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Abstract
Background:TheGlasgow Coma Scale (GCS) was devised in 1974 as a way of tracking the
progress of neurosurgical coma patients. It is comprised of three components: eye move-
ment, response to verbal commands, and motor function. Since then, it has become the
primary tool in EmergencyMedical Services (EMS) and emergency departments for assess-
ing cognitive function and triaging patients in the setting of acute trauma. However, the
GCS was never intended to be used in such a way. It has been demonstrated that there
is a high degree of inter-rater variability when assigning GCS scores for trauma patients.
Potential differences in GCS score assignments between different countries were examined.
It was hypothesized there would be differences in mean total and component scores.
Methods: Using de-identified data from the Pan-Asian Trauma Outcomes Study
(PATOS), the distributions of GCS scores from six countries were assessed: Japan,
Korea, Malaysia, Taiwan, Thailand, and Vietnam. Using SPSS data analysis, a one-way
ANOVA and Bonferroni post-hoc tests were performed to compare the means of the three
GCS components and the total GCS scores reported by EMS personnel caring for trauma
patients.
Results: Data from 15,173 cases showed significant differences in mean total GCS score
between countries (P<.001) as well as in mean component GCS scores (P<.001 for each of
eye, verbal, and motor). Post-hoc tests showed that EMS personnel in Korea assigned sig-
nificantly lower scores compared to all other countries in both component and total GCS
scores. Field personnel in Japan, Malaysia, and Vietnam assigned the highest scores and
significantly differed from the other three countries on component and total scores;
Thailand and Taiwan had similar scores but significantly differed from the other four coun-
tries on component and total scores. Visual inspection of mean component and total GCS
score histograms revealed differences in score assignment patterns among countries.
Conclusions: There are a number of significant differences in the mean total and compo-
nentGCS scores assigned byEMS personnel in the six Asian countries studied.More inves-
tigation is necessary to determine if there is clinical significance to these differences in GCS
score assignments, as well as the reasons for the differences.
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Background
The Glasgow Coma Scale (GCS) was developed in 1974 by Graham Teasdale and Bryan
Jennet to assess the level of consciousness and brain function in neurosurgical patients. The
scale was developed as a way to complement existing measures of assessing cognitive func-
tion; however, the scale’s ease of use and overall simplicity led to its wide adoption and even-
tual promotion to the primary method of assessing brain injury in the acute setting. The
GCS is now used in over 80 countries and has been translated into the national languages
of 74% of countries.1

The GCS is broken up into three main areas to assess brain function: eye movement,
response to verbal commands, and motor function. Each of these three areas is assigned
a numerical grade based on the patient response, and a cumulative grade out of 15 is then
assigned to the patient. Eye opening response is graded out of four, with four being normal
spontaneous eye movement; verbal response is graded out of five, with five being normally
oriented conversation and verbalization of words; and motor response is graded out of six,

1. Frank H. Netter MD School of Medicine,

Quinnipiac University, North Haven,

Connecticut, USA

2. Department of Emergency Medicine, Yale

University School of Medicine, NewHaven,

Connecticut, USA

Correspondence:

Benjamin Capuano

Frank H. Netter MD School of Medicine

Quinnipiac University

North Haven, Connecticut USA

E-mail: Benjamin.capuano@quinnipiac.edu,

(401-871-2166)

Conflicts of interest/funding: Dr. Cone is a

non-compensated member of the PATOS

Research Advisory Committee, and has been

reimbursed by PATOS for travel expenses

incurred in teaching at the annual PATOS

Research Workshop in Seoul, Korea in 2015,

2017, and 2019. Poster presentation: National

Association of EMS Physicians Annual

Meeting, San Diego, California USA January

2020.

