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Purpose: Community-acquired pneumonia (CAP) is common among the elderly; it typically 
has a poor prognosis and high mortality. This study evaluated the factors predicting CAP- 
related in-hospital mortality in the elderly to identify a simpler and more accurate predictor.
Patients and Methods: This was a single-center, retrospective study. The data used in this 
study was collected from all older patients (≥65) with CAP admitted to our hospital between 
January 2012 and April 2020.
Results: A total of 2028 older patients with CAP were included; 121 (5.97%) died in hospital. Of 
the patients in the study, 1267 (62.5%) were men and 261 (12.9%) had a history of malignant 
tumors. After performing univariate and multivariate Cox regression analyses, sex, history of 
malignant tumor, CURB-65 score, neutrophil-to-lymphocyte ratio (NLR), hemoglobin level, and 
NLR*CURB-65 levels were associated with CAP mortality. By comparing the area under the 
receiver operating characteristic (ROC) curves of the predicted factors, the NLR*CURB-65 level 
used to predict CAP mortality in the elderly was 0.755, and was superior to other measurements. All 
included patients were then dichotomized into two groups based on NLR*CURB-65 level (≤9.06 
and >9.06) according to the ROC analysis. Patients with a high NLR*CURB-65 level had higher in- 
hospital mortality than those with a low NLR*CURB-65 level. The two divided groups showed 
significant differences in age, sex, smoking history, comorbidity, and laboratory findings. This 
indicates that NLR*CURB-65 is a predictive index that could reflect the comprehensive condition 
of older patients with CAP.
Conclusion: NLR*CURB-65 is a simpler and more accurate predictor of CAP-related in- 
hospital mortality in the elderly.
Keywords: NLR*CURB-65, community-acquired pneumonia, mortality, predictor

Introduction
Despite rapid advances in medical technology and significant improvements in global 
health, community-acquired pneumonia (CAP) remains a major clinical and public health 
problem globally.1 The Global Burden of Diseases, Injuries, and Risk Factors Study in 
2017 estimated that lower respiratory tract infections affected 471.8 million people, and 
caused 2.6 million deaths in 2017 alone.2 Since 1950, the advent of antibiotics has been 
regarded as a crucial turning point in the treatment of pneumonia; however, though new 
antibiotics have been found to combat infection, the reduction in the pneumonia-related 
death rate has been relatively limited.1 The proportion of older patients is increasing due to 
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a globally aging population; in hospitalized older patients, the 
rate of pneumonia treatment is higher than that for other 
respiratory diseases.3,4 The mortality rate is also higher in 
older adults than in young people.4 Although several studies 
have examined prognostic factors of CAP such as serum 
procalcitonin, C-reactive protein, and comorbidity in older 
patients,5–7 various findings were obtained from different 
approaches and had differing specificity and sensitivity. This 
study aimed to evaluate the factors that predict CAP-related in- 
hospital mortality in the elderly and identify simpler and more 
accurate predictors through comparison of the classical 
predictors.

Patients and Methods
This was a single-center retrospective study. Data was obtained 
related to all incidences of CAP that occurred in the Third 
Affiliated Hospital of Sun Yat-sen University, Guangdong, 
China, between January 2012 and April 2020. Variables of 
interest included age, sex, comorbidity, and in-hospital mortal-
ity. All study patients were 65 years of age or older (≥65 years). 
The criteria for diagnosing CAP8 included the presence of 
a new pulmonary infiltrate associated with at least one of the 
following: new or increased cough with or without purulent 
tracheobronchial secretion or new pathogenic bacteria isolated 
from sputum or tracheal aspirate culture with ≥104 colony- 
forming units/mL, fever (>37.8°C) or hypothermia (<35.6°C), 
leukocytosis, left shift, or leukopenia based on local normal 
values. Patients with acquired immunodeficiency syndrome, 
interstitial lung disease, or those missing key data were 
excluded. Patients with malignant tumors with an Eastern 
Cooperative Oncology Group (ECOG) score ≥4 were also 
excluded.

Disease severity was evaluated using the validated 
CURB-65 scoring system,9 which included confusion, 
urea >7 mmol/L, respiratory rate ≥30 breaths/min, blood 
pressure ≤90/60 mmHg, and age ≥65 years.

