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Abstract: Background: The most widely used methods of describing traumatic brain injury (TBI) are
the Glasgow Coma Scale (GCS) and the Abbreviated Injury Scale (AIS). Recent evidence suggests
that presenting GCS in older patients may be higher than that in younger patients for an equivalent
anatomical severity of TBI. This study aimed to assess these observations with a propensity-score
matching approach using the data from Trauma Registry System in a Level I trauma center.
Methods: We included all adult patients (aged ≥20 years old) with moderate to severe TBI from
1 January 2009 to 31 December 2016. Patients were categorized into elderly (aged ≥65 years) and
young adults (aged 20–64 years). The severity of TBI was defined by an AIS score in the head (AIS 3-4
and 5 indicate moderate and severe TBI, respectively). We examined the differences in the GCS
scores by age at each head AIS score. Unpaired Student’s t- and Mann–Whitney U-tests were used
to analyze normally and non-normally distributed continuous data, respectively. Categorical data
were compared using either the Pearson chi-square or two-sided Fisher’s exact tests. Matched patient
populations were allocated in a 1:1 ratio according to the propensity scores calculated using NCSS
software with the following covariates: sex, pre-existing chronic obstructive pulmonary disease,
systolic blood pressure, hemoglobin, sodium, glucose, and alcohol level. Logistic regression was
used to evaluate the effects of age on the GCS score in each head AIS stratum. Results: The study
population included 2081 adult patients with moderate to severe TBI. These patients were categorized
into elderly (n = 847) and young adults (n = 1234): each was exclusively further divided into three
groups of patients with head AIS of 3, 4, or 5. In the 162 well-balanced pairs of TBI patients with
head AIS of 3, the elderly demonstrated a significantly higher GCS score than the young adults
(14.1 ± 2.2 vs. 13.1 ± 3.3, respectively; p = 0.002). In the 362 well-balanced pairs of TBI patients
with head AIS of 4, the elderly showed a significantly higher GCS score than the young adults
(13.1 ± 3.3 vs. 12.2 ± 3.8, respectively; p = 0.002). In the 89 well-balance pairs of TBI patients with
head AIS of 5, no significant differences were observed for the GCS scores. Conclusions: This study
demonstrated that elderly patients with moderate TBI present higher GCS score than younger patients.
This study underscores the importance of determining of TBI severity in this group of elderly patients
based on the GCS score alone. A lower threshold of GCS cutoff should be adopted in the management
of the elderly patients with TBI.
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1. Background

To date, traumatic brain injury (TBI) remains the leading cause of death and disability worldwide
as well as the most important single injury contributing to traumatic mortality and morbidity [1].
Since 1974, the Glasgow Coma Scale (GCS) has been used as a triage tool to assess the severity of
neurologic deficits and predict the prognosis in patients with TBI [2–6]. The GCS focuses on the
important functions of the central nervous system, consisting of eye-opening, verbal, and motor
responses, and accordingly categorizes the patients into severe (GCS score, 3–8), moderate (GCS
score, 9–12), or mild TBI (GCS score, 13–15) groups [7]. Some studies reported that in addition to age
and pupillary reaction, best motor response can also predict mortality [8]. Even the motor response
component of the GCS alone can predict the mortality outcome in patients with TBI with nearly the
same accuracy as that of the total GCS score [9,10]. GCS is used in most fields to identify patients who
should likely be transferred to a neuroscience center or who require neurosurgical intervention [11].
Therefore, knowledge regarding the correlations between GCS scores and potential patient outcomes
would aid physicians and care providers in dealing with the patients with TBI.

However, one disadvantage of the GCS is that the summed score does not always depict the
patient’s condition accurately [12,13]. Furthermore, recent studies suggest that for an equivalent
anatomical severity of TBI, the elderly may present with a higher GCS than the younger patients [4,8,14,15].
Compared to younger patients, the distribution of presenting GCS was significantly higher in the overall
elderly patients, and also at each given anatomical severity [14]. Elderly patients may have severe
anatomical TBI with high ensuing mortality despite the presentation with a near-normal GCS [16].
In elderly patients with trauma, decreases of GCS scores from 15–14 and 14–13 were associated with
a significant 1.4-fold (95% confidence interval (CI) = 1.07–1.83) and 2.3-fold (95% CI = 1.57–3.52),
respectively, odds of mortality than those of the younger patients [17]. Although elderly patients had
been reported to have the most severe TBI, accompanied by an in-hospital mortality of 49%, the median
presenting GCS was 14 [15].

