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Objective This study aimed to describe the relationship between sex and survival in patients ex-
periencing unintentional trauma.

Methods This retrospective, national population-based observational, case-control study involved
a cohort of Korean trauma patients who were transferred to an emergency department by a Ko-
rean emergency medical service from January 1 to December 31, 2018. Propensity score match-
ing was used. The primary outcome was survival until hospital discharge.

Results Of 25,743 patients with severe unintentional trauma, 17,771 were male and 7,972 were
female. Prior to propensity score matching, there was no significant difference in survival among
male and female patients (92.6% vs. 93.1%, P=0.105). After using propensity score matching to
adjust for confounders, there was still no sex difference in survival (male, 93.6% vs. female, 93.1%;
P=0.270).

Conclusion Survival after severe trauma was not influenced by the sex of the patient. Further
studies with patients of reproductive age and a larger study population are needed to analyze
the effects of sex on survival in patients with trauma.
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What is already known

The effect of estrogen on survival of trauma patients has been reported in ro-
dent research. However, studies assessing this effect in humans have produced
conflicting results.

Capsule
Summary

What is new in the current study

This study initially attempted to show an increased survival rate in female pa-
tients with trauma compared to that in male patients. However, after analysis,
sex was not an independent predictor of survival after trauma. Further research
should be conducted in patients of reproductive age to investigate the effect of
estrogen on survival in specific age groups.
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INTRODUCTION

Trauma is a major cause of death worldwide. More than five mil-
lion people die every year due to trauma [1]. Therefore, many re-
searchers have attempted to develop treatment guidelines for
trauma patients. Several investigators have recently focused on
the effect of the patient's sex on survival after trauma; however,
these efforts have produced conflicting results. Some researchers
have argued that estrogen is associated with more favorable out-
comes in terms of survival due to its protective effect [2,3]. Stud-
ies in rodents have indicated estrogen has beneficial effects in
multiple tissues after trauma: estrogen reduces cerebral edema
and neuronal degeneration in the central nervous system [4], al-
ters the expression of heat shock proteins in the cardiovascular
system [5], reduces the pulmonary inflammatory response to se-
vere blood loss [6], and reduces renal ischemia-perfusion injuries
[7]. One study argued that female sex was associated with a low-
er intensive care unit (ICU) admission rate in those aged 16 to 44
years [8]. Another study reported that female trauma patients
had a significantly lower risk of in-hospital mortality compared
to male patients, an association that was most apparent in pa-
tients younger than 50 years of age [9]. Moreover, another study
reported that women of reproductive age had better organ func-
tion after traumatic injury or hemorrhagic shock than men of cor-
responding age [10]. A study conducted in a regional trauma cen-
ter reported that the patient's sex was independently associated
with death after major trauma [11,12].

As the potentially beneficial effect of being female by birth on
survival of severely injured patients has not yet been firmly es-
tablished, a nationwide Korean population-based study was per-
formed to investigate the associations between sex and survival
outcomes among severely injured patients. We hypothesized that
female patients with trauma would have a lower mortality rate.

METHODS

Ethics statement

The study was approved by the Institutional Review Board of Kyung
Hee University Hospital at Gangdong (No. 2022-05-056). The re-
quirement for informed consent was waived due to the retrospec-
tive nature of the study.

Study design and setting

This was a retrospective study conducted in Korea, based on the
2018 Community-based Severe Trauma Survey, which was com-
piled and released by the Korea Disease Control and Prevention
Agency (KDCA) with the approval of Statistics Korea in 2019 [13].
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Data were collected from patients who experienced severe or mul-
tiple trauma and were transported by the Korean emergency med-
ical services (EMS) to a hospital between January and December
2018. The Korean EMS is a government-provided system headed
by the National Emergency Management Agency in Korea, which
is responsible for providing advanced cardiovascular life support
(ACLS) and basic life support (BLS) systems throughout the 17
provincial headquarters. All ambulances are equipped with auto-
mated external defibrillators (AEDs) and two or three emergency
medical technicians (EMTs) who can administer intravenous flu-
ids and undertake advanced airway management, including en-
dotracheal intubation. Moreover, Korea has a unique trauma cen-
ter system that divides medical centers by profession and severity
of the disease: regional trauma, regional emergency, and local
emergency centers. Also, trauma patient transfer guidelines for
EMS have been developed to ensure the patient is transported to
the correct level of emergency center.

