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Introduction: There were few studies on the mortality of severe community-acquired pneumonia (SCAP) in elderly people. Early 
prediction of 28-day mortality of hospitalized patients will help in the clinical management of elderly patients (age ≥65 years) with 
SCAP, but a prediction model that is reliable and valid is still lacking.
Methods: The 292 elderly patients with SCAP met the criteria defined by the American Thoracic Society from 33 hospitals in China. 
Clinical parameters were analyzed by the use of univariable and multivariable logistic regression analysis. A nomogram to predict the 
28-day mortality in elderly patients with SCAP was constructed and evaluated using the area under the receiver operating character-
istic curve (AUC) and internally verified using the Bootstrap method.
Results: A total of 292 elderly patients (227 surviving and 65 died within 28 days) were included in the analysis. Age, Glasgow score, 
blood platelet, and blood urea nitrogen values were found to be significantly associated with 28-day mortality in elderly patients with 
SCAP. The AUC of the nomogram was 0.713 and the calibration curve for 28-day mortality also showed high coherence between the 
predicted and actual probability of mortality.
Conclusion: This study provides a nomogram containing age, Glasgow score, blood platelet, and blood urea nitrogen values that can 
be conveniently used to predict 28-day mortality in elderly patients with SCAP. This model has the potential to assist clinicians in 
evaluating prognosis of patients with SCAP.
Keywords: severe community-acquired pneumonia, 28-day mortality prediction model, nomogram

Introduction
Community acquired pneumonia (CAP) continues to be a major cause of morbidity and mortality in adults despite advances in 
antibiotic treatment.1,2 Elderly people with pneumonia had high incidence and risk of death, almost one-half of the total 
hospitalizations for CAP occurred in patients over 65 years old in developed countries.3 The severity of CAP also increases 
with age, which is primarily due to impaired gag reflex, decreased mucociliary function, waning immunity and degrees of 
cardiopulmonary dysfunction.4 Three criteria including age, the severity of pneumonia at presentation and the presence of 
underlying diseases proposed by the American Thoracic Association are used to define appropriate empirical treatment of CAP.5 

However, some elderly patients with lower respiratory tract infection have atypical symptoms,6 increasing the chance of delay in 
diagnosis and treatment which leads to disease progression.7,8

Previous study reported that the annual cost of treating patients aged ≥65 years with pneumonia was $4.8 billion, as 
$3.6 billion for those aged <65 years with pneumonia.9 Few previous studies focused on elderly patients, although they 
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represented a significant portion of patients with CAP, ie, 11.0–25.3%.10–12 Early identification of factors related to poor 
prognosis might prevent severe or critical outcomes, such as death, and provide related data for physicians to make 
optimal clinical decisions. Therefore, there is an urgent need to establish a model for predicting prognosis in elderly 
patients with severe community-acquired pneumonia (SCAP).

The nomogram represents a visual statistical model that integrates multiple risk factors for predicting the outcome 
of a disease.13 The aim of our study was to establish a nomogram that could incorporate demographics, clinical 
characteristics and laboratory parameters to predict the prognosis of elderly patients (≥65 years) admitted for SCAP.

