival groups in terms of  diaphragm 
injury, pneumothorax, hemothorax, hepatic injury, splenic 

Table 1: Patient and injury characteristics of the mortality 
and survival groups with multiple rib fractures
Variables Mortality 

(n=42)
Survival 
(n=1254)

P

Age (years) 64.2±16.3 56.0±14.8 <0.001
Gender, n (%)

Male 31 (73.8) 836 (66.7) 0.333
Female 11 (26.2) 418 (33.3)

Comorbidities, n (%)
Asthma 0 (0.0) 25 (2.0) 0.355
CAD 3 (7.1) 48 (3.8) 0.277
CHF 0 (0.0) 3 (0.2) 0.751
COPD 1 (2.4) 13 (1.0) 0.407
CVA 1 (2.4) 31 (2.5) 0.970
DM 8 (19.0) 244 (19.5) 0.947
ESRD 1 (2.4) 22 (1.8) 0.762
HTN 14 (33.3) 418 (33.3) 1.000

Trauma mechanisms, n (%)
Automobile 0 (0.0) 65 (5.2) 0.130
Motorcycle 31 (73.8) 863 (68.8) 0.492
Bicycle 0 (0.0) 35 (2.8) 0.272
Pedestrian 2 (4.8) 35 (2.8) 0.451
Fall 8 (19.0) 228 (18.2) 0.886
Strike by/against 1 (2.4) 28 (2.2) 0.949
Number of rib fractures 6.9±3.0 5.5±1.7 <0.001

GCS, median (IQR) 12.5 (3-15) 15.0 (15-15) <0.001
ISS, median (IQR) 35.0 (26-41) 16.0 (13-22) <0.001

1-15, n (%) 4 (9.5) 567 (45.2) <0.001
16-24, n (%) 5 (11.9) 446 (35.6) 0.002
≥25, n (%) 33 (78.6) 241 (19.2) <0.001

Hemoglobin (g/dL) 11.9±2.5 13.1±2.1 0.001
Chest tube insertion, n (%) 13 (31.0) 159 (12.7) 0.001
Blood transfusion, n (%) 26 (61.9) 217 (17.3) <0.001
Transfused blood (units) 12.6±13.1 5.1±5.5 <0.001
All operation, n (%) 16 (38.1) 297 (23.7) 0.032
Thoracic operation, n (%) 2 (4.8) 21 (1.7) 0.136
Hospital stay (days) 7.7±11.8 12.9±11.4 0.004
Admission into ICU, n (%) 42 (100.0) 459 (36.6) <0.001

CAD: Coronary artery disease, CHF: Congestive heart failure, COPD: 
Chronic obstructive pulmonary disease, 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, OR: Odds ratio
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injury, or rental injury. The mortality group had statistically 
significantly higher odds of  sustaining an injury to the 
head/neck (OR, 6.7; 95% CI, 3.40–13.28; P < 0.001) and 
face (OR, 3.1; 95% CI, 1.47–6.40; P = 0.002), as well as 
a higher AIS score in the head/neck, face, thorax, and 
extremity.

Risk factors for mortality
Univariate logistic regression analysis [Table 3] demonstrated 
that the significant risk factors for mortality in patients with 
multiple rib fractures were age, number of  rib fractures, 
GCS, ISS, chest tube insertion, blood transfusion, 
associated sternal fracture, pulmonary contusion, 
hemopneumothorax, and AIS of  head. Multivariate logistic 
regression analysis revealed that age (OR, 1.1; 95% CI, 
1.05–1.12; P < 0.001), number of  rib fractures (OR, 1.2; 

95% CI, 1.04–1.47; P = 0.015), GCS (OR, 0.8; 95% CI, 
0.76–0.93; P = 0.001), ISS (OR, 1.2; 95% CI, 1.10–1.21; 
P < 0.001), blood transfusion (OR, 4.3; 95% CI, 1.37–13.40; 
P = 0.013), and hemopneumothorax (OR, 15.5; 95% CI, 
2.76–86.62; P = 0.002) were the significant independent risk 
factors for mortality in trauma patients with multiple rib 
fractures. Chest tube insertion, sternal fracture, pulmonary 
contusion, and AIS of  head were not identified as the 
independent risk factors in mortality in these patients.

DISCUSSION

This study revealed that age, number of  rib fractures, 
GCS, injury severity, the blood transfusion, and 
hemopneumothorax were the significant independent 
risk factors for mortality among patients with more than 

Table 3: Univariate and multivariate analysis to identify the risk factors for mortality in patients with multiple rib fractures
Variables Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Age 1.0 (1.02-1.07) 0.001 1.1 (1.05-1.12) <0.001
Number of rib 
fractures

1.3 (1.19-1.50) <0.001 1.2 (1.04-1.47) 0.015

GCS 0.7 (0.69-0.79) <0.001 0.8 (0.76-0.93) 0.001
ISS 1.1 (1.11-1.18) <0.001 1.2 (1.10-1.21) <0.001
Chest tube insertion 3.1 (1.57-6.06) 0.001 0.8 (0.33-2.09) 0.685
Blood transfusion 7.8 (4.10-14.72) <0.001 4.3 (1.37-13.40) 0.013
Associated injuries

Sternal fracture 10.4 (2.04-53.13) 0.005 2.7 (0.04-176.48) 0.641
Pulmonary contusion 3.8 (1.95-7.58) <0.001 2.5 (0.46-13.90) 0.282
Hemopneumothorax 2.9 (1.52-5.45) 0.001 15.5 (2.76-86.62) 0.002
AIS head (%) 6.7 (3.40-13.28) <0.001 0.9 (0.31-2.31) 0.751

CI: Confidence interval, GCS: Glasgow Coma Scale, IQR: Interquartile range, ISS: Injury severity score, OR: Odds ratio, AIS: Abbreviated Injury Scale

Table 2: Associated injuries observed in the thoracoabdominal region and the abbreviated injury scale for each body part
Variables Mortality (n=42) Survival (n=1254) OR (95% CI) P

Associated injuries, n (%)
Sternal fracture 2 (4.8) 6 (0.5) 10.4 (2.04-53.13) <0.001
Diaphragm injury 0 (0.0) 4 (0.3) - 0.714
Pulmonary contusion 13 (31.0) 131 (10.4) 3.8 (1.95-7.58) <0.001
Pneumothorax 5 (11.9) 172 (13.7) 0.9 (0.33-2.19) 0.737
Hemothorax 7 (16.7) 223 (17.8) 0.9 (0.41-2.11) 0.852
Hemopneumothorax 16 (38.1) 221 (17.6) 2.9 (1.52-5.45) 0.001
Hepatic injury 5 (11.9) 89 (7.1) 1.8 (0.68-4.61) 0.237
Splenic injury 3 (7.1) 59 (4.7) 1.6 (0.47-5.19) 0.467
Renal injury 2 (4.8) 25 (2.0) 2.5 (0.56-10.74) 0.217

AIS of body part, n (%)
Head/neck 30 (71.4) 340 (27.1) 6.7 (3.40-13.28) <0.001
Face 10 (23.8) 116 (9.3) 3.1 (1.47-6.40) 0.002
Thorax 42 (100.0) 1254 (100.0) - -
Abdomen 7 (16.7) 207 (16.5) 1.0 (0.44-2.31) 0.978
Extremity 32 (76.2) 803 (64.0) 1.8 (0.88-3.69) 0.106
External 2 (4.8) 139 (11.1) 0.4 (0.10-1.68) 0.196

AIS score, median (IQR)
Head/neck 4 (0-5) 0 (0-1) - <0.001
Face 0 (0-1) 0 (0-0) - 0.024
Thorax 4 (3-4) 3 (3-4) - <0.001
Abdomen 0 (0-0) 0 (0-0) - 0.429
Extremity 2 (1-3) 2 (0-2) - 0.025
External 0 (0-0) 0 (0-0) - 0.191

AIS: Abbreviated Injury Scale, CI: Confidence interval, IQR: Interquartile range, OR: Odds ratio
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three rib fractures. Furthermore, the AIS of  the head did 
not represent as one independent risk factor for mortality.

A systematic review of  29 studies involving patients with 
blunt chest trauma showed that age (65 years or more) 
and the number of  rib fractures are the most important 
risk factors for mortality.[11] This is not surprising because 
a higher amount of  energy is required to fracture more 
ribs, and the ribs of  the elderly are weaker and thus prone 
to fracture.[12,13,24] A linear relationship exists between the 
number of  rib fractures and the mortality rate among 
elderly patients; the greater the number of  rib fractures, 
the higher the mortality rate.[13] A higher number of  
rib fractures is also associated with an increased rate 
of  pulmonary complications.[25] In young adults, death 
resulting from blunt chest trauma is generally attributed 
to trauma‑associated injuries, while in the elderly, mortality 
is often directly related to pneumonia and progressive 
respiratory failure.[13,24,26]

This study revealed that patients with multiple rib fractures 
who died had a higher ISS than those who survived. The 
higher ISS and mortality outcome were attributed to head 
injuries associated with thoracic trauma. The mortality 
group had sustained significantly higher AIS injury to 
the head/neck and presented with a significantly lower 
GCS score than the survival group. It had also been 
demonstrated that mortality in patients with rib fractures 
is affected by the presence of  traumatic brain injury.[27] 
Clark et al.[8] and Stellin[9] found that traumatic brain injury 
is the most common associated injury in patients with rib 
fractures after separately examining 144 and 203 patients. 
In addition, most deaths in patients with rib fractures 
are caused by traumatic brain injury and shock rather 
than by pulmonary failure.[8,9] Traumatic brain injury was 
responsible for a significant number of  deaths in younger 
patients, independent of  the number of  rib fractures.[19] 
In contrast, the most common cause of  death in the very 
elderly was pulmonary failure.[19]

In addition to tension pneumothorax, the massive 
hemothorax is another immediate life‑threatening 
condition.[28] Hemorrhagic shock is the leading cause 
of  death in patients with thoracic trauma.[29] Among 
57 patients presenting with flail chest injury, blood 
transfusion was identified as one of  the primary factors 
associated with an adverse outcome.[30] In this study, there 
was a significantly lower level of  hemoglobin and greater 
percentage of  patients receiving blood transfusions in the 
mortality group than the survival group. It is not surprising 
that blood transfusion is associated with a higher risk of  
mortality in patients with multiple rib fractures. However, 

because this was a retrospective study, the indication for 
blood transfusion was unknown; therefore, the value of  
such information may be limited and requires further 
investigation.

Univariate analysis demonstrated a statistically significant 
difference in age, number of  rib fractures, GCS, ISS, 
chest tube insertion, blood transfusion, associated sternal 
fracture, pulmonary contusion, hemopneumothorax, and 
AIS of  head between the mortality and survival groups. In 
contrast, statistically significant differences were limited to 
age, number of  rib fractures, GCS, ISS, blood transfusion, 
and hemopneumothorax in the multivariate analysis. In this 
study, the GCS, but not the AIS of  head, represented as one 
independent risk factor for mortality. The reason may be 
explained by that the GCS indicates a substantial change of  
consciousness after traumatic brain injury while AIS of  head 
reflects an injury to the head but with a quite wide range. In 
this study, there were 18.3% (237/1296) of  patients with 
multiple rib fractures had hemopneumothorax, and such 
incidence is comparable to report 20% in the literature.[31] 
In the assessment of  539 consecutive patients with multiple 
rib fractures, hemopneumothorax was positively associated 
with indicators of  injury severity.[32] The occurrence of  
hemopneumothorax implies severe injury to the thoracic 
cage and presents as one independent risk for mortality. 
To drain the air or blood accumulated inside the chest 
wall, the chest tube insertion is traditionally advocated to 
allow better ventilation. In this study, although univariate 
analysis showed a statistically significant difference in chest 
tube insertion between the mortality and survival groups, 
its beneficial effect was not identified in the multivariate 
analysis. The advantageous effect provided by chest tube 
insertion in these severely injured patients may be limited 
to make a difference regarding the patient’s survival. 
However, this hypothesis requires further investigation in 
the prospective and controlled study.

Flail chest is three or more ribs broken in two or more 
places and indicates a segment that is disconnected from 
the rest of  the chest wall and moves paradoxically inward 
with inspiration. In a study of  117,204 patients with chest 
wall fractures, 1.5% of  patients had a flail chest, 41% had 
multiple rib fractures, and 58% had single rib fractures.[10] 
The incidence of  flail chest in patients with rib fracture 
is low; however, the flail chest carries a higher risk of  
mortality ranging from 16%[33] to 25%,[34] in comparison 
with the 3.2% (42/1296) mortality rate of  patients with 
multiple rib fractures in this study. The registered trauma 
database did not record the status of  the flail chest of  the 
patients in the system; therefore, a bias may be encountered 
on the outcome measurement.

Formosan Journal of Surgery | Volume 53 | Issue 5 | Month 2020



Tsai, et al.: Mortality in multiple rib fractures

6  

Limitations
There were some other limitations in this study. Selection 
bias may be present in the retrospective design of  this study. 
Unknown conditions such as resuscitation, damage control, 
and surgical intervention could lead to a bias. We assume 
that patient management by different trauma surgeons 
was uneventful. It has been reported that plate fixation of  
fractured ribs provides a significant benefit,[35‑39] but the 
effect on survival is unknown. In this study population, few 
patients had received plate fixation; however, the effects 
of  this procedure are unknown and may lead to bias in the 
outcome. Furthermore, the registered trauma database used 
in this study excluded patients that were declared dead at the 
scene of  the accident and only recorded cases of  in‑hospital 
mortality. For example, those patients who died of  tension 
pneumothorax with the failed intervention were unknown 
and not recorded, thus may lead to bias in the outcome 
assessment. The data obtained for this study did not include 
long‑term mortality; therefore, results may not fully reflect 
the scope of  mortality associated with multiple rib fractures. 
Because the population included in this study was limited to 
that from a single urban trauma center in Southern Taiwan, 
these results may not apply to other regions.

CONCLUSIONS

This study revealed that age, number of  rib fractures, GCS, 
ISS, blood transfusion, and hemopneumothorax were the 
significant independent risk factors for mortality in patients 
with more than three rib fractures.

Acknowledgments
We would like to thank the Biostatistics Center of  
Kaohsiung Chang Gung Memorial Hospital for their 
statistics work.

Financial support and sponsorship
This research was financially supported by a grant from 
CDRPG8J0031.

Conflicts of interest
There are no conflicts of  interest.

REfERENCES

1. Ziegler DW, Agarwal NN. The morbidity and mortality of  rib fractures. 
J Trauma 1994;37:975‑9.

2. Claydon J, Maniatopoulos G, Robinson L, Fearon P. Challenges 
experienced during rehabilitation after traumatic multiple rib fractures: 
A qualitative study. Disabil Rehabil 2018;40:2780‑9.

3. Brasel KJ, Guse CE, Layde P, Weigelt JA. Rib fractures: Relationship 
with pneumonia and mortality. Crit Care Med 2006;34:1642‑6.

4. Maduka AKI, Lin GJ, Lim WW, Lee DJK, Kang ML, Venkatesan K, 
et al. A comprehensive analysis of  traumatic rib fractures in an acute 
general hospital in Singapore. J Emerg Trauma Shock 2019;12:145‑9.

5. Shweiki E, Klena J, Wood GC, Indeck M: Assessing the true risk of  
abdominal solid organ injury in hospitalized rib fracture patients. 
J Trauma 2001;50:684‑8.

6. Livingston DH, Lavery RF, Passannante MR, Skurnick JH, Fabian TC, 
Fry DE, et al. Admission or observation is not necessary after a negative 
abdominal computed tomographic scan in patients with suspected 
blunt abdominal trauma: Results of  a prospective, multi‑institutional 
trial. J Trauma 1998;44:273‑80; discussion 280‑272.

7. Witt CE, Bulger EM. Comprehensive approach to the management 
of  the patient with multiple rib fractures: A review and introduction 
of  a bundled rib fracture management protocol. Trauma Surg Acute 
Care Open 2017;2:e000064.

8. Clark GC, Schecter WP, Trunkey DD. Variables affecting outcome 
in blunt chest trauma: Flail chest vs. pulmonary contusion. J Trauma 
1988;28:298‑304.

9. Stellin G. Survival in trauma victims with pulmonary contusion. 
Am Surg 1991;57:780‑4.

10. Dehghan N, Mah JM, Schemitsch EH, Nauth A, Vicente M, 
McKee MD. Operative stabilization of  flail chest injuries reduces 
mortality to that of  stable chest wall injuries. J Orthop Trauma 
2018;32:15‑21.

11. Battle CE, Hutchings H, Evans PA. Risk factors that predict mortality 
in patients with blunt chest wall trauma: A systematic review and 
meta‑analysis. Injury 2012;43:8‑17.

12. Flagel BT, Luchette FA, Reed RL, Esposito TJ, Davis KA, 
Santaniello JM, Gamelli RL: Half‑a‑dozen ribs: The breakpoint for 
mortality. Surgery 2005;138:717‑23; discussion 723‑715.

13. Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. Rib fractures in 
the elderly. J Trauma 2000;48:1040‑6; discussion 1046‑1047.

14. Pape HC, Remmers D, Rice J, Ebisch M, Krettek C, Tscherne H. 
Appraisal of  early evaluation of  blunt chest trauma: Development 
of  a standardized scoring system for initial clinical decision making. 
J Trauma 2000;49:496‑504.

15. Rau CS, Lin TS, Wu SC, Yang JC, Hsu SY, Cho TY, et al. Geriatric 
hospitalizations in fall‑related injuries. Scand J Trauma Resusc Emerg 
Med 2014;22:63.

16. Liang CC, Liu HT, Rau CS, Hsu SY, Hsieh HY, Hsieh CH: 
Motorcycle‑related hospitalization of  adolescents in a Level I trauma 
center in southern Taiwan: A cross‑sectional study. BMC Pediatrics 
2015;15:105.

17. Hsieh CH, Lai WH, Wu SC, Chen YC, Kuo PJ, Hsu SY, et al. 
Trauma injury in adult underweight patients: A cross‑sectional study 
based on the trauma registry system of  a level I trauma center. 
Medicine (Baltimore) 2017;96:e6272.

18. Park HO, Kang DH, Moon SH, Yang JH, Kim SH, Byun JH. Risk 
Factors for Pneumonia in Ventilated Trauma Patients with Multiple 
Rib Fractures. Korean J Thorac Cardiovasc Surg 2017;50:346‑54.