Keywords: Asia; Glasgow Coma Scale; GCS;

prehospital care; trauma

Abbreviations:

EMS: Emergency Medical Services

GCS: Glasgow Coma Scale

PATOS: Pan-Asia Trauma Outcomes Study

Received: September 23, 2021

Revised: November 6, 2021

Accepted: November 19, 2021

doi:10.1017/S1049023X2200019X

© The Author(s), 2022. Published by

Cambridge University Press on behalf of the

World Association for Disaster and Emergency

Medicine.

ORIGINAL RESEARCH

April 2022 Prehospital and Disaster Medicine

https://doi.org/10.1017/S1049023X2200019X Published online by Cambridge University Press

https://orcid.org/0000-0003-3940-016X
mailto:Benjamin.capuano@quinnipiac.edu
https://doi.org/10.1017/S1049023X2200019X
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1049023X2200019X&domain=pdf
https://doi.org/10.1017/S1049023X2200019X


with a six being normal obeying of commands for movement. A
GCS cumulative grade of 13-14 indicates mild head injury; a
GCS grade of 9-12 indicates a moderate head injury; and a
GCS score of eight or less indicates a severe head injury, with a
score of three indicating coma (no eye opening, inability to follow
commands, no word verbalizations).2 The grade assigned to
patients is often used to determine subsequent treatment; for exam-
ple, some trauma management algorithms dictate that all patients
with GCS of eight or less require intubation.

The study hypothesis is that there is considerable variation in the
use of this scale among different nations. This hypothesis arose
from two main factors. First, the GCS was not intended by its ini-
tial authors to assess acute brain trauma, nor was it their intention
to have a summative score of three distinct sections that would con-
stitute a formal trauma score out of 15.3 Second, it is well-docu-
mented that Emergency Medical Services (EMS) personnel are
often inaccurate at assigning GCS scores in the field.4 These
two factors alone warrant some skepticism in the accuracy of the
recorded scores for trauma patients, not to mention the possibility
of variation in score assignment based on regional differences in the
assessment of brain function.

Inconsistencies between nations may suggest issues with the
clinical application of the scale and that a new, alternative method
of assessing brain function in the setting of acute trauma may be
needed, several of which have already been validated (eg, the
Simplified Motor Score).5

Therefore, the goal of this study was to determine if there are
significant discrepancies in the mean GCS scores (component
and total) between different countries.

Methods
This was a descriptive study using data extracted from the Pan-
Asian Trauma Outcomes Study (PATOS) database.

Ethical Compliance
Data for this study were obtained from the PATOS database.
Permission for data use was granted by the PATOS Clinical
Research Network following a peer-review process. The study
was deemed not human subjects research by the Yale University
institutional review board (New Haven, Connecticut USA;
Protocol 1609018451) as all patient data were de-identified.

The PATOS is “an international, multicenter, and observatio-
nal research network to collect trauma cases transported by
Emergency Medical Services (EMS) providers” with the goal of
providing “comparison of the trauma EMS systems and to bench-
mark best practice with participating communities.”6 Among the
data collected from this large study are GCS scores assigned to
patients by EMS personnel in the participating countries. The sec-
ond author has been a member of the PATOS Research Advisory
Committee since its inception in 2013 and has participated in
efforts to assure accurate data entry and avoid potential sources
of bias in the database.

Study Population
The population of interest was patients who were assigned a three-
component GCS score (eyes, verbal, and motor), as recorded by
EMS personnel, from January 2015 through December 2018.

Inclusion Criteria—Trauma patients in the PATOS database who
were assigned a three-component GCS score by EMS were
included.6 Any patient whowas assignedmore than oneGCS score

for whatever reason had only his or her first score considered.
Table 1 shows total cases by country.

Exclusion Criteria—Trauma patients in the PATOS database who
were assigned only a one-component or two-component GCS
score by EMS personnel; patients who were not assigned any
GCS score by EMS personnel; and patients for whom an
AVPU (alert, voice, pain, unresponsive) score was assigned instead
of a GCS score were excluded. Countries with insufficient data
(<30 EMS assigned GCS scores) were excluded from the analysis
(Figure 1).