Methods
Patients
Subjects were derived from a randomized, double-blind, placebo-controlled trial consisting of 710 patients with SCAP who met 
SCAP criteria defined by the American Thoracic Society,14 between October 2014 and January 2016, at 33 public tertiary 
teaching hospitals in China. The methods and main results of this study were previously published.15 Briefly, patients were 
eligible for inclusion if the following criteria were met: 18–75 years old adults, clinical symptoms suggestive of CAP (cough and 
other upper respiratory symptoms, etc.), acquired outside of the hospital or less than 48 hours after hospital admission, met SCAP 
criteria, fulfilled three or more of the following criteria: respiratory rate greater than or equal to 30 breaths/min, PaO2/FiO2 ratio 
less than or equal to 250 mm Hg, blood urea nitrogen greater than 20mg/dL, leukopenia (WBC count <4000 cells/mm3) not due 
to other causes, thrombocytopenia (platelet count <100,000 cells/mm3), hypothermia (core temperature <36°C), new onset 
mental confusion, receiving treatment with vasopressors at therapeutic doses after adequate fluid resuscitation, or radiographic 
findings of new pulmonary infiltrate(s) consistent with CAP diagnosis. Patients whose life expectancy was less than 48 hours or 
who were pregnant, lactating or diagnosed with severe primary diseases were excluded. Subjects were randomized (1:1) into 
groups receiving either XBJ or placebo (within 24 h of diagnosis of SCAP) for 5–7 days with a 28-day follow-up using a central 
randomization system. In post hoc analysis, patients were divided into survival and non-survival groups based on 28-day 
survival, and regression analysis was used to analyze the risk factors in the cohort. All patients enrolled in the trial received 
a standard therapy chosen by the attending physician according to the 2007 American Thoracic Society/Infectious Diseases 
Society of America guideline.14

The participants were followed for 28 days after randomization, 28-day mortality (died within 28 days), the time of 
mechanical ventilation, and total duration of intensive care unit (ICU) stay were recorded.

Statistical Analysis
Statistical analysis was performed by R software (version 4.0.3). Categorized values were expressed by frequencies or 
percentage and continuous variables were expressed as mean ± standard deviation. All statistical tests were bilateral. The 
categorical variables were compared using Pearson’s χ2-test or Fisher’s exact test. The continuous variables were 
analyzed using Student’s t-test or Mann Whitney U-test, as appropriate. Variables with a P-value of ≤0.05 were included 
in the log-binomial model, and these independent risk factors were used to establish the predictive model. Univariate and 
multivariate regression analyses were used to analyze the risk factors in the cohort. A nomogram on the basis of the 
multivariate logistic regression model was constructed.

The internal verification of the model’s prediction effect adopted bootstrap self-sampling method, and the verification 
results were presented in the calibration curve. The odds ratios (OR) and 95% confidence interval (CI) were calculated. The 
discrimination of the nomogram was evaluated using the area under the receiver operating characteristic (ROC) curve. The 
calibration curve was constructed to determine whether the prediction result was consistent with the observation result or not.

Results
A total of 292 elderly patients with SCAP were enrolled at 33 centers from October 2014 to January 2016. Among them, 227 
(77.74%) patients survived, while 65 (22.27%) patients did not survive. Demographic and basal clinical characteristics of all 
participants are listed in Table 1 which was classified according to survival or non-survival. We used univariate and multivariate 
analyses to identify the prognostic factors. There were significant differences in age, Glasgow score (Coma Index), neutrophil, 
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blood platelet, alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), serum creatinine, 
prothrombin time (PT), fibrinogen and activated partial thromboplastin time (APTT) at admission between the survival and non- 
survival groups (P < 0.05) (Table 1).

Considering the existence of co-linearity, 7 potential risk factors of age, Glasgow score, neutrophil, blood platelet, 
ALT, BUN and PT were included in the log-binomial model analysis after the univariate analyses. Finally, 4 variables, 
including age (OR: 1.138, 95% CI: 1.037–1.253), Glasgow score (OR: 0.908, 95% CI: 0.838–0.985), blood platelet (OR: 
0.996, 95% CI: 0.993–0.999), and BUN (OR: 1.061, 95% CI: 1.021–1.102) (Table 2), were used to build the model.

Table 1 Clinical Characteristics and Laboratory Parameters of Patients Aged ≥65 Years with Severe 
Community-Acquired Pneumonia in the Survival and Non-Survival Groups

Survival Non-Survival P-value

n 227 65

Gender

Female% 142 (62.6) 48 (73.8) 0.125
Male% 85 (37.4) 17 (26.2)

Age, year, mean (SD) 70.24 (3.21) 71.31 (3.17) 0.018*

Body mass index, kg/m2, mean (SD) 22.51 (3.48) 21.58 (4.03) 0.068
Systolic blood pressure, mm Hg, mean (SD) 134.96 (24.33) 129.35 (25.03) 0.104