Data collection and process

The Community-based Severe Trauma Survey was constructed
based on the medical records of hospitals that were previously
associated with the Korea National Fire Agency (NFA) and under-
went a nonidentification procedure based on the Korean Personal
Information Protection Act and the Statistics Act. A community-
based investigator visited the medical institutions to double-check
the credibility of the medical records. The data were verified by
the KDCA. The survey items included demographic and injury in-
formation, progress after initiating medical involvement, and
outcomes after hospitalization [13].

The Revised Trauma Score (RTS) and Injury Severity Score (ISS)
were used to quantify the severity of trauma. RTS is considered a
convenient tool for trauma triage, especially in prehospital settings.
This score is based on the patients' Glasgow Coma Scale (GCS),
systolic blood pressure, and respiratory rate. The RTS results ranged
from 0 to 12, with a score of 12 recorded for patients with nor-
mal vital signs [14]. In the prehospital phase, the EMTs evaluated
and collected patient information. If the collected data included
any of systolic blood pressure less than 90 mmHg, respiration rate
less than 10 or more than 29 breaths/min, or abnormal conscious-
ness, the RTS score was automatically less than 12. After gather-
ing information relating to the RTS score, the EMS provider de-
termined the severity of trauma based on the collected data.

The ISS is another widely used scale suitable for use during the
hospital phase to evaluate patients with trauma [15]. The ISS is
based on the Abbreviated Injury Scale (AIS), which divides the
body into six parts (head, face, chest, abdomen, limb, and exter-
nal), and each part is assigned a severity score ranging from 0 (no
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damage) to 5 (severe damage). The sum of the three highest scores
among the six parts was used to calculate the ISS score [16].

An ISS score greater than or equal to 16 was generally consid-
ered to represent severe trauma. Patients who initially had abnor-
mal RTS values and ISS scores greater than 16, as analyzed by the
healthcare providers in the hospital following their arrival, were
considered for inclusion in our study analyses.

Data regarding injuries and outcome parameters among male
and female patients were collected from the trauma registry. In-
jury was categorized by severity, ISS, and mechanism of injury
(transportation incidents, falls, other, or unknown).

Other covariables were age, elapsed time from call to patient
transfers to the site by the EMS, hospital class (regional trauma
center, regional emergency center, local emergency center; later
simplified to trauma center and nontrauma center), and interven-
tions performed. The Korean government designed a national trau-
ma system in 2012, under which national trauma centers were
created to efficiently provide medical care for patients with major
trauma.

The study data were divided into three categories: (1) initial
disposition plan in an emergency department (such as survival to
discharge, survival to transfer, survival to admission, and death
after CPR); (2) final outcome after hospitalization (survival or death);

52,262 Total ED visits
46,244 Patients
36,009 Patients

25,743 Inclusions

17,771 Men 7,972 Women
Propensity score matching

7,972 Men 7,972 Women

Impact of sex on survival of unintentional trauma

and (3) final outcome after emergency department (ED) visit (sur-
vival or death). We analyzed the data for patients who transferred
to a second hospital in a similar manner.

Statistical analysis
The median and interquartile range were calculated for continu-
ous variables, and numbers and percentages were calculated for
categorical variables. The patients were divided into two groups
(male and female at birth). To compare the two groups, the Mann-
Whitney test was used for continuous variables, and the chi-square
test was used for categorical variables. Since patient age, ISS, and
the elapsed time between the emergency line (119) call to site
arrival variables did not follow a normal distribution, a nonpara-
metric test was used. To eliminate the effect of confounding vari-
ables that may influence outcome variables, when analyzing ba-
sic characteristics, a propensity score matching (PSM) method was
used to collect data for both groups. Exact matching was used to
match male patients 1:1 with female patients according to pro-
pensity score. Using matched data, differences between male and
female variables were reanalyzed.

All statistical analyses were performed using R ver. 4.2.3 (R Foun-
dation for Statistical Computing). P-values were based on a two-
sided significance level of 0.05.

6,018 Exclusions:
unknown RTS (OHCA or DOA)

10,235 Exclusions:
RTS 12 (nontrauma, minor, missing data)

10,266 Exclusions: intentional injury or accident
(self-harm, suicide, etc.)

Fig. 1. Inclusion and exclusion flowchart. ED, emergency department; OHCA, out-of-hospital cardiac arrest; DOA, dead on arrival; RTS, Revised Trauma

Score.