Statistical Analysis
The in-hospital survival of older patients with CAP was the 
main endpoint of this study. Survival was defined as the period 
between CAP diagnosis until death or last follow-up. 
A multivariate analysis using a stepwise Cox proportional 
hazards model was used to examine the independent signifi-
cance of baseline characteristics and explanatory variables. 
The performance of relevant parameters was assessed using 
the Kaplan–Meier method, and differences in survival between 
groups were compared using the Log rank test. In addition, the 
receiver operating characteristic (ROC) curves of relevant 

parameters for predicting CAP-related in-hospital mortality 
were plotted. A sensitivity score less than the cutoff point 
indicated in-hospital mortality, while a score greater than the 
cutoff point indicated survival after discharge; both could be 
evaluated for each possible cutoff point. The cutoff point 
representing the highest Youden index (sensitivity+specificity 
−1) was selected as the optimal threshold value. Hazard ratios 
(HRs) and 95% confidence intervals (CIs) were calculated to 
measure the effects of relevant parameters on prognosis; a HR 
greater than 1 indicated a worse prognosis in patients with 
a relevant parameter, while a HR less than 1 indicated 
a better prognosis. The significance level was set at α = 0.05, 
and all p-values were based on two-sided tests. All statistical 
analyses were performed using IBM SPSS Statistics version 20 
(IBM Corp., Armonk, NY, USA).

This study was approved by the institutional review board 
of the hospital and the ethics committee of the Third Affiliated 
Hospital of Sun Yat-sen University ([2019] 02–238-01). This 
study was conducted and designed in accordance with the 
Declaration of Helsinki. The need for written informed consent 
was waived because of the non-interventional design. Patient 
information was kept confidential.

Results
During the study period, 5916 inpatients developed CAP, 
2028 of which were older adults who were included in the 
study; of these, 121 died (Figure 1). A total of 1267 
patients (62.5%) were men. Diabetes mellitus was the 
most common comorbidity, followed by malignant tumors. 
The mean CURB-65 score was 1.39±0.61 (Table 1).

To identify the independent factors that affected CAP- 
related in-hospital mortality in the elderly, a Cox regres-
sion analysis was performed. Univariate Cox regression 

Figure 1 Analysis roadmap.
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analysis identified the following independent factors that 
affect in-hospital mortality: age, sex, history of malignant 
tumors, acute heart failure, CURB-65 score, white blood 
cell count, neutrophil-to-lymphocyte ratio (NLR), hemo-
globin (HGB) level, blood urea nitrogen, alanine transa-
minase, aspartate aminotransferase, and NLR*CURB-65 
levels. The results of the multivariate analysis showed 
that sex, history of malignant tumors, CURB-65 score, 
NLR, HGB level, and NLR*CURB-65 level were asso-
ciated with CAP-related mortality in the elderly (Table 2). 
To analyze the predictive value of the aforementioned 
significant parameters, a ROC analysis was conducted. It 
was found that the NLR*CURB-65 level was the most 
significant predictor of in-hospital survival (Table 3). The 
area under the ROC curve of the NLR*CURB-65 level 

predicting CAP-related in-hospital mortality in the elderly 
was 0.755 (P <0.001, 95% CI, 0.711–0.798; Figure 2).

The cutoff point was identified as 9.06, having the 
highest predictive performance for both specificity and 
sensitivity. A high NLR*CURB-65 level was significantly 
associated with worse survival (P <0.001) (Figure 3).

Patients with high and low NLR*CURB-65 levels were 
compared to analyze differences between the two groups. 
The two patient groups stratified by NLR*CURB-65 level 
showed significant differences in age, sex, smoking his-
tory, comorbidity, and laboratory test data (Table 4). This 
indicates that a predictive index using NLR*CURB-65 
could reflect the comprehensive condition of older patients 
with CAP.

Discussion
CAP is commonly seen in the elderly10,11 and often results in 
poor prognosis and high mortality.12 In this study, it was found 
that the in-hospital mortality rate in this population was 5.87%, 
which was consistent with previous studies12–14 This high 
mortality rate indicates that particular attention should be 
paid to older patients with CAP. To further understand the 
clinical characteristics of CAP and determine more accurate 
prognostic factors, the demographic characteristics and 
comorbidities of CAP in the elderly were analyzed. Along 
with the results of the regression analysis, it was found that sex 
affected the prognosis of CAP in the elderly, with male 
patients having a higher mortality rate. This result is consistent 
with that of previous studies,15,16 and may be due to the fact 
that older male patients with pneumonia often develop cardi-
ovascular diseases.16 It may also be related to the presence of 
a higher number of risk factors such as smoking, alcoholism, 
and occupational exposure to toxic substances in this 
demographic.17,18 In the current study, patients who died due 
to a malignant tumor were excluded, but a history of malignant 
tumors was associated with CAP-related mortality in the 
elderly. This may be related to the low immune function of 
patients with tumors and their decreased ability to resist 
infection.