Statistical Analysis
The distributions ofmean component (eye, verbal, motor) and total
GCS scores from six countries were assessed: Japan, Korea,
Malaysia, Taiwan, Thailand, and Vietnam. The data were pro-
vided in a password-protected Excel (Microsoft Corp.;
Redmond, Washington USA) spreadsheet by the PATOS
Research Coordinator, based at the Laboratory of Emergency

Country N Mean

95% Confidence
Interval for Mean

Lower
Bound

Upper
Bound

GCS Eye JP 922 3.83 3.79 3.87

KR 49 1.57 1.25 1.89

MY 10,307 3.84 3.83 3.85

TH 38 2.87 2.4 3.33

TW 3,294 3.29 3.25 3.33

VN 563 3.87 3.83 3.91

Total 15,173 3.71 3.7 3.72

GCS
Verbal

JP 922 4.60 4.54 4.65

KR 49 1.57 1.19 1.95

MY 10,307 4.78 4.76 4.8

TH 38 3.50 2.89 4.11

TW 3,294 3.96 3.91 4.02

VN 563 4.80 4.74 4.85

Total 15,173 4.58 4.56 4.6

GCS
Motor

JP 922 5.83 5.77 5.88

KR 49 2.22 1.7 2.75

MY 10,307 5.82 5.81 5.84

TH 38 4.63 3.95 5.32

TW 3,294 4.96 4.9 5.02

VN 563 5.77 5.71 5.82

Total 15,173 5.62 5.6 5.64

GCS
Total

JP 922 14.25 14.12 14.39

KR 49 5.37 4.19 6.55

MY 10,307 14.44 14.4 14.48

TH 38 11.00 9.31 12.69

TW 3,294 12.21 12.06 12.37

VN 563 14.44 14.29 14.58

Total 15,173 13.91 13.86 13.95

Capuano © 2022 Prehospital and Disaster Medicine

Table 1. Number of Component and Total GCS Values by
Country used in Final Analysis
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR, Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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Medical Services, Biomedical Research Institute, Seoul National
University Hospital in Seoul, Korea. After all GCS scores were
sorted by country, SPSS (IBM Corp.; Armonk, New York
USA) data analytics software was used to run one-way ANOVA
and Bonferroni post-hoc tests to compare the means of the com-
ponent and total scores among the countries. The post-hoc tests
allowed for analysis of the data from each individual country and
how that country’s mean scores compared to those of the other five.
Results from the ANOVA were deemed significant if P <.05. It
has become standard practice to evaluate the GCS as a continuous
scale, as opposed to an ordinal scale, in terms of statistical analysis.
As such, means were used for comparison as opposed to analyses
otherwise used to evaluate ordinal variables.

Results
From 97,093 patients in the PATOS database, 15,173 met the
inclusion criteria with the others being excluded as per Figure 1.
Data from the 15,173 cases across these six countries showed sig-
nificant differences in mean total GCS score among countries (P
<.001) as well as in mean component GCS scores (P <.001 for
each of eye, verbal, andmotor). Using the Bonferroni post-hoc test,
the difference between each individual country’s mean GCS scores
(total and component) from all the other nations in the study was
determined.

Eye
For the eye component, Japan, Malaysia, and Vietnam did not dif-
fer significantly from each other but did individually differ signifi-
cantly from Korea, Taiwan, and Thailand. Korea, Taiwan, and
Thailand differed significantly from all other countries (Table 2,
Figure 2).

Verbal
For the verbal component, Malaysia and Vietnam did not differ
significantly from each other but differed significantly from all
other countries. Similarly, Taiwan and Thailand did not differ sig-
nificantly from each other but differed significantly from all other
countries. Japan andKorea both differed significantly from all other
countries (Table 3, Figure 3).

Motor
For themotor component, again Japan,Malaysia, and Vietnam did
not differ significantly from each other but did individually differ
from all other countries. Taiwan and Thailand did not differ from
each other significantly but did individually differ from all other
countries. Korea differed significantly from all other countries
(Table 4, Figure 4).