298

www.ceemjournal.org



Seung Jin Maeng, et al.

RESULTS

A total of 52,262 patients were transported to EDs by EMS in Ko-
rea in 2018. A total of 6,018 patients with unknown RTSs (such
as dead on arrival or out-of-hospital cardiac arrest [OHCA]), 10,235
patients with RTS of 12 or who had missing data, and 10,266 pa-
tients with intentional injury were excluded. Finally, 25,743 pa-
tients, comprising 17,771 men and 7,972 women, were consid-
ered to have experienced an unintentional traumatic injury. Pa-
tient matching was achieved for 61.9% (15,944 of 25,743), com-
prising 44.9% of men (7,972 of 17,771) and 100% of women
(7,972 of 7,972) (Fig. 1).

The male patients were significantly younger than the female
patients (52 years [range, 33—64 years] vs. 58 years [range, 36-74
years], P<0.001). The median ISS was higher in male patients than
in female patients (5 [range, 1-13] vs. 4 [range, 1-10], P<0.001).
A greater percentage of male trauma patients tended to be ad-
mitted to regional trauma centers or regional emergency centers
than of female patients. The elapsed time between the 119-emer-
gency call and EMS arrival at the hospital was shorter for male
patients than for female patients (27 minutes [range, 19—40 min-
utes] vs. 26 minutes [range, 19-38 minutes], P<0.001). The mech-
anisms of injury differed between sexes as well. Transportation
incidents and falls were the second most frequent causes of trau-
ma in both sexes; however, transportation accidents were more
frequent in men than in women (46.7% vs. 42.8%, P<0.001) (Ta-
ble 1).

No differences in survival after admission were found between
the two groups of patients; however, the clinical plans implement-

Table 1. Basic characteristics of trauma patients at emergency depart-
ments (n=25,743)

Characteristic (n =l\1/l;n77 1 (nV\=Io7r'r;e7n 2) P-value

Age (yr) 52 (33-64) 58 (36-74) <0.001

Injury Severity Score 5(1-13) 4(1-10)  <0.001

Time from the 119-emergency call to 27 (19-40) 26 (19-38) <0.001
hospital arrival (min)

Hospital class <0.001
Regional trauma center 4,182 (235) 1,614 (20.2)

Regional emergency center

7367 (41.5) 3,478 (43.6)

(

3924 (22.1) 1,671 (21.0)
Local emergency center (
(

Other 2,298 (12.9) 1,209 (15.2)
Mechanism of injury <0.001

Transportation incident 8,300 (46.7) 3,410 (42.8)

Fall 6,563 (36.9) 3,358 (42.1)

Other 2,594 (14.6) 1,042 (13.1)

Unknown 314(1.8) 162 (2.0)

Values are presented as median (interquartile range) or number (%).
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ed in the emergency departments differed for male and female
patients. A greater percentage of male patients underwent opera-
tions or interventions (23.7% vs. 19.6%, P<0.001) and were ad-
mitted to the ICU (57.0% vs. 44.5%, P<0.001). Moreover, male
patients tended to be admitted (44.1% vs. 40.9%, P<0.001) or
transferred to other hospitals (14.3% vs. 11.5%, P<0.001) more
frequently than female patients, while a greater percentage of
female patients tended to be discharged from hospital (46.3% vs.
39.8%, P<0.001). As a result, female patients who were treated
only at the initial hospital more frequently survived their traumat-
ic injury than male patients (82.9% vs. 79.3%, P<0.001), while
male patients were more frequently transferred to other institu-
tions (14.3% vs. 11.5%). Of 17,771 male patients, 7,067 (39.8%)
survived to discharge from the ED, while 7,841 (44.1%) were ad-
mitted to the hospital. Among the 7,841 male patients who were
admitted, 7,027 (89.6%) survived after hospital admission. Of 7,972
female patients, 3,688 (46.3%) survived to discharge from the ED,
while 3,264 (40.9%) were admitted. Among the 3,264 female pa-
tients who were admitted, 2,924 (89.6%) survived to hospital dis-
charge. In total, 14,094 of 17,771 male patients (79.3%) and 6,612
of 7,972 female patients (82.9%) survived after arrival at the ED
(P<0.001) (Table 2).