CURB-65 is a classic tool for evaluating CAP severity, and 
is comprised of confusion, urea >7 mmol/L, respiratory rate 
≥30/min, blood pressure ≤90/60 mmHg, and age ≥65 years.9 

To determine if, in patients aged over 65 years, CURB-65 was 
still associated with CAP prognosis, the relationship between 
CURB-65 and CAP prognosis was analyzed; it was found that 
a correlation exists, which is consistent with the results of 
previous studies.19 HGB level was also analyzed in this study 
and was considered a predictor of CAP prognosis in the elderly, 

Table 1 Demographic, Laboratory and Clinical Variables of CAP 
in the Elderly

Characteristics Value

Age, y, mean±SD 76.93±7.53

Gender, male 1267(62.5%)

Smoke 720(35.5%)

Comorbidity

Diabetes mellitus 486(24.0%)

COPD 171(8.4%)

Asthma 55(2.7%)

Bloodstream infection 9(0.4%)

Malignant tumor 261(12.9%)

Acute heart failure 54(2.7%)

CURB-65 score 1.39±0.61

WBC,*10e9/l, mean±SD 8.58±4.74

NLR, mean±SD 6.50±8.13

HGB, g/l, mean±SD 117.67±19.78

BUN, mmol/l, mean±SD 6.37±3.89

ALT, U/L, mean±SD 29.54±51.19

AST, U/L, mean±SD 33.63±53.10

NLR*CURB-65 10.56±19.02

Mortality 121(5.97%)

Abbreviations: CAP, community-acquired pneumonia; COPD, chronic obstructive 
pulmonary disease; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; 
HGB, hemoglobin; BUN, blood urea nitrogen; ALT, alanine transaminase; AST, 
aspartate aminotransferase.
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a finding which has also been previously reported.20–22 This 
may be due to the effects of inflammatory cytokines, inade-
quate red cell production, and excessive red cell destruction in 
patients with CAP.22,23 NLR is a simple laboratory biomarker 

and a promising candidate predictor of mortality in patients 
with CAP.24–26 In the current study, NLR was also found to be 
related to CAP prognosis in the elderly; NLR was associated 
with systemic inflammation and the severity of CAP. As the 
above factors are commonly used for predicting CAP prog-
nosis in the general patient population and in the elderly, this 
study recommends the measurement of NLR*CURB-65 level 
to serve as a simpler and more accurate predictor. In fact, the 
NLR*CURB-65 was a significant predictor of CAP mortality 
in the elderly. Furthermore, the ROC curve of NLR*CURB-65 
was an excellent predictor with a perfect AUC. To further 
analyze the NLR*CURB-65 value, all included patients were 
dichotomized into two groups based on the NLR*CURB-65 
level (≤9.06 and >9.06) according to the ROC analysis. 
Patients with a high NLR*CURB-65 level had higher in- 
hospital mortality than those with a low NLR*CURB-65 

Table 2 Univariate and Multivariate Cox Regression Analyses of Prognostic Factors for CAP-Related In-Hospital Mortality in the 
Elderly

Characteristics Related Mortality Survival Univariate Multivariate

n=121(5.97%) n=1907(94.03%) HR 95%Cl P HR 95%Cl P

Age, y, mean±SD 78.27±8.51 76.85±7.46 1.028 1.004–1.052 0.021 1.012 0.987–1.038 0.359

Gender, male 88(72.7%) 1179(61.8%) 1.675 1.123–2.499 0.012 1.604 1.053–2.443 0.028

Smoke 45(37.2%) 675(35.4%) 1.127 0.78–1.63 0.524

Comorbidity

Diabetes mellitus 26(21.5%) 460(24.1%) 0.845 0.548–1.304 0.447

COPD 15(12.4%) 156(8.2%) 1.494 0.87–2.566 0.145

Asthma 3(2.5%) 52(2.7%) 0.92 0.292–2.893 0.886

Bloodstream infection 0 9(0.5%) 0.049 0–4642.4 0.607

Malignant tumor 39(32.2%) 222(11.6%) 3.222 2.201–4.718 <0.001 2.921 1.958–4.358 <0.001

Acute heart failure 9(7.4%) 45(2.4%) 2.869 1.455–5.658 0.002 1.598 0.74–3.451 0.233

CURB-65 score, mean±SD 1.91±0.95 1.37±0.57 2.521 2.103–3.023 <0.001 2.763 1.98–3.855 <0.001

WBC,*10e9/l, mean±SD 10.58±6.27 8.45±4.60 1.053 1.031–1.076 <0.001 1.023 0.993–1.053 0.133

NLR, mean±SD 13.54±16.71 6.01±7.03 1.041 1.033–1.049 <0.001 1.052 1.029–1.075 <0.001

HGB, g/l, mean±SD 109.00±29.50 118.22±19.32 0.977 0.969–0.986 <0.001 0.987 0.978–0.996 0.004

BUN, mmol/l, mean±SD 8.21±5.45 6.25±3.75 1.083 1.054–1.114 <0.001 0.963 0.919–1.008 0.109

ALT, U/L, mean±SD 43.63±104.75 28.64±48.66 1.002 1.001–1.004 0.005 1.002 0.998–1.006 0.254

AST, U/L, mean±SD 43.95±68.07 32.58±51.96 1.001 1.000–1.003 0.047 1 0.995–1.004 0.894

NLR*CURB-65 29.21±46.11 9.38±15.10 1.013 1.011–1.016 <0.001 0.987 0.976–0.998 0.021

Abbreviations: CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary disease; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; HGB, 
hemoglobin; BUN, blood urea nitrogen; ALT, alanine transaminase; AST, aspartate aminotransferase.