19. Marini CP, Petrone P, Soto‑Sánchez A, García‑Santos E, Stoller C, 
Verde J. Predictors of  mortality in patients with rib fractures. Europ 
J Trauma Emerg Surg 2019; online ahead of  print .

20. Bulger EM, Edwards T, Klotz P, Jurkovich GJ. Epidural analgesia 
improves outcome after multiple rib fractures. Surgery 2004;136:426‑30.

21. Loftis KL, Price J, Gillich PJ. Evolution of  the abbreviated injury scale: 
1990‑2015. Traffic Inj Prev 2018;19 Suppl 2:S109‑13.

22. Aharonson‑Daniel L, Giveon A, Stein M, Israel Trauma Group (ITG), 
Peleg K. Different AIS triplets: Different mortality predictions in 
identical ISS and NISS. J Trauma 2006;61:711‑7.

23. Dong XR. Analysis of  patients of  multiple injuries with AIS‑ISS and its 
clinical significance in the evaluation of  the emergency managements. 
Zhonghua Wai Ke Za Zhi 1993;31:301‑2.

24. Bergeron E, Lavoie A, Clas D, Moore L, Ratte S, Tetreault S, et al. 
Elderly trauma patients with rib fractures are at greater risk of  death 
and pneumonia. J Trauma 2003;54:478‑85.

25. Shulzhenko NO, Zens TJ, Beems MV, Jung HS, O’Rourke AP, Liepert AE, 
et al. Number of  rib fractures thresholds independently predict worse 
outcomes in older patients with blunt trauma. Surgery 2017;161:1083‑9.

Formosan Journal of Surgery | Volume 53| Issue 5| Month 2020



Tsai, et al.: Mortality in multiple rib fractures

 7

26. Stawicki SP, Grossman MD, Hoey BA, Miller DL, Reed JF 3rd. Rib 
fractures in the elderly: A marker of  injury severity. J Am Geriatr Soc 
2004;52:805‑8.

27. Lien YC, Chen CH, Lin HC. Risk factors for 24‑hour mortality after 
traumatic rib fractures owing to motor vehicle accidents: A nationwide 
population‑based study. Ann Thorac Surg 2009;88:1124‑30.

28. Majercik S, Pieracci FM. Chest wall trauma. Thorac Surg Clin 
2017;27:113‑21.

29. Dongel I, Coskun A, Ozbay S, Bayram M, Atli B. Management of  
thoracic trauma in emergency service: Analysis of  1139 cases. Pak J 
Med Sci 2013;29:58‑63.

30. Freedland M, Wilson RF, Bender JS, Levison MA. The management of  
flail chest injury: Factors affecting outcome. J Trauma 1990;30:1460‑8.

31. Byun JH, Kim HY. Factors affecting pneumonia occurring to 
patients with multiple rib fractures. Korean J Thorac Cardiovasc Surg 
2013;46:130‑4.

32. Clarke PT, Simpson RB, Dorman JR, Hunt WJ, Edwards JG. 
Determining the clinical significance of  the Chest Wall Injury Society 
taxonomy for multiple rib fractures. J Trauma Acute Care Surg 
2019;87:1282‑8.

33. Dehghan N, de Mestral C, McKee MD, Schemitsch EH, Nathens A. 
Flail chest injuries: A review of  outcomes and treatment practices 

from the National Trauma Data Bank. J Trauma Acute Care Surg 
2014;76:462‑8.

34. Cannon RM, Smith JW, Franklin GA, Harbrecht BG, Miller FB, 
Richardson JD. Flail chest injury: Are we making any progress? 
Am Surg 2012;78:398‑402.

35. Beks RB, Peek J, de Jong MB, Wessem KJP, Öner CF, Hietbrink F, et al. 
Fixation of  flail chest or multiple rib fractures: Current evidence and 
how to proceed. A systematic review and meta‑analysis. Eur J Trauma 
Emerg Surg 2019;45:631‑44.

36. Liu T, Liu P, Chen J, Xie J, Yang F, Liao Y. A randomized controlled 
trial of  surgical rib fixation in polytrauma patients with flail chest. 
J Surg Res 2019;242:223‑30.

37. Liu Y, Xu S, Yu Q, Tao Y, Peng L, Qi S, et al. Surgical versus conservative 
therapy for multiple rib fractures: A retrospective analysis. Ann Transl 
Med 2018;6:439.

38. Marasco SF, Martin K, Niggemeyer L, Summerhayes R, Fitzgerald M, 
Bailey M. Impact of  rib fixation on quality of  life after major trauma 
with multiple rib fractures. Injury 2019;50:119‑24.

39. Martin TJ, Eltorai AS, Dunn R, Varone A, Joyce MF, Kheirbek T, 
et al. Clinical management of  rib fractures and methods for 
prevention of  pulmonary complications: A review. Injury 
2019;50:1159‑65.

Formosan Journal of Surgery | Volume 53 | Issue 5 | Month 2020



International  Journal  of

Environmental Research

and Public Health

Article

Effect of Height of Fall on Mortality in Patients with
Fall Accidents: A Retrospective Cross-Sectional Study

Ting-Min Hsieh 1, Ching-Hua Tsai 1, Hang-Tsung Liu 1, Chun-Ying Huang 1, Sheng-En Chou 1,
Wei-Ti Su 1, Shiun-Yuan Hsu 1 and Ching-Hua Hsieh 2,*

1 Department of Trauma Surgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, Kaohsiung 88301, Taiwan; hs168hs168@gmail.com (T.-M.H.);
tsai1737@cloud.cgmh.org.tw (C.-H.T.); htl1688@yahoo.com.tw (H.-T.L.);
junyinhaung@yahoo.com.tw (C.-Y.H.); athenechou@gmail.com (S.-E.C.);
s101132@adm.cgmh.org.tw (W.-T.S.); ah.lucy@hotmail.com (S.-Y.H.)

2 Department of Plastic Surgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, Kaohsiung 88301, Taiwan

* Correspondence: m93chinghua@gmail.com; Tel.: +886-7-7327476

Received: 25 May 2020; Accepted: 9 June 2020; Published: 11 June 2020
����������
�������

Abstract: Background: Accidental falls are a common cause of injury and deaths. Both ground-level
falls (GLF) and non-GLF may lead to significant morbidity or mortality. This study aimed to explore
the relationship between height of falls and mortality. Method: This is a retrospective study based on
the data from a registered trauma database and included 8699 adult patients who were hospitalized
between 1 January 2009 and 31 December 2017 for the treatment of fall-related injuries. Study subjects
were divided into three groups of two categories based on the height of fall: GLF (group I: < 1 m)
and non-GLF (group II: 1–6 m and group III: > 6 m). The primary outcome was in-hospital mortality.
The adjusted odds ratio (AOR) of mortality adjusted for age, sex, and comorbidities with or without
an injury severity score (ISS) was calculated using multiple logistic regression. Results: Among the
7001 patients in group I, 1588 in group II, and 110 in group III, patients in the GLF group were
older, predominantly female, had less intentional injuries, and had more pre-existing comorbidities
than those in the non-GLF group. The patients in the non-GLF group had a significantly lower
Glasgow Coma Scale (GCS), a higher injury severity score (ISS), worse physiological responses,
and required more procedures performed in the emergency department. The mortality rate for the
patients in group I, II, and III were 2.5%, 3.5%, and 5.5%, respectively. After adjustment by age,
sex, and comorbidities, group II and group III patients had significantly higher adjusted odds of
mortality than group I patients (AOR 2.2, 95% CI 1.64–2.89, p < 0.001 and AOR 2.5, 95% CI 1.84–3.38,
p < 0.001, respectively). With additional adjustment by ISS, group II did not have significantly higher
adjusted odds of mortality than group I patients (AOR 1.4, 95% CI 0.95–2.22, p = 0.082), but group III
patients still had significantly higher adjusted odds of mortality than group I patients (AOR 10.0,
95% CI 2.22–33.33, p = 0.002). Conclusion: This study suggested that patients who sustained GLF and
non-GLF were distinct groups of patients, and the height of fall did have an impact on mortality in
patients of fall accidents. A significantly higher adjusted odds of mortality was found in the GLF
group than in the non-GLF group after adjusting for age, sex, and comorbidities.

Keywords: height of fall; fall accident; injury severity score (ISS); mortality; ground-level falls (GLF)

1. Introduction

Falls are a common reason for trauma care emergency department (ED) visits in all age groups [1].
According to the World Health Organization, falls are the second leading cause of accident or
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unintentional injury deaths in the world [2]. In the United Kingdom, a multicenter study of 31,419
traumatic ED admissions demonstrated that fall accidents accounted for 55.3% of ED visits and 3.5% of
deaths [3]. In Japan, falls accounted for 41.4% of ED admissions and led to 4.4% of 28-day mortality,
according to a study on 80,813 trauma patients via Trauma Data Bank [4]. Our prior study on 16,548
hospitalized patients from the Trauma Registry System of a trauma center in Taiwan revealed that falls
accounted for 30.3% of ED admissions and caused 4.5% of in-hospital mortality [5]. This shows that
fall accidents cause a considerable portion of traumatic injuries and non-negligible fatality.

As height affects the velocity of a fall, theoretically, a fall from a higher height causes more severe
injuries [6]. Especially, a fall >6 m (m) is counted as high energy trauma and a transfer to a trauma
center is recommended [7]. However, the factors affecting mortality in falls are complex and data on
the height of fall affecting the mortality of fall accidents remain inconsistent [8–13]. A prehospital
retrospective study including injured or deceased adult patients by Dickinson et al. [10] demonstrated
that the height of fall is a significant predictor of mortality with the possibility of dying increased by
23% for every meter fallen. A study on patients who fell from a height >3 m by Lapostolle et al. [9]
reported that the height of fall was significantly correlated with a higher odds of mortality. However,
there are also studies amongst the literature that suggest that the height of fall is not a reliable predictor
of injury, severity or mortality. Katz et al. [12] revealed that mortality was associated with the intention
rather than the height of fall. Goodacre et al. [14] demonstrated that in fall accidents, the severity of
injury increases with increasing age and head trauma, whereas the height of fall cannot predict the
mortality or major injury with an injury severity score (ISS) >15. A retrospective study on 66 patients of
falls from heights >6 m by Liu et al. [8] revealed that the only independent prognostic factor is severe
head injury, which is expressed with the abbreviated injury scale (AIS) score as ≥4 in the head region.
In addition, the injury severity estimated by ISS cannot predict the height of falls accurately [15].

Furthermore, although ground-level falls (GLF) are often deemed an innocuous low energy
mechanism of injury, a mortality of 3.2% was found in a study of 57,302 patients with GLF [16].
Some studies showed that such low impact falls are often underestimated and may cause significant
injuries with considerable demands on the system of trauma care [3,17]. These patient populations
were recommended to be transported to trauma centers, because they continued to have a 2.8–8%
mortality rate. Moreover, the study on 8111 adults by Wang et al. indicated that compared to high
levels of falls, such GLF can predict the long-term mortality independently of age, sex, comorbidity and
injury severity of the patients [18]. Therefore, despite previous studies [8–13] which addressed the
relationship between the height of fall and mortality, controversy in the conclusion prompted us to
conduct a study to evaluate the effect of the height of fall on mortality based on registered trauma data
from a level I trauma center.

2. Methods

2.1. Ethical Statement

This study was conducted at the Kaohsiung Chang Gung Memorial Hospital, a 2686-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 before its initiation from the hospital’s institutional review board
with approval number 201801328B0.

2.2. Study Population

Adult patients aged ≥20 years and hospitalized between 1 January 2009 and 31 December 2017 for
the treatment of fall-related injuries were included in this study. The cut-off age of 20 was arbitrarily
selected to be an adult because in Taiwan, there is a legal requirement of supervisors to proceed
healthcare-related tasks such as admission, invasive procedures and operation until the patient turns
20 years old. All hospitalized patients by all trauma causes should be registered into the trauma
registry system. The trauma registry system classifies fall heights in three categories, which facilitates
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statistical interpretation. This classification of fall heights was made following a review of several
papers that defined GLF as a fall from a height of less than 1 m [19]; a low-level fall as a fall from a
height between 1m and 6 m; a higher level fall as a fall from higher than 6 m [7]. GLF is often deemed
a low-energy mechanism of injury and not a recommended triage criterion for trauma team activation.
Contrastingly, in cases of falls from higher than 6 m (which is used as the threshold energy of the
cut-off point for trauma triage criteria), a transfer to a trauma center is recommended by the American
College of Surgeons [7]. Patients with incomplete or missing data (n = 0) or those who were dead at
scene were excluded from the study.

2.3. Data Collection and Outcome Measures

There is a retrospective study of patients’ medical data retrieved from the Trauma Registry
System of our hospital [20–22], which serves over three million people in the southern area of Taiwan
and has another two level I trauma centers. There were around more than 17,000 ED visits and
3600 hospitalizations per year. We collected the relevant information including intent (suicidal jumps)
or lack thereof to fall (accident falls or escaped attempts); the height of fall in meters (m); physiological
signs on arrival to ED; systolic blood pressure (SBP); respiratory rate (RR); Glasgow Coma Scale (GCS)
on which patients with a GCS of 3–8 were deemed to have several head injuries, those with a GCS
of 9–12 a moderate head injury, and those with a GCS of 13–15 as mild head injury; AIS in six body
regions; ISS (patients with an ISS of 1–15 deemed as minor to moderate trauma, an ISS of 16–24 as a
severe injury, and an ISS ≥25 as a critical injury); procedures performed at ED, including endotracheal
intubation, thoracotomy, and blood transfusion; associated injuries in body regions; length of stay
(LOS) in hospital; requirement for intensive care unit (ICU) admission; and in-hospital mortality.
Moreover, data were collected on pre-existing comorbidities and chronic diseases including diabetes
mellitus (DM), hypertension (HTN), coronary artery disease (CAD), congestive heart failure (CHF),
cerebral vascular accident (CVA), and end stage renal disease (ESRD).

2.4. Statistical Analysis

In this study, patients were divided into two groups: GLF and non-GLF. The subjects with GLF
was indicated as group I, meaning that the patients had a fall from a height less than 1 m. The subjects
with non-GLF were grouped in two categories—group II, which included falls from heights between
1 m and 6 m, and group III, which included falls occurring from heights higher than 6 m. The differences
between non-GLF (groups II and III) and GLF (group I) were compared based on the primary outcome
of in-hospital mortality and the secondary outcomes, which were hospital LOS and rates of ICU
admissions. The patient characteristics are summarized as mean ± standard deviation, median with
interquartile range (GCS and ISS), or frequency (%) as appropriate. Descriptive statistics were obtained
by calculating the mean and standard deviation for continuous variables and relative frequencies for
categorical variables. These groups were compared using the chi-square test for categorical variables
and the analysis of variance (ANOVA) with post hoc tests for continuous variables. The adjusted odds
ratio (AOR) of mortality adjusted for age, sex, and comorbidities calculated using multiple logistic
regression are presented as 95% confidence intervals (CIs). A p value <0.05 was considered statistically
significant for all comparisons.

3. Results

3.1. Study Populations

Of the 31,228 enrolled trauma patients, 9710 patients sustained a fall accident. Those aged
<20 years were excluded (n = 1011), leaving a total of 8699 patients being the subjects of this study.
These patients were divided into three groups according to the height of fall (<1 m, 1–6 m, and >6 m),
with 7001 patients in group I, 1588 patients in group II, and 110 patients in group III (Figure 1).
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Figure 1. Flow chart illustrating the inclusion of patients with a fall from the height of <1 m (m), 1–6 

m, and >6 m. 
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sustained non-GLF (group II and III). There were significantly higher rates of intentional attempts in 
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Figure 1. Flow chart illustrating the inclusion of patients with a fall from the height of <1 m (m), 1–6 m,
and >6 m.

3.2. Patient and Injury Characteristics

As shown in Table 1, the patients who had sustained GLF (group I) were older, predominantly
female, had less intention of injury, and had more pre-existing comorbidities than those who had
sustained non-GLF (group II and III). There were significantly higher rates of intentional attempts in
group II and group III than in group I. In addition, there were significantly lower rates of almost all
recorded comorbidities in group II and group III when compared to group I. As shown in Table 2,
the patients in group II and group III had a significantly lower GCS and higher ISS than those in
group I, with more patients in group II and group III presenting severe conscious loss, a GCS between
3–8, as well as severe (ISS between 16–24) and critical injuries than those in group I. Compared to
group I patients, the rates of injuries to the body regions with AIS ≥ 2 were significantly higher in the
head/neck, face, thorax and abdomen regions in patients of group II and group III. The patients in
group II (average 10.6 days) and group III (21.2 days) had a significantly longer hospital stay than
those in group I (8.2 days). The patients in group II (23.2%) and group III (58.2%) had a significantly
higher rate of ICU admission than those in group I (14.7%). There were significantly higher odds of
mortality in group II patients than those in group I (OR 1.4, 95% CI 1.03–1.90, p = 0.033), but such
significant difference was not found between the patients in group III and group I (OR 2.2, 95% CI
0.96–5.10, p = 0.056). After adjustment by age, sex, and comorbidities, group II and group III patients
had significantly higher adjusted odds of mortality than group I patients (AOR 2.2, 95% CI 1.64–2.89,
p < 0.001 and AOR 2.5, 95% CI 1.84–3.38, p < 0.001, respectively) (Table 1). Under the adjustment by
age, sex, comorbidities, and additional ISS, group II did not have significantly higher adjusted odds
of mortality than group I patients (AOR 1.4, 95% CI 0.95–2.22, p = 0.082); however, with additional
adjustment by ISS, group III patients still had significantly higher adjusted odds of mortality than
group I patients (AOR 10.0, 95% CI 2.22–33.33, p = 0.002).
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Table 1. Demographics characteristics of patients with falls from heights of < 1 m (m), 1–6 m, and >6 m.