With regard to transfers, 2,545 male and 919 female patients
were transferred to another hospital after the initial evaluation,
but data from 752 male and 261 female transferred patients were
missing. Based on the data of 2,545 male and 919 female trans-

Table 2. Comparison of trauma patient outcomes (n=25,743)

. Men Women
Variable (n=17771) (n=7.972) P-value
Surgery or TAE performed 4,217 (23.7) 1,563 (19.6) <0.001
Outcome in the ED <0.001
Survival to discharge 7,067 (39.8) 3,688 (46.3)
Survival to transfer 2,545 (14.3) 919 (11.5)
Survival to admission 7,841 (44.1) 3,264 (40.9)
Died after CPR 246 (1.4) 97 (1.2)
Miscellaneous 72 (0.4) 4(0.1)
ICU admission? 4,470 (57.0) 1,452 (44.5) <0.001
Outcome after admission? 0.956
Survival 7,027 (89.6) 2,924 (89.6)
Death 814 (10.4) 340 (10.4)
Outcome after ED admission <0.001
Survival 14,094 (79.3) 6,612 (82.9)
Death 1,060 (6.0) 437 (5.5)
Transfer to other institution 2,545 (14.3) 919 (11.5)
Miscellaneous 72 (0.4) 4(0.1)

Values are presented as number (%).

TAE, transcatheter arterial embolization; ED, emergency department; CPR, car-
diopulmonary resuscitation; ICU, intensive care unit.

JAdmitted to the hospital, 7,841 men and 3,264 women.
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ferred patients, there was no sex differences in overall admissions
and ICU admissions after transfer to a second hospital. Of 1,793
male patients transferred to another hospital for whom data were
available, 96 survived to discharge from the ED and 1,597 (89.1%)
were admitted. Among the 1,597 male patients admitted to hos-
pital, 1,432 (89.7%) survived to discharge. In contrast, of the 658
female patients transferred to another hospital for whom data
were available, 34 (5.2%) survived to discharge from the ED and
573 (87.19%) were admitted. Among the 573 female patients ad-
mitted to hospital, 500 (87.3%) survived to discharge. As a result,
a significantly greater percentage of men (1,528 of 1,793, 85.2%)
than women (534 of 658, 81.2%) survived (P=0.047) (Table 3).

Total survival comprised patients who survived in the initial
hospital and those who survived in a transfer hospital. In sum-
mary, 14,094 male patients (79.3%) and 6,612 female patients
(82.9%) who were treated only at the initial hospital survived,
and 1,528 male patients (85.2%) and 534 female patients (81.2%)
who were transferred to another hospital survived. Overall, 15,622
of 16,879 male patients (92.6%) and 7,146 of 7,673 female pa-
tients (93.1%) survived (P=0.105). No sex difference was observed
in survival of trauma patients, including the results after transfer
to a second hospital (Table 3 and Figs. 2, 3).

To control for factors other than patient sex that might have
influenced their survival after traumatic injury, PSM was conduct-
ed. No differences between male and female patients were found

Impact of sex on survival of unintentional trauma

Table 3. Comparisons of survival rate after admission and after transfer
to other hospitals among traumatic patients

. Men Women

Variable (n=1,793) (n=658) P-value
Outcome in the ED upon transfer to a 0.265

second hospital

Survival to discharge 96 (5.4) 34 (5.2)

Survival to transfer 68 (3.8) 34 (5.2)

Survival to admission 1,597 (89.1) 573 (87.1)

Died after CPR 32(1.8) 17 (2.6)
ICU admission upon transfer to a 877 (54.9) 299 (52.2)  0.260

second hospital”

Outcome after admission upon trans- 0.114
fer to a second hospital”
Survival 1,432 (89.7) 500 (87.3)
Death 165 (10.3) 73 (12.7)
Outcome after transfer 0.047
Survival 1,528 (85.2) 534 (81.2)
Death 197 (11.0) 90 (13.7)
Transfer to other institution 68 (3.8) 34 (5.2)
Overall outcome? 0.105
Survival 15622 (92.6) 7,146 (93.1)
Death 1,257 (7.4) 527 (6.9)

Values are presented as number (%).

ED, emergency department; CPR, cardiopulmonary resuscitation; ICU, intensive
care unit.

JAdmitted to the hospital, 1,597 men and 573 women. “Total results include the
results in the ED disposition of primary hospital, after admission of primary hos-
pital, and transferred hospital (16,879 men and 7,673 women).

