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Purpose: Currently, assessing trauma severity alone in geriatric trauma patients (GTPs) cannot accurately predict the risk of serious
adverse outcomes during hospitalization. As an emerging concept in recent years, frailty syndrome is closely related to the poor
prognosis of many diseases in elderly patients, including trauma. A logistic model for predicting adverse outcomes in elderly trauma
patients during hospitalization was constructed in elderly patients, and the predictive efficacy of the model was verified.
Patients and Methods: Trauma patients aged ≥65 years between June 2020 and September 2021 were selected and randomly
divided into a training set and validation set at a ratio of 3:1. Mid arm muscle circumference (MAMC) was measured to determine the
degree of frailty. LASSO regression was used to screen appropriate variables for the construction of a prognostic model. The logistic
regression model was established and presented in the form of a nomogram. Calibration curves and ROC curves were used to verify
the performance of the model.
Results: A total of 209 patients were enrolled, including 143 (68.4%) males and 66 (31.6%) females, with an average age of 70.8 ±
4.8 years. Ageless Charlson comorbidity index, BT unit, ISS, GCS, MAMC, prealbumin and lactic acid levels were screened by
LASSO regression to construct a prognostic model. The AUC of the ROC analysis prediction model was 0.89 (95% CI 0.80–0.97) in
the validation set. The results of the Hosmer–Lemeshow test for the validation set were χ2 = 11.23, P = 0.189.
Conclusion: The prognostic model of adverse outcomes in GTPs has good accuracy and differentiation, which can improve the
prediction results of risk stratification of GTPs during hospitalization by medical staff and provide a new idea for prognostic
prediction.
Keywords: geriatric trauma patients, frailty, MAMC, prognostic model for adverse outcomes

Introduction
Due to the aging population worldwide, the number of older patients suffering trauma has been growing disproportio-
nately. It has been reported that geriatric trauma patients (GTPs) have higher incidence of morbidity and mortality than
younger patients.1 Traditional clinical indicators, such as blood pressure and age, are not sufficient to determine who is at
high risk for poor prognosis in GTPs.2,3 The current assessment of the risk of serious adverse events in elderly trauma
patients relies on various types of trauma scores, of which the more widely used are the trauma severity score (ISS) and
trauma revised injury severity score (TRISS).

ISS published in the 1970s, was one of the earliest scoring systems. The severity of trauma is an important factor to
be considered in predicting the prognosis of trauma. However, consideration of a single prognostic factor necessarily
ignores details, such as the fact that different types of injury mechanisms are assigned the same score.4 The TRISS
scoring system, developed in the 1980s, adds physiological indicators, such as a patient’s age, mechanism of injury,
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respiratory rate and blood pressure, to the prognosis. However, with the improvement of trauma care and statistical
theory, many limitations of the TRISS have been discovered. For example, one study showed that the TRISS had a high
misclassification rate in elderly patients with severe traumatic brain injury (ISS>20, age >54 years).5 In addition, the
TRISS is limited in that it relies on physiological indicators, which are particularly unstable and vary widely based on the
quality of out-of-hospital care and time to hospital visits, making it unlikely to be a reliable prognostic predictor in
various trauma populations.5

In recent years, the concept of frailties as a driver of poor outcomes in elderly patients with trauma has received
increasing attention.6–8 Geriatric experts define frailties as a state of reduced ability to respond to stressors and increased
physical vulnerability due to reduced physiological reserves and multisystem disorders that limit the ability to maintain
homeostasis and cope with internal and external stresses. Frailty is not uncommon in the elderly and has been proven to
be closely related to the poor prognosis of many diseases, including trauma.9 As an indicator of sarcopenia, Mid-arm
muscle circumference (MAMC), calculated by measuring mid-upper arm circumference (MUMC) and triceps skinfold
(TSF), is a simple and noninvasive anthropometric parameter used to assess geriatric nutritional status and estimate
frailty. Noori’s study demonstrated that MAMC, measured as a surrogate of lean body mass, is strongly correlated with
the outcomes of maintenance hemodialysis patients.10

Integrating multiple indicators into a single model can improve the predictive value of the prognostic model
compared with a single factor. Therefore, we aim to construct a multifactor trauma prognostic model to predict the
risk of serious adverse outcomes in elderly trauma patients during hospitalization.

