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[ Abstract] Objective To construct and validate a geriatric syndrome-based prediction model for 28-day mortality in older patients
with pneumonia-induced sepsis admitted in emergency department. Methods A total of 607 patients aged =65 years with pneumonia-in-
duced sepsis visiting the emergency department of Beijing Chaoyang Hospital from January to November 2022 were consecutively enrolled
in this study. According to their survival status at 28-day follow-up, they were divided into survival group (421 cases) and death group
(186 cases). With the aid of R software, they were randomly assigned into a training set (425 cases, 70% ) and a test set (182 cases,
30%). General data, vital signs at admission, laboratory indicators and geriatric syndrome-related indicators were recorded. Least
absolute shrinkage and selection operator regression and Cox regression were used to determine independent variables related to 28-day
mortality in training set, and a nomogram was then constructed. Time-dependent area under receiver operating characteristic curve
(AUC) and calibration curve were employed to evaluate the discriminability and calibration of the model, respectively. Decision curve

analysis (DCA) was applied for clinical effectiveness of the model. Results Multivariate Cox regression analysis indicated that the history of
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falls in the past year (HR=1.613, 95%CI 1.098-2.730; P=0.015), Glasgow coma scale (HR=0.923, 95%CI 0. 880-0.968; P=0.001),
score of clinical frailty scale (HR=1.265, 95%CI 1.081-1.481; P=0.003), peripheral capillary oxygen saturation ( HR=0.966, 95%CI
0.949-0.983; P<0.001), levels of lactate (HR=1.159, 95% CI 1.095-1.226; P<0.001), albumin (HR=0.963, 95% CI
0.930-0.998; P=0.037) and procalcitonin (HR=1.010, 95%CI 1.001-1.020; P=0.026) , and counts of white blood cells (HR=
1.028, 95%CI 1.007-1.050; P=0.009) and red blood cells (HR=0.731, 95%CI 0. 600-0. 891; P=0.002) were independent
influencing factors for 28-day mortality among older patients with pneumonia-induced sepsis. The time-independent AUC value of our
nomogram based on above 9 variables was>0. 80 in predicting 28-day mortality in both the training set and the test set, indicating the
model showing good discriminability in the two tests. Calibration curve analysis revealed that the predicted probability was in consistent
with the observed probability in the two tests. DCA confirmed that the nomogram had good clinical benefits in both the training and test
sets. Conclusion Our nomogram based on geriatric syndrome (fall, frailty and malnutrition) can effectively predict the 28-day mortality
in older patients with pneumonia-induced sepsis in emergency department, which is beneficial for clinical physicians to conduct early risk
stratification and implement intervention measures.
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Table 1  Comparison of baseline data between two groups
Item Survival group(n=421) Death group(n=186) 72X/t P value
Age[ years, M(Q,, Q;) ] 78.0(70.0,85.0) 83.0(72.0,87.0) 3.375 0.001
Male[ n( %) ] 246(58.4) 115(61.8) 0.617 0.432
BMI[ kg/m*, M(Q,, Q)] 23.4(20.6,25.6) 22.0(19.5,24.5) 3.558 <0.001
Past medical history[ n( %) ]
Hypertension 246(58.4) 110(59.1) 0.027 0.870
Diabetes mellitus 156(37.1) 61(32.8) 1.019 0.313
Coronary heart disease 147(34.9) 58(31.2) 0. 804 0.370
Chronic kidney disease 74(17.6) 33(17.7) 0.002 0.961
Stroke 104(24.7) 62(33.3) 4.836 0.028
COPD 64(15.2) 13(7.0) 7.856 0. 005
Vital signs indicator[ M(Q,, Q5) ]
GCS( points) 15.0(11.0,15.0) 10.0(5.0,15.0) 8.013 <0.001
Temperature( °C ) 36.5(36.2,38.0) 36.5(36.3,37.8) 0.285 0.776
Heart rate( beats/min) 94(80,109) 101(88,118) 3. 806 <0.001
Respiratory rate ( times/min) 19(17,21) 18(16,20) 3.081 0.002
MAP ( mmHg) 93.3(81.3,104.7) 87.0(72.4,100.7) 3.478 0.001
Sp0,( %) 95(90,98) 90(82,96) 5.206 <0.001
Laboratory indicator
WBC[x10°/L, M(Q,, Q)] 9.3(7.0,13.7) 10.6(7.4,15.1) 2.115 0.034
Neutrophils[ x10°/L, M(Q,, Q)] 7.7(5.4,11.8) 9.2(6.4,13.7) 2. 409 0.016
RBC[ x10"2/L, M(Q,, 03)] 4.0(3.4,4.5) 3.7(3.0,4.2) 4.055 <0.001
Hemoglobin[ g/L, M(Q,, Q3) ] 123.0(103.0,138.0) 113.0(89.0,129.0) 3.993 <0.001
Alb(g/L, xs) 36.6+5.3 33.3+5.7 6.852 <0.001
BUN[ mmol/L, M(Q,, Q3) ] 9.0(6.1,,14.6) 12.6(8.0,21.0) 5. 499 <0.001
Total bilirubin[ pmol/L, M(Q,, Q;) ] 13.9(9.4,22.2) 14.9(9.2,25.4) 1.029 0.303
Lactate[ mmol/L, M(Q,, Q5) ] 1.3(0.9,2.0) 2.0(1.2,3.8) 6.282 <0.001
D-dimer[ mg/L, M(Q,, Q3) ] 2.1(0.9,4.2) 3.0(1.5,7.1) 4.266 <0.001
PCT ng/ml, M(Q,, Q)] 0.45(0.05,5.8) 1.5(0.17,10.4) 4.178 <0.001
Intervention method[ n( %) ]
Mechanical ventilation 145(34.4) 65(34.9) 0.015 0.904
Vasoactive drugs 82(19.5) 44(23.7) 1.369 0.242
Geriatric syndrome
History of falls in the past year[ n( %) ] 76(18.1) 69(37.1) 25.734 <0.001
Polypharmacy[ n( %) ] 339(80.5) 164(88.2) 5.317 0.021
Weight loss[ n( %) ] 116(27.6) 62(33.3) 2.079 0. 149
Cognitive impairment[ n( %) ] 188(44.7) 70(37.6) 2. 602 0.107
Bed-ridden[ n( %) ] 123(29.2) 94(50.5) 25.533 <0.001
BI score[ points, M(Q,, Q;)] 65(25,95) 30(0,65) 6.719 <0.001
CFS score[ points, M(Q,, Q5) ] 6(4,7) 7(6,7) 8.470 <0.001