Variables
<1 m 1–6 m >6 m 1–6 m vs. <1 m >6 m vs. <1 m

(n = 7001) (n = 1588) (n = 110) OR (95% CI) p OR (95% CI) p

Age, (years) 68.7 ±15.6 53.1 ±15.3 42.2 ±14.7 - <0.001 - <0.001
Gender, n (%) <0.001 <0.001

Male 2533 (36.2) 1241 (78.1) 83 (75.5) 6.3 (5.55–7.17) 5.4 (3.50–8.39)
Female 4468 (63.8) 347 (21.9) 27 (24.5) 0.2 (0.14–0.18) 0.2 (0.12–0.29)

Intention, n (%) 0 (0.0) 15 (0.9) 33 (30.0) - <0.001 - <0.001
Non-intention, n (%) 6975 (99.6) 1564 (98.5) 74 (67.3) 0.2 (0.14–0.42) <0.001 0.01 (0.00–0.01) <0.001
Comorbidities, n (%)

CVA 794 (11.3) 39 (2.5) 1 (0.9) 0.2 (0.14–0.27) <0.001 0.1 (0.01–0.51) 0.001
HTN 3658 (52.2) 377 (23.7) 8 (7.3) 0.3 (0.25–0.32) <0.001 0.1 (0.04–0.15) <0.001
CAD 569 (8.1) 52 (3.3) 1 (0.9) 0.4 (0.29–0.51) <0.001 0.1 (0.01–0.74) 0.006
CHF 141 (2.0) 9 (0.6) 0 (0.0) 0.3 (0.14–0.55) <0.001 - 0.133
DM 1930 (27.6) 230 (14.5) 6 (5.5) 0.4 (0.38–0.52) <0.001 0.2 (0.07–0.35) <0.001

ESRD 355 (5.1) 20 (1.3) 0 (0.0) 0.2 (0.15–0.38) <0.001 - 0.015

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease;
IQR = interquartile range; OR = odds ratio.



Int. J. Environ. Res. Public Health 2020, 17, 4163 6 of 16

Table 2. Injury characteristics of patients with falls from heights of < 1 m (m), 1–6 m, and >6 m.

Variables
<1 m 1–6 m >6 m 1–6 m vs. <1 m >6 m vs. <1 m

(n = 7001) (n = 1588) (n = 110) OR (95% CI) p OR (95% CI) p

GCS (median, IQR) 15.0 (15.0–15.0) 15.0 (15.0–15.0) 15 (12.8–15.0) - <0.001 - <0.001
3–8 164 (2.3) 94 (5.9) 14 (12.7) 2.6 (2.02–3.40) <0.001 6.1 (3.40–10.88) <0.001

9–12 203 (2.9) 67 (4.2) 13 (11.8) 1.5 (1.11–1.96) 0.007 4.5 (2.47–8.14) <0.001
13–15 6634 (94.8) 1427 (89.9) 83 (75.5) 0.5 (0.40–0.60) <0.001 0.2 (0.11–0.27) <0.001

ISS (median, IQR) 9.0 (4.0–9.0) 9.0 (4.0–14.0) 17.5 (9.0–25.0) - <0.001 - <0.001
1–15 6189 (88.4) 1197 (75.4) 46 (41.8) 0.4 (0.35–0.46) <0.001 0.1 (0.06–0.14) <0.001
16–24 659 (9.4) 267 (16.8) 35 (31.8) 1.9 (1.67–2.27) <0.001 4.5 (2.98–6.76) <0.001
≥25 153 (2.2) 124 (7.8) 29 (26.4) 3.8 (2.97–4.84) <0.001 16.0 (10.18–25.22) <0.001

AIS ≥ 2
Head/Neck, n (%) 1098 (15.7) 437 (27.5) 39 (35.5) 2.0 (1.80–2.32) <0.001 3.0 (1.99–4.39) <0.001

Face, n (%) 185 (2.6) 122 (7.7) 25 (22.7) 3.1 (2.42–3.88) <0.001 10.8 (6.78–17.33) <0.001
Thorax, n (%) 253 (3.6) 289 (18.2) 52 (47.3) 5.9 (4.96–7.10) <0.001 23.9 (16.11–35.49) <0.001

Abdomen, n (%) 159 (2.3) 187 (11.8) 50 (45.5) 5.7 (4.61–7.15) <0.001 35.9 (23.87–53.87) <0.001
Extremity, n (%) 5394 (77.0) 1003 (63.2) 85 (77.3) 0.5 (0.46–0.57) <0.001 1.0 (0.65–1.59) 0.955

LOS in hospital, (days) 8.2 ±8.2 10.6 ±11.1 21.2 ±16.0 - <0.001 - <0.001
ICU admission, n (%) 1027 (14.7) 368 (23.2) 64 (58.2) 1.8 (1.53–2.01) <0.001 8.1 (5.51–11.89) <0.001

Mortality, n (%) 178 (2.5) 56 (3.5) 6 (5.5) 1.4 (1.03–1.90) 0.033 2.2 (0.96–5.10) 0.056
AOR of mortality - - - 2.2 (1.64–2.89) <0.001 2.5 (1.84–3.38) 0.001

AOR of mortality (ISS) - - - 1.4 (0.95–2.22) 0.082 10.0 (2.22–33.33) 0.002

AOR of mortality = adjusted odds ratio, adjusted by age, gender, and comorbidities; AOR of mortality (ISS) = adjusted odds ratio, adjusted by age, gender, comorbidities, and ISS;
CI = confidence interval; GCS = Glasgow Coma Scale; HTN = hypertension; ICU = intensive care unit; IQR= interquartile range; ISS = injury severity score; LOS = length of stay;
OR = odds ratio.
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3.3. Physiological Responses and Procedures Performed

Regarding the physiological responses and procedures performed at the ED (Table 3), there were
significantly higher incidences of GCS < 13, SBP < 90 mmHg, and RR < 10 or >29 beats/min in group
II and group III, than in group I (all p < 0.001). Furthermore, there were significantly higher rates of
patients receiving intubation, thoracotomy, and blood transfusion in group II and III than in group I
(all p < 0.001). In the ED, the conditions of the patients in group II and III were rather critical compared
to those of the patients in group I.
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Table 3. Physiological response of the patients and procedures performed at the emergency department after falls from different height.

Variables
<1 m 1–6 m >6 m 1–6 m vs. < 1 m >6 m vs. <1 m

(n = 7001) (n = 1588) (n = 110) OR (95% CI) p OR (95% CI) p

Physiological response at ED, n (%)
GCS < 13 367 (5.2) 161 (10.1) 27 (24.5) 2.0 (1.68–2.48) <0.001 5.9 (3.76–9.19) <0.001

SBP < 90 mmHg 57 (0.8) 29 (1.8) 7 (6.4) 2.3 (1.44–3.56) 0.001 8.3 (3.69–18.59) <0.001
RR< 10 or > 29 beats/min 5 (0.1) 12 (0.8) 4 (3.6) 10.7 (3.75–30.28) <0.001 52.8 (13.98–199.38) <0.001

Procedures performed at ED, n (%)
Endotracheal intubation 90 (1.3) 67 (4.2) 16 (14.5) 3.4 (2.45–4.66) <0.001 13.1 (7.40–23.10) <0.001

Chest tube insertion 27 (0.4) 35 (2.2) 14 (12.7) 5.8 (3.51–9.65) <0.001 37.7 (19.16–74.07) <0.001
Blood transfusion 144 (2.1) 58 (3.7) 27 (24.5) 1.8 (1.32–2.46) <0.001 15.5 (9.73–24.65) <0.001

CI = confidence interval; ED = emergency department; GCS = Glasgow Coma Scale; RR = respiratory rate; SBP = systolic blood pressure; OR = Odds ratio.
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3.4. Associated Injuries on Body Regions

The rate of associated injuries on body regions are presented in Table 3. As observed, with the
exception of extremity injury, there were significantly higher rates of injuries sustained in almost all
body regions including head, maxillofacial, thoracic, and abdominal areas in group II and III patients
than group I patients (Table 4). Notably, there was a significantly lower rate of femoral fracture in
group II and group III when compared to group I (10.9% vs. 39.7%, p < 0.001 and 16.4% vs. 39.7%,
p < 0.001, respectively).
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Table 4. Associated injuries in body regions of patients after falls from different heights.

(n = 7001) (n = 1588) (n = 110) OR (95% CI) p OR (95% CI) p

Head trauma, n (%)

Cranial fracture 130 (1.9) 131 (8.2) 12 (10.9) 4.8 (3.70–6.10) <0.001 6.5 (3.47–12.08) <0.001
Epidural hematoma (EDH) 81 (1.2) 87 (5.5) 10 (9.1) 5.0 (3.64–6.74) <0.001 8.5 (4.30–16.96) <0.001
Subdural hematoma (SDH) 654 (9.3) 245 (15.4) 18 (16.4) 1.8 (1.51–2.07) <0.001 1.9 (1.14–3.17) 0.016

Subarachnoid hemorrhage (SAH) 291 (4.2) 175 (11.0) 19 (17.3) 2.9 (2.35–3.47) <0.001 4.8 (2.90–8.00) <0.001
Intracerebral hematoma (ICH) 124 (1.8) 50 (3.1) 5 (4.5) 1.8 (1.29–2.52) 0.001 2.6 (1.06–6.59) 0.049

Cerebral contusion 245 (3.5) 114 (7.2) 7 (6.4) 2.1 (1.70–2.68) <0.001 1.9 (0.86–4.07) 0.113
Cervical vertebral fracture 35 (0.5) 55 (3.5) 4 (3.6) 7.1 (4.66–10.95) <0.001 7.5 (2.62–21.51) 0.003

Maxillofacial trauma, n (%)

Orbital fracture 37 (0.5) 23 (1.4) 3 (2.7) 2.8 (1.64–4.67) <0.001 5.3 (1.60–17.38) 0.024
Nasal fracture 14 (0.2) 18 (1.1) 1 (0.9) 5.7 (2.84–11.53) <0.001 4.6 (0.60–35.13) 0.209

Maxillary fracture 77 (1.1) 68 (4.3) 11 (10.0) 4.0 (2.89–5.60) <0.001 10.0 (5.15–19.37) <0.001
Mandibular fracture 37 (0.5) 20 (1.3) 6 (5.5) 2.4 (1.39–4.15) 0.002 10.9 (4.49–26.29) <0.001

Thoracic trauma, n (%)

Rib fracture 200 (2.9) 247 (15.6) 34 (30.9) 6.3 (5.15–7.62) <0.001 15.2 (9.91–23.34) <0.001
Sternal fracture 1 (0.0) 5 (0.3) 1 (0.9) 22.1 (2.58–189.38) 0.001 64.2 (3.99–1033.36) 0.031

Hemothorax 7 (0.1) 14 (0.9) 7 (6.4) 8.9 (3.58–22.05) <0.001 67.9 (23.40–197.09) <0.001
Pneumothorax 24 (0.3) 36 (2.3) 9 (8.2) 6.7 (4.01–11.34) <0.001 25.9 (11.75–57.13) <0.001

Hemopneumothorax 23 (0.3) 40 (2.5) 14 (12.7) 7.8 (4.68–13.13) <0.001 44.2 (22.10–88.59) <0.001
Lung contusion 7 (0.1) 21 (1.3) 4 (3.6) 13.4 (5.68–31.55) <0.001 37.7 (10.87–130.73) <0.001

Thoracic vertebral fracture 67 (1.0) 68 (4.3) 22 (20.0) 4.6 (3.29–6.52) <0.001 25.9 (15.30–43.76) <0.001

Abdominal trauma, n (%)

Hepatic injury 6 (0.1) 21 (1.3) 12 (10.9) 15.6 (6.30–38.77) <0.001 142.8 (52.51–388.07) <0.001
Splenic injury 4 (0.1) 11 (0.7) 2 (1.8) 12.2 (3.88–38.37) <0.001 32.4 (5.87–178.74) 0.003

Retroperitoneal injury 2 (0.0) 7 (0.4) 4 (3.6) 15.5 (3.22–74.66) <0.001 132.1 (23.93–728.81) <0.001
Renal injury 6 (0.1) 9 (0.6) 2 (1.8) 6.6 (2.36–18.70) <0.001 21.6 (4.31–108.18) 0.006

Lumbar vertebral fracture 111 (1.6) 150 (9.4) 37 (33.6) 6.5 (5.03–8.33) <0.001 31.5 (20.31–48.74) <0.001
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Table 4. Cont.

(n = 7001) (n = 1588) (n = 110) OR (95% CI) p OR (95% CI) p

Sacral vertebral fracture 11 (0.2) 28 (1.8) 13 (11.8) 11.4 (5.67–22.96) <0.001 85.2 (37.23–194.83) <0.001

Extremity trauma, n (%)

Clavicle fracture 101 (1.4) 78 (4.9) 7 (6.4) 3.5 (2.61–4.77) <0.001 4.6 (2.11–10.23) 0.001
Humeral fracture 407 (5.8) 80 (5.0) 9 (8.2) 0.9 (0.67–1.10) 0.230 1.4 (0.73–2.88) 0.301

Radial fracture 952 (13.6) 282 (17.8) 17 (15.5) 1.4 (1.19–1.59) <0.001 1.2 (0.69–1.96) 0.575
Ulnar fracture 331 (4.7) 95 (6.0) 10 (9.1) 1.3 (1.01–1.62) 0.040 2.0 (1.04–3.90) 0.034

Metacarpal fracture 58 (0.8) 31 (2.0) 5 (4.5) 2.4 (1.54–3.70) <0.001 5.7 (2.24–14.50) 0.003
Pelvic fracture 53 (0.8) 90 (5.7) 30 (27.3) 7.9 (5.58–11.11) <0.001 49.2 (29.84–80.98) <0.001

Femoral fracture 2777 (39.7) 173 (10.9) 18 (16.4) 0.2 (0.16–0.22) <0.001 0.3 (0.18–0.49) <0.001
Tibia fracture 168 (2.4) 81 (5.1) 11 (10.0) 2.2 (1.67–2.87) <0.001 4.5 (2.38–8.58) <0.001

Fibular fracture 106 (1.5) 49 (3.1) 8 (7.3) 2.1 (1.47–2.92) <0.001 5.1 (2.42–10.74) <0.001
Calcaneal fracture 324 (4.6) 103 (6.5) 12 (10.9) 1.4 (1.14–1.80) 0.002 2.5 (1.37–4.64) 0.006
Metatarsal fracture 89 (1.3) 138 (8.7) 20 (18.2) 7.4 (5.63–9.71) <0.001 17.3 (10.18–29.25) <0.001
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4. Discussion

This study suggested that those patients who sustained GLF (group I) and non-GLF (group II and
III) were distinct groups of patients, with patients who sustained GLF being older, predominantly female,
with less intentional injuries and more pre-existing comorbidities. This characteristic reasonably
reflected that there were significantly more incidences of femoral fracture in GLF than in non-GLF.
On the other hand, our results showed the middle-aged men seemed predominant in the non-GLF
groups. This may be due to the fact that falls from great heights usually occur accidently and are often
work-related. Son et al. [23] conducted a study with 2147 victims attending the ED due to occupational
injuries, and they reported a mean age of 46 years old for patients of fall-related occupation injuries,
of which, 32% were construction site-related injuries and 70% injuries occurred during regular working
hours from 09:00 to 18:00. Likewise, Jagnoor et al. [24] reported that most worked-related falls were
in the working age (22% in the age group of 15–34 years and 17% in the age of 35–59 years) and
amongst males in regard to falls at a construction sites. Similarly, our result implied that the majority
of the elderly female patients sustained GLF upon walking or with movement, and that the majority
of the male adults sustained non-GLF due to more rigorous activity. The results also demonstrated
that those patients with non-GLF were more severely injured, had a significantly worse physiological
response, and required more resuscitation procedures than those with GLF. Although significantly
higher odds of mortality were only found in group II and not in group III, when compared with
those in group I, it could even be suggested that falls from higher heights may cause more severe
injuries. However, the difference in mortality rate between group III and group I may be reduced
because the patient populations with GLF and non-GLF are different. Moreover, after adjusting for
age, sex, and comorbidities, a significantly higher adjusted odds of mortality was seen in group III
when compared to that of group I.

Based on our study, the height from fall was found to be an independent predictor of mortality,
which conformed to those of previous studies by Lapostolle et al. [9] in 2005 and Dickinson et al. [10]
in 2012, but in contrast to the studies of Liu et al. [8] and Katz et al. [12]. Additionally, a 4-year study
with an evaluation of 2252 trauma patients of falls suggested that the height of fall had statistically
significant effects on mortality in univariate analysis, but it failed to maintain this significance after
multivariate analysis [11]. According to the above-mentioned studies, the conclusions are inconsistent.
Apart from the complex factors of fall related injuries, the most important reasons for the contradictory
results may be due to the differences in the studied populations (such as different inclusion criteria of
height of falls or type, severity, site of injury, out-of-hospital deaths, etc.).