Materials and Methods
Patient Data
We performed a prospective survey between June 2020 and September 2021 to obtain data on patients over the age of 65
treated at the Trauma Center of Tongji Hospital affiliated with the Medical College of Huazhong University of Science
and Technology. Patients were excluded if their reason for admission was nontraumatic. Clinical data, including age, sex,
mechanism of injury (MOI), ageless Charlson comorbidity index (aCCI), blood transfusion (BT) unit within 24 h of
admission, body mass index (BMI), Glasgow Coma Scale (GCS), injury severity score (ISS), shock index (SI), Revised
Trauma Score (RTS) and Acute Physiology and Chronic Health Evaluation II (APACHE II), were evaluated and recorded
within 24 h of admission. Laboratory tests included hemoglobin (g/L), platelet count (*109/L), albumin (g/L), prealbumin
(mg/L), C-reactive protein (mg/L), and lactic acid (mmol/L) at admission.

Anthropometric Measurements
Anthropometric parameters included weight, height, MUMC and TSF. One investigator of our research team was trained to
measure these by standardized measurement methods. BMI was calculated as weight divided by the square of height (kg/m2).
The MUMC of the dominant arm was measured using an inelastic but flexible measuring tape without compressing the skin.
Homolateral TSF thickness was measured with a digital skinfold caliper using standard techniques. The measurement
process was repeated 3 times for each patient, and the 2 measurements with the smallest difference were averaged. The
MUMC and TSF were reported in centimeters to the first decimal place. MAMC was calculated as follows:

MAMC(cm) = MUAC(cm) – 3.142×TSF(cm)

Frailty
According to a report by the European Working Group on Sarcopenia in Elderly People (EWGSOP) in 2010, there is
a lot of overlap between frailty syndrome and sarcopenia, most frail older people exhibit sarcopenia, and some older
people with sarcopenia are also frail.11 As an indicator of sarcopenia, Mid-arm muscle circumference (MAMC) was
measured to determine the degree of frailty in our study.
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Adverse Outcomes
Adverse outcomes were all-cause in-hospital mortality and morbidity. Morbidity included acute or progressive renal
injury, cardiovascular complications (cerebrovascular accidents and/or myocardial infarctions), pulmonary complications
(acute respiratory distress syndrome and/or pneumonia), urinary tract infection, venous thromboembolic outcomes
(pulmonary embolism and/or deep vein thrombosis) and gastrointestinal bleeding. Unplanned admission to the ICU,
unplanned intubation and unplanned operation were additional observational indices.

Statistics
Patients were divided into a case group and a control group according to whether adverse outcomes occurred during
hospitalization. Normally distributed data are presented as the means and standard deviations (SDs), and nonnormally
distributed data are presented as the medians and interquartile ranges (IQRs). Differences between groups were evaluated
with the unpaired t test or Mann–Whitney U-test for continuous data. Frequency tables used for the chi-square test or
Fisher’s test were generated for categorical variables. Univariate logistic regression was used to explore the risk factors
for adverse outcomes during hospitalization. Factors at p<0.2 were entered into a multivariable regression model. Odds
ratios (ORs) and 95% CIs were reported as the result in the final model.

Patients were randomly divided into the training set and the validation set at a ratio of 3:1. In the training set,
appropriate variables were screened by the least absolute shrinkage and selection operator method (LASSO) regression
with a 10-fold cross-validation method, where the λ value was set to 1 standard error (SE). A logistic regression model
was developed to predict the occurrence of adverse outcomes during hospitalization, and the predictive efficacy of the
prognostic model was tested centrally in the validation set. The final model is represented by the nomogram. The
bootstrap method was used for repeated sampling 1000 times for internal validation, and the Hosmer–Lemeshow test was
used for goodness of fit. Calibration curves and receiver operating characteristic (ROC) curves were drawn to analyze the
differentiation and calibration of the model. Clinical decision curves were used to analyze the clinical value of the model.
The statistical analysis was performed using R version 4.0.2 with extension packages.