Total Cases = 97,093

Scores Excluded from 
Countries with Insufficienct 

Data = 21

Incomplete/Incorrect GCS 
Scores = 91

Final Sample = 15,173

Missing GCS Score = 81,808
Cases with GCS Score 
Assignments = 15,285

Capuano © 2022 Prehospital and Disaster Medicine

Figure 1. Inclusion/Exclusion Criteria.
Abbreviation: GCS, Glasgow Coma Scale.

Country
Compari-

son
Country

Mean
Differen-

ce

95% Confidence
Interval

Lower
Bound

Upper
Bound

GCS Eye JP KR 2.26 1.93 2.59

MY -0.01 -0.08 0.07

TH 0.96 0.59 1.33

TW 0.54 0.45 0.62

VN -0.04 -0.16 0.08

KR JP -2.26 -2.59 -1.93

MY -2.27 -2.59 -1.94

TH -1.30 -1.78 -0.81

TW -1.72 -2.05 -1.4

VN -2.30 -2.64 -1.97

MY JP 0.01 -0.07 0.08

KR 2.27 1.94 2.59

TH 0.97 0.6 1.33

TW 0.54 0.5 0.59

VN -0.04 -0.13 0.06

TH JP -0.96 -1.33 -0.59

KR 1.30 0.81 1.78

MY -0.97 -1.33 -0.6

TW -0.43 -0.79 -0.06

VN -1.00 -1.38 -0.63

TW JP -0.54 -0.62 -0.45

KR 1.72 1.4 2.05

MY -0.54 -0.59 -0.5

TH 0.43 0.06 0.79

VN -0.58 -0.68 -0.48

VN JP 0.04 -0.08 0.16

KR 2.30 1.97 2.64

MY 0.04 -0.06 0.13

TH 1.00 0.63 1.38

TW 0.58 0.48 0.68

Capuano © 2022 Prehospital and Disaster Medicine

Table 2.MeanDifference inGCSEyeComponent by Country
Note: Bolded values indicate statistically significant difference
(P <.001).
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR, Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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Total
For total GCS scores, the results were the same as the eye and
motor components: Japan, Malaysia, and Vietnam did not differ
from each other significantly but did individually differ from all
other countries. Taiwan and Thailand did not differ from each
other but did individually differ from all other countries. Korea dif-
fered significantly from all other countries (Table 5, Figure 5).
Percentages of each individual GCS total score by country are
shown in Figures 6a and 6b.

Discussion
The analysis of these six Asian countries demonstrates that there
are statistically significant differences in the mean component
and total GCS score assignments. There are several different ways
that countries vary from each other: some differ significantly in one
component score but not in total scores (eg, Taiwan and Thailand
differ significantly in the “eye” category, but not in total); some
countries differ significantly only in one category but not in total

Country Comparison Country Mean Difference
95% Confidence Interval

Lower Bound Upper Bound

GCS Verbal JP KR 3.03 2.57 3.48

MY -0.18 -0.29 -0.08

TH 1.10 0.59 1.6

TW 0.64 0.52 0.75

VN -0.20 -0.37 -0.04

KR JP -3.03 -3.48 -2.57

MY -3.21 -3.65 -2.77

TH -1.93 -2.59 -1.26

TW -2.39 -2.83 -1.95

VN -3.23 -3.68 -2.77

MY JP 0.18 0.08 0.29

KR 3.21 2.77 3.65

TH 1.28 0.78 1.78

TW 0.82 0.76 0.88

VN -0.02 -0.15 0.12

TH JP -1.10 -1.6 -0.59

KR 1.93 1.26 2.59

MY -1.28 -1.78 -0.78

TW -0.46 -0.96 0.04

VN -1.30 -1.81 -0.78

TW JP -0.64 -0.75 -0.52

KR 2.39 1.95 2.83

MY -0.82 -0.88 -0.76

TH 0.46 -0.04 0.96

VN -0.84 -0.98 -0.7

VN JP 0.20 0.04 0.37

KR 3.23 2.77 3.68

MY 0.02 -0.12 0.15

TH 1.30 0.78 1.81

TW 0.84 0.7 0.98

Capuano © 2022 Prehospital and Disaster Medicine

Table 3. Mean Difference in GCS Verbal Component by Country
Note: Bolded values indicate statistically significant difference (P <.001).
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR, Korea; MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.

