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Abstract
Background Trauma is a leading cause of mortality, particularly in low and middle-income countries. While 
extensively studied in North America and Europe, data from the Asia-Pacific are limited. An important area of research 
is the difference in trauma outcomes, which are theoretically noted to be better among females. However, the clinical 
findings are inconclusive among Asians. This study examines sex-based differences in trauma outcomes in Asia Pacific, 
focusing on in-hospital mortality and functional recovery at discharge.

Methods This observational study, from the Pan-Asia Trauma Outcomes Study (PATOS), included 76,645 trauma 
patients from 12 Asian Pacific countries. We analysed in-hospital mortality and functionality at discharge using the 
Glasgow Outcome Scale (GOS) and the modified Rankin Scale (mRS). Logistic regression models were built to test the 
association of sex on the outcomes.

Results Males exhibited higher in-hospital mortality (1.6%) compared to females (1.06%) ( p < 0.001). Adjusted 
logistic regression models showed that the female sex is not independently associated with in-hospital mortality. 
Females have a better functional outcome at discharge for patients younger than 50 years with ISS < 16. However, no 
significant differences existed between those > 50 years and ISS > 15.

Conclusion This study indicates no difference in the general trauma outcomes in the Asia Pacific between females 
and males. Although younger females with less severe injuries had better functional outcomes, this advantage 
disappeared in severe injuries and those over 50 years. These results align with some previous studies, and 
understanding the nuances may lead to more tailored trauma care, potentially improving patient outcomes.

Keywords Trauma mortality, Asian females, Glasgow outcome scale, Modified Rankin’s scale, Trauma in-hospital 
mortality, Trauma sex differences, Asia-Pacific trauma, Trauma biological changes, Trauma physiological changes
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Introduction
Globally, trauma is a leading cause of mortality, contrib-
uting to over 4.4 million deaths annually, with a dispro-
portionate burden in low- and middle-income countries 
[1]. While Northern America and European countries 
have contributed extensively to the body of trauma lit-
erature, there remains a relative lack of data from Asian 
countries despite their significant trauma burden [2, 3]. 
Among the factors that contribute to trauma mortality, 
aside from the mechanism and the severity of the injury, 
are the healthcare system, comorbidities, age, and likely 
sex differences [4–7]. Understanding the nuances of sex-
based differences in trauma outcomes could advance 
personalised trauma management, inspire research to 
improve trauma care, and facilitate better decision-mak-
ing and prognostication.

The physiological response to trauma, characterised 
by initial acute inflammatory response and subsequent 
immunosuppression, may have sex-specific differences 
[8]. Laboratory research has demonstrated differences in 
outcomes after major trauma, sepsis, and haemorrhage in 
females [9, 10]. Hormonal variations, particularly estro-
gen and testosterone, could influence the immune and 
overall physiological responses to traumatic injuries in 
animal studies [11, 12]. These findings are supported by 
studies indicating that genetic factors, such as X-chro-
mosome-linked polymorphisms in the innate immune 
response to sepsis, are associated with poor outcomes, 
which can be a plausible mechanism for sex-based differ-
ences in outcomes following injuries [9, 13, 14].

Clinical studies, however, have presented inconsistent 
results. An analysis of 36,000 patients with blunt trauma 
in Germany showed no difference in outcome between 
sexes, although the male sex was an independent nega-
tive predictor of morbidity [15]. In the Netherlands, a 
study involving 7,000 patients at level 1 trauma centres 
showed that sex was not an independent predictor for 
in-hospital mortality. Still, males were more likely to be 
admitted into the ICU. Two Chinese studies showed that 
females had a lower risk of mortality than males after 
severe blunt trauma [3, 16]. Notably, studies specific to 
Asian populations have suggested potential regional dif-
ferences in these patterns, a hypothesis that has yet to be 
fully explored with large-scale data [17].

Our study aimed to bridge this gap by analysing the dif-
ferences in trauma outcomes between sexes in a diverse 
patient population from the Asia-Pacific region. We 
focused on in-hospital mortality rates and functionality 
at discharge, using the Glasgow Outcome Scale (GOS) 
and modified Rankin’s Scale (mRS) to better understand 
the nuances of recovery. Our ultimate goal is to enhance 
the understanding of trauma outcomes and to contribute 
to the development of tailored approaches to trauma care 
that consider sex as a significant factor.

Methods
Study setting
The data for this study were extracted from The Pan-
Asia Trauma Outcomes Study (PATOS), an international 
multicenter observational research network founded in 
2013. The primary aim of PATOS is to create a collabora-
tive, standardised registry of injury patients across Asia, 
focusing on the processes and outcomes of trauma cases 
transported by emergency medical service (EMS) provid-
ers. The hospital’s emergency departments coordinate 
data collection in various Asian countries that receive 
trauma patients from EMS. The collected data encom-
pass five key categories:1) injury epidemiologic factors, 
2) EMS factors, 3) emergency department care factors, 4) 
hospital care factors, and 5) trauma system factors.

The study recruited hospitals from twelve countries, 
with the electronic data capture (EDC)system hosted by 
the Study Coordinating Centre at Seoul National Uni-
versity Hospital, Korea. Detailed descriptions of PATOS 
and its methodologies are available in other articles [18]. 
We retrospectively analysed the data collected between 
November 2015 and March 2021.

Inclusion criteria and patient population
We included trauma patients aged 16 years and above 
in the study. Patients were excluded if their data were 
incomplete or if their injuries were attributable to drown-
ing or poisoning to maintain the focus on trauma from 
physical causes.

Objective and outcomes assessment
The outcomes assessed were the mortality and functional 
status. Functionality was assessed using validated scales, 
namely the Glasgow Outcome Score (GOS) and the mod-
ified Rankin’s Scale (mRS). Although both scales were 
initially developed for assessing traumatic brain injury 
and cerebrovascular accidents, they have been advocated 
for use in general trauma. Various studies have utilised 
these scales to assess outcomes beyond brain injuries 
[19–23]. Poor functionality is defined as a GOS score of 
2–3 or an mRS score of 4–5 based on established correla-
tions between the two scoring systems in the literature, 
reflecting significant disability [24].