Results
Descriptive Data
A total of 209 patients were included in the dataset, including 143 (68.4%) males and 66 (31.6%) females, with an average
age of 70.8±4.8 years. A total of 131 patients (62.7%) were injured by vehicle collision, followed by falls (22.0%). The
mean (SD) BMI was 22.3 (1.9) kg/m2. Hypertension (39.2%), diabetes (28.2%) and coronary heart disease (18.7%) were
the most common comorbidities. The most common injured parts of the body were the head/neck (49.8%), thorax (37.8%)
and extremities (31.6%). The median (IQR) GCS and ISS were 15 (13–15) points and 14 (9–17) points, respectively. The
mean (SD) SI and hemoglobin level at admission were 0.70±0.23 and 103.5±23.8 g/L, respectively, among which 57
patients (27.3%) received a BT 24 h after admission, with an average transfusion volume of 1.00±2.03 U.

Among 209 patients, 68 patients (32.5%) had hospital-acquired pneumonia, 35 patients (16.7%) had traumatic
coagulopathy, 47 patients (22.5%) had acute kidney injury, 14 patients (6.7%) had cardiovascular complications, 14
patients (6.7%) had gastrointestinal bleeding, 31 patients (14.8%) had thromboembolism, 8 patients (3.8%) had
unplanned transfer to the ICU, 2.9% of patients had an unplanned operation (2.9%), 12.0% of patients had an intubation,
and 20 patients died, with a mortality rate of 9.6%. A total of 103 patients with adverse events during hospitalization
were included in the case group, and 106 patients were assigned to the control group.

The case group was older (mean (SD): 71.8 (5.1) vs 70.0 (4.4), p=0.013) and had a higher aCCI (median (IQR): 1 (0–2)
vs 0 (0–1), p<0.001) than the control group. In addition, the case group had a lower BMI and MAMC than the control
patients. Patients in the case group had more severe injuries and a lower GCS than those in the control group. The baseline
characteristics of the patients are reported in Table 1.
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Factors Associated with Adverse Outcomes
According to multivariate logistic analysis, the independent factors associated with adverse outcomes during hospitalization in
geriatric trauma patients were sex (OR 0.09; 95% CI 0.02–0.30), aCCI (OR 4.35; 95% CI 2.18–9.56), MAMC (OR 0.55; 95%
CI 0.36–0.80), GCS (OR 0.80; 95% CI 0.64–0.97), ISS (OR 1.14; 95% CI 1.01–1.30), erythrocyte infusion volume (OR 1.42;
95% CI 1.06–1.96), albumin (OR 0.85; 95% CI 0.73–0.97) and lactic acid (OR 2.72; 95% CI 1.64–4.88) (Table 2).

Table 1 Baseline Characteristics of 209 Participants

Characteristics All Patients, n=209 Case Group (n=103) Control Group (n=106) p value

Age, y; Mean(SD) 70.8(4.8) 71.8(5.1) 70.0(4.4) 0.013
Sex (%)

Male 143(68.4) 78(75.7) 65(61.3) 0.036

Female 66(31.6) 25(24.3) 41(38.7)
MOI (%)

Vehicle collision 131(62.7) 68(66.0) 63(59.4) 0.114

Fall<2 m 46(22.0) 16(15.5) 30(28.3)
Fall≥2 m 20(9.6) 11(10.7) 9(8.5)

Other 12(5.7) 8(7.8) 4(3.8)
Comorbidity (%)

Hypertension 82(39.2) 53(51.5) 29(27.4) 0.253

Diabetes mellitus 59(28.2) 38(36.9) 21(19.8)
COPD 21(10.0) 16(15.5) 5(4.7)

CHD 39(18.7) 32(31.1) 7(6.6)

CVA 10(4.8) 8(7.8) 2(1.9)
aCCI; Median (IQR) 0(0–1) 1(0–2) 0(0–1) <0.001

BMI, kg/m2; Mean (SD) 22.3(1.9) 21.5(1.9) 22.9(1.8) <0.001

MAMC, cm; Mean (SD) 24.3(2.6) 23.2(2.5) 25.3(2.1) <0.001
GCS; Median (IQR) 15(13–15) 14(8–15) 15(15–15) <0.001

Most seriously injured region (%)

Head/Neck 104(49.8) 54(52.4) 50(47.2) 0.190
Face 13(6.2) 3(2.9) 10(9.4)

