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Abstract

The purpose of this study is to investigate the factors affecting mortality of trauma patients admitted to
hospital emergency departments using logistic regression analysis. In this study, a logistic regression
analysis is carried out on trauma patient data to identify the factors affecting mortality of trauma patient
by gender. The dataset consists of many variables such as age, gender, Systolic Blood Pressure (SBP)
, Injury Severity Score (ISS) , Glasgow Comma Scale (GCS), mechanism of injury, location of injury,
Revised Trauma Scale (RTS) and mortality . Here, mortality is considered as the response variable for
the analysis. Mortality has two outcome which is alive and dead. Univariate logistic regression analysis
are performed between all the independent variable against mortality regardless of gender. From the
univariate analysis, all the independent variables which are age, gender, SBP, ISS, GCS, mechanism
of injury, location of injury and RTS are statistically significant (p- value <0.05) with the mortality. From
the results, multivariate logistic regression is performed between the independent variable which are
age, SBP, ISS, GCS, mechanism of injury, location of injury and RTS against mortality for male and
female respectively. By doing the backward regression, all the tested variables are statistically
significant (p- value <0.05) with mortality for both male and female respectively. From the findings, the
odds ratio (OR) are reported as follows; age (OR 1.0386, 95% CI (0.03,0.04)), RTS (OR 0.6659, 95%
ClI (-0.52,-0.30)), ISS (OR 0.2026, 95% CI (-1.79,-1.40)) and GCS (OR 0.7900, 95% CI (-0.28,-0.19))
statistically significant (p- value <0.05) with mortality for male while age (OR 1.0458, 95% CI
(0.04,0.05)), RTS (OR 0.6843, 95% CI (-0.56,-0.21)), ISS (OR 0.2038, 95% ClI (-1.90,-1.27)), GCS (OR
0.7800, 95% CI (-0.31,-0.18)), SBP (OR 0.9933, 95% CI (-0.01,-0.0002)) and location of injury (OR
0.6768, 95% CI (-0.68,-0.10)) statistically significant (p- value <0.05) with mortality for female. This
study shows that female patients with older age, lower RTS, ISS, GCS, SBP and also has only one
location of injury are more likely to be dead while male patients with older age, lower RTS, ISS, GCS
are more likely to be dead.
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1. Introduction

An emergency department in a hospital is responsible for the provision of medical and surgical
care to patients arriving at the hospital in need of immediate care.

Trauma patient at hospital emergency department is the interest of this study as we want to
know the variable that affect the mortality of trauma patient by gender. The trauma patient dataset
consists of many variables such as age, somatic comorbidities, ISS, GSC and intubation status. In this
study, we are interested in how variables such as age, somatic comorbidities, ISS, GSC and intubation
status affect the mortality of trauma patient by gender. Our interest, mortality is considered as the
response variable for the analysis. Variable mortality has two outcomes which are alive and dead. Thus,
we can treated the mortality as categorical data with alive is 0 and dead is 1. Therefore, logistic
regression model will be use to analyze the data.
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In logistic regression model, we need regressor and predictor. Mortality acts as the regressor
while the other variable as the predictor. Logistic regression model is used in R programming to interpret
the results. Some model evaluation such as the AIC, null deviance and residual deviance will be used
to evaluate the model. The aim of this study is to identify the factors affecting mortality of trauma
patients by gender.

2. Literature Review

Observational study at five emergency medical services (EMS) agencies and 11 hospitals
representing all 9-1-1 transfers within a country [1]. To evaluate the association of trauma center
transport and functional outcomes, multivariate ordinal logistic regression analyses was conducted on
multiple imputed data for all patients with TBI and patients with traumatic intracranial hemorrhage. The
severity of injury in a patient with multiple traumas with a single number is difficult at best; therefore,
multiple alternative scoring systems have been proposed, each with its own problems and limitations[2].
Traumatic brain injury (TBI) is a common healthcare problem related to disability. An easy-to-use
trauma scoring system informs physicians about the severity of trauma and helps to decide the course
of management. The purpose of the study is to use the combination of both physiological and
anatomical assessment tools that predict the outcome and develop a new modified prognostic scoring
system in TBIs[3].

Experimental research suggests that females have a higher survival rate after trauma. This study
sought to determine the role of sex on mortality among trauma patients in China[4]. Multiple logistic
regression was used to analyze the association between sex and post-injury complications and
mortality. In this case study, the example regressor used are age, admission, ISS, Glascow Coma Scale
(GCS), presence of hypotension and intubation status. The variable that acts as regressor are
anticoagulation therapy, psychiatric comorbidity, penetrating injury, nocturnal admission, ISS, GCS,
shock on arrival and mortality[5]. It is well known that males and females have different life expectations,
comorbidities, and distinct differences in acute and chronic disease manifestation[6]. It has been shown
that females have a more efficient immune system with subsequent improved clinical outcomes after
severe infections and circulatory shock.The variable that the study used are age, ISS, prehospital shock
index, comorbidities and expected mortality. Currently,two models of artificial neural network(ANN) and
logistic regression(LR) are known as models that extensively used in sciences [7]. ANN has better
performance than Logistic regression in predicting the terminal outcomes of traumatic patients in both
the AUC and accuracy rate. Using an ANN to predict the final implications of trauma patients can provide
more accurate clinical decisions.