Age, sex, and comorbidities are different variables but important determinants of outcomes after
the injury among those who had GLF and non-GLF. After high falls, age is another independent
prognostic factor for mortality [9,13]. Older people or patients with comorbidities had a worse result
than their younger counterparts [9,13]. Elderly women are more likely to attend the ED with a fall
injury [4,25]. One study [25] of 15,662 adult patients and another study [4] of 15,207 adult patients
with GLF demonstrated that old female populations had significantly higher frequencies of lower
limbs injury (AIS ≥ 3). This could be explained by the fact that older women frequently suffered from
postmenopausal osteoporosis [26]. Additionally, high-heeled shoes may cause a negative effect that
transports up the low limb, leading to a higher risk of fall, fracture, and ankle sprain [27]. This may be
another risk factor contributing to GLF in women. Furthermore, both studies [4,25] also demonstrated
that the older female population had significantly lower incidences and risk of mortality. A study
on 80,813 trauma patients concluded that males experiencing GLF had a significantly greater 28-day
mortality (AOR 1.34, 95% CI 1.19–1.52, p < 0.0001) after adjusting for severity [4]. In addition, those who
were males and had pre-existing conditions experienced poorer outcomes in low falls [28]. In contrast,
it was reported by Kennedy et al. [3] that female sex was associated with worse prognosis after low
falls. Nonetheless, in this study we tried to attenuate the confounding effects of the baseline patient
characteristics by adjusting for age, sex, and comorbidities, and we found that there was a significantly
higher adjusted odds of mortality in patients with non-GLF than in those with GLF.
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Another contention that has been addressed is the relationship between height of fall and injury
severity. Goodacre et al. [14] deemed that height is a poor indicator of injury severity in high falls.
Furthermore, some studies found the possibility for low falls to cause severe outcomes [16,17,29].
However, most studies on free falls have reported that the height of fall significantly correlates with
injury severity [9,10,13,30], and our results also support this correlation. Atanasijevic et al. [30]
performed a retrospective analysis of 660 cases of fatal falls from a height and inferred that the
frequency and extent of injuries of various body regions and organs are in correlation with the height
of fall. Similarly, Petaros et al. [31] concluded that the height of free fall was the major factor affecting
fracture patterns, and that it significantly correlates with the number of injury regions. Lau et al. [32]
indicated that it is feasible to construct mathematical models associated with the height of fall to the
severity and extent of injuries sustained. Dickinson et al. [10] suggested that chest or head injuries
significantly increased the possibility of mortality after a fall from height. In their study, the odds of
mortality showed a 2.47-fold increase for head injury and a 2.29-fold increase for chest injury for every
meter fallen. Similarly, Içer et al. [11] reported that subarachnoid hemorrhage and hemothorax are the
most independent risk factors affecting mortality in fall. Considering that a severe trauma of the head
or chest may necessitate intubation or thoracotomy, it is not surprising to find such procedures more
frequently performed in the ED for non-GLF than for GLF. In this study, the patients in non-GLF had a
significantly higher ISS than those in GLF. Such a higher ISS reflects not only the significantly higher
incidences of procedures performed at the ED, but also the higher rates of ICU admission and a longer
hospital stay (LOS). Notably, in this study, after adjustment by age, sex, and comorbidities, group II and
group III patients had significantly higher adjusted odds of mortality than group I patients. However,
with the additional adjustment of ISS, although group II did not have significantly higher adjusted
odds of mortality than group I patients, group III patients still had significantly higher adjusted odds of
mortality than group I patients. These results also imply that even when the severity of injury is strong,
it is not the only predictor of mortality across the spectrum of injury mechanisms. Other variables,
such as physiological response to the injury, e.g., revised trauma score (RTS, a coded physiological
variable values of a patient’s initial GCS score, SBP and RR) [33], and the patients’ health and nutrition
status may also play a role in determining the outcome of the patients.

5. Limitations

There are some limitations to our study. First, due to the retrospective nature of analysis,
some selection bias may exist. Second, patients who died at the scene or those who were pronounced
dead on arrival or at the ED were not included, which may lead to a bias in the outcome measurement.
The absence of these populations may underestimate the injury severity and mortality from high falls
reported in our study. Third, it was not known what type of impact surface or which part of the body
was initially affected, and these are also important factors affecting mortality [9]. Moreover, because the
kinetic energy of a fall depends on body mass and height [34], the failure to include parameters such
as body weight and body mass index may lead to bias in the evaluation, as a previous study [35] has
reported that weight and height have an influence on the mortality rate of patients in fall accidents.
The causes of fall are multifactorial and complex, particularly those from greater heights. These factors
include risky activity (trades requiring working at heights), individual characteristics (demography,
educational level), environmental factors, and agents (scaffolds/ladders) [36]. However, our data also
did not provide information about the location of fall, impact surface, work status, and activity at
time of injury. In addition, there were significantly more intentional injuries in patients with a fall
from >6 m. Some bias in the outcome measurement may exist in that data regarding drug-related
injuries among patients with suicidal attempts were not included in the registered trauma data. Lastly,
this study was performed based on the medical data of one single trauma center and thus it may not be
possible to generalize the results to other regions. In the future, a prospective, randomized controlled
study would be warranted to estimate the effect.
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6. Conclusions

This study demonstrated that the height of fall did have impact on mortality in patients with
fall accidents. Those patients with non-GLF were more severely injured, had a significantly worse
physiological response, and required more resuscitation procedures than those with GLF. A significantly
higher adjusted odds of mortality was found in patients with non-GLF than in those with GLF after
adjusting for age, sex, and comorbidities.
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Abstract: Background: Identification of malnutrition is especially important in severely injured 

patients, in whom hypermetabolism and protein catabolism following traumatic injury worsen their 

nutritional condition. The geriatric nutritional risk index (GNRI), based on serum albumin level and 

the current body weight/ideal body weight ratio, is useful for identifying patients with malnutrition 

in many clinical conditions. This study aimed to explore the association between admission GNRI 

and mortality outcomes of adult patients with polytrauma. Methods: From 1 January 2009 to 31 

December 2019, a total of 348 adult patients with polytrauma, registered in the trauma database of 

a level I trauma center, were recognized and categorized into groups of death (n = 71) or survival (n 

= 277) and into four nutritional risk groups: a high-risk group (GNRI < 82, n = 87), a moderate-risk 

group (GNRI 82 to <92, n = 144), a low-risk group (GNRI 92–98, n = 59), and a no-risk group (GNRI 

> 98, n = 58). Univariate and multivariate logistic regression analyses were used to identify the 

independent risk factors for mortality. The mortality outcomes of patients at various nutritional 

risks were compared to those of patients in the no-risk group. Results: The comparison between the 

death group (n = 71) and the survival group (n = 277) revealed that there was no significant 

difference in gender predominance, age, pre-existing comorbidities, injury mechanism, systolic 

blood pressure, and respiratory rate upon arrival at the emergency room. A significantly lower 

GNRI and Glasgow Coma Scale score but higher injury severity score (ISS) was observed in the 

death group than in the survival group. Multivariate logistic regression analysis revealed that 

Glasgow Coma Scale (GCS), odds ratio (OR), 0.88; 95% confidence interval (CI), 0.83–0.95; p < 0.001), 

ISS (OR, 1.07; 95% CI, 1.04–1.11; p < 0.001), and GNRI (OR, 0.94; 95% CI, 0.91–0.97; p < 0.001) were 

significant independent risk factors for mortality in these patients. The mortality rates for the high-

risk, moderate-risk, low-risk, and no-risk groups were 34.5%, 20.1%, 8.5%, and 12.1%, respectively. 

Unlike patients in the moderate-risk and low-risk groups, patients in the high-risk group had a 

significantly higher death rate than that of those in the no-risk group. Conclusions: This study 

revealed that the GNRI may serve as a simple, promising screening tool to identify the high risk of 

malnutrition for mortality in adult patients with polytrauma. 



Int. J. Environ. Res. Public Health 2020, 17, 9233 2 of 10 

 

Keywords: malnutrition; mortality; geriatric nutritional risk index (GNRI); trauma; polytrauma 

 

1. Background 

A prevalence of malnutrition ranging from 7% to 76% has been reported in severely injured 

patients [1]. Furthermore, following traumatic injury, metabolic responses such as hypermetabolism 

and marked protein catabolism worsen the nutritional condition of trauma patients [2,3]. Unabated 

malnutrition during critical illness leads to impaired immunity, increased infections, and worsened 

survival [4,5]. Therefore, it is important to implement nutrition therapy and employ it continuously 

for these critically ill trauma patients. However, although currently, a great diversity of nutritional 

screening and assessment tools are available, there is no gold standard for nutritional assessment [6], 

especially in severely injured trauma patients. 

Current clinical practice guidelines prefer the use of serum albumin levels to assess and monitor 

nutritional status [7–10]. However, the serum albumin level is affected by the hydration status of the 

patient, the inflammatory process, and the impairment of hepatic or renal functions. Therefore, it 

does not accurately reflect the nutritional status of critically ill patients [11]. In 2005, Bouillanne et al. 

introduced the geriatric nutritional risk index (GNRI), which is calculated as 1.489 × albumin (g/L) + 

41.7 × (current body weight/ideal body weight) to assess nutritional status [12]. Current body 

weight/ideal body weight ratios which are equal or greater than one, are written as 1 [12]. According 

to the GNRI score, the patients were divided into four groups with different nutritional risks: a no-

risk group (GNRI > 98), a low-risk group (GNRI 92–98), a moderate-risk group (GNRI 82 to <92), and 

a high-risk group (GNRI < 82). The risk of infectious complications or mortality was significantly 

higher in the major-, moderate-, and low-risk groups than in the no-risk group [12]. With additional 

information on current body weight/ideal body weight, the GNRI demonstrated a higher predictive 

performance of mortality than that of albumin level alone [13] and correlated well with the 

circumference of the mid-upper arm muscle [14], other nutritional scoring methods [15,16], and the 

preoperative sarcopenia status of patients [17]. Although the GNRI was first developed to evaluate 

the 6-month midterm nutritional outcomes of elderly patients in the rehabilitation unit [12], it proved 

to be a simple tool to assess long-term postoperative outcomes [18–22] as well as many other medical 

conditions including sepsis [23], heart failure [24], chronic obstructive pulmonary disease [25], 

chronic renal disease [26], and malignancies [27,28]. 

Some studies have reported the use of the GNRI has not been limited to geriatric patients [29–

33]. However, no study on GNRI has yet been undertaken in the trauma population, specifically in 

those who have polytrauma. Seeing that polytrauma is a critical condition in which nutritional status 

may play an important role in a patient’s survival, therefore, this study was designed to identify the 

association between admission GNRI and outcomes of adult trauma patients with polytrauma. This 

study was performed according to the analysis of retrospectively collected data from the registered 

trauma database of a level I trauma center. 

2. Methods 

2.1. Study Population and Data Collection 

The study was approved by the Institutional Review Board (IRB) of the Chang Gung Memorial 

Hospital (approval number 202001446B0) before implementation. According to IRB regulations, the 

requirement for informed consent was waived due to the retrospective nature of this study. Since the 

commonly used definition of polytrauma, which is abbreviated injury scale (AIS) ≥ 3 for at least two 

body regions, failed to recognize a significant difference in short-term mortality among trauma 

patients [34], in this study, polytrauma was defined on the basis of the new Berlin definition as follows 

[35]: AIS ≥ 3 for two or more different body regions with one or more additional variables from the 

five described physiologic parameters. These parameters included systolic blood pressure (SBP) ≤ 90 

mm Hg, Glasgow Coma Scale (GCS) score ≤ 8, base excess ≤ 6.0, international normalized ratio ≥ 1.4 
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or partial thromboplastin time ≥ 40 s, and ≥70 years of age. In the Trauma Registry System, 642 adult 

patients (aged ≥ 20 years) had sustained polytrauma. After excluding patients with burns (n = 0), 

patients lacking albumin data (n = 282), and patients with incomplete data (n = 12), 348 adult patients 

with polytrauma were enrolled in the study population (Figure 1). The study population was 

categorized into groups of patients according to the final outcome as death (n = 71) or survival (n = 

277) and according to the nutritional risks by the GNRI. The latter was divided into four nutritional 

risk groups (group 1, a high-risk group, GNRI < 82; group 2, a moderate-risk group, GNRI 82 to <92; 

group 3, a low-risk group, GNRI 92–98; and group 4, a no-risk group, GNRI > 98) according to the 

recommendations taken from Bouillanne et al. [12]. The patients’ medical information was collected 

from the Trauma Registry System of the hospital [34,36,37]. This included sex, age, preexisting 

comorbidities (diabetes mellitus (DM), hypertension (HTN), coronary artery disease (CAD), and end-

stage renal disease (ESRD)), injury mechanism (blunt or penetrating injury), SBP, respiratory rate 

(RR) upon arrival at the emergency room, GCS score, injury severity score (ISS), serum albumin levels 

(g/dL) on admission, body mass index (BMI), length of stay (LOS) in hospital (days), and in-hospital 

mortality. 

 

Figure 1. Flowchart illustrating the inclusion of adult patients with polytrauma from the Trauma 

Registry System, with the allocation of these patients into groups of death and survival as well as 

groups of four nutritional risk groups according to the geriatric nutritional risk index (GNRI). 

2.2. Statistical Analyses 

The normalization of the distributed data for continuous variables was analyzed using the 

Kolmogorov–Smirnov test. Analysis of variance was used with the Bonferroni post hoc correction to 

analyze continuous data with a normal distribution. The non-normally distributed continuous data 

were analyzed using the Mann–Whitney U-test. The results are expressed as mean ± standard 

deviation or median with interquartile range (IQR, Q1–Q3). Categorical data were compared using 

the two-sided Fisher’s exact test or Pearson’s χ2 test. Univariate predictive variables that resulted in 

patient mortality were identified, and multivariate logistic regression analysis was used to identify 

independent risk factors for mortality, with the presentation of odds ratios (ORs) and 95% confidence 

intervals (CIs). The in-hospital mortality of patients was defined as the primary outcome. All 

statistical analyses were performed using Windows version 23.0 for SPSS (IBM Inc., Chicago, IL, 

USA). p values < 0.05 indicated statistical significance. 
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3. Results 

3.1. Patient and Injury Characteristics of the Death and Survival Groups of Patients 

As shown in Table 1, the comparison between the death group (n = 71) and survival group (n = 

277) of the study population revealed that there was no significant difference in gender 

predominance, age, pre-existing co-morbidities, injury mechanism, SBP, RR, and BMI upon arrival at 

the emergency room. A significantly lower GCS was observed in the death group than in the survival 

group (median IQR: 5 (3–8) vs. 11 (6–15), respectively; p < 0.001). When stratified by GCS (3–8, 9–12, 

or 13–15), significantly fewer patients had scores of 13–15, but more had scores of 3–8 in the death 

group than in the survival group. A significantly higher ISS was observed in the death group than in 

the survival group (median IQR: 35 (29–41) vs. 29 (22–34), respectively; p < 0.001). When stratified by 

ISS (16–24 or ≥25), there were significantly more patients with an ISS of ≥25, but fewer dead patients 

than patients that survived, with scores of 16–24. The death group presented a significantly lower 

level of albumin (2.7 ± 0.8 vs. 3.2 ± 0.7 g/dL; p < 0.001) and GNRI (83.0 ± 10.4 vs. 89.0 ± 9.1, respectively; 

p < 0.001) than the survival group did. Patients in the death group had a significantly shorter hospital 

LOS (14.7 days vs. 29.5 days, respectively; p < 0.001) than those in the survival group did. 

Table 1. Patient and injury characteristics of the death and survival groups of adult patients with 

polytrauma. 

Variables Death n = 71 Survival n = 277 p 

Gender     0.519 

  Male, n (%) 52 (73.2) 192 (69.3)  

  Female, n (%) 19 (26.8) 85 (30.7)  

Age (years) 56.4 ±21.9 54.7 ±19.5 0.522 

Co-morbidities      

  DM, n (%) 14 (19.7) 43 (15.5) 0.394 

  HTN, n (%) 16 (22.5) 81 (29.2) 0.261 

  CAD, n (%) 6 (8.5) 13 (4.7) 0.214 

  ESRD, n (%) 0 (0.0) 3 (0.1) - 

Injury mechanism     0.378 

  Blunt, n (%) 71 (100.0) 274 (98.9)  

  Penetrating, n (%) 0 (0.0) 3 (1.1)  

SBP (mmHg) 122.1 ±55.1 119.9 ±41.3 0.706 

RR (times/min) 19.9 ±7.1 20.4 ±5.6 0.516 

GCS, median (IQR) 5 (3–8) 11 (6–15) <0.001 

  3–8, n (%) 54 (76.1) 123 (44.4) <0.001 

  9–12, n (%) 4 (5.6) 34 (12.3) 0.109 

  13–15, n (%) 13 (18.3) 120 (43.3) <0.001 

ISS, median (IQR) 35 (29–41) 29 (22–34) <0.001 

  16–24, n (%) 4 (5.6) 81 (29.2) <0.001 

  ≥25, n (%) 67 (94.4) 196 (70.8) <0.001 

Albumin (g/dL) 2.7 ±0.8 3.2 ±0.7 <0.001 

BMI 25.4 ±4.7 25.2 ±4.4 0.673 

GNRI 83.0 ±10.4 89.0 ±9.1 <0.001 

LOS in hospital (days) 14.7 ±18.7 29.5 ±17.6 <0.001 

BMI = body mass index; CAD = coronary artery disease; CI = confidence interval; DM = diabetes 

mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; GNRI = geriatric nutritional 

risk index; HTN = hypertension; IQR = interquartile range; ISS = injury severity score; LOS = length 

of stay; OR = odds ratio; RR = respiratory rate; SBP = systolic blood pressure. 
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3.2. Analysis of the Risk Factors for Mortality 

Univariate analysis revealed that the GCS, ISS, and GNRI were significant risk factors for 

mortality in adult patients with polytrauma (Table 2). Subsequent multivariate logistic regression 

analysis revealed that GCS (OR, 0.88; 95% CI, 0.83–0.95; p < 0.001), ISS (OR, 1.07; 95% CI, 1.04–1.11; p 

< 0.001) and GNRI (OR, 0.94; 95% CI, 0.91–0.97; p < 0.001) were significant independent risk factors 

for mortality in these patients. In addition, gender, age, comorbidities (DM, HTN CAD) were not risk 

factors for mortality. 

Table 2. Univariate and multivariate analysis of the risk factors for mortality. 

Variables 
Univariate Analysis Multivariate Analysis 

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

Gender 1.2 (0.68–2.17) 0.520 1.2 (0.62–2.50) 0.538 

Age 1.0 (0.99–1.02) 0.521 1.0 (0.99–1.04) 0.068 

DM 1.3 (0.69–2.61) 0.395 2.2 (0.93–5.18) 0.072 

HTN 0.7 (0.38–1.30) 0.262 0.5 (0.24–1.18) 0.119 

CAD 1.9 (0.69–5.12) 0.220 1.7 (0.48–5.96) 0.408 

GCS 0.85 (0.79–0.90) <0.001 0.88 (0.83–0.95) <0.001 

ISS 1.09 (1.06–1.13) <0.001 1.07 (1.04–1.11) <0.001 

GNRI 0.94 (0.91–0.96) <0.001 0.94 (0.91–0.97) <0.001 

CI = confidence interval; GCS = Glasgow Coma Scale; GNRI = geriatric nutritional risk index; ISS = 

injury severity score; OR = odds ratio. 

3.3. Patient and Injury Characteristics of the Patients with Different Nutritional Risks 

According to the GNRI score, there were 87, 144, 59, and 58 patients allocated in group 1 (high-

risk), group 2 (moderate-risk), group 3 (low-risk), and group 4 (no-risk), respectively (Table 3). There 

was a significantly higher percentage of male patients in group 1 than in group 4. There was no 

significant difference in age, preexisting comorbidities, GCS, and ISS among the groups with different 

risks for malnutrition. Patients in group 1 (34.5%), but not in groups 2 (20.1%) and 3 (8.5%), had a 

significantly higher death rate than patients in group 4 (12.1%). There was no significant difference 

in hospital LOS among these groups with different risks for malnutrition. 