3.83

1.57

3.84

2.87
3.29

3.87

1.00

2.00

3.00

4.00

JP KR MY TH TW VN

G
C

S 
E

Y
E

 S
C

O
R

E

COUNTRY

Mean GCS Eye by Country

Capuano © 2022 Prehospital and Disaster Medicine

Figure 2. Mean GCS Eye Score by Country.
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR,
Korea; MY, Malaysia; TH, Thailand; TW, Taiwan; VN,
Vietnam.
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score (eg, Japan differs significantly from all other countries in the
“verbal” category but not in other components or total score); some
countries differ significantly from all other countries in every com-
ponent and total (Korea).

What is perhaps the most important part of this analysis is the
total score and how the countries differed in that category. The
total score is important because it is ultimately what influences
patient care. In the total score category, there are three distinct clus-
ters of countries: Japan, Malaysia, and Vietnam assigned similar
total scores to one another but differed significantly from all others;
Thailand and Taiwan assigned similar scores but differed signifi-
cantly from all others (lower average score assignment than Japan,
Malaysia, and Vietnam and a higher average score than Korea); and
Korea differed significantly in total score assignment from all other
countries (lower average score assignment than all other countries).

What is important about these results is that they may demon-
strate clinically as well as statistically significant differences in the
way that total GCS scores are assigned across different countries.
However, the analysis only explored whether these differences
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Figure 3. Mean GCS Verbal by Country.
Abbreviations:GCS,GlasgowComa Scale; JP, Japan; KR, Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.

Country Comparison Country Mean Difference
95% Confidence Interval

Lower Bound Upper Bound

GCS Motor JP KR 3.60 3.13 4.08

MY 0.01 -0.1 0.12

TH 1.20 0.66 1.73

TW 0.87 0.75 0.99

VN 0.06 -0.11 0.23

KR JP -3.60 -4.08 -3.13

MY -3.60 -4.06 -3.14

TH -2.41 -3.1 -1.71

TW -2.73 -3.2 -2.27

VN -3.54 -4.02 -3.06

MY JP -0.01 -0.12 0.1

KR 3.60 3.14 4.06

TH 1.19 0.67 1.71

TW 0.86 0.8 0.93

VN 0.06 -0.08 0.2

TH JP -1.20 -1.73 -0.66

KR 2.41 1.71 3.1

MY -1.19 -1.71 -0.67

TW -0.33 -0.85 0.2

VN -1.13 -1.67 -0.59

TW JP -0.87 -0.99 -0.75

KR 2.73 2.27 3.2

MY -0.86 -0.93 -0.8

TH 0.33 -0.2 0.85

VN -0.81 -0.95 -0.66

VN JP -0.06 -0.23 0.11

KR 3.54 3.06 4.02

MY -0.06 -0.2 0.08

TH 1.13 0.59 1.67

TW 0.81 0.66 0.95

Capuano © 2022 Prehospital and Disaster Medicine

Table 4. Mean Difference in GCS Motor Component by Country
Note: Bolded values indicate statistically significant difference (P <.001).
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR, Korea; MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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existed, not why they exist. That is an important future study,
because determining the reason for these differences would help
answer the question of whether the scale is being used in the same
manner across countries; or perhaps, these different countries sim-
ply have different types of trauma populations from one another
(eg, lower rate of helmet usage among motorcyclists); or perhaps,
the scale is being used differently across countries and it is not the
most objective metric in determining cognitive function in the
acute setting.