Traumatic brain injury (TBI) is among the leading causes of mortality and long-term disability.
Prognosis assessment is a primary factor of clinical decision-making by emergency physicians[8]. This
study aimed to investigate the prognostic factors of TBI in the patients admitted to a typical emergency
department. The analysis is conducted using simple binary logistic regression and multivariate logistic
regression.

Previous studies have identified that the reverse shock index multiplied by the Glasgow Coma
Scale score (rSIG) is a good predictor of mortality in trauma patients[9]. The outcome measures were
the predictive ability of rSIG for coagulopathy, in-hospital mortality, and 24-h mortality. The comparison
was done between the prognostic performance of rSIG with the shock index, age shock index, and
quick Sequential Organ Failure Assessment. Mortality of trauma patient based on gender are analyze
using multiple logistic regression[10,11,12,13].
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3. Methodology

3.1. Logistic Regression Analysis Model

Logistic regression is the appropriate regression analysis to conduct when the dependent
variable is dichotomous (binary). The logistic regression is a predictive analysis. Logistic regression is
used to describe data and to explain the relationship between one dependent binary variable and one
or more nominal, ordinal, interval or ratio-level independent variables. It is a suitable model for this case
study as gender is a binary variable (female and male).

The simple logistic regression model is given by

y= log(%) = Bo+ BiX (1)

Where p is a binomial proportion and x is the explanatory variable.The parameter of the logistic
regression are 3, and ;. This also called simple binary logistic regression.

The form of multiple logistic regression follows the simple binary logistic regression as in equation
y= log(%) = Bo + Bixy + Boxat+... +Bnxy )

This multiple logistic regression is also called logit odds ratio. To get the odds ratio, take the exponential
for both side

lt;p = expBO+ B1x1+B2X2+..+BnXn (3)

Thus, we will used the odds ratio to intepret the model of logistic regression model. Also, to get the true
value of parameter estimate f is obtained as:

B+ zo, (square of error G) “)

With 95% as the confidence interval.

The assumptions of the Logistic Regression Model are:

-The outcome is binary.

-There is a linear relationship between logit outcome and each independent variable.
-No extreme values or outliers in the continuous predictors.

-No high intercorrelations ( multicollinearity) among the predictors.

3.2 Wald Test

Wald Test is used to test the statistical significance of logistic regression parameters, 3 logistic
regression model. The formulation of the Wald test statistic relies on the parameter estimate and its
variance estimate.

Wald = 4 (5)

Standard Error of Estimate (s.e.(8))

The hypotheses for wald test are
Hy:B=0

Hi:B+#0
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This wald test is also called z-test. The significant test can be interpret using p-value. If p-value less
than 0.05 with 95% confidence interval, the null hypothesis will be rejected. Thus, it shows that the
variable are statistically significance.

3.3 Univariate and Multivariate Logistic Regression Analysis

Univariate analysis is the simplest form of analyzing data. It considers only one variable in the analysis.
Each exploratory variable in the database is modeled in logistic regression once at the time to the
response variable, y. This analysis looks at the relationship between each predictor to y without
considering other variables. Therefore, the equation follow the simple binary logistic regression model
as in Equation (1) . The univariate logistic regression is the preprocess for multivariate logistic
regression. Unlike univariate analysis, the multivariate analysis combined all predictors to study relation
with the responding variable, y. It is defined as the statistical study of data where multiple measurements
are made on each experimental unit and where the relationships among multivariate measurements
and their structure are important. Itis to study the correlation between all predictors with y. The equation
follows the multiple logistic regression model in Equation (2). After the multivariate logistic regression
done, backward regression analysis is carried out. Based the results, only the significant variables will
be considered in the backward logistic regression. The variables that are not significant will be eliminate
from the backward regression analysis. Backward regression is done until there are only the significant
variables left in the model. The model are evaluated using AIC , null deviance and residual deviance.

4. Results and discussion
4.1. Trauma patients data
For this research, trauma patients data is used. The variables contain in the data are age, gender,

location of injury, mechanism of injury, Revised Trauma Score (RTS), Injury Severity Score (ISS),
Systolic Blood Pressure (SBP), Glasgow Coma Scale (GCS), and mortality.