Table 3. Patient and injury characteristics of the adult polytrauma patients with different risks for 

malnutrition. 

Variables 
Group 1 Group 2 Group 3 Group 4 

p 
n = 87 n = 144 n = 59 n = 58 

Gender     0.009 

  Male, n (%) 51(58.6) * 99(68.9) 47(79.7) 47(81.0)  

  Female, n (%) 36(41.4) * 45(31.2) 12(20.3) 11(19.0)  

Age (years) 56.2 ± 19.7 57.0 ± 19.9 51.3 ± 19.6 52.3 ± 20.7 0.191 

BMI 20.0 ± 4.8 * 25.3 ± 4.5 25.2 ± 4.0 26.9 ± 3.7 0.002 

Co-morbidities      

  DM, n (%) 10(11.5) 29(20.1) 10(16.9) 8(13.8) 0.348 

  HTN, n (%) 20(23.0) 44(30.6) 17(28.8) 16(27.6) 0.665 

  CAD, n (%) 4(4.6) 8(5.6) 6(10.2) 1(1.7) 0.238 

  ESRD, n (%) 0(0.0) 3(2.1) 0(0.0) 0(0.0) 0.232 

GCS, median (IQR) 8(3–15) 11(6–15) 8(5–15) 8(5–15) 0.214 

  3–8, n (%) 48(55.2) 65(45.1) 32(54.2) 32(55.2) 0.357 

  9–12, n (%) 9(10.3) 19(13.2) 4(6.8) 6(10.3) 0.603 

  13–15, n (%) 30(34.5) 60(41.7) 23(39.0) 20(34.5) 0.660 

ISS, median (IQR) 29(25–38) 29(25–36) 29(25–36) 29(22–34) 0.593 

  1–15, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) - 
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  16–24, n (%) 21(24.1) 31(21.5) 13(22.0) 20(34.5) 0.259 

  ≥25, n (%) 66(75.9) 113(78.5) 46(78.0) 38(65.5) 0.259 

Mortality, n (%) 30(34.5) * 29(20.1) 5(8.5) 7(12.1) <0.001 

LOS in hospital (days) 29.7 ± 24.4 26.1 ± 16.5 24.9 ± 13.6 24.3 ± 18.6 0.291 

BMI = body mass index; CAD = coronary artery disease; DM = diabetes mellitus; ESRD = end-stage 

renal disease; GCS = Glasgow Coma Scale; HTN = hypertension; ISS = injury severity score; LOS = 

length of stay. * indicates a p-value < 0.05 in comparison with group 4 patients. 

4. Discussion 

This study revealed that in adult patients with polytrauma, the death group presented a 

significantly lower GNRI (83.0 ± 10.4 vs. 89.0 ± 9.1, respectively; p < 0.001) than the survival group 

did. In addition, multivariate logistic regression analysis identified the GNRI as a significant 

independent risk factor for mortality. Unlike moderate-risk and low-risk patients, a significantly 

higher mortality rate was observed in high-risk patients than in non-risk patients. This was due to 

the minor odds of risk for mortality influenced by the GNRI (OR 0.94; 95% CI, 0.91–0.97). Currently, 

the most commonly used prediction algorithm for mortality outcomes in trauma patients is the 

Trauma and Injury Severity Score (TRISS) [38–40]. The TRISS determines the probability of survival 

by four variables: age, ISS, Revised Trauma Score (RTS), and injury mechanisms such as blunt or 

penetrating injuries. ISS is an anatomical variable that indicates the severity of injury, while RTS is a 

physiological variable value regarding the patient’s initial GCS score, SBP, and RR [41]. Although 

nutrition is important for the care of severe trauma patients [42], and early enteral nutrition reduces 

the length of hospital stay and mortality [43], nutritional status is not considered while calculating 

TRISS. The GNRI has been reported to correlate well with the overall complications of the patients, 

especially that of death [44,45]. Since death is a terminal condition that might be a consequence of 

nutrition-related complications in trauma patients [46,47], it may be valuable to incorporate 

nutritional status into the mortality prediction algorithm. 

The GNRI was associated with mortality in several clinical conditions. In patients with 

peripheral artery diseases, the GNRI served as a predictor of overall survival and major adverse 

cardiovascular events with or without limb events [48]. In patients undergoing peritoneal dialysis, 

the GNRI is an independent predictor of mortality [31]. In patients undergoing chronic hemodialysis, 

a low GNRI was associated with cardiovascular mortality (adjusted hazard ratios, 1.93; 95% CI, 1.1–

4.8) and all-cause mortality (adjusted hazard ratios, 1.85; 95% CI, 1.1–3.2) [33]. In patients with 

pyogenic liver abscess, the GNRI presents a better predictive performance than BMI, albumin level, 

platelet count, prothrombin time, and hemoglobin level in mortality and all adverse outcomes [49]. 

This study revealed that the GNRI may serve as a promising simple screening tool to identify subjects 

with high-risk malnutrition in patients with polytrauma. The GNRI can be easily acquired on the 

basis of the sex, height, weight, and serum albumin levels of patients. For polytrauma patients who 

have difficulties in communicating, such as those with conscious disturbance or those under 

intubation, the advantages of using the GNRI is that it would supersede traditional questionnaires, 

including the subjective global assessment (SGA) [50] or Mini Nutritional Assessment (MNA) [51]. 

Whether the GNRI could also be used for nutritional management for these patients is 

interesting but requires further investigation to validate. Notably, this study has some limitations. 

First, there may have been a selection bias due to the retrospective nature of the study. Additionally, 

data of patients that were declared dead upon arrival at the emergency room were not recorded in 

the registered database. Furthermore, long-term mortality was not evaluated in this study since data 

were collected on in-hospital stays only. Both conditions may have led to a selection bias in the 

mortality outcome measurement. Moreover, another selection bias may exist owing to the exclusion 

of many patients without albumin level data. Another limitation arises from the fact that 

interventions such as resuscitation, damage control, and surgery could lead to a different outcome 

for the patients in question. However, in this study, we can only assume that the outcome of these 

interventions was uniform across the studied population. Furthermore, it should be noted that the 

disadvantages of the non-parametric test are that it is less efficient as compared to the parametric test 
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and the results may or may not provide an accurate answer due to distribution-free aspect of the 

data. Finally, the population included in this study was limited to that from a single urban trauma 

center; thus, these results may not be generalizable to other regions. 

5. Conclusions 

This study revealed that the GNRI may serve as a simple, promising screening tool to identify 

high-risk malnutrition for mortality in adult patients with polytrauma. 
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Abstract: Background: Malnutrition is frequently underdiagnosed in geriatric patients and is 

considered to be a contributing factor for worse outcomes during hospitalization. In addition, 

elderly patients who undergo trauma are often malnourished at the time of incurring fractures. The 

geriatric nutritional risk index (GNRI), calculated based on the serum albumin level and the ratio of 

present body weight to ideal body weight, was proposed for the assessment of the nutritional status 

of elderly patients with various illnesses. This study aimed to investigate whether the GNRI has a 

prognostic value that links the nutritional status and mortality outcomes of elderly patients who 

have previously undergone trauma with femoral fractures. Methods: From January 1, 2009 to 

December 31, 2019, a total of 678 elderly patients with femoral fractures were categorized into four 

nutritional risk groups: a major-risk group (GNRI <82; group 1, n = 127), moderate-risk group (GNRI 

82– <92; group 2, n = 179), low-risk group (GNRI 92–98; group 3, n = 123), and no-risk group (GNRI 

>98; group 4, n = 249). To minimize the confounding effects of sex, age, preexisting comorbidities, 

and injury severity of patients on outcome measurements, propensity score-matched patient cohorts 

were created to assess the impact of patients being in different nutritional risk groups on the in-

hospital mortality outcomes against the no-risk group. Results: The patients in groups 1–3 were 

significantly older and presented a significantly lower body mass index and lower serum albumin 

levels than those in group 4. Compared with patients in group 4 (3.6%), a significantly higher 

mortality rate was found in the patients in group 1 (17.3%, p < 0.001), but not in those in group 2 

(6.7%) or group 3 (2.4%). The study of propensity score-matched patient cohorts provided similar 

results; group 1 patients had significantly higher odds of mortality than group 4 patients (odds ratio, 

6.3; 95% confidence interval, 1.34–29.37; p = 0.009), but there were no significant differences in 

mortality risks among patients in groups 2 and 3 compared with those in group 4. Conclusions: This 

preliminary study suggested that the GNRI may be used as a screening tool to identify patients with 

malnutrition at a high risk of mortality among elderly patients with femoral fractures. A prospective 

study is needed to validate the suggestion. 
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1. Background 

Elderly individuals are at the greatest risk of a fall accidents [1,2] and their consequences, such 

as fractures, immobility, and sometimes even death [3–7]. In addition to pain, a femoral fracture 

results in a curtailment of physical activity, increased dependence, and rapid worsening of the health 

status. In addition, older people with femoral fractures are often malnourished at the time of fracture, 

and subsequently have poor food intakes. Malnutrition is frequently underdiagnosed in geriatric 

patients [8] and is considered to be a contributing factor for worse outcomes during hospitalization 

[9–11] or after fracture surgery [12,13]. Therefore, a screening tool to identify patients with a high risk 

of malnutrition is important while caring for elderly patients with femoral fractures. Over 70 tools 

have been proposed for assessing nutritional status, 21 of which were designed for use in elderly 

patients [14]. However, no tool is currently considered the gold standard for nutritional assessment 

[15]. Tools such as the Subjective Global Assessment, Nutritional Risk Screening (NRS), and Mini 

Nutritional Assessment (MNA) showed a good correlation with the overall picture of malnutrition 

in geriatric patients [16]. A comparison of the Mini Nutrition Assessment Short Form (MNA-SF), the 

Malnutrition Universal Screening Tool, and the NRS-2002 in 215 hip fracture-operated elderly 

patients revealed these three screening tools to be adequate for assessing malnutrition, but only the 

MNA-SF could additionally predict readmissions and mortality [17]. In a study of 437 admitted 

patients with a proximal femoral fracture, a comparison of the MNA-SF and the Short Nutritional 

Assessment Questionnaire (SNAQ), a questionnaire consisting of three questions concerning weight 

loss, appetite, and the use of dietary supplements according to the guidelines for elderly patients 

with femoral fractures [18], revealed no benefits of the SNAQ over the MNA-SF as a screening tool 

for malnutrition [19]. However, all of the above questionnaires have one prominent disadvantage, 

that is, it is difficult to complete them when the elderly patients have difficulties in communication, 

such as in the case of those who are unconscious or under intubation. Furthermore, some important 

information may not be recollected by the patients [20]. In a review of 44 studies involving 26,281 

patients, the prevalence of malnutrition was approximately 45.7% when different criteria such as 

body mass index (BMI), weight loss, or albumin concentration were considered; however, it was 

approximately 18.7% using the MNA [21]. Thus, researchers may prefer to use the data of a physical 

measurement or a biochemical profile than a questionnaire to serve as a screening tool for nutritional 

assessment. The Nutritional Risk Index (NRI), calculated based on the level of albumin, current body 

weight, and usual body weight, was proposed for the evaluation of malnutrition status [22]. 

However, the score is often difficult to obtain because half of the elderly patients cannot recollect 

their own usual body weight [20]. An updated form of the NRI, the geriatric nutritional risk index 

(GNRI), was proposed by Bouillanne et al. to evaluate 6-month midterm nutritional outcomes of 

hospitalized elderly patients in a rehabilitation unit [23]. By replacing the usual body weight in the 

formula by the ideal body weight [23], the GNRI acts as a simple screening tool to assess the nutrition-

related risk of morbidity and mortality in hospitalized elderly patients [24,25]. The GNRI has been 

validated to have a strong correlation with the mid-upper arm muscle circumference, arm muscle 

area, and handgrip strength of hospitalized patients [26], preoperative sarcopenia status of cancer 

patients [27], and MNA score [28]. The GNRI was reported to be a strong prognostic factor to assess 

the outcomes of various clinical conditions, including chronic kidney disease [29], heart failure [30], 

chronic obstructive pulmonary disease [31], chronic hemodialysis [32], and certain malignancies 

[33,34]. Serum albumin level has been recognized as a strong indicator of patients’ nutritional status. 

A low serum albumin level and total lymphocyte count at admission were significant predictors of 

one-year mortality in 174 elderly patients with intertrochanteric fractures [35]. A multiple logistic 

regression analysis in 127 patients who underwent surgery for femoral neck or trochanteric fractures 

revealed that the serum albumin level (OR = 5.9, p = 0.0004) and BMI (OR = 1.2, p = 0.0192) were 
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significantly associated with mortality [36]. In a review of 19 studies involving 34,363 adults aged 74–

85 years who underwent hip fracture surgery, the evaluation of predictive value of serum albumin 

level, total lymphocyte count at admission, and the MNA on patients’ nutritional status 

demonstrated that a low serum albumin level is a sole indicator of increased risks of postoperative 

complications, in-hospital mortality, and total mortality [37]. However, serum albumin levels can be 

influenced by the hydration status, inflammatory processes, and impairments of hepatic or renal 

function [28]. The GNRI is a simple tool based on two main components: the serum albumin level 

and the ratio of present body weight to ideal body weight. In addition to the albumin level, a second 

parameter is included in the GNRI to increase its predictive value. It was shown in a 3 year 

observational study conducted in institutionalized elderly that the GNRI had a higher prognostic 

value for mortality than albumin alone [38]. The ratio of present body weight to ideal body weight, 

the second parameter of the GNRI, may reflect the long-term nutritional condition of patients. 

Notably, pneumonia (37%) followed by acute coronary syndrome (31%) and sepsis (14%) are the most 

common causes of mortality in patients with hip fracture [39]. Death might be a consequence of 

nutrition-related complications [40,41]. Therefore, this study aimed to investigate whether the GNRI 

has a prognostic value that links the nutritional status and mortality outcomes in elderly patients 

who have previously undergone trauma with femoral fractures. 

2. Methods 

2.1. Ethics Statement 

The study was approved before its implementation by the Institutional Review Board (IRB) of 

Chang Gung Memorial Hospital (approval number 202001446B0). Informed consent was waived 

according to the regulations of the IRB because the study was based on a retrospective analysis of 

registered data. 

2.2. Data Extraction 

Of the 39,135 enrolled patients with trauma-related injuries hospitalized for treatment between 

January 1, 2009 and December 31, 2019, 10,790 were elderly patients aged ≥65 years. Among these 

elderly patients, 3737 patients sustained a trauma femoral fracture. All types of femoral fractures due 

to the trauma injury were included in this study. After excluding the patients who had no recorded 

data of albumin levels (n = 3016) and who had incomplete data of body weight or pre-existing 

comorbidities (n = 43), 678 elderly patients with femoral fractures were enrolled in the study (Figure 

1). The study population was categorized into four nutritional risk groups: a major-risk group (GNRI 

<82; group 1, n = 127), moderate-risk group (GNRI 82 to <92; group 2, n = 179), low-risk group (GNRI 

92–98; group 3, n = 123), and no-risk group (GNRI >98; group 4, n = 249) according to the original 

description provided by Bouillanne et al. [23]. The following medical information of these patients 

was extracted from the Trauma Registry System of the hospital [42–44]: sex, age, BMI, albumin level 

on admission, preexisting comorbidities (diabetes mellitus (DM), hypertension (HTN), coronary 

artery disease, congestive heart failure, cerebral vascular accident (CVA), and end-stage renal 

disease), Glasgow coma scale (GCS) score, injury severity score (ISS), and in-hospital mortality. ISS 

was obtained from the sum of the squares of the three highest abbreviated injury scale scores of 

different body regions and represented the injury severity of the patients [45–47]. The GNRI was 

calculated as follows: (1.489 × albumin (g/dl) + 41.7 × (body weight/ideal body weight)) originally 

proposed by Bouillanne et al. [23]. 
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Figure 1. A flow chart illustrating the inclusion of elderly patients who had undergone trauma with 

femoral fractures, with the allocation of these patients into four nutritional risk groups. 

2.3. Statistical Analysis 

The data set for continuous variables was analyzed by the Kolmogorov–Smirnov test for 

distribution of normalization. Analysis of variance and the Mann–Whitney U-test were used to 

analyze normally and non-normally distributed continuous data, respectively, with Bonferroni post 

hoc correction. The results are expressed as mean ± standard deviation or medians and interquartile 

ranges (IQR, Q1–Q3). Categorical data were compared using two-sided Fisher’s exact or Pearson χ2 

tests with the presentation of odds ratios (ORs) and 95% confidence intervals (CIs). To minimize the 

confounding effects of sex, age, preexisting comorbidities, and injury severity of patients on outcome 

measurements, a logistic regression model was used to calculate the propensity scores with the above 

covariates and a 1:1 propensity score-matched patient cohort against the no-risk group (group 4) were 

created using the NCSS 10 software (NCSS statistical software, Kaysville, UT, USA) with the greedy 

method and a 0.2-caliper width. These matched patient cohorts were used to assess the impact of 

patients being in different nutritional risk groups on mortality outcomes in the no-risk group. In this 

study, the in-hospital mortality of patients was defined as the primary outcome and all statistical 

analyses were performed using Windows version 23.0 for SPSS (IBM Inc., Chicago, IL, USA). p values 

< 0.05 were considered statistically significant. 

3. Results 

3.1. Patient and Injury Characteristics 

A comparison of the groups with different risks for malnutrition in the study population showed 

that there was a significantly higher percentage of male patients in group 1 than in group 4 (Table 1). 

The patients in groups 1–3 were significantly older and presented a significantly lower BMI and level 

of albumin than the patients in group 4. There were significant intergroup differences in the 

prevalence of preexisting comorbidities of DM, HTN, and CVA. Additionally, there were significant 

intergroup differences in the GCS scores (p = 0.016), with a significantly lower GCS score in group 2 

than in group 4. When stratified by GCS scores (3–8, 9–12, or 13–15), significantly more patients had 

GCS scores of 9–12 in group 1 and group 2, but fewer patients had GCS scores of 13–15 in group 2 

than in group 4. There was no significant difference in the ISS among these groups of patients (p = 
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0.705) regardless of ISS stratification (1–15, 16–24, and ≥25). Compared to the patients in group 4, a 

significantly higher mortality rate was found in those in group 1 (17.3% vs. 3.6% for group 1 vs. group 

4 patients, respectively, p < 0.001), but not in those in group 2 (6.7%) or group 3 (2.4%).  