Variable consideration and rationale
Independent variables include age (categorised as < 50 
and ≥ 50). This division was based on the hypothesis that 
trauma response differences between sexes could be due 
to hormonal changes, which are related to menopausal 
status. The average menopausal age among females in 
the Asia Pacific region is 50 years old [25, 26]. Other vari-
ables are the mechanism of injury, which was divided into 
penetrating and non-penetrating; anatomical location of 
injuries (divided into head, neck, face, thorax, abdomen, 
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spine, upper extremities, lower extremities and oth-
ers); vital signs upon admission, which included systolic 
blood pressure(SBP) and respiratory rate (RR), admission 
Glasgow Coma Scale (GCS), and admission Injury Sever-
ity Score (ISS).

Statistical analysis
The descriptive data were presented as categorical data, 
written as frequencies and percentages. Differences 
between female and male groups were analysed using the 
Pearson chi-square test or Fisher’s exact test for the cat-
egorical data. A p-value of < 0.001 was taken as the level 
of significance. Univariate analysis was performed to 
identify gross differences in the outcomes between sexes. 
Subsequently, cases with in-hospital mortality, poor 
GOS, and poor mRS upon discharge were extracted for 
further analysis.

Multivariable logistic regression models were con-
structed to investigate the association between inde-
pendent variables and outcomes. Variable selection for 
inclusion in the models was based on clinical relevance 
and statistical significance, with a conventional threshold 
of p < 0.05 employed. We applied the Enter and Forward 
stepwise elimination methods to refine the models, care-
fully considering issues such as multicollinearity. In each 
model, the “female” was tested to assess the association 
of females as the independent variable and the outcomes. 
Another regression model was built for patients under 50 
years using similar methods to investigate age-specific 
effects. The final model presented as an adjusted odds 

ratio ( aOR ) with a p-value < 0.001 as the significance 
level and a 99% confidence interval. All the analyses were 
done with Python software ( version 3.8 ).

Results
Demography and injury characteristics
The final cohort comprised 76,645 trauma patients, with 
males constituting 62.3% (n = 47,750) and females 37.7% 
(n = 28,895) (Fig. 1). As demonstrated in Table 1, the age 
distribution highlighted a significant sex disparity, with 
females more frequently represented in the ≥ 50 age 
group (60.13%) compared to males (44.87%) (p < 0.001). 
Trauma type also varied between sexes; 95.51% of females 
experienced blunt trauma compared to 93.65% of males 
(p < 0.001). Anatomically, males predominantly sustained 
injuries to the head, face, thorax, abdomen, and upper 
extremities, whereas females more frequently suffered 
injuries to the lower extremities and spine (p < 0.001). 
Admission systolic blood pressure ( SBP ) < 90 mmHg, 
Glasgow Coma Scale ( GCS ) and Injury Severity Score 
( ISS) were significantly associated with sex ( p < 0.001).

The overall in-hospital mortality and poor GOS and mRS at 
discharge
As demonstrated in Table 2, the overall in-hospital mor-
tality rate was 1.4%, with males exhibiting a higher mor-
tality rate (1.6%) compared to females (1.06%, p < 0.001). 
The females contribute 28% ( n = 307) of the total mor-
tality rate. Although females had a slightly higher rate 
of poor functional outcomes in the Glasgow Outcome 

Fig. 1 The flow of study
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Scale (GOS) and Modified Rankin’s Scale (mRS) at dis-
charge, these differences were not statistically significant. 
The subgroup analysis of those with ISS > 15 revealed an 
overall mortality rate of 9.55%, with 8.78% in females and 
9.81% in males ( p = 0.176).

Characteristics of in-hospital mortality and poor GOS and 
mRS upon discharge based on sex
Sex differences were significant in in-hospital mortal-
ity, stratified by age groups, blunt mechanism of injury, 
and anatomical location of injury at the head (p < 0.001) 
(Table 3). Similarly, analysis of poor GOS and mRS at dis-
charge revealed significant sex differences, particularly 
in age < 50, penetrating mechanism of injury, anatomical 

location, respiratory rate on admission, GCS 13–15, and 
ISS 9–15 (p < 0.001).

The logistic regression model in assessing the associations 
with outcomes
The logistic regression models showed that several vari-
ables were associated with poor outcomes. In the overall 
cohort, the female sex was not independently associated 
with in-hospital mortality or poor functional status at 
discharge in the general group analysis, with the adjusted 
odds ratios near one and p-values > 0.001 (Table  4). 
However, in the subgroup analysis of patients under 50 
years, the female sex is associated with lower odds of 
poor GOS( aOR 0.63, 99% CI 0.51 to 0.78, p < 0.001) and 
poor mRS upon discharge ( aOR 0.72, 99% CI 0.62 to 

Table 1 Characteristics of trauma patients based on sex in all age group (n = 76645)
Variable Categories Females

n = 28,895
% Males

n = 47,750
% Total

n = 76,645
P value

Age < 50 11,521 39.87 26,324 55.13 37,845 < 0.001
≥ 50 17,374 60.13 21,426 44.87 38,800

Mechanism of Injury Blunt ( Total) 27,598 95.51 44,718 93.65 72,316 < 0.001
Traffic injury 10,793 37.35 21,740 45.53 32,533
Fall/slip down 12,754 44.14 14,816 31.02 27,570
Assault 2655 9.19 6214 13.01 8869
Others 1396 4.83 1948 4.08 3344

Penetrating Injury 1297 4.49 3032 6.35 4329
Anatomical Location of Injury Head 8453 29.25 15,879 33.25 24,332 < 0.001