Thorax 79(37.8) 38(36.9) 41(38.7)

Abdomen/Pelvis 24(11.5) 15(14.6) 9(8.5)
Extremity 66(31.6) 38(36.9) 28(26.4)

External 6(2.9) 2(1.9) 4(3.8)

ISS; Median (IQR) 14.0(9.0–17.0) 14.0(11.0–19.0) 11.5(9.0–14.0) <0.001
SI; Mean (SD) 0.70(0.24) 0.78(0.29) 0.63(0.15) <0.001

RTS 7.23(1.17) 6.79(1.44) 7.67(0.55) 0.006

APACHE II 17.5(7.4) 20.9(7.3) 14.2(5.8) <0.001
24 h BT

Patients, number (%) 57(27.3) 46(44.7) 11(10.4) <0.001

Unit, U; Mean (SD) 1.00(2.03) 1.64(2.42) 0.39(1.31) <0.001
Laboratory tests;Mean (SD)

Hemoglobin (g/L) 103.5(23.8) 93.3(23.8) 113.4(19.2) <0.001

Platelet count (*109/L) 170.7(88.8) 150.6(88.9) 190.2(84.7) 0.001
Albumin (g/L) 33.3(5.7) 30.5(5.6) 36.0(4.5) <0.001

Prealbumin (mg/L) 167.8(46.3) 143.0(42.9) 191.9(35.7) <0.001

C-reactive protein (mg/L) 49.5(53.7) 70.5(63.7) 29.0(30.1) <0.001
Lactic acid (mmol/L) 1.92(1.26) 2.54(1.23) 1.32(0.97) <0.001

Abbreviations: aCCI, ageless Charlson Comorbidity Index; BMI, Body Mass Index; MAMC, Mid-Arm Muscle Circumference; GCS, Glasgow Coma Scale; ISS,
Injury Severity Score; SI, Shock Index; SD, Standard Deviation; IQR, Interquartile Range.
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Factors Selected by LASSO Regression with 10-Fold Cross-Validation
The results of LASSO combined with 10-fold cross-validation in 156 patients in the training set are shown in Figures 1
and 2. When λ is taken as the minimum mean square error (λ min, 0.0157854), the AUC of the model is the maximum,

Table 2 Logistic Regression for Factors Associated with Adverse Outcomes

Factors Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value

Age 1.08(1.02–1.15) 0.012 1.10(0.99–1.22) 0.089

Sex
Male 1.0 [Reference] 1.0 [Reference]

Female 0.51(0.28–0.92) 0.026 0.09(0.02–0.30) <0.001

MOI
Vehicle collision 1.0 [Reference]

Fall<2 m 0.49(0.24–0.98) 0.047

Fall≥2 m 1.13(0.44–2.98) 0.797
Other 1.85(0.56–7.22) 0.333

aCCI 3.81(2.50–6.08) <0.001 4.35(2.18–9.56) <0.001

BMI 0.65(0.54–0.76) <0.001 1.41(0.91–2.19) 0.124
MAMC 0.59(0.48–0.69) <0.001 0.55(0.36–0.80) 0.003

GCS 0.77(0.67–0.85) <0.001 0.80(0.64–0.97) 0.030

ISS 1.16(1.09–1.24) <0.001 1.14(1.01–1.30) 0.036
SI 5.82(1.66–22.28) 0.008 0.07(0.00–1.30) 0.080

BT unit 1.57(1.29–1.98) <0.001 1.42(1.06–1.96) 0.025

Laboratory tests
Hemoglobin 0.96(0.94–0.97) <0.001 1.00(0.97–1.03) 0.764

Platelet count 0.99(0.99–1.00) 0.002 1.00(0.99–1.00) 0.766

Albumin 0.79(0.73–0.85) <0.001 0.85(0.73–0.97) 0.024
Prealbumin 0.97(0.96–0.98) <0.001 1.01(0.99–1.02) 0.567

C-reactive protein 1.02(1.01–1.03) <0.001 1.01(1.00–1.02) 0.200

Lactic acid 2.76(2.05–3.86) <0.001 2.72(1.64–4.88) <0.001

Abbreviations: aCCI, ageless Charlson Comorbidity Index; BMI, Body Mass Index; MAMC, Mid-Arm Muscle Circumference;
GCS, Glasgow Coma Scale; ISS, Injury Severity Score; SI, Shock Index.