Table 1. Patient and injury characteristics of the groups of patients with different risks of malnutrition. 

Variables Group 1 Group 2  Group 3 Group 4 p 

Range of GNRI GNRI < 82 82 ≤ GNRI < 92 92 ≤ GNRI ≤ 98 GNRI > 98  

Number of patients n = 127 n = 179 n = 123 n = 249  

Gender     0.033 

  Male, n (%) 53 (41.7) * 67 (37.4) 43 (35.0) 69 (27.7)  

  Female, n (%) 74 (58.3) * 112 (62.6) 80 (65.0) 180 (72.3)  

Age (years) 81.8 ± 7.3 * 81.3 ± 7.5 * 78.9 ± 6.9 77.4 ± 7.5 <0.001 

BMI 18.8 ± 2.9 * 21.9 ± 2.8 * 23.4 ± 3.0 * 26.6 ± 3.9 <0.001 

Albumin level (g/dL) 2.6 ± 0.5 * 3.0 ± 0.5 * 3.3 ± 0.5 * 3.8 ± 0.5 <0.001 

Comorbidities      

  DM, n (%) 28 (22.0) * 50 (27.9) * 46 (37.4) 110 (44.2) <0.001 

  HTN, n (%) 67 (52.8) * 113 (63.1) 90 (73.2) 178 (71.5) 0.001 

  CAD, n (%) 16(12.6) 18 (10.1) 20 (16.3) 37 (14.9) 0.374 

  CHF, n (%) 6(4.7) 8 (4.5) 6 (4.9) 7 (2.8) 0.695 

  CVA, n (%) 12(9.4) 20 (11.2) 29 (23.6) * 27 (10.8) 0.002 

  ESRD, n (%) 2(1.6) 15 (8.4) 5 (4.1) 14 (5.6) 0.063 

GCS, median (IQR) 15 (15–15) 15 (15–15) * 15 (15–15) 15 (15–15) 0.016 

  3–8 1(0.8) 6 (3.4) 1 (0.8) 4 (1.6) 0.265 

  9–12 8 (6.3) * 11 (6.1) * 3 (2.4) 1 (0.4) 0.002 

  13–15 118 (92.9) 162 (90.5) * 119 (96.7) 244 (98) 0.003 

ISS, median (IQR) 9 (9–9) 9 (9–9) 9 (9–9) 9 (9–9) 0.705 

  1–15 121 (95.3) 165 (92.2) 114 (92.7) 230 (92.4) 0.718 

  16–24 1 (0.8) 4 (2.2) 3 (2.4) 9 (3.6) 0.417 

  ≥25 5 (3.9) 10 (5.6) 6 (4.9) 10 (4.0) 0.863 

Mortality, n (%) 22 (17.3) * 12 (6.7) 3 (2.4) 9 (3.6) <0.001 

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; GNRI = geriatric nutritional risk index; HTN = hypertension; 

IQR = interquartile range; ISS = injury severity score; OR = odds ratio. * indicates a p < 0.05 in 

comparison with Group 4. 

3.2. Comparison of Propensity Score-Matched Patient Cohorts 

To minimize the confounding effects of sex, age, preexisting comorbidities, and injury severity 

of patients on outcome measurements, a 1:1 propensity score-matched patient cohort was created 

separately for the patients in groups 1–3 against those in group 4 (Supplemental Table S1–S3). The 

selected pairs of propensity score-matched patient populations were those who did not present 

significant differences in sex, age, comorbidities, and ISS (Supplemental Table S1–S3). As shown in 

Table 2, among the selected 75 pairs of patients, the patients in group 1 had significantly higher odds 

of mortality than those in group 4 (OR, 6.3; 95% CI, 1.34–29.37; p = 0.009). The patients in group 2 and 

group 3 did not have significantly different odds of mortality than those in group 4 among the 

selected 95 and 88 pairs of patients, respectively, in pairs of matched patient populations. 
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Table 2. Comparison of the mortality outcomes in the propensity-score matched cohorts of the elderly 

patients with femoral fractures in group 1–3 vs. group 4 patients. 

Groups of 

Comparison 

Numbers of Pairs 

of Patients  

n 

Mortality of 

Compared Group 

n (%) 

Mortality of 

Group 4 

n (%) 

OR (95% CI) p 

Group 1 vs. 

Group 4 
75 11 (14.7) 2 (2.7) 6.3 (1.34–29.37) 0.009 

Group 2 vs. 

Group 4 
95 7 (7.4) 2 (2.1) 3.7 (0.75–18.29) 0.088 

Group 3 vs. 

Group 4 
88 2 (2.3) 5 (5.7) 0.4 (0.07–2.05) 0.247 

4. Discussion 

The study results demonstrated that the GNRI helps classify malnutrition risk in elderly patients 

who had undergone trauma with femoral fractures. In elderly trauma patients with femoral fractures, 

the patients with GNRI <82 presented with a significant 6.3-fold adjusted mortality risk compared 

with the patients in the no-risk group whose GNRI >98. The cutoff value was chosen according to the 

recommendations of Bouillanne et al., who determined four cutoff values for GNRI (GNRI <82, GNRI 

82 to <92, GNRI 92–98, and GNRI >98) to indicate the risk of malnutrition [23]. However, some 

different GNRI cutoff values have been reported for various diseases or clinical situations [48–50]. In 

patients undergoing hemodialysis, a GNRI <100 was significantly associated with mortality outcomes 

(hazard ratio 3.691; 95% CI, 1.75–7.78; p = 0.001) [51]. In patients undergoing 

pancreaticoduodenectomy, a GNRI <94 was an independent predictor of surgical site infection 

(relative risk 1.73; 95% CI, 1.23–2.43; p < 0.001) [52]. For elderly patients with sepsis in the acute-care 

setting, a GNRI <87 has been proposed as the optimal cutoff indicating the requirement of nutritional 

support [53]. 

This study has some limitations and thus the results may be regarded as preliminary and require 

further validation. First, the retrospective design of this study may lead to a selection bias, especially 

considering that a large proportion of patients with femoral fractures did not have serum albumin 

data at admission. However, this also reflects that the assessment of the nutritional status is often 

neglected even for the patients with femoral fractures. Second, the trauma registry data only recorded 

in-hospital mortality but not data of 30 days or beyond; thus, the results may not reflect the full scope 

of the mortality associated with femoral fractures in the elderly. In addition, the patients declared 

dead on arrival in the emergency room were not included in the database, which may have led to a 

selection bias in the outcome measurement. Third, this study did not investigate interventions such 

as resuscitation, immobilization, and surgery conducted on patients; thus, the outcome 

measurements may be biased. Under these circumstances, we can only assume that the outcomes of 

the treatments were uniform across the study population. Fourth, a selection bias may occur because 

most patients with femoral fractures in the database did not have records of albumin levels and thus 

were excluded from the study; however, these data also reflected that the nutrition status was 

generally neglected by the orthopedists and trauma surgeons. Finally, the population included in this 

study was limited to that of a single urban trauma center, and the results may not be applicable to a 

wider population. 

5. Conclusion 

This preliminary report suggests that the GNRI may be used as a screening tool to identify 

patients with malnutrition at a high risk of mortality among elderly patients with femoral fractures. 

A prospective study is needed to validate the finding. 

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/17/23/8920/s1, Table 

S1: Comparison of the mortality outcomes in the propensity-score matched cohorts of the elderly patients with 

femoral fractures in group 1 vs. group 4 patients; Table S2: Comparison of the mortality outcomes in the 

propensity-score matched cohorts of the elderly patients with femoral fractures in group 2 vs. group 4 patients; 
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Abstract: The geriatric nutritional risk index (GNRI) is a simple and efficient tool to assess the
nutritional status of patients with malignancies or after surgery. Because trauma patients constitute
a specific population that generally acquires accidental and acute injury, this study aimed to identify
the association between the GNRI at admission and mortality outcomes of older trauma patients in
the intensive care unit (ICU). Methods: The study population included 700 older trauma patients
admitted to the ICU between 1 January 2009 and 31 December 2019. The collected data included age,
sex, body mass index (BMI), albumin level at admission, preexisting comorbidities, injury severity
score (ISS), and in-hospital mortality. Multivariate logistic regression analysis was conducted to
identify the independent effects of univariate predictive variables resulting in mortality in our study
population. The study population was categorized into four nutritional risk groups: a major-risk group
(GNRI < 82; n = 128), moderate-risk group (GNRI 82 to <92; n = 191), low-risk group (GNRI 92–98;
n = 136), and no-risk group (GNRI > 98; n = 245). Results: There was no significant difference in sex
predominance, age, and BMI between the mortality (n = 125) and survival (n = 575) groups. The GNRI
was significantly lower in the mortality group than in the survival group (89.8 ± 12.9 vs. 94.2 ± 12.0,
p < 0.001). Multivariate logistic regression analysis showed that the GNRI (odds ratio—OR, 0.97; 95%
confidence interval (CI) 0.95–0.99; p = 0.001), preexisting end-stage renal disease (OR, 3.6; 95% CI,
1.70–7.67; p = 0.001), and ISS (OR, 1.1; 95% CI, 1.05–1.10; p < 0.001) were significant independent risk
factors for mortality. Compared to the patients in group of GNRI > 98, those patients in group of
GNRI < 82 presented a significantly higher mortality rate (26.6% vs. 13.1%; p < 0.001) and length of
stay in hospital (26.5 days vs. 20.9 days; p = 0.016). Conclusions: This study demonstrated that GNRI
is a significant independent risk factor and a promising simple screening tool to identify the subjects
with malnutrition associated with higher risk for mortality in those ICU elderly trauma patients.

Keywords: trauma; intensive care unit; mortality; malnutrition; elderly; the geriatric nutritional
risk index
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1. Background

The prevalence of malnutrition in hospitalized patients ranges from 10% to 50%, depending on
the study population and diagnosis criteria [1]. In patients aged >65 years, malnutrition appears
to be a common problem [2], especially in older hospitalized patients [3]. However, malnutrition
is generally unrecognized and not treated properly in hospitalized patients [4]. For the critically ill
patients in the intensive care unit (ICU), their nutritional status deteriorates rapidly after admission due
to stress-related severe catabolism and the effects of malnutrition are likely to be more magnified [5,6].
In a systemic review of 20 studies, malnutrition diagnosed by nutrition assessments was independently
associated with increased in ICU length of stay (LOS), ICU readmission, incidence of infection,
and in-hospital mortality rate [7]. Using appropriate nutrition screening and assessment tools will help
identify effective strategies that reduce the negative impact of malnutrition [8,9]. Therefore, for those
elderly patients admitted into the ICU, it is important to identify patients at risk of malnutrition early
and to treat them adequately.

There are several methods for assessing the nutritional status, such as albumin level, body mass
index (BMI), muscle circumference, prognostic nutritional index (based on the serum albumin level and
peripheral blood lymphocyte count), and questionnaires. The serum albumin level can be modified by
inflammatory processes, hydration, and hepatic or renal impairment [10]; therefore, serum albumin is
considered a better marker of inflammation and severity of acute illness than nutritional status [11].
Furthermore, anthropometric parameters such as BMI, weight loss, muscle circumferences, and skinfold
thicknesses do not reflect the actual nutritional status of patients when applied separately [12].
The nutritional risk index (NRI) is a screening method that was primarily developed to identify
older patients with malnutrition [13]. It consists of serum albumin levels as well as body weight
measurements. However, even under professional care, the usual body weight is often not documented
for older patients [14]. To determine the usual body weight of older patients, the geriatric nutritional
risk index (GNRI) was introduced in 2005 by Bouillanne et al. [15]—the formula included a combination
of serum albumin levels and the ratio of body weight to ideal body weight. The GNRI formula replaces
the usual body weight in the NRI formula with the ideal body weight, calculated using the Lorentz
formula [15]. The ratio of body weight to ideal body weight used in the GNRI might reflect the
degree of frailty and cachexia associated with a poor prognosis in older patients [16]. Thus, the GNRI,
which combines the factors of albumin and body weight status, may predict nutrition-related risk
better than the serum albumin level or BMI [15]. The GNRI has been found to be superior to the
albumin level and BMI, when used separately, in predicting cardiovascular-related mortality [17].
On the other hand, The Subjective Global Assessment classifies patients using information on the
history of illness and physical examination [18]. However, the tool is too complex and is not suitable
for rapid screening purposes [19]. The Mini Nutritional Assessment (MNA) relies on the completeness
of its questionnaire and thus cannot be used with older patients who have difficulty communicating,
for example, intubated patients in the ICU. Because it requires only objective parameters that can
be readily collected and does not depend on a caregiver or memory, the GNRI is clearly less time
consuming than other questionnaire-based assessment procedures and requires minimal participation
by patients [2,15], thus being suitable for older patients with critical illness in the ICU. The GNRI may
also be useful for older patients with cognitive impairment or delirium [20]. In addition, the GNRI
score was found to be superior to the Mini Nutritional Assessment-Short Form (MNA–SF) score for risk
discrimination regarding the overall survival in cancer patients [21].Although the GNRI was developed
using the data of patients who were admitted to a geriatric rehabilitation care unit [15], it was found
to be a strong prognostic factor for certain malignancies [22,23] and a simple, objective, and quick
method to determine the nutritional status of patients and long-term postoperative outcomes and the
correlation between these elements [24–28]. Using this simple calculation, it is possible to evaluate the
nutritional status of critically ill patients with acute respiratory distress syndrome in the ICU [29].

Considering that trauma patients constitute a specific population, as injuries generally occur
accidentally and acutely, it is important to determine whether the GNRI can be used to link nutritional
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status and outcomes in trauma patients. Therefore, this study aimed to identify the association between
GNRI at admission and mortality outcomes of older trauma patients in the ICU.

2. Methods

2.1. Ethics Statement

This study was approved by the Institutional Review Board (IRB) of Chang Gung Memorial
Hospital (approval number 202001446B0). Because the study was designed for retrospective analysis
of the registered database, the need for informed consent was waived according to IRB regulations.

2.2. Study Population and Data Collection

The medical records of 39,135 enrolled trauma patients registered between 1 January 2009 and
31 December 2019 were reviewed for this study (Figure 1). The enrolled patients experienced trauma
from different injuries and were hospitalized for treatment. Of the 7136 patients who were admitted to
the ICU, 1926 older trauma patients were aged ≥65 years. After excluding patients whose albumin data
were not available and those with incomplete data (n = 1226), 700 older trauma patients were finally
included in the study. The study population was categorized according to the original description
provided by Bouillanne et al. [15] into four nutritional risk groups: a major-risk group (GNRI < 82;
n = 128), moderate-risk group (GNRI 82 to <92; n = 191), low-risk group (GNRI 92–98; n = 136),
and no-risk group (GNRI > 98; n = 245). Detailed information of the study population was extracted
from the Trauma Registry System of the hospital [30–32]. The following data were collected: age, sex,
body mass index (BMI), albumin level at admission, preexisting comorbidities (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 severity score (ISS), and in-hospital mortality. The 1998 version of the Abbreviated Injury Scale
(AIS) was used to record scores [33]. The AIS measures injury severity of a trauma patient with
a numeric method for ranking anatomy-based specific injuries [1], with the severity of the anatomical
injury assessed on a six-point ordinal scale ranging from minor (1), moderate (2), serious (3), severe (4),
critical (5), to un-survivable injury (6) [34,35]. ISS, which represents the severity of injury in patients
with multiple injuries and ranges from 1 to 75, was calculated using the sum of the squares of the three
highest AIS scores in different body regions [36,37]. The GNRI was calculated using the albumin level
and the ratio of body weight to ideal body weight as per the following formula: −1.489 × albumin
(g/dL) + 41.7 × (body weight/ideal body weight). The ideal body weight of men is (body height in cm
− 80) × 0.7, and that of women is (body height in cm − 70) × 0.6.
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2.3. Statistical Analyses

In this study, all statistical analyses were performed using Window version 23.0 for SPSS (IBM Inc.,
Chicago, IL, USA). Two-sided Fisher’s exact test or Pearson χ2 test was used to compare categorical
data. The normalization of the distributed data for continuous variables was assessed using the
Kolmogorov–Smirnov test. Unpaired Student’s t-test and the Mann–Whitney U test were used to
analyze normally and non-normally distributed continuous data, respectively. The results are expressed
as mean ± standard deviation, with ISS presented as median and interquartile range (IQR, Q1–Q3).
Multivariate logistic regression analysis was conducted to identify the independent effects of univariate
predictive variables leading to mortality in older patients with trauma. The odds ratios (ORs) of the
risk factors associated with mortality and their 95% confidence intervals (CIs) were calculated with
post hoc correction. p values < 0.05 were considered significant.

3. Results

3.1. Patient Demographics

As shown in Table 1, the study population was categorized into two groups: mortality (n = 125)
and survival (n = 575). There was no significant difference in sex predominance, age, and BMI
between the two groups. The albumin level and GNRI were significantly lower in the mortality group
than in the survival group (albumin level: 3.0 ± 0.8 vs. 3.3 ± 0.6, p < 0.001; GNRI: 89.8 ± 12.9 vs.
94.2 ± 12.0, p < 0.001). There were no significant intergroup differences in the prevalence of preexisting
comorbidities, except for a significantly lower rate of HTN (47.2% vs. 57.9%, p = 0.029) and higher rate
of ESRD (10.4% vs. 4.2%, p = 0.005) in the mortality group than in the survival group. A significantly
higher ISS was found in the group with fatal injuries than in the survival group (median—IQR:
25 [16–29] vs. 16 [13–25], p < 0.001). When stratified by ISS (1–15, 16–24, or ≥ 25), significantly fewer
fatal patients had an ISS of 1–15 and 16–24 and more fatal patients had an ISS of ≥25 than survival
patients. The patients in the mortality group had a shorter hospital LOS (19.7 days vs. 24.8 days,
p = 0.006) than those in the survival group.

Table 1. Patient and injury characteristics of the mortality and survival groups of older trauma patients
in the intensive care unit.