Face 5646 19.54 13,136 27.51 18,782 < 0.001
Neck 1732 5.99 3064 6.42 4796 0.020
Thorax 3243 11.22 7431 15.56 10,674 < 0.001
Abdomen 1918 6.64 4074 8.53 5992 < 0.001
Spine 2449 8.48 3265 6.84 5714 < 0.001
Upper Extremity 6480 22.43 12,433 26.04 18,913 < 0.001
Lower Extremity 11,517 39.86 15,547 32.56 27,064 < 0.001
Other 162 0.56 361 0.76 523 0.002

Admission Physiological Parameters SBP < 90 457 1.58 1150 2.41 1607 < 0.001
RR > 20 1723 5.96 4258 8.92 5981 0.795

Admission Glasgow Coma Scale (GCS) 13–15 28,088 97.21 45,384 95.05 73,472 < 0.001
9–12 403 1.39 1082 2.27 1485
3–8 404 1.40 1284 2.69 1688

Admission Injury Severity Score (ISS) ISS < 9 21,660 74.96 34,957 73.21 56,617 < 0.001
ISS 9–15 5230 18.10 7415 15.53 12,645
ISS 16–25 1474 5.10 3881 8.13 5355
ISS > 25 531 1.84 1497 3.14 2994

SBP, Systolic Blood Pressure; RR, Respiratory Rate

Table 2 The mortality and functional outcome of trauma between sexes in all age groups
Total Females (%) Males (%) P -value

The overall in-hospital mortality 1072(1.4%) 307 (1.06%) 765 (1.6%) < 0.001
The overall poor discharge GOSb 5170 (6.75%) 1990 (6.89%) 3180 (6.66%) 0.224
The overall poor discharge mRSb 6677 (8.81%) 2576 (8.99%) 4101 (8.71%) 0.182
GOS, Glasgow Outcome Scale; MRS, Modified Rankin’s Scale
a Defined as GOS score of 2–3
b Defined as mRS score of 4–5
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Table 3 Characteristics of in-hospital mortality and functionality outcomes in trauma based on sex in all age groups
Variable Categories Mortality P value Poor Discharge GOSa P value Poor Discharge mRSb P value

Females
n = 307
(%)

Males
n = 765
(%)

Females
n = 1990
(%)

Males
n = 3180
(%)

Females
n = 2576
(%)

Males
n = 4101
(%)

Age < 50 49
( 15.96)

212
(27.71)

< 0.001 265
(13.31)

1089
(34.25)

< 0.001 429
(16.65)

1633
(39.82)

< 0.001

≥ 50 258
(84.04)

553
(72.29)

< 0.001 1725
(86.68)

2091
(65.75)

0.871 2147
(83.35)

2468
(60.18)

0.186

Mechanism of 
Injury

Blunt 304
(99.02

754
(98.56)

< 0.001 1974
(99.19)

3119
(98.08)

0.406 2557
(99.26)

3987
(97.22)

0.180

Penetrating 
Injury

3
(0.98)

11
(1.44)

0.685 16
(0.80)

61
(1.92)

< 0.001 19
(0.74)

114
(2.78)

< 0.001

Anatomical 
Location Of 
Injury

Head 193
(62.87)

559
(73.07)

< 0.001 548
(27.54)

1418
(44.59)

< 0.001 608
(23.60)

1554
(37.89)

< 0.001

Face 61
(19.87)

174
(27.75)

0.591 240
(12.06)

628
(19.75)

0.112 254
(9.86)

757
(18.46)

< 0.001

Neck 23
(7.49)

55
(7.19)

0.966 61
(3.07)

220
(6.92)

< 0.001 71
(2.76)

224
(5.46)

< 0.001

Thorax 85
(27.69)

258
(33.73)

0.562 305
(15.33)

825
(25.94)

0.007 333
(12.93)

959
(23.38)

< 0.001

Abdomen 71
(23.13)

177
(23.14)

0.526 185
(9.29)

489
(15.38)

0.007 244
(9.47)

612
(14.92)

0.014

Spine 31
(10.10)

71
(9.28)

0.481 190
(9.55)

467
(14.69)

< 0.001 213
(8.27)

480
(11.70)

< 0.001

Upper 
Extremity

40
(13.03)

102
(13.33)

0.420 274
(13.77)

566
(17.79)

0.309 290
(11.26)

687
(16.75)

0.002

Lower 
Extremity

120
(39.09)

225
(29.41)

0.337 1324
(66.53)

1531
(48.14)

< 0.001 1799
(69.84)

2144
(52.28)

< 0.001

Other 8
(2.61)

23
(3.01)

0.055 12
(0.60)

31
(0.97)

14
(0.54)

39
(0.95)

0.510

Admission 
Physiological 
Parameters

SBP < 90 81
(26.38)

186
(24.31)

0.497 103
(5.16)

279
(8.77)

0.578 112
(4.35)

279
(6.80)

0.864

RR > 20 86
(28.01)

284
(37.12)

0.017 237
(11.90)

718
(22.58)

0.001 241
(9.36)

755
(18.41)

< 0 
0.001

Admission 
Glasgow Coma 
Scale (GCS)

13–15 131
(42.67)

262
(34.25)

0.576 1747
(87.79)

2480
(77.99)

< 0.001 2335
(90.64)

3417
(83.32)

< 0.001

9–12 33
(10.75)

70
(9.15)

0.296 104
(5.23)

247
(7.77)

0.161 110
(4.27)

243
(5.93)

0.029

3–8 143
(46.58)

433
(56.60)

0.051 139
(6.98)

453
(14.25)

0.922 131
(5.09)

441
(10.75)

0.512

Admission 
Injury Severity 
Score (ISS)

ISS < 9 51
(16.61)

81
(10.59)

0.999 457
(22.96)

747
(23.49)

0.851 766
(29.74)

1313
(32.02)

0.181

ISS 9–15 80
(26.05)

156
(20.39)

0.022 1088
(54.67)

1158
(36.42)

< 0.001 1380
(53.57)

1545
(37.67)

< 0.001

ISS 16–25 93
(30.29)

262
(34.25)

0.604 300
(15.08)

830
(26.10)

0.379 226
(8.77)

670
(16.34)

0.063

ISS > 25 83
(27.04)

266
(34.77)

0.292 145
(7.29)

445
(13.99)

0.159 204
(7.92)

573
(19.97)

0.744

GOS, Glasgow Outcome Scale; MRS, Modified Rankin’s Scale; SBP, Systolic Blood Pressure; RR, Respiratory Rate
a Defined as GOS score of 2–3
b Defined as mRS score of 4–5
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0.83 p < 0.001), although there was no difference the in-
hospital mortality (p = 0.907) (Table  5). As presented in 
Table 6, in the subgroup of patients under 50 years with 
severe injuries (ISS > 15), no significant association was 
observed for the female sex on any outcome, including 
poor GOS ( aOR 0.89, 99% CI 0.64 to 1.24, p = 0.89) and 
poor mRS( aOR 0.87, 99% CI 0.62 to 1.21, p = 0.268) at 
discharge.