Therefore, age may affect the relationship between anatomic severity of TBI and the neurologic
conditions measured by the GCS, even after adjusting the covariates of vital signs and demographic
characteristics [4]. However, these studies did not compare the patients by adjusting some other
potential confounding factors that may also impact the evaluation of GCS, i.e., low hemoglobin
(Hb) after a hemorrhage [18,19], profound hyponatremia [20–22], hypoglycemia [23,24], and alcohol
intoxication [25,26]. In addition, whether the motor response of GCS is higher in the elderly
when compared to the younger patients for a given anatomical severity of TBI remains unclear.
Therefore, the present study aimed to assess the effects of age on the scoring of GCS and its motor
response components in patients with TBI. Here, we focused on patients with moderate to severe
TBI and selected a propensity score-matched patient cohort to reduce the effects of differences in sex,
systolic blood pressure (SBP), Hb, sodium (Na), glucose, and blood alcohol concentration (BAC) in the
patient population on the outcome assessment. We hypothesized that neurologic deficit, defined by the
GCS or its motor response components, differs for elderly patients with TBI compared with younger
patients with a similar anatomic TBI severity.

2. Methods

2.1. Study Population

This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang
Gung Memorial Hospital, a Level I regional trauma center in southern Taiwan with reference
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number 201701323B0. According to IRB regulations, the requirement for informed consent was
waived. We included all adult patients (≥20 years old) with moderate to severe TBI from
1 January 2009, to 31 December 2016, and were entered into the Trauma Registry System of the
hospital [27,28]. The following TBIs were defined provided the following diagnostic injury codes from
the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) were found:
concussion (850.0–850.99); cerebral or cerebellar contusion or laceration (851.0–851.99); subarachnoid
hemorrhage (852.0–852.19); subdural hemorrhage (852.2–852.39); extradural hemorrhage (852.4–852.59);
other unspecified intracranial hemorrhage (853.0–853.19); and intracranial injury of other and
unspecified nature (854.0–854.19). The Abbreviated Injury Scale (AIS) is an internationally accepted
anatomy-based measurement of injury severity with a simple numeric method for ranking specific
injuries in an individual [29]. The AIS assess the severity of the anatomical injury representing with
minor injury (1), moderate injury (2), serious to critical (3–5), and maximal injury (6), which indicates
the survival status of the patient. In this study, the severity of TBI was defined using an Abbreviated
Injury Scale (AIS) score in the head (AIS 3-4 and 5 indicate moderate and severe TBI, respectively) [30].
Patients with incomplete data were excluded. Patients were categorized into elderly (≥65 years) and
young adults (20–64 years) each with grades (3–5) of AIS head injury. Finally, the study population
included 2081 adult patients with moderate to severe TB: elderly (n = 847) and young adults (n = 1234),
each was exclusively divided into three groups: head AIS of 3 (elderly, n = 212; young, n = 394),
head AIS of 4 (elderly, n = 510; young, n = 642), and head AIS of 5 (elderly, n = 125; young, n = 198)
(Figure 1). The GCS scores between these groups were compared based on each grade of AIS head
injury severity. In the present study, the enrolled patients were divided into four exclusive groups
based on the above criteria. The retrieved patient information for this study included the following:
age; sex; comorbidities such as diabetes mellitus (DM), hypertension (HTN), coronary artery disease
(CAD), congestive heart failure (CHF), cerebral vascular accident (CVA), end-stage renal disease
(ESRD), and chronic obstructive pulmonary disease (COPD); injury mechanisms; SBP, Hb, Na, glucose,
and BAC measured upon arrival at the emergency department; GCS scale and its motor response
scores; ISS, which was expressed as the median and interquartile range (IQR, Q1–Q3); and in-hospital
mortality. A BAC level of 50 mg/dL, which is the legal limit for drivers in Taiwan, was defined as the
cutoff value of alcohol intoxication.
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2.2. Statistical Analysis

The statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA) and NCSS 10 software (NCSS Statistical Software, Kaysville, UT,
USA). We examined the differences in GCS scores by age at each head AIS score, and this score was
considered as the primary end-point. The motor response scores of GCS were also evaluated. Two-sided
Fisher’s exact or Pearson chi-square tests were used to compare categorical data, and presented with
the odds ratios (ORs) with 95% confidential intervals (CIs) of the calculations. The normally and
non-normally distributed continuous distributed data were analyzed using unpaired Student’s t-tests
and Mann–Whitney U-tests, respectively. All continuous data were presented as mean ± standard
deviation. To minimize the potential confounding effects of the compared patient populations due to
a non-randomized assignment, a 1:1 propensity score-matched study group (elderly vs. young adults)
was created using the Greedy method with a 0.2 caliper width using NCSS 10 software. The propensity
scores were calculated using a logistic regression model with the following covariates: sex, pre-existed
COPD, SBP, Hb, Na, glucose level, and alcohol level. After adjusting for these confounding factors,
the binary logistic regression analysis was used to evaluate the effects of age in each head AIS stratum
on the GCS scores. Statistical significance was set at p-values of <0.05 for each analysis.

3. Results

3.1. Characteristics and Outcomes of TBI Patients with Head AIS of 3

Table 1 shows that no significant differences in sex was observed between the elderly and young
adult TBI patients with head AIS of 3. DM, HTN, CAD, CHF, CVA, and COPD were significantly
higher in elderly than in the young adults, but there was no difference in regard to the ESRD
rates between the two groups. Compared to the young adults, many elderlies were more likely
to be injured in a fall, bicycle accidents, and as a pedestrian, but only a few sustained injuries as
a driver in a motorcycle accident. The elderly presented with higher SBP, lower Hb and Na levels,
and lower alcohol intoxication rates than those with the young adults. The glucose level and the
mean alcohol level of alcohol-intoxicated patients were not significantly different between the elderly
and young adults. The elderly had a significantly higher GCS score than the young adults had
(14.1 ± 2.0 vs. 12.9 ± 3.4, respectively; p < 0.001), with a >1 score difference. Fewer elderly patients
had a GCS of ≤8, while more had a GCS score ≥ 13 than the younger patients. In addition, the motor
response scores were higher in the elderly than young adult patients (5.7 ± 0.7 vs. 5.4 ± 1.1, respectively;
p < 0.001). Elderly patients had a significantly lower ISS (median (QR: Q1–Q3), 9 [9–13]) than that of
the young adults (13 [9–14]). However, differences regarding the mortality were not observed between
the elderly and young adult patients (3.3% vs. 2.0%, respectively; p = 0.412).

Table 1. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 3.

Variables Elderly
n = 212

Young
n = 394

Odds Ratio
(95% CI) p

Gender, n (%) 0.548
Male 116 (54.7) 227 (57.6) 0.9 (0.64–1.24)

Female 96 (45.3) 167 (42.4) 1.1 (0.84–1.58)
Co-morbidities, n (%)

DM 58 (27.4) 35 (8.9) 3.9 (2.44–6.12) <0.001
HTN 107 (50.5) 70 (17.8) 4.8 (3.25–6.85) <0.001
CAD 18 (8.5) 4 (1.0) 9.0 (3.02–27.10) <0.001
CHF 6 (2.8) 1 (0.3) 11.4 (1.37–95.72) 0.009
CVA 24 (11.3) 6 (1.5) 8.3 (3.32–20.54) <0.001
ESRD 4 (1.9) 3 (0.8) 2.5 (0.56–11.31) 0.247
COPD 5 (2.4) 1 (0.3) 9.5 (1.10–81.79) 0.022
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Table 1. Cont.

Variables Elderly
n = 212

Young
n = 394

Odds Ratio
(95% CI) p

Mechanisms, n (%)
Driver of MV 3 (1.4) 4 (1.0) 1.4 (0.31–6.31) 0.700

Passenger of MV 0 (0.0) 6 (1.5) – 0.096
Driver of Motorcycle 75 (35.4) 283 (71.8) 0.2 (0.15–0.31) <0.001

Passenger of Motorcycle 4 (1.9) 12 (3.0) 0.6 (0.20–1.92) 0.443
Bicycle 18 (8.5) 11 (2.8) 3.2 (1.50–6.98) 0.003

Pedestrian 16 (7.5) 11 (2.8) 2.8 (1.29–6.24) 0.008
Fall 94 (44.3) 53 (13.5) 5.1 (3.45–7.62) <0.001

Strike by/against 2 (0.9) 14 (3.6) 0.3 (0.06–1.15) 0.064
SBP (mmHg) 165.1 ±34.8 143.7 ±30.5 – <0.001
Hb (mg/dL) 12.6 ±1.9 13.6 ±2.4 – <0.001
Na (mg/dL) 137.9 ±4.1 138.8 ±2.8 – 0.001

