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Background: To explore the predictive value of the Programme on Research for Integrating Services for the Maintenance of 
Autonomy 7 (PRISMA-7), quick Sequential Organ Failure Assessment (qSOFA) score, Emergency Severity Index (ESI), and Clinical 
Frailty Scale (CFS) on the 28-day mortality risk in emergency elderly patients.
Methods: A multicenter prospective observational study was conducted to select elderly patients (≥65 years old) admitted to the 
emergency department of three Grade-A hospitals in different regions of China from January 2020 to March 2022. Primary data were 
collected at the time of admission. All patients were followed up for 28 days. The primary outcome was 28-day mortality. The 
predictive value of four scoring systems for 28-day mortality in elderly emergency patients was assessed by receiver operating 
characteristic (ROC) and logistic regression analysis.
Results: A total of 687 elderly emergency patients were enrolled, of whom 66 (9.61%) died within 28 days. Age, ICU admission rate, 
PRISMA-7, qSOFA, and CFS were significantly higher in the death group than in the survival group (P < 0.05), and ESI was lower 
than in the survival group (P < 0.001). The AUC for CFS was the largest of the four scoring systems at 0.80. According to the Youden 
index, the optimal cutoff values for PRISMA-7, qSOFA, ESI, and CFS were >3.5, >0.5, <2.5, and >4.5, respectively. Logistic 
regression revealed that qSOFA and CFS were the primary risk factors for increased 28-day mortality in elderly emergency patients (P 
< 0.001). The combined predictor L (L=X1+0.50X2, X1 and X2 are qSOFA and CFS values, respectively) had an AUC of 0.86 and 
a cutoff value >2.75.
Conclusion: PRISMA-7, qSOFA, ESI, CFS, and the combined qSOFA+CFS predictor were all effective predictors of 28-day 
mortality risk in elderly emergency patients, with the combined qSOFA+CFS predictor having the best predictive power.
Keywords: PRISMA-7, qSOFA, CFS, elderly patient, prognosis

Introduction
The emergency department plays a vital role in general hospitals at all levels to ensure that patients with critical illness 
receive efficient and professional emergency treatment at first time.1–3 However, emergency resources are relatively 
scarce in China’s large population base. In addition, to the ordinary waiting outside for a long time, the professionalism 
of the doctors, treatment system, and treatment effect are uneven.4 At the same time, the emergency department is also 
one of the departments with a relatively high incidence of medical disputes, especially among the elderly and dead 
patients.5,6 Therefore, it is essential to find an effective assessment method or scoring system for the early detection of 
high-risk elderly emergency patients.

In recent years, the primary assessment scales for the prognosis of elderly patients include the Programme on 
Research for Integrating Services for the Maintenance of Autonomy 7 (PRISMA-7), the quick sequential organ failure 
assessment (qSOFA) score, the Emergency Severity Index (ESI), and the Clinical Frailty Scale (CFS).7–9 However, 
the value of scoring systems in predicting the risk of death in elderly patients in the emergency department has rarely 
been reported, and their predictive performance is unclear. To clarify the predictive value of the above-mentioned 
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scoring systems for mortality risk in elderly patients in the emergency department, we implemented the present 
clinical study.

Therefore, this study prospectively included elderly patients attending the emergency departments of three hospitals, 
collecting baseline information at admission, and performing 28-day post-discharge follow-ups. The study aimed to 
investigate the value of PRISMA-7, qSOFA, ESI, CFS, and their combinations in the prediction of 28-day mortality risk 
in elderly emergency patients and to provide a reference for subsequent standardized mortality risk assessment and 
prediction strategies for elderly emergency patients.

Materials and Methods
Study Design
This study was a prospective multicenter observational study. Elderly patients admitted to the emergency department of 
West China Hospital of Sichuan University, Nanfu Hospital of Chengdu, and Henan Provincial People’s Hospital from 
January 2020 to March 2022 were enrolled. All the enrolled patients and their family members were informed and agreed 
to sign the written consent form for this study. At the same time, the study met the relevant ethical requirements of the 
Declaration of Helsinki. The Ethics Committee of West China Hospital, Sichuan University, approved the study, and all 
participants signed an informed consent form (No. 2022–0493). The study was registered with the Chinese Clinical Trials 
Registry before implementation (ChiCTR2100046545).