Discussion
The difference in trauma outcomes between sexes has 
remained inconclusive despite extensive research. Our 
study contributes to this debate by examining a large 
sample from 12 Asian Pacific countries. In contrast to 
some regional studies that suggested better outcomes 
for Asian females, our results aligned more closely with 
studies from developed nations, showing no significant 
advantage for females in trauma mortalities [3, 16, 27]. 
Notably, studies in Taiwan and Korea with large sample 
sizes did not find improved female survival rates, thus 
supporting our findings [28, 29]. The inconsistencies in 
earlier research could be attributed to varying sample 
sizes and probably regional healthcare disparities.

Our study’s large and diverse sample size strength-
ens the validity of our findings. However, it is crucial to 
consider the complex interplay between the different 
healthcare systems and biological and social factors that 
influence trauma outcomes. Despite this complexity, our 
findings suggest a general pattern similar to that observed 
in developed and middle-income countries [30].

Specifically, the crude in-hospital mortality was higher 
in males ( 1.6% for males vs. 1.06% for females). When 
examining patients with ISS > 15, the mortality rate was 
8.78% for females and 9.81% for males, which is lower 
than the Netherlands (18.5% for females and 17.5% for 
males ) [27]. The difference might be related to the higher 
severity of injury in the Netherlands, where about 50%of 
cases had an ISS > 15, compared to around 27% in our 
study.

Although the initial assessment showed a significant 
difference in mortality outcomes between the sexes, 
the regression model did not show any significant asso-
ciation between the female sex and reduced mortality. A 
similar pattern was observed in the subgroup analysis of 
< 50 years and with those with ISS > 15. This study chal-
lenges the notion that females have a survival advantage 
in severe injury cases [3].

Table 4 Logistic regression model in predicting outcomes in all age groups
aOR P value 99% CI

In-Hospital Mortality
Age < 50 3.26 < 0.001 2.54, 4.18
Non -penetrating injuries 139.55 < 0.001 110.73, 175.86
Anatomical Location Head 0.53 < 0.001 0.41, 0.68
RR > 20 0.4 < 0.001 0.31, 0.52
GCS 3–8 0.02 < 0.001 0.02, 0.03
ISS 9–15 0.71 0.001 0.55, 0.92
Female 1.24 0.022 0.98, 1.57
Poor GOS at Dischargea

Age < 50 0.40 < 0.001 0.36, 0.44
Penetrating injuries 0.33 < 0.001 0.23, 0.46
Female 0.97 0.003 0.82, 0.99
ISS 9–15 3.68 < 0.001 3.37, 4.03
RR > 20 2.87 < 0.001 2.55, 3.24
GCS 9–12 3.81 < 0.001 3.13, 4.64
Poor mRS at Dischargeb

Age < 50 0.54 < 0.001 0.49, 0.59
Penetrating injuries 0.55 < 0.001 0.42, 0.71
RR > 20 1.59 < 0.001 1.40, 1.80
Female 0.98 0.593 0.90, 1.07
GCS 13–15 0.13 < 0.001 0.11, 0.16
ISS 16–25 3.97 < 0.001 3.50, 4.50
ISS 9–15 5.35 < 0.001 4.90, 5.84
GCS 9–12 0.37 < 0.001 0.28, 0.49
GOS, Glasgow Outcome Scale; MRS, Modified Rankin’s Scale; SBP, Systolic Blood Pressure; RR, Respiratory Rate; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; 
aOR, adjusted Odds Ratio
a Defined as GOS score of 2–3
b Defined as mRS score of 4–5
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To address the relatively low mortality rate compared 
to the overall size of the data, we explored the functional 
outcome as an additional measure. By analysing poor 
outcomes of GOS and MRS after excluding mortality, 
both univariate and multivariate analysis of all age groups 
revealed no significant difference in outcomes between 
sexes. However, stratification by age under 50 indicated 
that females are 37%(GOS) and 28%(mRS) less likely to 
be associated with poor functional outcomes than males. 
This association, however, was not observed when fur-
ther stratified by ISS > 15, indicating that the protec-
tive effect of females diminishes with increasing injury 

severity. This finding is intriguing as, to the best of our 
knowledge, no previous comparison of GOS and mRS 
based on sex for trauma outcomes has been made.

Our findings align partially with other studies, which 
found a lower incidence of multi-organ failures in 
females aged 16–44 with an ISS > 16 but no difference 
in overall mortality [31, 32]. Additionally, a meta-analy-
sis of 19 studies of trauma outcomes suggested that the 
protective benefit of sex decreases in those over 50 years 
[33]. Although we observed no significant difference in 
outcomes overall, the results for younger females with 
relatively less severe injuries (ISS < 16) raise the possibil-
ity that reproductive hormones could confer a protective 
advantage. This benefit appears attenuated with severe 
injuries or in post-menopausal females, highlighting the 
possible complexity of hormonal and immune responses 
in trauma. Further research is needed to clarify these 
mechanisms and their clinical implications.