Table 3 The Area Under of the ROC Curves in the Factors 
Predicting CAP-Related In-Hospital Mortality in the Elderly

Characteristics AUC P 95%Cl

NLR*CURB-65 0.755 <0.001 0.711–0.798

NLR, mean±SD 0.720 <0.001 0.675–0.766
CURB-65 score 0.678 <0.001 0.625–0.732

Malignant tumor 0.603 <0.001 0.546–0.66

Gender, male 0.555 0.044 0.504–0.605
HGB, g/l, mean±SD 0.367 <0.001 0.308–0.425

Abbreviations: CAP, community-acquired pneumonia; NLR, neutrophil-to- 
lymphocyte ratio; HGB, hemoglobin.
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level. The groups also showed significant differences in age, 
sex, smoking history, comorbidities, and laboratory data. This 
finding indicated that the NLR*CURB-65 level was 
a predictive index that could reflect the comprehensive condi-
tion of older patients with CAP.

This study has several limitations. First, as a single- 
center retrospective study, bias could exist during data 
collection. Second, treatment regimens were not 
included in the study, and thus the underlying factors 
related to this may be overlooked. To the best of our 
knowledge, this is the first study to identify the prog-
nostic value of NLR*CURB-65 levels in elderly patients 
with CAP, and to show that it has clinical value as 
a marker.

Figure 3 Kaplan–Meier survival curves of the overall survival of older patients with 
CAP with different NLR*CURB-65 levels. 
Abbreviations: CAP, community-acquired pneumonia; NLR, neutrophil-lymphocyte 
ratio.

Figure 2 Area under the ROC curves of the NLR*CURB-65 level and CURB-65 
predicting CAP-related in-hospital mortality in the elderly. 
Abbreviations: ROC, receiver operating characteristic; NLR, neutrophil- 
lymphocyte ratio.

Table 4 Baseline Demographic and Clinical Characteristics of 
CAP in the Elderly Patients with Different Level of 
NLR*CURB-65

Characteristics High 

NLR*CURB-65

Low 

NLR*CURB-65

P value

n=576(28.4%) n=1452(71.6%)

Age, y, mean±SD 78.13±7.56 76.45±7.47 <0.001

Gender, male 417(72.9%) 850(59.5%) <0.001

Smoke 243(42.5%) 477(33.4%) <0.001

Comorbidity

Diabetes mellitus 155(27.1%) 331(23.1%) 0.05

COPD 55(9.6%) 116(8.1%) 0.254

Asthma 8(1.4%) 47(3.3%) 0.021

Bloodstream 

infection

3(0.5%) 6(0.4%) 0.742

Malignant tumor 93(16.3%) 168(11.8%) 0.006

Acute heart failure 23(4.0%) 31(2.2%) 0.019

CURB-65 score 1.93±0.72 1.17±0.39 <0.001

WBC,*10e9/l, 

mean±SD

11.81±5.54 7.28±3.65 <0.001

NLR, mean±SD 14.13±11.82 3.87±1.90 <0.001

HGB, g/l, 

mean ±SD

112.37±22.00 119.79±18.40 <0.001

BUN, mmol/l, 

mean±SD

9.04±5.30 5.29±2.44 <0.001

ALT, U/L, 

mean±SD

38.90±82.40 25.79±30.08 0.009

AST, U/L, 

mean±SD

42.61±81.43 29.63±35.21 <0.001

Mortality 81(14.2%) 40(2.8%) <0.001

Abbreviations: CAP, community-acquired pneumonia; COPD, chronic obstructive 
pulmonary disease; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; 
HGB, hemoglobin; BUN, blood urea nitrogen; ALT, alanine transaminase; AST, 
aspartate aminotransferase.

International Journal of General Medicine 2021:14                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1137

Dovepress                                                                                                                                                             Feng et al

http://www.dovepress.com
http://www.dovepress.com


Conclusion
Compared to classic indicators such as CURB-65, 
NLR*CURB-65 was found to be a simpler and more accurate 
predictor of CAP-related in-hospital mortality in the elderly.
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