Inclusion and Exclusion Criteria for Clinical Trials
Inclusion criteria: (1) Age ≥65 years old; (2) Complete follow-up data for 28 days. Exclusion criteria: (1) Patients or their 
family members voluntarily gave up treatment during the intervention; (2) Unable to complete the assessment on 
admission; (3) After pre-hospital cardiopulmonary resuscitation or donor; (4) Loss of follow-up during the 28-day 
follow-up period.

Sample Size Calculation
The Contingency Table (Chi-Square Tests) in PASS 15.0 software was used to calculate the sample size. Considering an 
acceptable error rate of 5%, a design and cluster effects of 1.0, and test efficacy of 80%. In this study, the test level α = 
0.05, and the test efficacy 1-β = 0.90. We estimated a sample size of 575 participants with a confidence interval of 95% 
(CI). Considering that some participants did not respond and added 10% of the estimated sample size, the final sample 
size was 633.

Program Implementation
All enrolled patients were required to sign an informed consent form before being included in the clinical trial. Elderly 
patients were admitted to the inpatient unit for further treatment after being evaluated by an emergency physician. 
After admission to the hospital, the primary data of patients were rapidly collected, and the PRISMA-7 
(Supplementary Table 1), qSOFA (Supplementary Table 1), ESI (Supplementary Table 2), and CFS (Supplementary 
Table 3) assessments were completed. All enrolled patients were followed up for 28 days through the hospital HIS 
system (during hospitalization) or by telephone (after discharge). Finally, we pooled data from the elderly patients at 
the 3 hospitals for analysis to assess the predictive value of the 4 scoring systems for 28-day mortality in elderly 
patients.

Outcomes
The primary outcome was the 28-day mortality rate for elderly patients in emergency care. Secondary outcomes included 
receipt of critical care orders, admission to the intensive care unit, and length of stay.
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Statistical Analysis
EXCEL sheets were used to collect data, and GraphPad Prism software (Version 9.4, GraphPad Inc., USA) was used for 
statistical analysis and mapping. Continuous variables were tested for normality using D ‘Agostino & Pearson and 
Shapiro–Wilk tests, and those with normal distribution were expressed as mean ± standard deviation. Independent sample 
t-test was used to compare two groups, and one-way analysis of variance (ANOVA) /Tukey’s test was used to compare 
multiple groups. Pearson’s test was used for correlation analysis. Skewness distribution in the median (interquartile 
range), according to the comparison between the two groups, the Mann–Whitney U-test, multiple sets of comparison 
between the Kruskal Wallis H/the Mann–Whitney U-test, USES Spearman correlation analysis test. Categorical variables 
were expressed as the number of cases and percentage (%), and the chi-square (χ) test was used to compare groups. In 28 
days, whether death is the dependent variable, the establishment of the score of the receiver-operating characteristic 
(ROC) Curve, calculate the Area Under the Curve (Area Under the Curve, AUC), following the principle of maximum 
Youden index to determine the critical value (the best cutoff value) and calculate its sensitivity and specific degrees. 
Binary Logistic regression analysis was used to construct the combined predictor L of multiple scores and draw the ROC 
curve and subsequent calculation. All statistical tests adopt bilateral inspection. P < 0.05 for the difference was 
statistically significant.

Results
General Characteristics of the Study Population
Participants included 687 elderly patients in the emergency department (Figure 1). According to whether the death was 
28 days, the patients were divided into the death group (n = 66), and survival groups (n = 621), and total mortality was 
9.61%. Details of patients’ general conditions and comparison between groups are shown in Table 1. There were no 
significant differences in gender and length of hospital stay between the two groups. However, the age, proportion of 
medical orders with critical illness, ICU admission rate, PRISMA-7 score, qSOFA score, and ESI grade of patients in the 
death group were significantly higher than those in the survival group (P < 0.05).