Trauma cases in PATOS,

N=127 715

Age<16 years old

! N=9109

Adult trauma cases

N=118 605 Excluded from study:

- Injury mechanism poisoning and

+ drowning

- Incomplete data for these variables:
Y Age, Gender, Activity, Place of injury, Se

Final population x, Location of Injury, ED GCS, ED SBP, TR
TS, ISS,
N=76 645 death/survival, GOS, MRS
N=41 960

! |

Male female

N=47 750 N=28 895

Figure 4.1 : Flowchart for selection of data

4.2. Univariate Logistic Regression
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Univariate logistic regression is used to analyze the dependents variable significant with the
independent variable mortality. The analysis is done between mortality and age, mortality and gender,
mortality and mechanism of injury, mortality with TRTS, mortality and ISS, mortality with GCS, mortality
with SBP, and mortality with location of injury. This is to find the relationship between the variables with
mortality. This is the preprocess step before doing the multivariate logistic regression.

Table 4.1 : Univariate Analysis for the data Regardless of Gender

Coefficient (Cl) P-value | Odds ratio
Age 0.0279 (0.0249,0.0309) <0.05 1.0283
Gender -0.4162 (-0.55, -0.28) <0.05 0.6596
Mechanism of injury
Traffic injury 0.7874 (0.55,1.05) <0.05 2197
Fall/Slip down 0.6027 (0.35,0.87) <0.05 1.827
Assault
Penetrating Injury -0.8969 <0.05
Others 0.2556 (-.151,-0.35) 0.4078
RTS -1.1489 (-.1.189, -1.1.09) <0.05 0.3170
ISS -2.9823 (-3.11, -2.84)
Minor (< 15) <0.05 0.0507
Major (>15)
GCS -0.4625 (-0.47,-0.45) <0.05 0.6297
ED Systolic BP (mmHg) | -0.0221 (-0.024, -0.20) <0.05 0.978
Location -0.4162 (-1.068 , -0.824)
One <0.05 0.3885
Many

From the results, all the variables have p-value less than 0.05 and the null hypothesis can be
rejected. Thus, the tested variables are statistically significant against mortality. Hence, the variables
affect the mortality of the trauma patients.

The interest of study is the mortality of trauma patients by gender, univariate logistic regression
analysis is done again one by one the variable against the mortality by the gender of trauma patient.
The variable age, mechanism of injury, TRTS, ISS, GCS, SBP, and location of injury against mortality
but this time the gender is separated. Thus, there are two analysis, for male and female. The results is
in Table 4.2.

Table 4.2 : Univariate Logistic Regression Analysis based on Gender

46

—
| —



Ayu Nur Athirah Mohd Jamri & Norhaiza Ahmad (2022) Proc. Sci. Math. 10: 42 - 50

UNIVARIATE Female P-value Male P-value
Count(%) 28,895 (37.9) 47,750 (62)

Age,mean 55 <0.05 47 <0.05
Age,median(IQR) 57 46

Mechanism of injury

Traffic injury 10,793 (37.4) <0.05 21,740 (45.5) <0.05
Fall/Slip down 12,754 (44.1) 14,816 (31.0) <0.05
Assault 2,655 ( 9.2) 6,214 (13.0)
Penetrating Injury 1,297 ( 4.5) <0.05 3,032 ( 6.3)

Others 1,396 ( 4.8) 1,948 ( 4.1)

RTS <0.05 <0.05
5-12 28,868 (99.9) 47,702 (99.9)

<4 27 ( 0.1) 48 ( 0.1)

ISS <0.05 <0.05
Minor (<8) 21,660 (75.0) 34,957 (73.2)

Moderate (9-15) 5,230 (18.1) 7,415 (15.5)

Severe (16-75) 2,005 ( 6.9) 5,378 (11.3)

GCS <0.05 <0.05
Mild (13-15) 28,088 (97.2) 45,384 (95.0)

Moderate (12-9) 403 ( 1.4) 1,082 ( 2.3)

Severe (3-8) 404 ( 1.4) 1,284 ( 2.7)

ED Systolic BP <0.05 <0.05
(mmHg) 28,448 (98.5) 46,600 (97.6)

>89 222 ( 0.8) 566 ( 1.2)

76-89 179 ( 0.6) 505 ( 1.1)

50-75 46 ( 0.2) 79( 0.7)

<50

Mortality

Alive 28,588 (98.9) 46,985 (98.4)

Dead 307 ( 1.1) 765( 1.6)

Location <0.05 <0.05
One 20,373 (65.1) 29,581

Many 8,522(34.8) 18,169

From the results, all the variables are statistically significant against mortality since the null
hypothesis rejected (p-value<0.05). Hence,the variable affects the mortality of the trauma patients.
Based on this, next analysis can continue to do the multiple logistic regression using all the variables.