The apparent significant mortality differences between 
sexes in the univariate analysis could be influenced by the 
injury pattern and mechanism. The major contributor 
of injuries in females was falls ( 44% vs. 31% in males), 
leading to the majority of lower extremities injuries, and 
hence the dominance of those with admission ISS < 16. 
This results in fewer mortalities among females ( one 
mortality to every 94 cases) compared to males (one 
mortality to every 62 cases), explaining the significant 
difference in mortality rates. Additionally, more female 
mortalities occur in the ISS < 16 groups ( 42% ) compared 
to males (31% ), with a significant difference between 

Table 5 Logistic regression model in Predicting outcomes for age < 50 years
aOR P value 99% CI

In-Hospital Mortality
Female 0.98 0.907 0.61, 1.56
Anatomical Location Head 0.48 < 0.001 0.29, 0.80
RR > 20 0.51 < 0.001 0.34, 0.78
GCS 3–8 0.01 < 0.001 0.01, 0.02
ISS 9–15 0.91 0.606 0.55, 1.49
Poor GOS at Dischargea

Female 0.63 < 0.001 0.51, 0.78
ISS 9–15 3.15 < 0.001 2.59, 3.82
RR > 20 3.97 < 0.001 3.25, 4.86
GCS 9–12 3.45 < 0.001 2.43, 4.87
Poor mRS at Dischargeb

Female 0.72 < 0.001 0.62, 0.83
RR > 20 1.92 < 0.001 1.64, 2.26
GCS 13–15 0.06 < 0.001 0.05, 0.07
ISS 16–25 4.17 < 0.001 3.50, 4.96
ISS 9–15 4.83 < 0.001 4.21, 5.55
GCS 9–12 0.19 < 0.001 0.13, 0.26
GOS, Glasgow Outcome Scale; MRS, Modified Rankin’s Scale; SBP, Systolic Blood Pressure; RR, Respiratory Rate; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; 
aOR, adjusted Odds Ratio
a Defined as GOS score of 2–3
b Defined as mRS score of 4–5

Table 6 Logistic regression model in Predicting outcomes for 
age < 50 years and ISS > 16
Poor GOS at Discharge

aOR P value 99% CI
Female 0.89 0.377 0.64, 1.24
Mechanism
penetrating

0.19 0.002 0.05,0.75

RR > 20 2.34 < 0.001 1.76, 3.13
GCS 9–12 1.52 0.027 0.93, 2.48
Poor mRS at Discharge
Female 0.87 0.268 0.62,1.21
RR > 20 1.48 < 0.001 1.10, 1.98
GCS 13–15 0.31 < 0.001 0.22, 0.43
GCS 9–12 0.72 0.099 0.42, 1.21
GOS, Glasgow Outcome Scale; MRS, Modified Rankin’s Scale; RR, Respiratory 
Rate; GCS, Glasgow Coma Scale; aOR, adjusted Odds Ratio
a Defined as GOS score of 2–3
b Defined as mRS score of 4–5
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sexes in the ISS 9–15 group. The mortality in females 
could be attributed to age and comorbidities rather than 
sex itself. By controlling the age in the regression analy-
sis, sex did not show a significant association with out-
comes, except for functional outcomes in those under 50 
years with ISS < 16.

In evaluating other characteristics, males generally sus-
tained more critical injuries to vital anatomical regions—
particularly the head, face, thorax, and abdomen—and 
presented with worse initial GCS and higher ISS (> 15) 
than females. Cultural factors, risk-taking behaviours, or 
greater mobility among males may influence this pattern. 
The elevated frequency of head, abdominal, and thoracic 
trauma in males also corresponds with higher trauma-
related mortality, aligning with prior findings on injury 
severity in these regions [34]. Specifically, the study also 
reported hazard ratios for mortality of 4.5 for head inju-
ries, 3.62 for abdominal injuries, and 1.36 for thoracic 
injuries. Further, abdominal and thoracic injuries were 
associated with a higher rate of massive blood transfu-
sions, underscoring the gravity of such injuries and the 
need for timely interventions [35].

In the adjusted analysis of all age groups, excluding sex, 
other variables were strongly associated with in-hospital 
mortality, poor GOS, and poor mRS upon discharge. 
Among patients under 50 years, females showed a sig-
nificantly inversely association with poor GOS and mRS 
upon discharge.

Interestingly, no significant difference in SBP < 90 was 
observed between sexes, contrasting with findings from 
previous large studies [32]. This discrepancy might stem 
from differences in study rigour regarding shock defini-
tion and the timing of BP measurement upon admission.

Another notable finding is the consistent association 
of poor functional outcomes with the high respiratory 
rate in unadjusted analysis. This is aligned with the other 
studies that identified initial RR and O2 saturation as 
good prognostic indicators in trauma [36].

In conclusion, this study advances previous research 
by comprehensively analysing trauma outcomes across a 
large, diverse sample in the Asia-Pacific region. Overall, 
mortality and functional outcomes do not significantly 
differ between sexes. The higher rate of poor outcomes 
observed in males is linked to a greater incidence of 
trauma in more severe anatomical locations, which gen-
erally leads to worse outcomes. Although the subgroup 
analysis of young females shows better functional out-
comes at discharge, it is only limited to ISS < 16, and 
hence, further research is necessary to validate these 
results. These findings underscore the importance of 
considering sex and age in trauma care and research, 
potentially leading to more personalised approaches to 
treatment and rehabilitation.

Limitation
Although we provided comprehensive demographic, 
physiological, and anatomical data—including injury 
location, mechanism, and outcomes by gender—cer-
tain details, such as more precise organ injury grades, 
comorbidities, and timing of interventions, were not fully 
explored. These factors may further illuminate the inter-
play between patient characteristics, injury patterns, and 
outcomes.

Additionally, the countries’ diversity introduces vari-
ability in healthcare systems, which must be considered 
when interpreting the outcomes. Incomplete or missing 
data, although minimised through computational meth-
ods, could introduce bias. Furthermore, the study’s focus 
on 12 Asian Pacific countries limits the generalizability of 
the findings to the entire region. Lastly, as this study is 
observational, causality cannot be established.