Figure 1 Flow chart of the research program.
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Predictive Value of Four Scores for 28-Day Mortality Risk in Elderly Patients in the 
Emergency Department
Taking death at 28 days as the dependent variable (Y=1 in the death group and Y=0 in the survival group), the ROC 
curve, AUC, critical value, Youden coefficient, sensitivity, and specificity of the four scores for predicting the 28-day 
mortality risk of elderly patients in the emergency department are shown in Figure 2 and Table 2. The AUC from high to 
low was CFS (0.80), PRISMA-7 (0.79), qSOFA (0.76), and ESI (0.62), and CFS had the best comprehensive predictive 
ability. According to the Youden index, the cut-off values of PRISMA-7, qSOFA, ESI, and CFS were > 3.5, >0.5, <2.5, 
and >4.5, respectively. The sensitivity of ESI was the highest (93.94%), and CFS was the worst (68.18%). The specificity 
of CFS was the highest (79.23%), and ESI was the worst (22.54%).

Logistic Regression Analysis of Four Scoring Systems and 28-Day Mortality Risk of 
Elderly Patients in Emergency Department
The Logistic regression analysis was carried out with the 28-day death as the dependent variable (Y=1 in the death group and 
Y=0 in the survival group) and the four scores as the independent variables. The results are shown in Table 3. qSOFA and CFS 
were the emergency treatment of elderly patients with 28 days of death risk factors significantly (P < 0.001). Further Spearman 
correlation analysis showed a significant positive correlation between qSOFA and CFS (R = 0.29, P < 0.001).

Predictive Value of qSOFA Combined with CFS for 28-Day Mortality Risk in Elderly 
Patients in the Emergency Department
According to the results of Table 3, the binary Logistic regression equation was established: Logit (P) = −5.18 + 1.12×1 + 
0.56X2, where X1 and X2 are qSOFA and CFS values, respectively. The equation was transformed into equality, and the 
partial regression coefficient of X1 was set to 1 to obtain the expression of joint predictor L: L = X1 + 0.50×2. The ROC 
curve of the joint predictor L for predicting the risk of death in elderly patients in the emergency department, using 28- 
day mortality as the dependent variable (Y=1 in the death group and Y=0 in the survival group) (Figure 3). The AUC was 
0.86 (95% CI: 0.81–0.90), the critical value was >2.75, the Yuden coefficient was 0.54, the sensitivity was 77.27% (95% 
CI: 65.83–85.71%), and the specificity was 76.65% (95% CI: 73.17–79.81%).

Discussion
Emergency patients often have life-threatening conditions, especially elderly patients. Effective death risk prediction for 
elderly emergency patients has important clinical significance in guiding follow-up treatment, improving treatment effect, 
reducing mortality, and reducing medical disputes. In the past, the modified early warning Score (MEWS) was used to 

Table 1 Comparison of the Clinical Characteristics of the Patients

General Information of Patients All Patients Death Group Survival Group Value of Test P-value

Number of cases 687 66 (9.61) 621 (90.39)
Age* 74 (69, 80) 75 (70.75, 83) 74 (69, 80) 1.993 0.046

Gender (male: female) 372:315 39:27 A 333–288 0.718 0.437

Order for critical illness§ 563 (81.95) 66 (100) 497 (80.03) 16.08 < 0.001
Admission to ICU§ 72 (10.48) 25 (37.88) 47 (7.57) 58.42 < 0.001

Length of stay (days)* 8 (2, 14) 6 (2, 23) 8 (2, 14) 0.574 0.566

PRISMA-7 rating* 3 (1, 4) 5 (4, 6) 2 (1, 4) 7.831 < 0.001
qSOFA score* 0 (0, 1) 1 (0.75, 2) 0 (0, 1) 8.031 < 0.001

ESI grading* 2 (2, 2) 2 (2, 2) 2 (2, 2) 3.892 < 0.001
CFS score* 3 (2, 5) 5 (4, 6) 3 (2, 4) 8.245 < 0.001