4.3. Multivariate Logistic Regression Analysis

Multivariate Logistic Regression analysis used between mortality and other independent variables
which are age, mechanism of injury, TRTS, ISS, GCS, SBP, and location of injury. The analysis is
separated between gender, male and female to see the difference of significance in both male and
female.

4.3.1. Multiple Logistic Regression for Female

A multiple logistic regression analysis is done for female. From the analysis, a backward logistic
regression is done only considering the variables that significant at the previous analysis. From the
previous analysis, age, Revised Trauma Score (RTS), Injury Severity Score (ISS), Glascow Coma
Scale (GCS), Systolic Blood Pressure (SBP) and location of injury. Thus only this variables is
considered in the backward logistic regression analysis. The final result for the model is as in Table 4.3.
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Table 4.3 : Backward Regression of Multivariate Logistic Regression of Mortality of Trauma Patient
Based on Gender (Female)

Coefficient (Cl) P-value Odds Ratio
Age,mean -0.0447 (0.04,0.05) <0.05 1.0458
RTS -0.3794 (-0.56,-0.21) <0.05 0.6843
ISS -1.5906 (-1.90,-1.27) <0.05
Minor (<15) 0.2038
Major (>15)
GCS -0.2485 (-0.31,-0.18) <0.05 0.7800
ED Systolic BP -0.0067 (-0.01,-0.002) <0.05 0.9933
(mmHg)
Location -0.3905 (-0.68,-0.1) <0.05
One
Many 0.6768

From the analysis, age, RTS, ISS, GCS, SBP and location of injury has the p-value less than 0.05. So,
the null hypothesis is rejected. This indicated that the variables significance with mortality. The odd
ratios can be interpreted that older patients have 1.0458 more tendencies than older patients to be
dead. Patients with lower RTS have 0.6843 more tendencies to be dead than patients with higher RTS.
Patients with minor ISS have 0.2038 more tendencies to be dead than patients with major ISS. Patients
with lower GCS have 0.7800 more tendencies to be dead than patients with higher GCS. Patients with
lower SBP have 0.9933 more tendencies to be dead than patients with higher SBP. Patients that have
one location of injury have 0.6768 more tendencies to be dead rather than patients that have more
location of injury.

4.3.2. Multiple Logistic Regression for Male
A multiple logistic regression analysis is done for male. From the analysis, a backward logistic
regression is done only considering the variables that significant at the previous analysis. From the
previous analysis, age, Revised Trauma Score (RTS), Injury Severity Score (ISS) and Glascow Coma
Scale (GCS). Thus only this variables is considered in the backward logistic regression analysis. The
final result for the model is as in Table 4.4.
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Table 4.4 : Backward Multivariate Logistic Regression of Mortality of Trauma Patient Based on
Gender (Male)

Coefficient P-value OR (Cl)
Age,mean 0.0378 (0.03,0.04) <0.05 1.0386
RTS -0.4162 (-0.52,-0.30) <0.05 0.6659
5-12
<4
ISS -1.6023 (-1.79,-1.40) <0.05
Minor (<8) 0.2026
Moderate (9-15)
Severe (16-75)
GCS -0.2324 (-0.28,-0.19) <0.05 0.7900
Mild (13-15)
Moderate (12-9)
Severe (3-8)

From the analysis, age, RTS, ISS, GCS, and SBP has the p-value less than 0.05. The null hypothesis
is rejected. This indicate that the variables significance with mortality. The odd ratios can be interpreted
that older patients have 1.0386 more tendencies than older patients to be dead. Patients with lower
RTS have 0.6659 more tendencies to be dead than patients with higher RTS. Patients with minor ISS
have 0.2026 more tendencies to be dead than patients with major ISS. Patients with lower GCS have
0.7900 more tendencies to be dead than patients with higher GCS.

The AIC, null deviance and residual deviance are used to evaluate the model and the backward
regression model is the better model for both male and female.

Conclusion

Factors affecting mortality of trauma patient for male and female were analyze using logistic regression
analysis. From the results, we can see that the factors affecting mortality of trauma patient for female
is more than male. Female has 6 independent variables that affect the mortality which are age, Revised
Trauma Scale (RTS), Injury Severity Score (ISS), Glascow Coma Scale (GCS), Systolic Blood Pressure
(SBP) and location of injury while male only has 4 independent variables which are age, Revised
Trauma Scale (RTS), Injury Severity Score (ISS) and Glascow Coma Scale (GCS). For female, patients
with older age, lower Revised Trauma Scale (RTS), Injury Severity Score (ISS), Glasgow Coma Scale
(GCS), Systolic Blood Pressure (SBP) and also has only one location of injury are more likely to be
dead. For male, patients with older age, lower Revised Trauma Scale (RTS), Injury Severity Score (ISS)
and Glasgow Coma Scale (GCS) are more likely to be dead.
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