Abbreviations
PATOS  The Pan-Asia trauma outcomes study
ISS  Injury severity score
GOS  Glasgow outcome scale
MRS  Modified Rankin’s Scale
GCS  Glasgow coma scale
SBP  Systolic blood pressure
RR  Respiratory rate

Acknowledgements
We would like to express our sincere gratitude to the PATOS Clinical 
Research Network collaborators and the Ministry of Health Malaysia for their 
tremendous support in this study. Additionally, we would like to thank the 
investigators of the PATOS Clinical Research Network from all participating 
sites and national principal investigators for their excellent collaboration; 
Ki Jeong Hong, Seoul National University Hospital, South Korea; Shah 
Jahan Mohd Yussof, Sungai Buloh Hospital, Malaysia; Khalifa Alqaydi, Dubai 
Corporations for Ambulance Services, UAE; Le Bao Huy, Thong Nhat Hospital, 
Vietnam; Bernadett Velasco, East Avenue Medical Center, Philippines; Jen Tang 
Sun, Far Eastern Memorial Hospital, Taiwan; Jirayu Chantanakomes, Faculty 
of Medicine Siriraj Hospital, Thailand; T.V. Ramakrishnan, GVK EMRI, India; 
Ivan Chua Si Yong, Singapore General Hospital, Singapore; Daizoh Saitoh, 
Kokushikan University, Japan; and the PATOS coordinating centre, Seoul 
National University Hospital, South Korea.

Author contributions
MIKM, SFJ wrote the main manuscript.NA, AB, ZMK, and NAMZ did the analysis 
and prepared the tables and figure.NAN, DSS, ESG, CCW, KK, DNS, and KJS 
designed, collected and prepared the data for analysis.All authors reviewed 
the manuscript.

Funding
We declare there was no funding received for the conduct and completion of 
the study.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The Malaysian Research and Ethical Committee (MREC) approved the PATOS 
study ( NMRR-15-190727263). Since de-identified data were extracted, 
informed consent was waived. As for other countries, it was also approved by 
the individual Institutional Review Board, respectively.



Page 9 of 10Bin Kunji Mohamad et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2025) 33:34 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Faculty of Medicine, Universiti Teknologi MARA, UITM Sungai Buloh 
Campus, Jalan Hospital, Sungai Buloh, Selangor 47000, Malaysia
2Department of Mathematical Sciences, Faculty of Science, Universiti 
Teknologi Malaysia, Johor Bahru, Malaysia
3UTM-Centre for Industrial and Applied Mathematics, Universiti Teknologi 
Malaysia, Johor Bahru 81310, Malaysia
4Emergency and Trauma Department, Sungai Buloh Hospital, Jalan 
Hospital, Sungai Buloh, Selangor 47000, Malaysia
5Department of Emergency Medicine, Seoul National University College 
of Medicine and Hospital, Seoul, Korea
6Emergency Department, Woodlands Health Campus, Houston, 
Singapore
7Department of Emergency Medicine, National Taiwan University 
Hospital, Taipei, Taiwan
8Department of Emergency and Critical Care Medicine, Kansai Medical 
University, Hirakata, Osaka, Japan
9Department of Emergency Medicine, Seoul National University Boramae 
Medical Center, Seoul, South Korea
10Center for Emergency Medicine, Bach Mai Hospital, Hanoi, Vietnam

Received: 27 July 2024 / Accepted: 3 February 2025

References
1. WHO. Preventing injuries and violence: an overview (2022).World Health 

Organization.Geneva,Switzerland. 2022.
2. Sethuraman KN, Marcolini EG, McCunn M, Hansoti B, Vaca FE, Napoli-

tano LM. Gender-specific issues in traumatic injury and resuscitation: 
Consensus-based recommendations for future research. Acad Emerg Med. 
2014;21(12):1386–94.

3. Yang KC, Zhou MJ, Sperry JL, Rong L, Zhu XG, Geng L, et al. Significant 
sex-based outcome differences in severely injured Chinese trauma patients. 
Shock. 2014;42(1):11–5.

4. Chiang YT, Lin TH, Hu RH, Lee PC, Shih HC. Predicting factors for major 
trauma patient mortality analyzed from trauma registry system. Asian J Surg. 
2021;44(1):262–8.

5. Hefny AF, Idris K, Eid HO, Abu-Zidan FM. Factors affecting mortality of critical 
care trauma patients. Afr Health Sci. 2013;13(3):731–5.

6. Koome G, Atela M, Thuita F, Egondi T. Health system factors associated with 
post-trauma mortality at the prehospital care level in Africa: a scoping review. 
Trauma Surgery and Acute Care Open. Volume 5. BMJ Publishing Group; 
2020.

7. Fokkema AT, Johannesdottir BK, Wendt K, Haaverstad R, Reininga IHF, Geisner 
T. Comorbidities, injury severity and complications predict mortality in 
thoracic trauma. Eur J Trauma Emerg Surg. 2023;49(2):1131–43.

8. Choudhry MA, Bland KI, Chaudry IH, TRAUMA AND, IMMUNE, RESPONSE–. 
EFFECT OF GENDER DIFFERENCES. Injury. 2007 Dec [cited 2022 Sep 
17];38(12):1382. Available from: /pmc/articles/PMC2692838/

9. Sperry JL, Nathens AB, Frankel HL, Vanek SL, Moore EE, Maier RV et al. Char-
acterization of the gender dimorphism after injury and hemorrhagic shock: 
are hormonal differences responsible? Crit Care Med. 2008 [cited 2022 Sep 
15];36(6):1838–45. Available from:  h t t p  s : /  / p u b  m e  d . n  c b i  . n l m  . n  i h . g o v / 1 8 4 9 6 3 6 
3 /

10. Knöferl MW, Angele MK, Diodato MD, Schwacha MG, Ayala A, Cioffi WG et al. 
Female Sex Hormones Regulate Macrophage Function After Trauma-Hem-
orrhage and Prevent Increased Death Rate From Subsequent Sepsis. Ann 
Surg. 2002 [cited 2022 Sep 15];235(1):105. Available from: >/pmc/articles/
PMC1422402/