17,771 Male trauma patients in ED

7,067 Survival to 2,545 Survival to

discharge transfer
7,027 Survival
96 Survival to 68 Survival to 1,597 Survival to
discharge transfer admission
1,432 Survival

7,841 Survival to
admission

246 Died after CPR 72 Miscellaneous

814 Death

752 Missing

32 Death

165 Death

Fig. 2. Flowchart for male trauma patients. ED, emergency department; CPR, cardiopulmonary resuscitation.
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7,972 Female trauma patients in ED

3,688 Survival to 919 Survival to

discharge transfer
2,924 Survival
34 Survival to 34 Survival to 573 Survival to
discharge transfer admission
500 Survival

3,264 Survival to
admission

97 Died after CPR 4 Miscellaneous

340 Death

261 Missing data

17 Death

73 Death

Fig. 3. Flowchart for female trauma patients. ED, emergency department; CPR, cardiopulmonary resuscitation.

Table 4. Basic characteristics of trauma patients at emergency depart-
ments after propensity score matching (n=15,944)

- M W
Characteristic (n= 7?;7 ) =o7r'r;e7n 2) P-value
Age (yr) 57 (38-69) 58 (36-74) 0.148
Injury Severity Score 4(1-10) 4(1-10) 0.503
Time from the 119-emergency callto 26 (19-38) 26 (19-38)  0.779

site arrival (min)

Hospital class 0.239
Regional trauma center 1,574 (19.7) 1,614 (20.2)
Regional emergency center 1,641 (20.6) 1,671 (21.0)
Local emergency center 3,456 (43.4) 3,478 (43.6)
Others 1,301 (16.3) 1,209 (15.2)
Mechanism of injury 0.255
Transportation incident 3,390 (42.5) 3,410 (42.8)
Fall 3,327 (41.7) 3,358 (42.1)
Other 1,114 (14.0) 1,042 (13.1)
Unknown 141 (1.8) 162 (2.0)

Values are presented as median (interquartile range) or number (%).

with respect to age, ISS, elapsed time from the 119-emergency
call to site to patient transport to the hospital by the EMS, level
of care at transfer hospital, and injury mechanism (Table 4).

No differences in intervention rate or survival after admission
were found between groups with matched data. However, the
clinical plans implemented in the emergency departments were
different for male and female patients. A greater percentage of

Clin Exp Emerg Med 2023;10(3):296-305

Table 5. Comparison of trauma patient outcomes after propensity score
matching (n=15,944)

. Men Women
Variable (n=7.972) (n=7.972) P-value
Surgery or TAE performed 1,500 (18.8) 1,563 (19.6) 0.205
Outcome in ED <0.001
Survival to discharge 3,625 (45.5) 3,688 (46.3)
Survival to transfer 1,112 (13.9) 919 (11.5)
Survival to admission 3,103 (38.9) 3,264 (40.9)
Died after CPR 95(1.2) 97 (1.2)
Miscellaneous 37 (0.5) 4(0.1)
ICU admission 1,600 (20.1) 1,452 (18.2) 0.003
Outcome after admission? 0.300
Survival 2,804 (90.4) 2,924 (89.6)
Death 299 (9.6) 340 (10.4)
Outcome after ED admission <0.001
Survival 6429 (80.6) 6,612 (82.9)
Death 394 (4.9) 437 (5.5)
Transfer to other institution 1,112 (13.9) 919 (11.5)
Miscellaneous 37 (0.5) 4(0.1)

Values are presented as number (%).

TAE, transcatheter arterial embolization; ED, emergency department; CPR, car-
diopulmonary resuscitation; ICU, intensive care unit.

JAdmitted to the hospital, 3,103 men and 3,264 women.

male than female patients was admitted to the ICU (20.1% vs.
18.2%, P=0.003). Moreover, a greater percentage of female pa-
tients was treated at the primary hospital and either discharged
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Table 6. Comparison of trauma patient outcome after transfer after
propensity score matching

. Men Women
Variable (n=778) (n=658) P-value
Outcome in the ED upon transfer to a 0.362
second hospital
Survival to discharge 49 (6.3) 34(5.2)
Survival to transfer 34 (4.4) 34(5.2)
Survival to admission 683 (87.8) 573 (87.1)
Died after CPR 12 (1.5) 17 (2.6)
ICU admission 370 (54.2) 299 (52.2) 0.481
Outcome after admission? 0.579
Survival 603 (88.3) 500 (87.3)
Death 80 (11.7) 73 (12.7)
Outcome after transfer 0.418
Survival 652 (83.8) 534 (81.2)
Death 92 (11.8) 90 (13.7)
Transfer to other institution 34 (4.4) 34 (5.2)
Overall outcome? 0.270
Survival 7,081 (93.6) 7,146 (93.1)
Death 486 (6.4) 527 (6.9)

Values are presented as number (%).