Additionally, the clinical significance of these differences in
score assignments across countries is not known. The fact that sta-
tistically significant differences exist in component and total GCS
score assignments is important, but it is unclear if these differences
are directly affecting patient care or outcomes.

Limitations
Limitations of this study mostly involved the dataset available. The
dataset included at least twelve different countries that participated
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Figure 4. Mean GCS Motor by Country.
Abbreviations:GCS,GlasgowComa Scale; JP, Japan; KR,Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.

Country Comparison Country Mean Difference
95% Confidence Interval

Lower Bound Upper Bound

GCS Total JP KR 8.89 7.69 10.08

MY -0.18 -0.46 0.1

TH 3.25 1.9 4.6

TW 2.04 1.74 2.34

VN -0.18 -0.62 0.25

KR JP -8.89 -10.08 -7.69

MY -9.07 -10.24 -7.9

TH -5.63 -7.4 -3.87

TW -6.85 -8.02 -5.67

VN -9.07 -10.28 -7.85

MY JP 0.18 -0.1 0.46

KR 9.07 7.9 10.24

TH 3.44 2.11 4.76

TW 2.22 2.06 2.39

VN 0.00 -0.35 0.36

TH JP -3.25 -4.6 -1.9

KR 5.63 3.87 7.4

MY -3.44 -4.76 -2.11

TW -1.21 -2.54 0.12

VN -3.44 -4.8 -2.07

TW JP -2.04 -2.34 -1.74

KR 6.85 5.67 8.02

MY -2.22 -2.39 -2.06

TH 1.21 -0.12 2.54

VN -2.22 -2.59 -1.85

VN JP 0.18 -0.25 0.62

KR 9.07 7.85 10.28

MY 0.00 -0.36 0.35

TH 3.44 2.07 4.8

TW 2.22 1.85 2.59

Capuano © 2022 Prehospital and Disaster Medicine

Table 5. Mean Difference in Total GCS Score by Country
Note: Bolded values indicate statistically significant difference (P <.001).
Abbreviations: GCS, Glasgow Coma Scale; JP, Japan; KR, Korea; MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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in PATOS and submitted data. However, only six countries sub-
mitted sufficient EMS GCS data to be included in the study.
Several large countries, including China and India, did not provide

enough EMS GCS data to be included. Having more data from
more countries would make the analysis more robust.
Additionally, the amount of GCS data provided from each country
was not evenly distributed. Some countries submitted several thou-
sand unique pieces of data while some submitted less than one hun-
dred. Having more evenly distributed amounts of data might have
improved this study. Lastly, there were incomplete data for other
variables that would have allowed for secondary analyses to explore
the possible reasons for the differences in GCS scores that were
discovered. Variables such as GlasgowOutcomes Scale, which pro-
vides information on patient outcomes after traumatic brain injury,
would have allowed for a correlation analysis between mean GCS
scores in a given country and the average patient outcome. An
analysis like this would have potentially given more insight into
the question of whether these differences in mean GCS scores
across countries represent real differences in the way the scale is
being used. Seeing as the PATOS project is on-going, more data
will likely become available in the future allowing these additional
inquiries to be completed.

Conclusion
This study demonstrated that there are statistically significant
differences in the mean component and total GCS scores across
six countries in Asia. The reasons for these differences, and their
clinical significance, require further exploration as more data
become available from PATOS.
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Figure 5. Mean GCS Total by Country.
Abbreviations:GCS,GlasgowComa Scale; JP, Japan; KR, Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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Figure 6b. Percentage of Each GCS Total Score Assigned by
Country (Alternative).
Abbreviations:GCS,GlasgowComa Scale; JP, Japan; KR,Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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Figure 6a. Percentage of Each GCS Total Score Assigned by
Country.
Abbreviations:GCS,GlasgowComa Scale; JP, Japan; KR,Korea;
MY, Malaysia; TH, Thailand; TW, Taiwan; VN, Vietnam.
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