Diastolic blood pressure, mm Hg, mean (SD) 75.78 (14.37) 72.28 (13.29) 0.08
Heart rate, beats/min, mean (SD) 105.39 (18.92) 108.25 (23.51) 0.312

Respiratory rate, breaths/min, mean (sd) 27.40 (5.73) 28.09 (7.69) 0.427

Temperature, °C, mean (SD) 37.90 (1.06) 37.62 (1.03) 0.06
PaO2/FiO2, mean (SD) 172.20 (60.13) 180.86 (59.08) 0.305

Glasgow score, mean (SD) 11.62 (3.51) 10.26 (3.42) 0.006*

Comorbidities (%)
Chronic bronchitis 4 (5.4) 2 (10.5) 0.618

Coronary artery disease 10 (13.5) 1 (5.3) 0.466

Diabetes mellitus (any type) 10 ((13.5)) 2 (10.5) 1.00
Hypertension 48 (64.9) 14 (73.7) 0.946

Parkinson’s disease 2 (2.7) 0 (0.0) 1.00

RBC, 1012/L, mean (SD) 3.83 (1.00) 3.71 (0.76) 0.364
Hb, g/L, mean (SD) 111.98 (24.81) 114.76 (26.30) 0.432

Leucocytes, 109 /L, mean (SD) 12.20 (5.97) 12.52 (6.44) 0.709

Neutrophil, 109/L, mean (SD) 83.26 (10.47) 86.26 (9.52) 0.038*
Lymphocyte, 109/L, mean (SD) 10.02 (7.29) 8.72 (8.26) 0.22

Blood platelet, 109/L, mean (SD) 205.81 (114.41) 163.12 (86.70) 0.006*

HCT, mean (SD) 0.34 (0.07) 0.35 (0.08) 0.727
ALT, U/L, mean (SD) 39.31 (64.75) 105.29 (422.50) 0.024*

AST, U/L, mean (SD) 49.77 (108.80) 133.13 (568.76) 0.038*

TBil, μmol/L, mean (SD) 16.48 (12.86) 20.83 (26.52) 0.067
Blood urea nitrogen, mmol/L, mean (SD) 9.13 (6.11) 12.99 (9.54) <0.001*

Serum creatinine, μ mol/L, mean (SD) 103.73 (112.43) 145.54 (146.25) 0.014*

Glucose, fasting morning, mmol/L, mean (SD) 8.31 (3.90) 8.58 (3.63) 0.609
K+, mmol/L, mean (SD) 3.90 (0.63) 4.01 (0.66) 0.227

Na+, mmol/L, mean (SD) 138.42 (6.57) 139.48 (7.28) 0.263

C-reactive protein, mg/L, mean (SD) 82.76 (79.88) 90.04 (69.34) 0.506
PT, s, mean (SD) 14.23 (3.68) 15.82 (5.70) 0.008*

Fibrinogen, g/L, mean (SD) 4.75 (1.61) 4.17 (1.68) 0.012*

APTT, s, mean (SD) 35.59 (16.50) 41.03 (18.84) 0.024*
PCT, ng/mL, mean (SD) 7.54 (24.67) 10.85 (32.16) 0.415

ARDS, n (%) 63 (27.8) 26 (40.0) 0.059

Note: *P < 0.05 was considered statistically significant.
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Then, the clinical model was developed based on the above independent variable. The nomogram model for 
predicting the 28-day mortality in elderly patients with SCAP was formed using the identified four risk factors (Figure 1).

The ROC curve was generated for the nomogram, with an AUC of 0.713 (95% CI: 0.642–0.713) (Figure 2) showing 
good clinical predictive value. The bootstrap method was used for internal verification, and the results were presented in 
the calibration curve (Figure 3). This revealed that the prediction probability of the nomogram was consistent with the 
actual situation (Figure 4). The decision curve showed that if the threshold probability was 5%–70%, using the 
nomogram to predict the 28-day mortality of elderly patients with SCAP would add more benefit.