BMI: body mass index; COPD: chronic obstructive pulmonary disease; GCS: Glasgow coma scale;

MAP: mean arterial pressure; SpO,:

peripheral

capillary oxygen saturation; WBC; white blood cell; RBC: red blood cell; Alb: albumin; BUN: blood urea nitrogen; PCT: procalcitonin; BI: Baethel
index; CFS: clinical frailty scale. 1 mmHg=0. 133 kPa.
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Table 2 Multivariable Cox regression analysis of 28-day

mortality in elderly patients with pneumonia complicated

with sepsis in emergency department

Factor B SE Wald P value HR 95%CI

History of falls in  0.478 0.196 5.931 0.015 1.613 1.098-2.370

the past year

GCS -0.080 0.024 10.724 0.001 0.923 0.880-0.968
CFS score 0.235 0.080 8.550 0.003 1.265 1.081-1.481
Sp0O, -0.035 0.009 14.415 <0.001 0.966 0.949-0.983
Lactate 0.148 0.029 26.156 <0.001 1.159 1.095-1.226
Alb -0.038 0.018 4.346 0.037 0.963 0.930-0.998
PCT 0.010 0.005 4.969 0.026 1.010 1.001-1.020
WBC 0.028 0.011 6.864 0.009 1.028 1.007-1.050
RBC -0.313 0.101 9.638 0.002 0.731 0.600-0.891

GCS: Glasgow coma scale; CFS: clinical frailty scale; SpO,: peripheral
capillary oxygen saturation; Alb: albumin; PCT; procalcitonin; WBC: white
blood cell; RBC: red blood cell.
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Figure 1  28-day mortality prediction nomogram of elderly patients
with pneumonia complicated with sepsis in emergency department
GCS: Glasgow coma scale; CFS: clinical frailty scale; SpO, : peripheral
capillary oxygen saturation; Alb: albumin; PCT: procalcitonin;

WBC: white blood cell; RBC: red blood cell.
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Figure 2 Calibration curve of nomogram model

A; training set; B: testing set.
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