Variables Death
n = 125

Survival
n = 575 p-Value

Gender 0.696
Male, n (%) 79 (63.2) 374 (65.0)
Female, n (%) 46 (36.8) 201 (35.0)

Age (years) 76.4 ± 7.5 75.7 ± 7.0 0.386
BMI 23.6 ± 4.5 23.4 ± 4.0 0.604
Albumin (g/dl) 3.0 ± 0.8 3.3 ± 0.6 <0.001
GNRI 89.8 ± 12.9 94.2 ± 12.0 <0.001
Co-morbidities

DM, n (%) 39 (31.2) 165 (28.7) 0.577
HTN, n (%) 59 (47.2) 333 (57.9) 0.029
CAD, n (%) 22 (17.6) 83 (14.4) 0.369
CHF, n (%) 4 (3.2) 12 (2.1) 0.450
CVA, n (%) 12 (9.6) 58 (10.1) 0.869
ESRD, n (%) 13 (10.4) 24 (4.2) 0.005
COPD, n (%) 4 (3.2) 19 (3.3) 0.953
ISS, median (IQR) 25 (16–29) 16 (13–25) <0.001
1–15, n (%) 12 (9.6) 158 (27.5) <0.001
16–24, n (%) 44 (35.2) 267 (46.4) 0.022
≥25, n (%) 69 (55.2) 150 (26.1) <0.001

LOS in hospital (days) 19.7 ± 20.9 24.8 ± 18.4 0.006

BMI = Body mass index; CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic obstructive
pulmonary disease; CVA = cerebral vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease;
GNRI =Geriatric Nutritional Risk Index; HTN = Hypertension; ISS = injury severity score; LOS = length of stay.
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3.2. Risk Factors for Mortality

Univariate logistic regression analysis (Table 2) showed that the significant risk factors for mortality
in older trauma patients in the ICU were the GNRI, preexisting HTN and ESRD, and ISS. Multivariate
logistic regression analysis revealed that the GNRI (OR, 0.97; 95% CI, 0.95–0.99; p = 0.001), preexisting
ESRD (OR, 3.6; 95% CI, 1.70–7.67; p = 0.001), and ISS (OR, 1.1; 95% CI, 1.05–1.10; p < 0.001) were
significant independent risk factors for mortality. Gender (OR, 0.9; 95% CI, 0.57–1.33; p = 0.511),
age (OR, 1.0; 95% CI, 0.99–1.05; p = 0.129), and preexisting HTN (OR, 0.7; 95% CI, 0.47–1.09; p = 0.120)
was not recognized as a significant independent risk factor for mortality in older trauma patients in
the ICU.

Table 2. Univariate and multivariate analysis to identify risk factors for mortality in older trauma
patients in the intensive care unit.

Variables
Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Gender 0.9 (0.62–1.38) 0.696 0.9 (0.57–1.33) 0.511
Age 1.0 (0.99–1.04) 0.385 1.0 (0.99–1.05) 0.129

GNRI 0.97 (0.95–0.99) <0.001 0.97 (0.95–0.99) 0.001
HTN 0.7 (0.44–0.96) 0.029 0.7 (0.47–1.09) 0.120
ESRD 2.7 (1.32–5.39) 0.006 3.6 (1.70–7.67) 0.001

ISS 1.1 (1.05–1.10) <0.001 1.1 (1.05–1.10) <0.001

CI = confidence interval; ESRD = end-stage renal disease; GNRI = Geriatric Nutritional Risk Index; HTN = hypertension;
ISS = injury severity score; OR = odds ratio.

3.3. Comparison of Patients with Low and High GNRI

As shown in Table 3, the patients in group of GNRI <82 were significantly older than the patients
in group of GNRI >98. The patients in groups of GNRI <82, 82 to <92, and 92 to ≤98 presented
a significantly lower BMI and level of albumin than the patients in group of GNRI >98. There were no
significant intergroup differences in the prevalence of preexisting comorbidities, except HTN. There was
no significant difference in the ISS among these groups of patients regardless of ISS stratification (1–15,
16–24, and ≥25). Compared to the patients in group of GNRI >98, those patients in group of GNRI
< 82 presented a significantly higher mortality rate (26.6% vs. 13.1%; p < 0.001) and LOS in hospital
(26.5 days vs. 20.9 days; p = 0.012). In contrast, no significant differences of mortality rate and LOS
in hospital were found in those patients in groups of GNRI of 82 to <92 and of 92 to ≤98 than those
patients in groups of GNRI >98.

Table 3. Patient characteristics and outcomes of the ICU elderly trauma patients with different risks of
malnutrition according to GNRI.

GNRI:
Variables

<82
n = 128

82 to <92
n = 191

92 to ≤98
n = 136

>98
n = 245 p-Value

Gender 0.862
Male, n (%) 86(67.2) 124(64.9) 89(65.4) 154(62.9)

Female, n (%) 42(32.8) 67(35.1) 47(34.6) 91(37.1)
Age (years) 78.2 ± 7.5 * 75.9 ± 7.5 76.1 ± 6.3 74.4 ± 6.7 <0.001

BMI 19.9 ± 2.7 * 21.7 ± 2.9 * 23.6 ± 2.9 * 26.5 ± 3.7 <0.001
Albumin (g/dl) 2.5 ± 0.6 * 3.0 ± 0.5 * 3.3 ± 0.5 * 3.8 ± 0.5 <0.001
Co-morbidities

DM, n (%) 31(24.2) 51(26.7) 39(28.7) 83(33.9) 0.193
HTN, n (%) 57(44.5) * 99(51.8) * 79(58.1) 157(64.1) 0.002
CAD, n (%) 14(10.9) 30(15.7) 25(18.4) 36(14.7) 0.396
CHF, n (%) 3(2.3) 5(2.6) 5(3.7) 3(1.2) 0.474
CVA, n (%) 9(7.0) 19(9.9) 18(13.2) 24(9.8) 0.416
ESRD, n (%) 4(31.1) 12(6.3) 8(5.9) 13(5.3) 0.644
COPD, n (%) 6(4.7) 6(3.1) 5(3.7) 6(2.4) 0.703
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Table 3. Cont.

GNRI:
Variables

<82
n = 128

82 to <92
n = 191

92 to ≤98
n = 136

>98
n = 245 p-Value

ISS, median (IQR) 17(16–25) 17(16–25) 17(16–25) 16(13–25) 0.345
1–15, n (%) 31(24.2) 39(20.4) 28(20.6) 72(29.4) 0.110
16–24, n (%) 53(41.4) 92(48.2) 64(47.1) 102(41.6) 0.438
≥ 25, n (%) 44(34.4) 60(31.4) 44(32.4) 71(29.0) 0.742

Mortality, n (%) 34(26.6) * 37(19.4) 22(16.2) 32(13.1) 0.012
LOS in hospital (days) 26.5 ± 21.6 * 25.6 ± 18.7 24.4 ± 20.2 20.9 ± 16.7 0.020

BMI = Body mass index; CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval;
COPD = chronic obstructive pulmonary disease; CVA = cerebral vascular accident; DM = diabetes mellitus;
ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; HTN = hypertension; IQR = interquartile range;
ISS = injury severity score; LOS = length of stay; OR= odds ratio. * indicate p < 0.05 when compared with those
patients with GNRI > 98.

4. Discussion

In this study, multivariable logistic regression analysis identified the GNRI as an independent
predictor of mortality in older trauma patients in the ICU. Although the odds ratio for mortality
is small with the GNRI (OR 0.97; 95% CI, 0.95–0.99), the estimate is in accordance with the results
showing that the GNRI was significantly lower in the mortality group than in the survival group
and that the mortality rate was significantly higher in patients with low GNRI than in those with
high GNRI. The GNRI has been validated by its correlation to indexes obtained from other nutritional
scoring systems [10,11]. A strong association between the GNRI, mid-upper arm muscle circumference,
arm muscle area, and handgrip strength in hospitalized patients [38] as well as with preoperative
sarcopenia status in patients with cancer has been reported [39]. Malnourished patients are at a higher
risk of developing postoperative complications, which in turn may affect their prognosis, leading to
decreased survival rates [40,41].

In the original study by Bouillanne et al. [15], the GNRI scores were categorized into four
nutrition-related risk groups (high-risk: GNRI < 82, moderate-risk: GNRI = 82 to <92, low-risk:
GNRI = 92–98, and very low-risk: GNRI > 98), and the risk of infectious complications or mortality was
significantly higher in the high-, moderate-, and low-risk groups than in the very low-risk group [7].
For older patients with sepsis, the odds of mortality for each GNRI group were reported to be 11.6-,
5.8-, and 2.3-fold times higher in the high-, moderate-, and low-risk groups, respectively, than in the
very low-risk group [42]. In this study, the results demonstrated that the GNRI helps identify major
risk-malnutrition elderly trauma patients in the ICU. Compared to the patients in group of GNRI > 98,
those patients in group of GNRI < 82 presented a significantly higher mortality rate and LOS in
hospital. Therefore, in the ICU, the group of elderly trauma patients with GNRI < 82 would require
specific attention regarding their nutritional status. Some authors have proposed that a GNRI value of
less than 87 is significantly associated with mortality in critically ill cancer patients [43]. While the
GNRI measure is relevant for prognosis, the optimal GNRI cutoff values remain to be elucidated for
older trauma patients with critical illnesses. Furthermore, preoperative nutritional interventions help
patients cope with surgical stress and reduce the risk of postoperative complications [44]. Furthermore,
high-risk GNRI patients can benefit from methods that aim to ameliorate the nutritional and functional
status of cancer patients [45]. However, the effect of nutritional intervention in patients with high-risk
GNRI remains to be validated.

Some of the limitations of this study are as follows: First, data of patients declared dead on arrival
at the emergency room were not recorded in the registered database and only in-hospital mortality
was evaluated. Second, selection bias may have been induced by the retrospective design of this
study. Unknown conditions such as resuscitation, damage control, and surgical intervention could
lead to bias. We assumed that the outcome of treatments was uniform across the studied population.
Third, this study excluded many patients who had no albumin data or had incomplete data, and such
a scenario may lead to selection bias. Fourth, the population included in this study was limited to that
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from a single urban trauma center in southern Taiwan; thus, these results may not be generalizable to
other regions.

5. Conclusions

This study demonstrated that GNRI is a significant independent risk factor and a promising
simple screening tool to identify the subjects with malnutrition associated with higher risk for mortality
in those ICU elderly trauma patients.
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Abstract 

The heterogeneity of exosome populations presents a great challenge to their study. The current study 
was designed to investigate the potential heterogeneity miRNA contents in circulating exosomes purified 
via different exosomal markers. In this study, exosomes from the serum of C57BL/6 mice after cecum 
ligation and perforation (CLP) or sham operation were isolated by precipitation using ExoQuick-TC and 
affinity purified with anti-Rab5b, anti-CD9, anti-CD31, and anti-CD44 antibodies using the Exo-Flow 
Exosome Capture kit to collect exosome subpopulations. RNA extracted from the exosomes isolated by 
ExoQuick-TC were profiled by next-generation sequencing (NGS). Real-time quantitative reverse 
transcription polymerase chain reaction (RT-qPCR) was also employed to determine the expression 
profiles of four representative exosomal miRNAs (mmu-miR-486-5p, mmu-miR-10a-5p, 
mmu-miR-143-3p, and mmu-miR-25-3p) selected from the NGS analysis. The results revealed that the 
expression patterns of these miRNAs in exosomes isolated by ExoQuick-TC as determined by RT-qPCR 
and NGS were similar, showing upregulation of mmu-miR-10a-5p and mmu-miR-143-3p but 
downregulation of mmu-miR-25-3p and mmu-miR-486-5p following CLP when compared to the levels in 
exosomes from sham control mice. However, their expression levels in the antibody-captured exosome 
subpopulations varied. The miRNAs in the exosomes captured by anti-Rab5b or anti-CD9 antibodies 
were more similar to those isolated by ExoQuick-TC than to those captured by anti-CD44 antibodies. 
However, there were no significant differences in these four miRNAs in CD31-captured exosomes. This 
study demonstrated that purification with different exosomal markers allows the collection of different 
exosome subpopulations with various miRNA contents. The results of this study demonstrate the 
heterogeneity of circulating exosomes and suggest the importance of stratifying exosome subpopulations 
when using circulating exosomes as biomarkers or investigating exosome function. In addition, this study 
also emphasized the necessity of using a consistent exosome marker across different samples as detecting 
biomarkers. 

Key words: Biomarkers; Exosome; MicroRNA; Next-generation sequencing; Subpopulation; Surface markers 

Introduction 
Exosomes are a type of extracellular vesicle (EV) 

secreted by a variety of cells that are composed of 
lipid bilayers and carry different molecules, including 
DNA, mRNAs, microRNAs (miRNAs), non-coding 
RNAs, and proteins [1]. Exosomes have been 
suggested to mediate intercellular communication [2] 

fundamental roles in numerous physiological and 
pathological processes [3, 4]. 

The results of some studies have indicated that 
most miRNAs are expressed at similar levels in cells 
and exosomes [5, 6], thus leading to the proposition 
that exosomes originating from cancer cells could be 
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used as biomarkers, as they contain the same miRNA 
contents as their parent cells [6, 7]. While exosomes 
share a set of common contents, their composition 
may be strongly dependent on their parent cells and 
their physiopathological conditions [8, 9]. Cells 
release distinct exosome subpopulations with unique 
compositions [9]. It also is expected that exosomes are 
delivered to recipient cells through surface proteins 
that have affinity for receptors on the recipient cells 
[10], and thus they elicit differential effects [9]. Surface 
proteins that have been commonly used for the 
identification or purification of exosomes include 
tetraspanins (CD9, CD63, CD81, and CD82), proteins 
involved in the biogenesis of multivesicular bodies 
(TSG101 and Alix), the membrane trafficking protein 
Rab5b, and the membrane transport and fusion 
protein flotillin [7, 11-13]. Although exosomes can be 
purified by size-exclusion chromatography, density 
gradient ultracentrifugation, or ultrafiltration, 
fractionation of their subpopulations is dependent on 
affinity techniques [14-16]. Proteomic analyses have 
shown wide variation in the cellular expression of 
different tetraspanins in cells [17], and different 
exosomal subpopulations have been isolated by 
differential separation via immuno-isolation using 
either CD63, CD81, or CD9 [17]. 

Studies on the enrichment of miRNAs in EVs 
suggest that miRNAs may be selectively packaged 
into EVs [18], and a study of cultured cells confirmed 
differential packaging of miRNAs into distinct 
subpopulations of EVs [19], with functional transfer of 
the miRNAs via EVs [20, 21]. However, it is still 
unclear if the miRNA cargo in different exosome 
subpopulations isolated by affinity techniques carry 
more of certain miRNAs than others. Under the 
hypothesis that a profound critical illness with diverse 
pathophysiologic responses, like sepsis, may occur 
with secreted diverse exosome subpopulations for 
subsequent observation and experimental study, the 
present study was designed to investigate the miRNA 
profiles of circulating exosomes from septic mice by 
affinity techniques and the exosomes subpopulations 
captured by affinity purification using antibodies 
against Rab5b, CD9, CD31, and CD44. These findings 
revealed the existence of exosome subpopulations 
with unique miRNA contents. 

Methods 
Animal models of sepsis 

Male C57BL/6 mice (BioLasco, Taipei, Taiwan) 
were housed in a specific-pathogen-free (SPF) facility, 
which is accredited by the Association for Assessment 
and Accreditation of Laboratory Animal Care 
International (AAALAC). Mid-grade sepsis was 

induced in the animal models by cecum ligation and 
perforation (CLP) [6]. Briefly, mice were anesthetized 
with a combination of 0.1 mg/g ketamine and 0.01 
mg/g xylazine. Via midline abdominal incision, the 
cecum was mobilized and ligated in the middle of the 
cecum, below the ileocecal valve, punctured once 
using a 21-G needle, and a small stool sample was 
squeezed out of the cecum to induce polymicrobial 
peritonitis. The abdominal wall was closed in two 
layers. Sham-operated mice underwent the same 
procedure, including opening of the peritoneum and 
exposing the bowel, but without ligation and needle 
perforation of the cecum. After surgery, the mice were 
resuscitated by subcutaneous injection of pre-warmed 
(37°C) normal saline (at 5 mL per 100 g of body 
weight). Total fifty-four mice were used in this study. 
All animal protocols were approved by the 
Institutional Animal Care and Use Committee of 
Chang Gung Memorial Hospital. All surgical 
procedures, including analgesia, were performed 
according to national and institutional guidelines. 

Blood sample collection and exosome isolation 
At 16 h after surgery, 0.5 mL of whole blood 

were collected from each sham-operated and 
CLP-treated mouse into tubes containing 
anticoagulant. After incubation at room temperature 
for 15 min, the samples were centrifuged at 3,000 × g 
for 10 min. The white blood cells were slowly 
removed from the corresponding layers, and serum 
samples were extracted. Exosomes were isolated with 
the exosome isolation reagent, ExoQuick-TC (System 
Biosciences, Palo Alto, CA, USA). Briefly, the 
supernatants were transferred to sterile tubes 
containing 63 μL of ExoQuick-TC Precipitation 
Solution (System Biosciences), mixed, and incubated 
for at least 12 h at 4°C. After incubation, the samples 
were centrifuged at 1,500 × g for 30 min at 4°C. The 
white pellet containing exosomes was resuspended in 
500 μL of buffer. 

Purification of exosome subpopulations 
Isolated exosomes were further purified using 

the immune-affinity Exo-Flow Exosome Capture kit 
(System Biosciences). Briefly, 40 µL of biotinylated 
capture antibodies (Rab5b, CD9, CD31, and CD44) 
were conjugated to 10 µL of Exo-Flow 9.1 µm 
streptavidin-conjugated magnetic beads on ice for 2 h 
to allow for the efficient capture of exosomes 
expressing these surface markers. Next, the samples 
were incubated on a rotating rack at 4°C overnight. To 
validate the isolation procedure, 200 µg of 
exosome-coated beads were stained with Exo-FITC 
exosome stain (System Bioscience) on ice for 2 h and 
then analyzed with a BD LSR II flow cytometer (BD 



Int. J. Med. Sci. 2021, Vol. 18 

 
http://www.medsci.org 

1060 

Biosciences). Beads without the biotinylated capture 
antibodies were used as negative controls. 