Glucose (mg/dL) 156.4 ±67.9 147.4 ±52.9 – 0.073
Alcohol > 50, n (%) 4 (1.9) 79 (20.1) 0.1 (0.03–0.21) <0.001

Alcohol level 158.5 ±51.0 187.2 ±80.9 – 0.487
GCS 14.1 ±2.0 12.9 ±3.4 – <0.001

≤8, n (%) 9 (4.2) 65 (16.5) 0.3 (0.10–0.43) <0.001
9–12, n (%) 14 (6.6) 45 (11.4) 0.5 (0.25–0.88) 0.010
≥13, n (%) 189 (89.2) 284 (72.1) – –

Motor response of GCS 5.7 ±0.7 5.4 ±1.1 – <0.001
ISS (median, IQR) 9 (9–13) 13 (9–14) – 0.021

Mortality, n (%) 7 (3.3) 8 (2.0) 1.6 (0.59–4.61) 0.412

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.2. Characteristics and Outcomes of TBI Patients with Head AIS of 4

Table 2 shows that the female sex was significantly predominant among the elderly than in the
young adult TBI patients with head AIS of 4. Rates of DM, HTN, CAD, CVA, ESRD, and COPD
were significantly higher in elderly than in young adult patients; however, there was no difference
of the rate of CHF between the elderly and the young adult patients. Compared to the young adult
patients, several elderly patients were injured in a fall or bicycle accidents, but fewer elderly sustained
injuries as a passenger of motor vehicle, as a driver in the motorcycle accident, and by a strike
by/against injury. Elderly patients presented with higher SBP, lower Hb and Na levels, and lower
alcohol intoxication rates than their younger counterparts. The glucose and the mean alcohol levels of
alcohol-intoxicated patients were not significantly different between the two groups. Elderly patients
had a significantly higher GCS scores than that of the young adult patients (13.1 ± 3.2 vs. 11.8 ± 3.9,
respectively; p < 0.001), with the score difference of >1. Fewer elderly patients had a GCS of ≤8 than
their younger counterparts. In addition, the score for motor response was higher in elderly than that in
young adult patients (5.4 ± 1.2 vs. 5.1 ± 1.3, respectively; p < 0.001). Elderly patients had a significantly
lower ISS (16 [16–20]) compared to the young adult patients (18 [16–21]). A 1.7-fold odds of mortality
was observed in the elderly when compared to the young adult patients (OR 1.7; 95% CI: 1.03–2.80;
p = 0.042).
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Table 2. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 4.

Variables Elderly
n = 510

Young
n = 642

Odds Ratio
(95% CI) p

Gender, n (%) <0.001
Male 270 (52.9) 442 (68.8) 0.5 (0.40–0.65)

Female 240 (47.1) 200 (31.2) 2.0 (1.54–2.50)
Co-morbidities, n (%)

DM 152 (29.8) 75 (11.7) 3.2 (2.36–4.36) <0.001
HTN 263 (51.6) 129 (20.1) 4.2 (3.27–5.49) <0.001
CAD 62 (12.2) 11 (1.7) 7.9 (4.13–15.25) <0.001
CHF 6 (1.2) 2 (0.3) 3.8 (0.77–18.96) 0.149
CVA 61 (12.0) 12 (1.9) 7.1 (3.80–13.40) <0.001
ESRD 27 (5.3) 11 (1.7) 3.2 (1.58–6.53) 0.001
COPD 12 (2.4) 1 (0.2) 15.4 (2.02–119.19) <0.001

Mechanisms, n (%)
Driver of MV 1 (0.2) 7 (1.1) 0.2 (0.02–1.45) 0.084

Passenger of MV 0 (0.0) 7 (1.1) – 0.020
Driver of Motorcycle 155 (30.4) 379 (59.0) 0.3 (0.24–0.39) <0.001

Passenger of Motorcycle 9 (1.8) 13 (2.0) 0.9 (0.37–2.05) 0.831
Bicycle 35 (6.9) 22 (3.4) 2.1 (1.20–3.59) 0.009

Pedestrian 21 (4.1) 25 (3.9) 1.1 (0.59–1.92) 0.880
Fall 283 (55.5) 156 (24.3) 3.9 (3.02–4.99) <0.001