ED, emergency department; CPR, cardiopulmonary resuscitation; ICU, intensive
care unit.

JAdmitted to the hospital, 683 men and 573 women. ®Total results include the
results in the ED disposition of primary hospital, after admission of primary hos-
pital, and transferred hospital (7,567 men and 7,673 women).

from the ED (46.3% vs. 45.5%, P<0.001) or admitted (40.9% vs.
38.9%, P<0.001), while male patients were more frequently trans-
ferred to other hospitals (13.9% vs. 11.5%, P<0.001). At the ini-
tial hospital, female patients survived more frequently than male
patients (82.9% vs. 80.6%, P < 0.001) (Table 5).

Among the matched patients, 1,112 men and 919 women were
transferred to a secondary hospital, but the data for 334 of these
men and 261 of these women were missing; data for 778 men and
658 women who were transferred to other hospitals were collect-
ed. Among transferred patients with matched data, there were no
differences between men and women with respect to the per-
centages admitted to hospital or to the ICU or survival after ad-
mission. By summing the survival result after disposition in the
initial hospital or in the transfer hospital, no survival difference
was observed between sexes (male, 93.6% vs. female, 93.1%;
P=0.270) (Table 6).

DISCUSSION

Sex-dependent survival of severely injured patients is an emerg-
ing medical issue. Laboratory and clinical data related to this is-
sue have been collected in many different countries; however, to
date, most studies of the effect of sex on mortality have been con-
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ducted in European countries [2,3,8,11,12,15,17-22]. In a single-
center study in China, female patients with severe blunt trauma
had significantly lower mortality rates than male patients [23].
Our study is the first nationwide retrospective study in Korea to
study the relationship between sex and survival in trauma pa-
tients. Our study included data for a large study population that
was obtained without restrictions due to the size of the hospital
or region.

In this study, no statistically significant survival advantage was
evident for either sex. Overall, a significantly lower percentage of
women underwent general admission, ICU admission, or surgical
or angiographic interventions. However, these findings may have
been due to confounders, including trauma severity and age. The
female patients had significantly lower ISS values and were older
than the male patients; the risks associated with surgical or angi-
ographic interventions might be expected to be greater among
the female patients and medical professionals may be hesitant to
provide such interventions. Nonetheless, physicians consider many
factors other than age and severity of trauma when making treat-
ment decisions. Since the data did not include the thoughts of
doctors making certain medical decisions, we only could infer those
factors may impact the treatment plans.

After controlling for potential confounders (age, severity of trau-
ma, elapsed time from 119-emergency call to site arrival, level of
care at transfer hospital) through PSM, there was no statistically
significant difference in the survival of male and female trauma
patients in our study. However, male sex was associated with trans-
fer to another institution, and female sex was associated with fi-
nal medical decision of admittance or discharge in the primary
hospital.

In our study, the mean age of the female patients was 53.2 years,
and most were postmenopausal. The absence of sex-dependent
differences in survival of trauma patients in this study may have
been due to the decline in estrogen production in post-menopaus-
al women, as was postulated in many previous studies, but the
results of those studies have been equivocal. In one study investi-
gating the relationship between trauma patient sex and mortali-
ty, logistic regression failed to identify any such association [17].
However, a study conducted in the Netherlands found that male
sex was associated with ICU admission in those aged 16 to 44
years, but this association was not identified in the overall study
population [8]. In addition, another study concluded that improve-
ment in multiple organ dysfunction after trauma occurred more
frequently in women aged 16 to 44 years than in men of the same
age group [10]. Previous studies showed that lower ICU admis-
sion rate and higher organ function improvement in women of
reproductive age than men, but the result of our studies (women

www.ceemjournal.org
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with median age of 58 years showed no difference in mortality
after trauma compared to men) did not show a significant pro-
tective effect of estrogen against stressful conditions, such as
trauma.