Notes: *Non-normally distributed continuous variables are presented as median (IQR) and analyzed by non-parametric test. §Categorical 
variables are presented as No. (%) and analyzed by Chi-square test or Fisher’ s exact test. 
Abbreviations: PRISMA-7, programme on research for integrating services for the maintenance of autonomy 7; qSOFA, quick sequential organ 
failure assessment; ESI, emergency severity index; CFS, clinical frailty scale.
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evaluate the five fundamental life indicators (heart rate, systolic blood pressure, respiratory rate, consciousness, and body 
temperature) of patients in the emergency department, which helped emergency doctors to grasp the situation of patients 
quickly. However, the misjudgment was more prominent due to the poor specificity of the score and the unclear grading 
of MEWS.6 This study explored the value of PRISMA-7, qSOFA, ESI, and CFS and their combination in predicting 28- 
day mortality risk in elderly patients in the emergency department. It confirmed that the sensitivity and specificity of 
different assessment systems were significantly different. CFS had the best overall predictive power and specificity, while 

Table 2 Predictive Value of the Four Scores for 28-Day Mortality in Elderly Patients in the Emergency Department

Scoring Systems AUC (95% CI) Critical Value Youden Index Sensitivity, % (95% CI) Specificity, % (95% CI)

PRISMA-7 0.79 (0.73–0.85) > 3.5 0.49 78.79 (67.49–86.92) 70.21 (66.50–73.67)
qSOFA 0.76 (0.69–0.83) > 0.5 0.41 75.76 (64.19–84.49) 64.73 (60.90 ~ 68.39)

ESI 0.62 (0.55–0.69) < 2.5 0.16 93.94 (85.43–97.62) 22.54 (19.43–25.99)

CFS 0.80 (0.75–0.86) > 4.5 0.47 68.18 (56.21–78.15) 79.23 (75.86–82.23)

Abbreviations: AUC, area under the receiver operating characteristic curve; PRISMA-7, programme on research for integrating services for the maintenance of autonomy 7; 
qSOFA, quick sequential organ failure assessment; ESI, emergency severity index; CFS, clinical frailty scale.

Figure 2 ROC curves of four scores for predicting 28-day mortality risk in elderly patients in the emergency department. (A) PRISMA-7. (B) qSOFA. (C) ESI. (D) CFS.
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ESI had the highest sensitivity. At the same time, the comprehensive predictive ability of qSOFA combined with CFS 
was further improved (AUC 0.86), and the sensitivity and specificity were 77.27% and 76.65%, respectively.

The PRISMA-7 is designed to identify frail older adults and is currently used by the Royal College of General 
Practitioners and the British Geriatrics Society to assess the frailty of the elderly.10 Beauchet et al found that the high-risk 
level of PRISMA-7 score was closely related to the prolonged length of hospital stay in elderly patients in the emergency 
department but had low value for the risk of short-term adverse events and prognosis of patients.8 PRISMA-7 is rarely 
used in China. This study found that PRISMA-7 > 3.5 had a good predictive value for 28-day mortality risk in elderly 
patients in the emergency department, with a sensitivity and specificity of more than 70%. The qSOFA scoring system 
was first proposed by the Infection-related Problems working group of the European Association of Intensive Care 
Medicine in 1994, aiming to describe and monitor the dysfunction and failure process of the respiratory system, 
cardiovascular system, central nervous system, kidney, liver, coagulation system and so on through simple and objective 
data.11,12 Seymour et al reported that qSOFA had a particular application value in predicting the risk of death in patients 
with EICU infection during hospitalization. The AUC was 0.607.13 This study found that the AUC of qSOFA in 
predicting 28-day mortality risk in elderly patients in the emergency department was 0.76, which was better than that 
reported in the literature. In this study, we collected data from elderly patients in the emergency department and 
performed PRISMA-7 and qSOFA assessments. This data truly reflects the status of elderly patients at admission. 
Therefore, PRISMA-7 and qSOFA are more valuable for predicting 28-day mortality.