PSI, SOFA score and APCHE II score are widely used to evaluate the prognosis of patients with pneumonia. The 
comparison of PSI, Total PSI score, SOFA score and APCHE II score in elderly patients is listed in Table 3. ROC curves 
were used to evaluate the prediction effect of the model (Figure 5), and AUC and 95% confidence interval were calculated 
(Table 4). Area under the curve for 28-day mortality was 0.576 (95% CI: 0.507–0.645) for PSI, 0.660 (95% CI: 0.586–0.733) 
for SOFA score, and 0.628 (95% CI: 0.556–0.700) for APCHE II score. The prediction effects of these models were all worse 
than the nomogram constructed in the article with the predicting value of 0.713 (95% CI: 0.642–0.713).

Table 2 Odds Ratios and 95% Confidence Intervals of the 4 Predictors in the Model

Adjusted OR (95% CI) † P-value

Age, year, mean (SD) 1.138 (1.037, 1.253) 0.00949 *
Glasgow score, mean (SD) 0.908 (0.838, 0.985) 0.037882 *

Blood platelet, 109/L, mean (SD) 0.996 (0.993, 0.999) 0.02892 *

Blood urea nitrogen, mmol/L, mean (SD) 1.061 (1.023, 1.102) 0.01814 *

Notes: *P < 0.05 was considered statistically significant. †Variables with a P value of ≤0.05 in the univariate analyses were 
included in the log-binomial model, and statistical data are not shown for variables that were not significant (ie, P > 0.05) in 
the log-binomial model.

Figure 1 A nomogram for predicting 28-day mortality in elderly patients with severe community-acquired pneumonia. Instructions for using the nomogram: (1) Draw 
a vertical line based on the value of each variable to obtain the corresponding point; (2) Add all seven points to obtain the total point; (3) Draw a vertical line based on the 
total point to determine the estimated survival probability. 
Abbreviations: PLT, platelet; BUN, Blood Urea Nitrogen.
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Discussion
In the present study, 292 elderly patients with SCAP, who were admitted in 33 public tertiary teaching hospitals in China 
were analyzed. The multivariate logistic regression analysis identified age, Glasgow score, PLT and BUN as independent 
factors for the 28-day mortality of elderly patients with SCAP. The predictor variables are all explicitly defined and can 

Figure 2 The receiver operating characteristic (ROC) curve for the established nomogram.  
Abbreviations: OR, odds ratios; AUC, area under the curve; 95% CI, 95% confidence interval.

Figure 3 The calibration curve for the established nomogram.
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be readily assessed at the time of patient presentation, and a nomogram was established based on these factors with 
excellent performance.

Previous studies showed that the mortality of patients with CAP aged 65 or above was higher than that of those younger 
than 65 (10.3 versus 2.2%).10 Studies in Asia revealed consistent result with the 30-day mortality of 7.3–8.6%.16,17 As 
expected in our study, 28-day mortality was significantly positively associated with older age. Both univariate and multivariate 
analyses showed that age ≥65 years old was an independent factor that affected the prognosis of elderly patients with SCAP. 
The mortality rate of elderly patients with SCAP increased with age. This may be because aging will lead to a decline in 
immunity and organ function, which are all related to the increase in mortality.7,18

The symptoms of patients with CAP are often atypical in elderly patients; this may be due to immunosenescence 
reducing the ability of elderly patients to respond to an infection.19 Altered mental status, fatigue and lethargy are the 
most frequent symptoms associated with pneumonia in older patients.20 Delirium may be the only manifestation of 
pneumonia in those patients.9 This could be an explanation that as the score increases, the mortality of patients decreases, 
which might be conducive to the early identification and intervention of critically ill patients. Physicians should be alert 

Figure 4 The decision curve for the established nomogram.