Another possible theory is that the protective effect of estro-
gen existed only in the premenopausal group. In a rodent study,
young female mice (6-8 weeks old) had a more favorable immune
response to sepsis, such as increased release of proinflammatory
cytokines, than male mice of the same age; however, the opposite
relationship between mouse sex and immune response was ob-
served in aged mice (2 years old) with reduced sex hormone lev-
els. Since proinflammatory cytokines are released in trauma, the
difference of release level between sexes could cause differences
in survival of trauma patients. Similar results have been noted in
clinical settings. McLauchlan et al. [18] reviewed patients with a
mean age of 66 years who were admitted to the ICU because of
abdominal sepsis. They concluded that age and female sex were
independent risk factors for higher mortality. Further investiga-
tion is needed to subdivide our patient groups by age to assess
potential protective effects of estrogen. In our study, such analy-
sis could not be performed due to the skewed population of our
data: the premenopausal population was too small to categorize.

It is also possible that estrogen provides protective effects in
severe trauma, but this effect likely is minimal. This hypothesis is
compatible with that of a meta-analysis conducted in 2015, in
which Liu et al. [9] compared the risk of death in women with
minor-to-moderate injuries or severe injury. The effects of estro-
gen may not have been prominent in our study since our outcome
of interest was survival, not duration of hospital admission or rate
of complications after trauma. Moreover, a rodent study argued
that proestrus females had greater survival after trauma, as their
circulating blood volumes were greater than those of male rodents
during and after trauma-hemorrhage [19]. This difference could
be eliminated simply in the hospital setting by proactive transfu-
sion of trauma patients, which is standard therapy in major trau-
ma, especially in the regional trauma center setting.

Another possibility is that the protective effect of estrogen is
present for only a brief period after a stressful event. Choi et al.
[24] assessed differences in survival among male and female pa-
tients after OHCA and concluded that women in the reproductive
age group had a better chance of survival than men. Their con-
clusion is consistent with the findings of Deitch et al. [20] and
McKinley et al. [21], who speculated that the initial protective ef-
fect of elevated estrogen decreased with time from the initial in-
jury. Therefore, the protective effect may exist only in a brief pe-
riod that may have ended prior to hospital arrival.

The major difference between animal studies and clinical set-
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tings is that humans can verbally explain their symptoms. The de-
cision to admit is determined by a doctor based not only on ob-
jective findings, but also on subjective findings. If one sex subjec-
tively expresses more symptoms than the other, it may influence
the doctor's decision to admit. In one study that analyzed the
outcomes after mild traumatic brain injury in male and female
patients, poor coping style was associated with increased post-
concussive symptoms, and this was more prevalent in women
than in men [22]. As we collected data addressing survival after
ED arrival, the reasons for admission were not available. If one
sex was admitted more frequently due to subjective symptoms
rather than based on severity of trauma, our data could be misin-
terpreted.

Since the data we collected represent only one year, this study
has some limitations. Among the patients with severe trauma,
there were too few of reproductive age to analyze as a separate
group. To better evaluate the effect of estrogen on severe trauma,
further research should be performed after collecting data for sev-
eral years. Second, there were missing and excluded data as the
study was based on a retrospective analysis. Initially, we excluded
10,266 cases categorized as intentional injury, accidental self-harm,
or suicide (Fig. 1). These 10,266 cases accounted for almost 20%
of the total data collected; however, given that intentional injury
and self-harm may have different traumatic mechanisms than
those responsible for nonintentional trauma and were beyond the
scope of our interest, we excluded the data.

Moreover, significant data were missing from the records of
many transferred patients (Table 3), notably the reasons for trans-
fer. Patients may have been transferred from higher-grade hospi-
tals (i.e., tertiary hospitals) to general hospitals due to a shortage
of beds or from a low-grade hospital to a tertiary hospital due to
severity of trauma; however, because our collected data did not
include this information, the analyzed data may have been biased.
These missing data were crucial for interpreting the information
presented in Table 5. Men were more frequently transferred from
the initial hospital to other institutions, but we could not inter-
pret this finding further due to the lack of information. Last, since
some data, such as the RTS and ISS, were provided by the EMTs
and medical providers, bias could have occurred.

In conclusion, the survival of severely injured female patients ad-
mitted to emergency departments in Korea was not significantly dif-
ferent from that of male trauma patients. Future research should fo-
cus on the relationships between the sex of the patient and their es-
trogen concentrations on survival among trauma patients of repro-
ductive age and on the reasons why trauma patients are transferred
to other institutions after arriving at the ED or being admitted.
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