Strike by/against 6 (1.2) 33 (5.1) 0.2 (0.09–0.53) <0.001
SBP (mmHg) 166.7 ±34.6 148.7 ±34.5 – <0.001
Hb (mg/dL) 12.2 ±2.0 13.5 ±1.9 – <0.001
Na (mg/dL) 137.8 ±4.1 138.6 ±3.7 – 0.001

Glucose (mg/dL) 165.3 ±63.9 161.6 ±67.9 – 0.345
Alcohol > 50, n (%) 3 (0.6) 140 (21.8) 0.02 (0.01–0.07) <0.001

Alcohol level 237.0 ±128.2 194.3 ±81.2 – 0.374
GCS 13.1 ±3.2 11.8 ±3.9 – <0.001

≤8, n (%) 61 (12.0) 165 (25.7) 0.4 (0.27–0.52) <0.001
9–12, n (%) 65 (12.7) 89 (13.9) 0.7 (0.52–1.05) 0.094
≥13, n (%) 384 (75.3) 388 (60.4) – –

Motor response of GCS 5.4 ±1.2 5.1 ±1.3 – <0.001
ISS (median, IQR) 16 (16–20) 18 (16–21) – <0.001

Mortality, n (%) 38 (7.5) 29 (4.5) 1.7 (1.03–2.80) 0.042

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.3. Characteristics and Outcomes of TBI Patients with Head AIS of 5

Table 3 shows that the female sex were significantly predominant among the elderly than in
the young adult TBI group with head AIS of 5. Elderly patients had significantly higher rates of
DM, HTN, CAD, and CVA compared to the young adult patients; however, the rates of CHF, ESRD,
and COPD were not significantly different between the two groups. Compared to the young adult
patients, many elderlies were injured in a fall accident, but fewer sustained injuries as a driver in
a motorcycle accident. Elderly patients presented with higher SBP, lower Hb and Na levels, and lower
rates of alcohol intoxication than their younger counterparts. The glucose and the mean alcohol levels
of alcohol-intoxicated patients were not significantly different between the two groups. The GCS scores
between the elderly and young adult patients (7.1 ± 4.3 vs. 6.4 ± 3.8, respectively; p = 0.158) were not
significantly different, regardless of the GCS score stratum. No significant differences were observed
in the motor response scores between the elderly and the young (3.2 ± 1.9 vs. 3.0 ± 1.8, respectively;
p = 0.435). Elderly patients had a significantly lower ISS (25 [25–29]) than young adult patients had
(25 [25–33]). A 1.8-fold odds of mortality was observed in the elderly when compared to the young
adult patients (OR 1.8; 95% CI: 1.15–2.86; p = 0.012).
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Table 3. Comparison of the characteristics and outcomes of the elderly and young adult patients with
head AIS of 5.

Variables Elderly
n = 125

Young
n = 198

Odds Ratio
(95% CI) p

Gender, n (%) <0.001
Male 64 (51.2) 144 (72.7) 0.4 (0.25–0.63)

Female 61 (48.8) 54 (27.3) 2.5 (1.59–4.07)
Co-morbidities, n (%)

DM 33 (26.4) 17 (8.6) 3.8 (2.02–7.22) <0.001
HTN 58 (46.4) 36 (18.2) 3.9 (2.35–6.45) <0.001
CAD 18 (14.4) 3 (1.5) 10.9 (3.15–37.97) <0.001
CHF 1 (0.8) 0 (0.0) – 0.149
CVA 12 (9.6) 2 (1.0) 10.4 (2.29–47.33) <0.001
ESRD 7 (5.6) 5 (2.5) 2.3 (0.71–7.38) 0.226
COPD 3 (2.4) 0 (0.0) – 0.057

Mechanisms, n (%)
Driver of MV 1 (0.8) 4 (2.0) 0.4 (0.04–3.54) 0.652

Passenger of MV 0 (0.0) 3 (1.5) – 0.286
Driver of Motorcycle 35 (28.0) 111 (56.1) 0.3 (0.19–0.49) <0.001

Passenger of Motorcycle 2 (1.6) 6 (3.0) 0.5 (0.10–2.62) 0.492
Bicycle 13 (10.4) 13 (6.6) 1.7 (0.74–3.69) 0.293

Pedestrian 5 (4.0) 11 (5.6) 0.7 (0.24–2.09) 0.608
Fall 67 (53.6) 44 (22.2) 4.0 (2.49–6.57) <0.001