Table 3 Comparison of PSI, Total PSI Score, SOFA Score and APCHE II Score in Elderly 
Patients

Survival Non-Survival P-value

n 227 65
PSI (%)

Class I 0 (0.0) 1 (1.5) 0.051

Class II 3 (1.3) 0 (0.0)
Class III 28 (12.3) 3 (4.6)

Class IV 125 (55.1) 33 (50.8)

Class V 71 (31.3) 28 (43.1)
Total PSI score, mean (SD) 121.49 (29.17) 132.88 (32.24) 0.007

SOFA score, mean (SD) 5.56 (2.44) 7.09 (2.90) <0.001

APCHE II score, mean (SD) 16.40 (6.14) 18.85 (5.68) 0.004
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to the diagnosis of pneumonia in elderly patients in order to avoid the adverse consequences associated with delayed 
diagnosis.

Exacerbation of pneumonia is often accompanied by a decrease in PLT,21 and this change is consistent with the 
pathological process of DIC.22 A large amount of over-consumed coagulation factors could cause a significant negative 
impact on prognosis.23 This suggests that attention should be paid to anticoagulation therapy for elderly patients and 
monitoring of coagulation function might be necessary.

Acute kidney injury (AKI) is considered a marker of severe pneumonia and a negative prognostic factor for 
survival.24–26 Earlier studies showed that non-survivors of CAP had higher BUN levels.27–29 Because reabsorption of 
urea by the kidneys is increased in the dehydrated condition, elevated blood urea nitrogen level is frequently observed in 
patients with water deficiency, for example, resulted from fever in pneumonia.30 Therefore, the poorer prognosis of 
patients with elevated BUN is understandable.

Previous study showed that the prognostic prediction scores such as CURB-65 and pneumonia severity index (PSI) 
were not excellent in elderly patients (age ≥65 years) with pneumonia.31,32 This study evaluated the effects of PSI, 
sequential organ failure assessment (SOFA) score and acute physiology and chronic health evaluation (APCHE II) score 
to predict 28-day mortality in elderly patients with SCAP. Our findings demonstrated that PSI, SOFA score and APCHE 
II score might not be reliable prognostic predictors in elderly patients with SCAP. The lower AUC of PSI, SOFA score 

Figure 5 The receiver operating characteristic (ROC) curve for the predictive model.

Table 4 Area Under the Receiver Operating Characteristic 
(ROC) Curve for Prediction

Variables AUC 95% CI

PSI 0.576 0.507–0.645
SOFA score 0.660 0.586–0.733
APCHE II score 0.628 0.556–0.700

Abbreviations: AUC, area under the curve; CI, confidence interval; PSI, pneu-
monia severity index; SOFA, Sequential Organ Failure Assessment score; 
APCHE, Acute Physiology, Age and Chronic Health Evaluation.
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and APCHE II score might be due to the patients in our study belong to a special group of age ≥65 years and critically ill. 
By contrast, ROC curve analysis showed that the nomogram we established might be a more efficient model for 
predicting 28-day mortality in elderly patients with SCAP.

There existed several limitations in our study. Firstly, although our data was from a well-designed randomized 
controlled trial (RCT), the sample size was small so that the results might not be considered totally confirmative. 
Secondly, as external verification is lacking in this study, the predicting effect needs to be further verified. Further studies 
are required to evaluate the effects of the nomogram in elderly patients with SCAP.

Conclusions
We constructed a nomogram to predict the 28-day mortality in elderly patients with SCAP for better identifying the 
prognosis of these patients. The proposed nomogram considered four independent risk factors of age, Glasgow score, 
blood platelet and blood urea nitrogen. Our data demonstrated that this nomogram showed excellent discrimination and 
clinical availability.

Abbreviations
CAP, community-acquired pneumonia; SCAP, severe community-acquired pneumonia; RCT, randomized controlled trial; 
PSI, pneumonia severity index; ICU, intensive care unit; CRP, C-reactive protein; APCHE, acute physiology and chronic 
health evaluation; SOFA, sequential organ failure assessment; ARDS, acute respiratory distress syndrome; PLT, platelet; 
BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT, prothrombin time; APTT, 
activated partial thromboplastin time; OR, odds ratios; AUC, area under the curve; 95% CI, 95% confidence interval.
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