11. Angele MK, Knöferl MW, Ayala A, Bland KI, Chaudry IH. Testosterone and 
estrogen differently effect Th1 and Th2 cytokine release following trauma-
haemorrhage. Cytokine. 2001 [cited 2022 Sep 16];16(1):22–30. Available from:  
h t t p  s : /  / p u b  m e  d . n  c b i  . n l m  . n  i h . g o v / 1 1 6 6 9 5 8 3 /

12. Jarrar D, Wang P, Cioffi WG, Bland KI, Chaudry IH. The female reproductive 
cycle is an important variable in the response to trauma-hemorrhage. Am 
J Physiol Heart Circ Physiol. 2000 [cited 2022 Sep 16];279(3 48– 3):1015–21. 
Available from:  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 5 2  / a  j p h  e a r  t . 2 0  0 0  . 2 7 9 . 3 . H 1 0 1 5

13. Arcaroli J, Silva E, Maloney JP, He Q, Svetkauskaite D, Murphy JR et al. Variant 
IRAK-1 Haplotype Is Associated with Increased Nuclear Factor–κB Activation 
and Worse Outcomes in Sepsis. Am J Respir Crit Care Med. 2006 Jun 6 [cited 
2022 Sep 16];173(12):1335. Available from: /pmc/articles/PMC2662973/

14. Giza DE, Fuentes-Mattei E, Bullock MD, Tudor S, Goblirsch MJ, Fabbri M et 
al. Cellular and viral microRNAs in sepsis: mechanisms of action and clinical 
applications. Cell Death Differ. 2016 Dec 1 [cited 2022 Sep 16];23(12):1906. 
Available from: /pmc/articles/PMC5136497/

15. Magnotti LJ, Fischer PE, Zarzaur BL, Fabian TC, Croce MA. Impact of gender on 
outcomes after blunt injury: a definitive analysis of more than 36,000 trauma 
patients. J Am Coll Surg. 2008 May [cited 2022 Sep 15];206(5):984–91. Avail-
able from:  h t t p  s : /  / p u b  m e  d . n  c b i  . n l m  . n  i h . g o v / 1 8 4 7 1 7 3 9 /

16. Zhu Z, Shang X, Qi P, Ma S. Sex-based differences in outcomes after severe 
injury: an analysis of blunt trauma patients in China. Scand J Trauma Resusc 
Emerg Med. 2017 May 2 [cited 2022 Sep 15];25(1). Available from: /pmc/
articles/PMC5414314/

17. Sperry JL, Vodovotz Y, Ferrell RE, Namas R, Chai YM, Feng QM et al. Racial 
disparities and sex-based outcomes differences after severe injury. J Am Coll 
Surg. 2012 Jun [cited 2022 Sep 16];214(6):973–80. Available from:  h t t p  s : /  / p u b  
m e  d . n  c b i  . n l m  . n  i h . g o v / 2 2 5 2 1 6 6 8 /

18. Kong SY, Shin S, Do, Tanaka H, Kimura A, Song KJ, Shaun GE et al. Pan-
Asian Trauma Outcomes Study (PATOS): Rationale and Methodology of an 
International and Multicenter Trauma Registry. Prehospital Emergency Care. 
2018;22(1):58–83. Available from:  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 8 0  / 1  0 9 0  3 1 2  7 . 2 0  1 7  . 1 3 4 
7 2 2 4

19. Gabbe BJ, Simpson PM, Harrison JE, Lyons RA, Ameratunga S, Ponsford J et al. 
Return to work and functional outcomes after major trauma who recovers, 
when, and how well? Ann Surg. 2016 [cited 2023 Jul 26];263(4):623–32. Avail-
able from:  h t t p  s : /  / j o u  r n  a l s  . l w  w . c o  m /  a n n  a l s  o f s u  r g  e r y  / F u  l l t e  x t  / 2 0  1 6 /  0 4 0 0  0 /  R e 
t  u r n  _ t o _  W o  r k _  a n d  _ F u n  c t  i o n  a l _  O u t c  o m  e s _ A f t e r _ M a j o r . 1 . a s p x

20. Ardolino A, Sleat G, Willett K. Outcome measurements in major trauma 
- Results of a consensus meeting. Injury. 2012 Oct 1 [cited 2023 Jul 
26];43(10):1662–6. Available from:  h t t p  : / /  w w w .  i n  j u r  y j o  u r n a  l .  c o m  / a r  t i c l  e /  S 0 0  2 
0 1  3 8 3 1  2 0  0 1 8 8 X / f u l l t e x t

21. Holtslag HR, Van Beeck EF, Lindeman E, Leenen LPH. Determinants of long-
term functional consequences after major trauma. J Trauma. 2007 Apr [cited 
2023 Jul 26];62(4):919–27. Available from:  h t t p  s : /  / p u b  m e  d . n  c b i  . n l m  . n  i h . g o v / 1 
7 4 2 6 5 4 9 /

22. Williamson OD, Gabbe BJ, Sutherland AM, Wolfe R, Forbes AB, Cameron PA. 
Comparing the responsiveness of functional outcome assessment measures 
for trauma registries. Journal of Trauma - Injury, Infection and Critical Care. 
2011 Jul [cited 2023 Jul 26];71(1):63–8. Available from:  h t t p  s : /  / j o u  r n  a l s  . l w  w . c o  
m /  j t r  a u m  a / F u  l l  t e x  t / 2  0 1 1 /  0 7  0 0 0  / C o  m p a r  i n  g _ t  h e _  R e s p  o n  s i v  e n e  s s _ o  f _  F u n c t i 
o n a l _ O u t c o m e . 1 1 . a s p x

23. Kohli A, Chao E, Spielman D, Sugano D, Srivastava A, Dayama A, et al. Factors 
associated with return to work postinjury: can the modified rankin scale be 
used to predict return to work? American Surgeon. Southeastern Surgical 
Congress; 2016;95–101.