Figure 1 The relationship between model AUC and log (λ) is shown by LASSO regression with 10-fold cross-validation.
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and 12 variables are included. When λ is the minimum mean square error plus 1 standard error (λ1 SE, 0.1014697), the
model includes 7 variables, and the AUC is also high. In this study, λ is chosen as λ1 SE, in which case the model is
simple and the AUC is high.

The relationships between the regression coefficients of the factors and λ are shown in Figure 2. With the increase in
λ, the regression coefficient of the variable decreases gradually. When λ was set as 1 SE (0.1014697), the variables
included in the final prediction model were aCCI, MAMC, ISS, GCS, BT unit, prealbumin and lactic acid (Table 3).

Figure 2 LASSO regression (dashed line λ=1 SE).

Table 3 Factors with Regression Coefficients

Factor Number Factors Coefficients

Intercept 2.298115296

1 Sex 0
2 Age 0

3 BMI 0

4 aCCI 0.277708303
5 BT unit 0.017492799

6 SI 0

7 MAMC −0.070079001
8 ISS 0.00193542

9 GCS −0.027771908
10 Hemoglobin 0
11 Platelet count 0

12 Albumin 0

13 Prealbumin −0.006742208
14 C-reactive protein 0

15 Lactic acid 0.268887027

Abbreviations: BMI, Body Mass Index; aCCI, ageless Charlson Comorbidity Index; MAMC,
Mid-Arm Muscle Circumference; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; SI,
Shock Index.
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Nomogram for Adverse Outcomes
The selected factors (aCCI, MAMC, ISS, GCS, red blood cell infusion, prealbumin and lactic acid) were incorporated
into the logistic regression to construct a predictive model for adverse outcomes during hospitalization in elderly trauma
patients. The model is shown in the nomogram (Figure 3). Based on the sum of the points assigned to each factor in the
nomogram, a higher total point was associated with a higher risk of adverse outcomes. The variance inflation factors
(VIFs) of the 7 factors in the model were all less than 5, so it can be considered that there was no collinearity effect
among the model factors (Table 4).

Prognostic Model Performance
Calibration
Model accuracy and potential model overfitting were assessed by bootstrap validation of 1000 samples. The bootstrapped
calibration plots for the prediction of adverse outcomes in the training set and validation set are shown in Figures 4 and 5,
respectively. The Hosmer–Lemeshow goodness of fit test was used to evaluate the predictive bias of the adverse
outcomes prognostic model. The detection result of the training set was χ2=6.33, P =0.610. The result of verification
of centralized detection was χ2=11.23, P =0.189. The P values of both the training set and validation set were greater than
0.05, indicating that the model fitting degree was acceptable The Brier scores in the training set and validation set were

Figure 3 Nomogram prognostic model of serious adverse events in elderly trauma patients during hospitalization.

Table 4 Multicollinearity Test
of the Prognostic Model

Factors VIF

aCCI 1.18

BT unit 1.13

ISS 1.45
GCS 1.17

MAMC 1.67

Prealbumin 1.81
Lactic acid 1.30

Abbreviations: aCCI, ageless Charlson
Comorbidity Index; BT, Blood
Transfusion; ISS, Injury Severity Score;
GCS, Glasgow Coma Scale; MAMC, Mid-
Arm Muscle Circumference.
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0.11 (95% CI 0.08–0.14) and 0.15 (95% CI 0.10–0.21), respectively, which were lower than 0.25, suggesting that the
prediction accuracy of the model was good. Compared with the ISS, RTS and APACHE II, the prognostic model had
a better calibration in both the training and validation sets (Figures 4 and 5).

Differentiation
The AUC of the adverse outcomes prognostic model in geriatric trauma patients in the training set was 0.93 (95% CI
0.89–0.97), which was higher than the ISS (AUC 0.67; 95% CI 0.59–0.76), RTS (AUC 0.75; 95% CI 0.68–0.82) and
APACHE II (AUC 0.78; 95% CI 0.71–0.85) (Figure 6). Similarly, the AUC of the prognostic model in the validation set

Figure 4 Calibration diagram of the training set.