Strike by/against 2 (1.6) 6 (3.0) 0.5 (0.10–2.62) 0.492
SBP (mmHg) 176.3 ±49.8 149.2 ±47.5 – <0.001
Hb (mg/dL) 11.9 ±2.1 13.0 ±2.2 – <0.001
Na (mg/dL) 137.2 ±5.0 138.9 ±4.4 – 0.002

Glucose (mg/dL) 205.8 ±97.8 200.0 ±97.9 – 0.604
Alcohol > 50, n (%) 4 (3.2) 46 (23.2) 0.1 (0.04–0.31) <0.001

Alcohol level 154.8 ±63.9 200.2 ±64.9 – 0.185
GCS 7.1 ±4.3 6.4 ±3.8 – 0.158

≤8, n (%) 85 (68.0) 154 (77.8) 0.7 (0.36–1.26) 0.256
9–12, n (%) 18 (14.4) 17 (8.6) 1.3 (0.55–3.10) 0.659
≥13, n (%) 22 (17.6) 27 (13.6) – –

Motor response of GCS 3.2 ±1.9 3.0 ±1.8 – 0.435
ISS (median, IQR) 25 (25–29) 25 (25–33) – <0.001

Mortality, n (%) 74 (59.2) 88 (44.4) 1.8 (1.15–2.86) 0.012

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale; Hb = hemoglobin;
HTN = hypertension; IQR = interquartile range; ISS = injury severity score; MV = motor vehicle; Na = Sodium;
SBP = systolic blood pressure.

3.4. Comparison of Propensity-Score Matched Patients with Different Head AIS

Propensity score-matched patients were selected to reduce the effects of differences in sex,
pre-existed COPD, SBP, Hb, Na, glucose, and alcohol levels on the assessment of GCS scores of
the patient population. The covariates were insignificantly different between these two patient cohorts
in the selected 162, 362, and 89 well-balanced pairs of TBI patients with head AIS of 3 (Table 4),
4 (Table 5), and 5 (Table 6). The logistic regression analysis of these pairs of patients showed that in the
TBI patients with head AIS of 3, elderly patients had a significantly higher GCS score compared to their
younger counterparts (14.1 ± 2.2 vs. 13.1 ± 3.3, respectively; p = 0.002), with the score difference of 1.
In addition, fewer elderly had a GCS of ≤8 than that of the young adult patients. The motor response
scores are higher in the elderly than that in young adult patients (5.7 ± 0.8 vs. 5.5 ± 1.0, respectively;
p = 0.029). In the TBI patients with head AIS of 4, elderly patients had a significantly higher GCS
score than that of the young adult patients (13.1 ± 3.3 vs. 12.2 ± 3.8, respectively; p = 0.002), with the
score difference of <1. In addition, fewer elderly patients had a GCS of ≤8 than the young patients.
The motor response scores are not significantly higher in the elderly patients than that in young adult
patients (5.4 ± 1.2 vs. 5.2 ± 1.3, respectively; p = 0.053). In the TBI patients with head AIS of 5, the GCS
scores, percentage of patient according to GCS stratum, and motor response scores were insignificantly
different between the elderly and young adult patients.
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Table 4. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 3.

Elderly
n = 162

Young
n = 162

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.65–1.54) 1.000 0.00%
Male 85 (52.5) 85 (52.5) – – –

Female 77 (47.5) 77 (47.5) – – –
COPD

Yes 0 (0.0) 0 (0.0) – – –
No 162 (100) 162 (100) – – –

SBP (mmHg) 157.4 ±31.9 156.7 ±31.5 – 0.838 2.28%
Hb (mg/dL) 12.8 ±1.8 12.9 ±1.9 – 0.802 –2.79%
Na (mg/dL) 138.4 ±3.8 138.4 ±3.2 – 0.899 1.41%

Glucose (mg/dL) 158.5 ±72.4 155.9 ±62.0 – 0.727 3.88%
Alcohol > 50, n (%) 4 (2.5) 4 (2.5) 1.0 (0.25–4.07) 1.000 0.00%

GCS 14.1 ±2.2 13.1 ±3.3 – 0.002 –
≤8, n (%) 8 (4.9) 25 (15.4) 0.3 (0.12–0.63) 0.002 –

9–12, n (%) 10 (6.2) 13 (8.0) 0.7 (0.28–1.56) 0.389 –
≥13, n (%) 144 (88.9) 124 (76.5) – – –

Motor response 5.7 ±0.8 5.5 ±1.0 – 0.029 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

Table 5. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 4.