Characterization of exosomes 

Expression of exosomal surface markers 
Expression of exosomal surface markers on the 

ExoQuick-isolated exosomes was detected by western 
blotting, in triplicate. Serum samples were used as a 
negative control. Exosome samples from the blood of 
CLP and sham mice were lysed, and the total proteins 
were separated by polyacrylamide gel electrophoresis 
(PAGE) and electrotransferred to polyvinylidene 
fluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA). The membranes were blocked with 5% skim 
milk in PBS/Tween-20 and incubated with primary 
antibodies against CD9 (cat # ab92726, 1:1000; Abcam, 
Cambridge, MA, USA), TSG101 (cat # ab30871, 1:1000; 
Abcam), Flotillin-1 (cat # 18634, 1:1000; Cell Signaling 
Technology, Danvers, MA, USA), CD81 (cat # 
ab109201, 1:1000; Abcam), and Calnexin (cat # 
ab22595, 1:1000; Abcam) at 4°C overnight. The PVDF 
membranes were washed with 0.1% TBS/Tween 20 
for 10 min, three times at room temperature and 
incubated with horseradish peroxidase (HRP)-conju-
gated secondary antibodies (cat # NA931; GE 
Healthcare Amersham, Piscataway, NJ, USA) for 2 h 
at room temperature, and the detected proteins were 
quantified using a FluorChem SP imaging system 
(Alpha Innotech, San Leandro, CA, USA). 

Transmission electron microscope (TEM) analyses 
Exosome samples in 10 µL amount were fixed 

with 2.5% glutaraldehyde for 2 h and added to a 200 
mesh Formvar which was stabilized with carbon. The 
grids were stained with 2% uranyl acetate for 1 h. 
Samples were analyzed with a transmission electron 
microscope HT-7700 in 100 kV (Hitachi, Tokyo, 
Japan). 

Dynamic light scattering (DLS) analysis 
A Zetasizer Nano-ZS dynamic light scattering 

(DLS) system (Malvern, Montréal, QC, Canada) was 
used to measure the particle hydrodynamic diameter 
of the isolated exosomes. Each sample (100 mL) was 
loaded into an ultraviolet microcuvette (BRAND; 
Essex, CT, USA) at 4°C. The Brownian motion of a 
particle was measured by the fluctuations of scattered 
light intensity at a wavelength of 633 nm and a fixed 
angle of 173° to indicate the velocity distribution of 
particle movement in solution. The diameter of the 
exosomes was measured using the Stokes–Einstein 
equation to determine the particle’s hydrodynamic 
radius. Each data point from each replicate represents 
an average of three measurements of 12–18 runs, 
which was set automatically. The average particle 

diameter was obtained from the peak of the Gaussian 
model fit to the particle distribution. The 
polydispersity index (PdI) was determined to reflect 
the width of the primary size distribution in solution 
[22]. 

RNA isolation 
To detect the exosomal miRNAs, exosomes were 

eluted from magnetic beads by incubation in elution 
buffer for 2 h on a rotating rack. Total RNA from the 
exosomes was enriched using the SeraMir 
ExosomeRNA Amplification kit (System Bioscience). 
The purified RNA yield was determined by 
measuring the absorbance at 260 nm using an 
SSP-3000 Nanodrop spectrophotometer (Infinigen 
Biotech, City of Industry, CA, USA), and RNA quality 
was evaluated with an Agilent Bioanalyzer (2100; 
Agilent Technologies, Palo Alto, CA, USA). 

Next-generation sequencing (NGS) 
RNA samples from the circulating exosomes of 

three mice with CLP were pooled for next-generation 
sequencing (NGS). The exosomal RNA samples from 
three mice without CLP (sham) were pooled for use as 
a control. The RNA samples were sent to GeneTech 
Biotech Co., Ltd. (Taipei, Taiwan) for cloning. The 
miRNA population, with lengths of 15–30 nucleotides 
(nt), was passively eluted from polyacrylamide gels, 
precipitated with ethanol, and dissolved in water. 
Linkers were ligated to the small RNAs, and 
bar-coded cDNAs were prepared using the TruSeq 
Small RNA Sample Prep Kit (Illumina, San Diego, CA, 
USA) according to the manufacturer’s instructions. 
Briefly, Adapters were ligated to the 3′ and 5′ ends of 
an aliquot (1 μg) of the pooled small RNAs. Then, 
adapter-ligated RNAs were reverse transcribed with 
SuperScript II Reverse Transcriptase (Invitrogen, 
Carlsbad, CA, USA) and amplified by polymerase 
chain reaction (PCR) in 15 cycles. The samples were 
indexed with barcodes of 15 variants of the reverse 
primers. A barcode was ligated directly to the miRNA 
to significantly reduce sample bias. Individual 
libraries were analyzed on a BioAnalyzer (Agilent 
Technologies) for the presence of linked cDNA, and 
11 bar-coded libraries of the appropriate size (135–165 
bp) were generated. 

Quantification of miRNA expression 
Real-time quantitative reverse transcription 

polymerase chain reaction (RT-qPCR) was employed 
to determine the expression profiles of selected 
representative exosomal miRNAs selected from the 
NGS analysis. The four miRNAs selected 
(mmu-miR-486-5p, mmu-miR-10a-5p, mmu-miR- 
143-3p, and mmu-miR-25-3p) were the most abundant 
miRNAs in the circulating exosomes of the mice 
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following CLP, as shown by the NGS analysis. Each 
RNA sample was reverse transcribed to cDNA by 
using the TaqMan® MicroRNA Reverse Transcription 
Kit (Applied Biosystems, Foster City, CA, USA) 
according to the manufacturer’s instructions. The PCR 
products were mixed with TaqMan Universal PCR 
Master Mix (No. UNG, PN 4324018, Applied 
Biosystems) and specific miRNA primers from the 
TaqMan MicroRNA Assays Kit (Applied Biosystems). 
As an internal control for the expression of each 
miRNA, 25 fmol of single-stranded cel-miR-39, 
synthesized by Invitrogen, was added. The RT–qPCR 
was run on a 7500 real-time PCR system (Applied 
Biosystems), and the relative expression levels were 
calculated in six samples and compared to those in the 
control samples. The expression of a given miRNA 
within the total exosomes isolated with ExoQuick-TC 
and the affinity-purified subpopulations captured 
with the Rab5b, CD9, CD31, and CD44 Exo-Flow 
Exosome Capture Kits was compared between mice 
with CLP or without (sham) (n = 6 for each subgroup). 
Prism 7 (GraphPad Software, San Diego, CA, USA) 
was used for statistical analysis, and differences were 
considered significant if the mean value differed from 
the control by more than two fold, with a p-value less 
than 0.05. 

Functional annotation of the predicted targets of the 
differentially expressed miRNAs 

The miRSystem (http://mirsystem.cgm.ntu 
.edu.tw/) was used for target prediction and 
functional annotation of the differentially expressed 
miRNAs within the total exosomes and exosome 
subpopulations captured by different surface 
markers. The miRSystem is a web-based system that 
is used to identify the biological functions/pathways 
regulated by miRNAs based on the functions of their 
predicted target genes by integrating seven miRNA 
target gene prediction databases (DIANA, miRanda, 
miRBridge, PicTar, PITA, rna22, and TargetScan) and 
two experimentally validated databases (TarBase and 
miRecords) [23]. The analysis parameters in 
miRSystem were set as follows: (1) hit frequency = 5, 
(2) observed to expected (O/E) ratio = 2, (3) minimal 
size of genes annotated by ontology term for testing 
>50, and (4) matched pathways from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
database. The R statistical package (version 3.3.3) was 
used for hierarchical clustering of the annotated 
functions. 

Results 
Characterization of total exosomes and 
exosome subpopulations 

To characterize the exosomes isolated by 
ExoQuick-TC, the expression of the positive exosomal 
surface markers CD9, TSG101, flotillin-1, CD81 and 
negative control markers calnexin were evaluated by 
western blotting for exosome samples from mice 
treated with CLP or without (sham), but not from 
serum samples (Figure 1A). The exosomes displayed a 
cup-shaped morphology with lipid bilayers and 
acceptable quality in terms of their size range and 
morphology as evaluated by TEM (Figure 1B). DLS 
analysis (Figure 1C) showed that, for mice treated 
with and without CLP, the average exosome size was 
102.4 ± 15.2 nm and 119.0 ± 21.4 nm, respectively, and 
the PDI was approximately 0.28 and 0.41, 
respectively. The size distributions were 
single-peaked, with relatively good quality and even 
size distribution for those exosomes isolated by 
ExoQuick-TC and for those subsequently 
affinity-purified subpopulations captured with the 
Rab5b, CD9, CD31, and CD44 Exo-Flow Exosome 
Capture Kits (Figure 1D). In Figure 2, the bead flow 
separation data for the various capture antibodies 
coupled with FITC staining are shown as plots of 
forward-scattered light (FSC) versus FITC intensity. 
The addition of FITC to exosomes captured with 
antibodies against Rab5b, CD9, CD31, and CD44 
resulted in increased FITC intensities when compared 
with exosomes that were not stained with FITC, 
indicating good separation of the different exosome 
subpopulations by the Exo-Flow Exosome Capture 
Kits. 

NGS analysis of miRNAs 
The NGS analysis data are shown in 

Supplemental Table 1. About six million high-quality 
raw reads were obtained from the libraries. Selected 
reads from these libraries were mapped to the mice 
genome, representing 50.89% and 70.46% of the total 
reads. miRNAs comprised 49.45% and 26.31% of the 
total reads. The rest of the sequences were other types 
of RNA, including noncoding RNA, rRNA, scRNA, 
snRNA, snoRNA, srpRNA, and tRNA (Supplemental 
Table S1). The number of reads is shown in 
Supplemental Table S2. Using the selection criteria of 
(1) a fold change <0.7 for downregulation or >1.5 for 
upregulation after CLP and (2) at least one condition 
(with or without CLP) with more than 500 reads, 21 
interesting miRNA targets were obtained. 
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Figure 1. Characterization of exosomes isolated by ExoQuick-TC from mice with or without cecum ligation and perforation (CLP) by (A) western blotting for the exosomal 
surface markers CD9, TSG101, flotillin-1, CD81, and negative control marker Calnexin using serum samples as a control; (B) the morphology of exosomes as detected by 
transmission electron microscopy, red arrowheads indicate exosomes; and (C) the average size of the exosomes as quantified by dynamic light scattering analysis. (D) The 
average size of the exosomes quantified by dynamic light scattering analysis of those affinity-purified subpopulations captured with the Rab5b, CD9, CD31, and CD44 Exo-Flow 
Exosome Capture Kits. 

 
Figure 2. Isolated exosomes were further purified using the immune-affinity Exo-Flow Exosome Capture kit, detected by flow cytometry, and plot as forward-scattered light 
(FSC) versus FITC intensity in the bead flow separation for the various capture antibodies (Rab5b, CD9, CD31, and CD44) coupled with FITC staining. Beads without the 
biotinylated capture antibodies were used as negative controls. 

 

Expression of selected representative miRNAs 
in the exosomes 

Among these 21 miRNAs, the four most 
abundant exosomal miRNAs (mmu-miR-486-5p, 
mmu-miR-10a-5p, mmu-miR-143-3p, and mmu-miR- 
25-3p) following CLP were selected as representative 
targets for validation by RT–qPCR. The expression 
levels of these miRNAs within the exosomes isolated 
by ExoQuick-TC and the subpopulations of exosomes 
purified using Rab5b, CD9, CD31, and CD44 
Exo-Flow Exosome Capture Kits were measured both 
following CLP and in the sham controls. The 
expression levels of these four miRNAs in the 
exosomes isolated by ExoQuick-TC, as measured by 
RT–qPCR and NGS, were similar, showing 

upregulation of mmu-miR-10a-5p and mmu-miR- 
143-3p but downregulation of mmu-miR- 
25-3p and mmu-miR-486-5p following CLP against 
when compared the sham control (Figure 3). 
However, their expression levels in the antibody- 
captured exosome subpopulations varied. For 
Rab5b-captured exosomes, mmu-miR-143-3p was 
upregulated but mmu-miR-25-3p and mmu-miR- 
486-5p were downregulated following CLP when 
compared to the levels in the sham control. In 
CD9-captured exosomes, mmu-miR-10a-5p and 
mmu-miR-143-3p were upregulated but mmu-miR- 
25-3p was downregulated following CLP. In 
CD44-captured exosomes, mmu-miR-25-3p, mmu- 
miR-143-3p, and mmu-miR-486-5p were downregu-
lated following CLP. In CD31-captured exosomes, 
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none of these four miRNA targets differed 
significantly. 

Hierarchical clustering of the annotated 
functions 

The miRSystem was used for target prediction 
and functional annotation of the differentially 
expressed miRNAs within the total exosomes and 
exosome subpopulations captured via different 
surface markers. Hierarchical clustering of the 
annotated functions of the predicted targets of the 
differentially expressed miRNAs are shown in Figure 
4, which revealed that the annotated functions of the 
antibody-captured exosomes differed from those of 
exosomes isolated via ExoQuick-TC. Although the 
patterns of annotated functions were similar between 
Rab5b- and CD44-captured exosomes, it should be 
noted that, following CLP, mmu-miR-143-3p was 
upregulated in Rab5b-captured exosomes but 
downregulated in CD44-captured exosomes. 
Furthermore, the annotated functions of the predicted 
targets could not be determined for CD31-captured 
exosomes, since there were no significant differences 
in the four selected miRNAs following CLP. 

Discussion 
This study revealed that there are unique 

miRNA content patterns among exosome 
subpopulations purified via various exosomal 
markers. Our results are in accordance with those of 
other studies which revealed that the contents of EVs 
varied based the levels of protein markers like CD9, 
TSG101, and ALIX [24, 25]. It has been reported that 
the miRNA concentrations varied greatly among 
exosomes purified via different isolation methods [15, 
26]. According to our study results, even when using 
the same method to isolate exosomes, purification via 
different exosomal markers collected different 
exosome subpopulations with distinct miRNA 
contents. Although it is generally believed that the 
surface proteins of exosomes, along with their 
molecular cargo, are a rich source of biomarkers for 
various pathological conditions [27], this study 
demonstrated the heterogeneity of circulating 
exosomes and implied the importance of stratifying 
exosome subpopulations when using circulating 
exosomes for biomarkers or investigating the 
functions of exosomes. In addition, this study also 
emphasized the necessity of using a consistent 
exosome marker across different samples when 
detecting biomarkers. 

 

 
Figure 3. Expression of the four most abundant exosomal miRNAs (mmu-miR-486-5p, mmu-miR-10a-5p, mmu-miR-143-3p, and mmu-miR-25-3p) as detected by RT-qPCR in 
the total exosomes isolated by ExoQuick-TC and the subpopulations purified by Rab5b, CD9, CD31, and CD44 Exo-Flow Exosome Capture Kits following cecum ligation and 
perforation (CLP). 
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Figure 4. Hierarchical clustering of the annotated functions of predicted targets in miRSystem according to the differentially expressed miRNAs in total exosomes isolated by 
ExoQuick-TC and exosome subpopulations purified by Rab5b, CD9, and CD44 Exo-Flow Exosome Capture Kits from mice following cecum ligation and perforation (CLP). 

 
The isolation and purification of exosomes are 

still considered major scientific challenges [28], and 
there is no clear consensus on the single best method 
or even a standardized method for their isolation and 
purification [29, 30]. Current methods used for the 
isolation of exosomes include ultracentrifugation [31], 
filtration [32], and immuno-affinity [33, 34], as well as 
various combinations thereof. Centrifugation can 
concentrate the exosomes in a sample but does not 
separate subpopulations, and thus exosomes obtained 
using this method only reflect the average properties 
of a heterogeneous exosome population. Filtration can 
also enrich or concentrate the exosomes of a targeted 
size population, but damage has been observed in the 
isolated exosome subpopulations, and the recovery 
efficiency and purity have been questioned [35]. 
Furthermore, although the performance of ExoQuick 
is better than that of ultracentrifugation, 
ExoQuick-purified exosomes had with most 
contaminants among exosomes obtained from various 
isolation kits [36]. Comparison of six commercial 
isolation methods (exoEasy, ExoQuick, Exo-spin, ME 
kit, ExoQuick Plus, and Exo-Flow) for serum 
exosomes showed that the cytokine concentrations 
were very different, depending on the purification kit 
used [37]. In this study, the expression levels of four 
selected miRNAs in exosomes isolated by 
ExoQuick-TC were similar when measured by RT–
qPCR and NGS. However, their expression levels 
varied among the antibody-captured exosome 
subpopulations. The patterns of these dysregulated 
miRNAs in exosomes captured by Rab5b or CD9 
antibodies were more similar to those isolated by 
ExoQuick-TC than to those captured by CD44. 
However, for CD31-captured exosomes, none of these 

four miRNA targets showed a significant difference. 
Notably, the amount of exosome subpopulations 
isolated by the magnetic bead affinity method is very 
low, and generally less than 2 ug of exosomes could 
be harvested from 1 mL of blood of the mice. 
Therefore, this study is limited by the very low yield 
of the exosome subpopulations by magnetic bead 
affinity method to do experimental validation of the 
function of these dysregulated exosomal miRNAs. 

Because circulating exosomes can be released by 
different types of cells, including circulating blood 
cells or other cells in close contact with the circulation, 
the population of exosomes present in the blood is 
very heterogeneous. It has been estimated that 80–
90% of the circulating exosomes are released by 
platelets, lymphocytes, dendritic cells, and other 
immune cells [38, 39]. Population heterogeneity 
presents one of the biggest challenges for exosome 
study. Discrimination of different populations of 
exosomes based on their surface antigens has been 
proposed. However, different reports have revealed 
that the surface marker tetraspanins CD9, CD63, and 
CD81 are not only abundant in exosomes but also in 
MVs [40, 41], complicating their usefulness as 
exosome biomarkers [40, 42]. Given the differences in 
the composition and cellular origin of distinct 
subpopulations of exosomes, exosome studies based 
on their size and tetraspanin enrichment as the 
principal criteria should be considered more 
cautiously [17]. 

Supplementary Material  
Supplementary Table 1. Next-generation sequencing 
(NGS) analysis of miRNA expression in the 
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circulating exosomes from mice following cecum 
ligation and perforation (CLP).  
http://www.medsci.org/v18p1058s1.xlsx  
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