24. Gaastra B, Ren D, Alexander S, Awad IA, Blackburn S, Doré S et al. Evidence-
based interconversion of the Glasgow Outcome and modified Rankin scales: 
pitfalls and best practices. J Stroke Cerebrovasc Dis. 2022;31(12).

25. Boulet MJ, Oddens BJ, Lehertb P, Vemer’ HM, Visserd A. Climacteric and meno-
pause in seven south-east Asian countries. Vol. 19, Maturitas. 1994.

26. Loh FH, Khin LW, Saw SM, Lee JJM, Gu K. The age of menopause and the 
menopause transition in a multiracial population: a nation-wide Singapore 
study. Maturitas. 2005;52(3–4):169–80.

27. Pape M, Giannakópoulos GF, Zuidema WP, De Lange-Klerk ESM, Toor EJ, 
Edwards MJR, et al. Is there an association between female gender and 
outcome in severe trauma? A multi-center analysis in the Netherlands. Scand 
J Trauma Resusc Emerg Med. 2019;27(1):1–10.

28. Lee RS, Lin WC, Harnod D, Shih HC, Jeng MJ. Role of gender in the survival 
outcome of acute phase of major trauma: a nationwide, population-based 
study. J Chin Med Association. 2020;83(12):1093–101.

29. Maeng SJ, Kang J, Kim MC, Choi HZ. The impact of patient sex on survival 
after unintentional trauma in Korea: a retrospective, observational, case-
control study. Clin Exp Emerg Med. 2023;10(3):296–305.

30. Dasari M, David SD, Miller E, Puyana JC, Roy N. Comparative analysis of 
gender differences in outcomes after trauma in India and the USA: case for 

https://pubmed.ncbi.nlm.nih.gov/18496363/
https://pubmed.ncbi.nlm.nih.gov/18496363/
https://pubmed.ncbi.nlm.nih.gov/11669583/
https://pubmed.ncbi.nlm.nih.gov/11669583/
https://doi.org/10.1152/ajpheart.2000.279.3.H1015
https://pubmed.ncbi.nlm.nih.gov/18471739/
https://pubmed.ncbi.nlm.nih.gov/22521668/
https://pubmed.ncbi.nlm.nih.gov/22521668/
https://doi.org/10.1080/10903127.2017.1347224
https://doi.org/10.1080/10903127.2017.1347224
https://journals.lww.com/annalsofsurgery/Fulltext/2016/04000/Return_to_Work_and_Functional_Outcomes_After_Major.1.aspx
https://journals.lww.com/annalsofsurgery/Fulltext/2016/04000/Return_to_Work_and_Functional_Outcomes_After_Major.1.aspx
http://www.injuryjournal.com/article/S002013831200188X/fulltext
http://www.injuryjournal.com/article/S002013831200188X/fulltext
https://pubmed.ncbi.nlm.nih.gov/17426549/
https://pubmed.ncbi.nlm.nih.gov/17426549/
https://journals.lww.com/jtrauma/Fulltext/2011/07000/Comparing_the_Responsiveness_of_Functional_Outcome.11.aspx
https://journals.lww.com/jtrauma/Fulltext/2011/07000/Comparing_the_Responsiveness_of_Functional_Outcome.11.aspx
https://journals.lww.com/jtrauma/Fulltext/2011/07000/Comparing_the_Responsiveness_of_Functional_Outcome.11.aspx


Page 10 of 10Bin Kunji Mohamad et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2025) 33:34 

standardised coding of injury mechanisms in trauma registries. BMJ Glob 
Health. 2017;2(2).

31. Wohltmann CD, Franklin GA, Boaz PW, Luchette FA, Kearney PA, Richardson 
JD et al. A multicenter evaluation of whether gender dimorphism affects sur-
vival after trauma. Am J Surg. 2001 Apr 1 [cited 2024 Mar 31];181(4):297–300. 
Available from:  h t t p :   /  / w w  w . a  m e r  i c a n  j o u  r n  a l o  f s u r  g e r   y .  c  o  m / a r  t i c   l e  / S 0  0 0 2  9 6 1 0  
0 1  0 0 5  8 2 7 / f u l l t e x t

32. Trentzsch H, Nienaber U, Behnke M, Lefering R, Piltz S. Female sex protects 
from organ failure and sepsis after major trauma haemorrhage. Injury. 
2014;45:S20–8.

33. Liu T, Xie J, Yang F, Chen JJ, Li ZF, Yi C, La, et al. The influence of sex on 
outcomes in trauma patients: a meta-analysis. American Journal of Surgery. 
Volume 210. Elsevier Inc.; 2015. pp. 911–21.

34. Eaton J, Grudziak J, Hanif AB, Chisenga WC, Hadar E, Charles A. The effect of 
anatomic location of injury on mortality risk in a resource-poor setting.

35. Eksert S, Ünlü A, Aydın FN, Kaya M, Aşık MB, Kantemir A, et al. Analysis 
of anatomical localization and severity of injury in patients with blood 
transfusion in urban terrain hospital. Ulusal Travma ve Acil Cerrahi Dergisi. 
2020;26(6):937–42.

36. Jeong JH, Park YJ, Kim DH, Kim TY, Kang C, Lee SH et al. The new trauma score 
(NTS): a modification of the revised trauma score for better trauma mortality 
prediction. BMC Surg. 2017;17(1).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://www.americanjournalofsurgery.com/article/S0002961001005827/fulltext
http://www.americanjournalofsurgery.com/article/S0002961001005827/fulltext

	Trauma outcomes differences in females: a prospective analysis of 76 000 trauma patients in the Asia-Pacific region and the contributing factors
	Abstract
	Introduction
	Methods
	Study setting
	Inclusion criteria and patient population
	Objective and outcomes assessment
	Variable consideration and rationale
	Statistical analysis

	Results
	Demography and injury characteristics
	The overall in-hospital mortality and poor GOS and mRS at discharge
	Characteristics of in-hospital mortality and poor GOS and mRS upon discharge based on sex
	The logistic regression model in assessing the associations with outcomes

	Discussion
	Limitation

	References