Figure 5 Calibration diagram of the validation set.
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was 0.89 (95% CI 0.80–0.97), which was better than the ISS (AUC 0.72; 95% CI 0.58–0.85), RTS (AUC 0.75; 95% CI
0.64–0.86) and APACHE II (AUC 0.79; 95% CI 0.66–0.93) (Figure 7). The prognostic models had good differentiation
in both the training and validation sets. For the entire sample, the AUC for the prognostic model was 0.92 (95% CI 0.88–
0.95) (Figure 8). The Youden index reached a maximum of 0.68 (0.57–0.77). The specificity was 0.75 (0.65–0.83). The
sensitivity was 0.93 (0.87–0.97). The positive predictive value was 0.78 (0.72–0.84). The negative predictive value was
0.92 (0.86–0.97). The positive likelihood ratio was 3.72. The negative likelihood ratio was 0.09. The accuracy of using
prognosis model, ISS, RTS and APACHE II to predict adverse outcomes on the entire sample were listed in Table 5.

Figure 6 ROC curve analysis of the prognostic model and various trauma scores in the training set.

Figure 7 ROC curve analysis of the prognostic model and various trauma scores in the validation set.
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Clinical Decision Curve Analysis
Clinical decision curves using the entire dataset showed that the prognostic model was far from the two extreme
reference lines, and when the risk threshold was between 0.1 and 1.0, the net benefit of the prognostic model was higher
than that of the ISS, RTS and APACHE II, indicating that the clinical value of the prognostic model was better than that
of traditional trauma scores (Figure 9). The risk threshold starts at 0.2, and the number of people identified as having
serious adverse events by the prognostic model was close to the real number (Figure 10).

Discussion
In this study, seven risk factors, including aCCI, BT unit, ISS, GCS, MAMC, prealbumin and lactic acid were screened
out by LASSO regression combined with 10-fold cross- validation to construct a logistic model to predict the risk of
adverse outcomes during hospitalization. The clinical sensitivity of aCCI has been demonstrated in a variety of medical
conditions, and progressive increases in CCI have been associated with progressive increases in mortality.12 Massive

Figure 8 ROC curve analysis of the prognostic model and various trauma scores in the entire dataset.

Table 5 Accuracy of Using Model, ISS, RTS and APACHE II to Predict Adverse Outcomes for the
Entire Sample

Model ISS RTS APACHE II

AUC (95% CI) 0.92(0.88–0.95) 0.68(0.61–0.75) 0.75(0.69–0.81) 0.78(0.72–0.84)

Sensitivity (95% CI) 0.93(0.87–0.97) 0.30(0.21–0.40) 0.63(0.53–0.72) 0.76(0.67–0.84)
Specificity (95% CI) 0.75(0.65–0.83) 0.97(0.93–1.00) 0.86(0.78–0.92) 0.65(0.56–0.74)

Youden Index (95% CI) 0.68(0.57–0.77) 0.27(0.19–0.37) 0.49(0.37–0.60) 0.41(0.28–0.53)

PPV (95% CI) 0.78(0.72–0.84) 0.92(0.81–1.00) 0.81(0.73–0.88) 0.68(0.62–0.74)
NPV (95% CI) 0.92(0.86–0.97) 0.59(0.56–0.62) 0.71(0.65–0.76) 0.73(0.66–0.81)

LR+ 3.72 10.00 4.50 2.17

LR- 0.09 0.72 0.43 0.37

Abbreviations: ISS, Injury severity score; RTS, Revised Trauma Score; APACHE II, Acute Physiology and Chronic Health
Evaluation II; AUC, Area Under Curve; 95% CI, 95% Confidence Intervals; PPV, Positive Predictive Value; NPV, Negative
Predictive Value; LR+, positive Likelihood Ratio; LR-, negative Likelihood Ratio.
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blood transfusions have been reported to be associated with a variety of complications, and BT units are important in
determining the probability of death.13 Prealbumin and lactate have also been reported to be strongly associated with the
prognosis of elderly trauma patients.14–17

Many studies have shown that the injury mechanism of elderly patients is different from that of young patients,
mainly with low-energy injuries such as falls.18 A multicenter study of 675 elderly patients in Tehran found that falls
were the primary mechanism of trauma for the majority (70%) of the elderly.19 This is slightly different from the findings
of this study. In this sample, vehicle collisions were the most common injury mechanism for the elderly, with falling
ranking second. This is related to China’s large urban population density and high per capita car ownership. Trauma is
one of the main causes of death in elderly patients, and the mortality rate of elderly patients is 2–3 times that of young
patients (15–30% vs 4–8%).20 However, among the 209 patients in this sample, 20 patients died, with a mortality rate of

Figure 9 Clinical decision curve for the prognostic model.