Elderly
n = 362

Young
n = 362

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.75–1.34) 1.000 0.00%
Male 202 (55.8) 202 (55.8) – – –

Female 160 (44.2) 160 (44.2) – – –
COPD

Yes 0 (0.0) 0 (0.0) – – –
No 362 (100) 362 (100) – – –

SBP (mmHg) 160.1 ±31.5 158.8 ±32.2 – 0.589 4.01%
Hb (mg/dL) 12.7 ±1.8 12.8 ±1.9 – 0.755 –2.32%
Na (mg/dL) 138.0 ±3.7 138.0 ±4.0 – 1.000 0.00%

Glucose (mg/dL) 170.2 ±66.3 168.8 ±65.0 – 0.766 2.22%
Alcohol > 50, n (%) 2 (0.6) 2 (0.6) 1.0 (0.14–7.14) 1.000 0.00%

GCS 13.1 ±3.3 12.2 ±3.8 – 0.002 –
≤8, n (%) 46 (12.7) 79 (21.8) 0.5 (0.34–0.77) 0.001 –

9–12, n (%) 47 (13.0) 47 (13.0) 0.9 (0.57–1.36) 0.575 –
≥13, n (%) 269 (74.3) 236 (65.2) – – –

Motor response 5.4 ±1.2 5.2 ±1.3 – 0.053 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

Table 6. Comparison of GCS score and motor response components in the selected propensity–score
matched cohort of elderly and young adult patients with head AIS of 5.

Elderly
n = 89

Young
n = 89

Odds Ratio
(95% CI) p Standardized

Difference

Gender, n (%) 1.0 (0.55–1.82) 1.000 0.00%
Male 52 (58.4) 52 (58.4) – – –

Female 37 (41.6) 37 (41.6) – – –
COPD – – –

Yes 0 (0.0) 0 (0.0) – – –
No 89 (100) 89 (100) – – –

SBP (mmHg) 167.3 ±52.4 167.5 ±45.0 – 0.985 –0.28%
Hb (mg/dL) 12.1 ±2.2 12.1 ±2.2 – 0.970 –0.57%
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Table 6. Cont.

Elderly
n = 89

Young
n = 89

Odds Ratio
(95% CI) p Standardized

Difference

Na (mg/dL) 138.2 ±3.9 138.1 ±4.5 – 0.789 4.02%
Glucose (mg/dL) 210.0 ±108.2 199.1 ±89.9 – 0.470 10.86%

Alcohol > 50, n (%) 4 (4.5) 4 (4.5) 1.0 (0.24–4.13) 1.000 0.00%
GCS 7.0 ±4.2 6.6 ±4.0 – 0.525 –

≤8, n (%) 61 (68.5) 67 (75.3) 0.9 (0.38–1.90) 0.837 –
9–12, n (%) 13 (14.6) 8 (9.0) 1.5 (0.48–4.76) 0.569 –
≥13, n (%) 15 (16.9) 14 (15.7) – – –

Motor response 3.2 ±1.9 3.1 ±1.8 – 0.873 –

CI = confidence interval; GCS = Glasgow Coma Scale; Hb = hemoglobin; Na = Sodium; SBP = systolic blood pressure.

4. Discussion

In the present study, we demonstrate that elderly patients have higher GCS scores than younger
patients with similar moderate anatomic severity of moderate TBI, which were defined by an AIS
of 3 or 4. However, this difference was not observed in patients with severe anatomic severity TBI,
with an AIS of 5. Even in the selected propensity score-matched patients adjusted for the differences
in sex, pre-existed COPD, SBP, Hb, Na, glucose, and alcohol levels, our study demonstrates similar
conclusion that, while controlling variables, being older increased the likelihood of a better GCS score
for moderate anatomic severity TBI, but not for severe TBI.