ESI system is a 5-level pre-examination process/sensitivity system established by Eitel and Wuerz and another emergency 
medical staff in 1998 in the United States, which is widely used in European and American countries.14,15 This study found 
that ESI < 2.5 had a sensitivity of 93.94% but a specificity of 22.54% for predicting 28-day mortality risk in elderly patients in 
the emergency department. Given its high sensitivity, ESI can help emergency medical staff identify critically ill patients in 
time and prioritize treatment, especially for inexperienced emergency triage medical staff. However, ESI is not enough applied 
and promoted in China, and there is no similar research report. It is worth further studying the application value of ESI in 
emergency patients with larger samples and diseases. CFS is a scale proposed by Rockwood et al in 2005. According to the 

Table 3 Logistic Regression Analysis of Four Scoring Systems and 28-Day Mortality Risk in Elderly 
Patients in the Emergency Department

Factors Coefficient of Regression Standard Error Wald P OR (95% CI)

PRISMA-7 0.07 0.13 0.32 0.570 1.076 (0.84–1.38)

qSOFA 1.12 0.19 35.14 < 0.001 3.07 (2.12–4.45)

ESI 0.29 0.31 0.92 0.338 0.75 (0.41–1.36)
CFS 0.56 0.13 18.19 < 0.001 1.75 (1.35–2.27)

Constant 5.18 0.82 40.03 < 0.001 0.01

Abbreviations: OR, odds ratio; PRISMA-7, programme on research for integrating services for the maintenance of autonomy 7; 
qSOFA, quick sequential organ failure assessment; ESI, emergency severity index; CFS, clinical frailty scale.

Figure 3 ROC curve of qSOFA combined with CFS for predicting 28-day mortality in elderly emergency department patients.
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functional status of patients, CFS can be divided into 9 levels: very healthy, healthy, maintaining healthy, vulnerable, mild 
frailty, moderate frailty, severe frailty, very severe frailty, and end stage.16 Kaeppeli et al explored the effectiveness of CFS in 
predicting the 30-day risk of death, ICU admission, and hospitalization in the emergency department. They found that CFS 
outperformed ESI in predicting the 30-day risk of death in the emergency department.17 In this study, CFS’s comprehensive 
predictive power (AUC 0.80 vs 0.62) and specificity (79.23% vs 22.54%) were better than ESI’s. However, the sensitivity was 
significantly lower than ESI’s (68.18% vs 93.94%).

For emergency patients, both sensitivity and specificity are essential. In order to determine whether the combination 
of the four scores could improve the predictive ability, this study first screened out the increased qSOFA and CFS as 
significant independent risk factors for increased 28-day mortality risk in elderly emergency patients by regression 
analysis. It further evaluated the predictive value of the combination of the two scores. The results showed that the AUC 
of the combination of qSOFA and CFS increased to 0.86, suggesting that the combination of qSOFA and CFS had a more 
substantial predictive power than the single application. At the same time, the sensitivity of the combination of qSOFA 
and CFS was 77.27%, which was higher than that of the two alone (qSOFA: 75.76%; CFS: 68.18%). The specificity was 
76.65%, slightly lower than that of CFS alone (79.23%) but significantly higher than that of qSOFA alone (64.73%). In 
conclusion, the combination of qSOFA and CFS has an excellent predictive value for 28-day mortality risk in elderly 
patients in the emergency department.

There are also some limitations to this study. Emergency department patients are often complicated with many 
comorbidities, and the coordinated action of multiple etiologies often causes changes in vital signs and clinical symptoms 
upon admission. This study only evaluated elderly patients in the emergency department during pre-examination and 
triage. Based on this, it calculated their 28-day mortality risk and did not classify them according to their primary 
diagnosis. Of course, it is prevalent for the primary diagnosis of emergency patients to be unclear or revised at the time of 
admission and after that, which poses a significant challenge for subsequent classification research.

Conclusion
In conclusion, PRISMA-7>3.5, qSOFA>0.5, ESI<2.5, CFS>4.5, and the combined qSOFA+CFS predictor L>2.75 (L=X1 
+0.50X2, X1 and X2 are qSOFA and CFS, respectively) all had predictive value for the risk of 28-day mortality in 
elderly emergency patients. ESI has the highest sensitivity, CFS has the highest specificity, and qSOFA combined with 
CFS has the best comprehensive predictive ability. Therefore, PRISMA-7, qSOFA, ESI, CFS, and qSOFA+CFS 
combined predictors are all effective predictors for 28-day mortality risk in elderly patients in the emergency department 
and have proper clinical application and promotion value.
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