Figure 10 Clinical impact curve for the prognostic model.
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9.6%, which is slightly lower than previously reported and may be related to the high rate of prehospital death in China
compared with developed countries.

Factors associated with adverse outcomes during hospitalization in elderly patients were sex, aCCI, ISS, GCS,
MAMC, red blood cell infusion, albumin, and lactic acid. Although the mean age of patients in the case group was higher
than that in the control group, the difference was statistically significant (mean (SD):71.8 (5.1) years vs 70.0 (4.4) years,
P=0.013). However, after multivariate analysis, age was not an independent factor influencing the occurrence of serious
adverse events in elderly patients during hospitalization. Similarly, the SI was higher in the case group than in the control
group (mean (SD): 0.75 (0.25) vs 0.66 (0.19), P =0.006), but after adjustment, the SI was not found to be an independent
factor associated with adverse outcomes. Previous studies have also shown that, for elderly trauma patients, indicators
such as blood pressure and age are not good enough to identify individuals with poor prognostic risk.2,21 In addition, the
incidence of adverse events in elderly men (54.5%) was significantly higher than that in elderly women (37.9%). After
adjusting for multivariate analysis, the risk of adverse events in female patients was significantly lower than that in male
elderly patients, which was consistent with the results of other studies.22–24

MAMC was shown to be an independent risk factor for serious adverse events in hospitalized elderly trauma patients
(OR 0.55; 95% CI 0.36–0.80, P =0.003), and the risk was reduced by 45% for each 1 cm increase in MAMC. Similarly,
many studies in recent years have shown an increase in frailty and the risk of morbidity and mortality.7,8,25 Reversal of
frailty is possible, especially in the early stages of frailty.26 Therefore, early diagnosis and further identification of
patients in the prefrail or frail state and timely intervention are particularly important to reduce and delay the adverse
events caused by frailty syndrome.

The prognostic model developed in this study has better differentiation and calibration than the ISS, RTS and
APACHE II, with high clinical decision-making value. The included variables were all routine clinical examination items
or noninvasive and easy-to-measure indicators, which are easily accepted by patients and have high clinical operability,
which could provide a reference value for the treatment of trauma in the elderly in China. However, this study was
a single-center observational study with a small number of patients and without external validation set, which limited the
clinical representativeness of this prognostic model. Moreover, the time window was limited to the period of hospitaliza-
tion, and the treatment and recovery after discharge were not further adjusted. Further validation and improvement will
be required in the clinical data of large multicenter samples.

Conclusion
The prognostic model developed in this study has good accuracy and differentiation, which can improve the prediction
results of risk stratification in elderly trauma patients during hospitalization by medical staff and provide a new idea for
prognostic prediction of elderly trauma patients.

Abbreviations
MAMC, Mid-arm muscle circumference; GTPs, Geriatric Trauma Patients; MUMC, Mid-arm circumference; TSF,
Triceps skinfold; MOI, Mechanism of injury; aCCI, ageless Charlson Comorbidity Index; BT, Blood transfusion;
BMI, Body mass index; GCS, Glasgow coma score; ISS, Injury severity score; SI, Shock index; RTS, Revised
Trauma Score; APACHE II, Acute Physiology and Chronic Health Evaluation II; LASSO, the Least Absolute
Shrinkage and Selection Operator method; SE, Standard Error; AUC, the Area Under the Curve; 95% CI, 95%
Confidence Interval; ROC, Receiver Operating Characteristic; SD, Standard deviation; IQR, Interquartile range; OR,
Odds ratio; EWGSOP, The European Working Group on Sarcopenia in Older People; AWGS, the Asia Working Group
for Sarcopenia.
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