Currently, the mechanisms behind the discrepancy of observed GCS scores between the elderly
and young adult patients for similar anatomical severity of TBI are unknown. It had been speculated
that a greater amount of intracranial hematoma and edema occurred before the intracranial pressure
increases and GCS falls [14]. According to this speculation, elderly patients should truly tolerate
equivalent injuries better. However, this theory is not supported by literatures demonstrating worse
outcomes in elderly than younger trauma patients, despite apparently with lower injury burden [31–33].
In addition, such unfavorable outcome was observed with an increase in age at every decade [34].
Some studies suggested that, compared to the young patients, elderly patients with TBI are more
likely to have suffered a subdural hematoma, which tend to evolve more slowly and may result in
a higher initial GCS on presentation [35]. However, there is lack of evidence regarding the influence
of age on GCS is exerted through preponderance on one particular type of intracranial injury in
elderly patients [4]. Furthermore, some authors suggested that elderly patients with TBI are more
likely to be women, and the female sex somehow confers a degree of neuroprotection in isolated
TBI [14]. However, such speculation still cannot depict the relationship between neuroprotection and
initial measurement of the GCS score. Similarly, our results also did not support the hypothesis that
the GCS score overestimates the severity of TBI in younger patients, owing to the alcohol-related
impairment. In addition, some authors proposed that the GCS score underestimates the severity of
injury in elderly patients, owing to the clinician’s perception of lower baseline neurologic response [36].
Because the mechanisms behind are unknown, this study could not explain why the GCS scores and
motor response components of the elderly are better than those of the younger patients with similar
anatomic severity of moderate TBI, but not of severe TBI.

Our study suggests that a bias exists in the patients with moderate TBI defined using the GCS,
such that elderly patients in each GCS stratum may have worse anatomic injuries than their younger
counterparts. In this study, the GCS scores of the elderly TBI patients with head AIS of 3 and 4
were 14.1 ± 2.0 and 13.1 ± 3.2, respectively, which were higher by >1 score than their younger
counterparts. Therefore, the elderly population may require an alternative strategy by not only solely
relying on the GCS score to ensure the appropriateness of decisions made regarding the severity of
illness, triage protocol, and requirement of a transfer. Moore and colleagues suggested that all head
trauma patients aged ≥65 years presenting a GCS score of >13 should undergo a screening computed
tomography of the head [37]. The Canadian CT Head Rule recommends that patients aged ≥65 is



Int. J. Environ. Res. Public Health 2017, 14, 1378 10 of 12

a high risk factor for neurosurgical intervention and recommend head computed tomography for those
with GCS score of 13–15 [38]. The Ohio Emergency Medical Services system had adopted a lower
threshold of GCS cutoff for elderly patients for prompt transport to a trauma center [17]. The change
of the EMS trauma triage cutoff for elderly patients from GCS 13 to 14 results in improved sensitivity
for clinically relevant outcomes [17]. In addition, in this study on patients with moderate to severe TBI,
the motor response component of the GCS yields similar prediction rates as those of the summed GCS
score, which was in accordance with the report by McNett et al. [6] and Potter et al. [16], the latter had
chosen a GCS motor score of <4 as the threshold for transportation directly to the major trauma center.

This study had some limitations that should be acknowledged. First there was an inherent
selection bias associated with the retrospective study design, which had the potential disadvantages
include the possibility of selection bias and the effect of drugs, dyslipidemia, or therapeutic intervention
on GCS scoring could not be evaluated because of insufficient data. Besides, a strong collaboration
between the physician and the care manager can attribute to the outcomes of the patients [39]. In this
study, the agreement in GCS scoring between different physicians may influence the outcomes of
this study; however, this difference could not be evaluated precisely in this retrospective study.
Second, although the intubation rate by emergency medical services was very low in southern
Taiwan [40,41], we did not correct the intubation status before arrival, and the GCS score may be
actually lower in patients who were intubated before the GCS score was recorded at the emergency
department. Third, preinjury medications, including sedative, hypnotic, and anticoagulants expected
to be more commonly used in elderly patients, were unknown and thus may result in selection bias.
Furthermore, in this study, the observation that the GCS appeared to be confounded by age under
the assumption that a “true” assessment on the severity of injury was conducted using the anatomic
(AIS) rather than the neurologic (GCS) injury measurement. However, the hypothesis that the AIS
was less confounded by age than the GCS could not be validated. At last, different matching method
such as coarsened exact matching may create different matched populations for estimate than the
propensity-score matching used in this study, thus may lead to a bias in the outcomes reported [42].

5. Conclusions

With the demonstration that the elderly with moderate TBI (head AIS of 3 or 4) present with
a higher GCS score than that in younger patients, this study underscores the importance of determining
the TBI severity in elderly patients using the GCS only. A lower threshold of GCS cutoff should be
adopted in the management of elderly patients with moderate TBI.
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