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ABSTRACT
Objective Predictors of prognosis are necessary for use in 
routine clinical practice for older patients with pneumonia, 
given the ageing of the population. Recently, the National 
Early Warning Score (NEWS), a comprehensive predictor 
of severity that consists solely of physiological indicators, 
has been proposed to predict the prognosis of pneumonia. 
The neutrophil/lymphocyte ratio (NLR) is a simple index of 
inflammation that may also be predictive of pneumonia. In 
the present study, we aimed to determine whether NEWS 
or a combination of NEWS and NLR predicts mortality in 
older patients with pneumonia.
Design A retrospective cohort study.
Setting A general hospital in Japan.
Participants We collected data from patients aged ≥65 
years with pneumonia who were admitted between 2018 
and 2020 (n=282; age=85.3 (7.9)). Data regarding vital 
signs, demographics and the length of hospital stay, in 
addition to the NEWS and NLR, were extracted from the 
participants’ electronic medical records.
Intervention The utility of the combination of NEWS and 
NLR was assessed using NEWS×NLR and NEWS+NLR.
Main outcome measures Their predictive ability for 30- 
day mortality as the primary outcome was assessed using 
receiver operating characteristic (ROC) curve analysis.
Results According to the NEWS classification, 80 (28.3%), 
64 (22.7%) and 138 (48.9%) of the participants were 
at low, medium and high risk of mortality, respectively. 
The 30- day mortality for the entire cohort was 9.2% 
(n=26), and the mortality rate increased with the NEWS 
classification: low, 1.3%; medium, 7.8%; and high, 14.5%. 
The NLRs were 6.0 (4.2–9.8), 6.8 (4.8–10.4) and 14.6 
(9.4–22.2), respectively (p<0.001). The areas under the 
ROC curves for 30- day mortality were 0.73 for the NEWS 
score, 0.84 for NEWS×NLR and 0.83 for NEWS+NLR, 
indicating that the combinations represent superior 
predictors of mortality to the NEWS alone. NEWS×NLR and 
NEWS+NLR tended to have better sensitivity, accuracy, 
positive predictive value and negative predictive value than 
NEWS alone (p=0.06).
Conclusions A combination of the NEWS and NLR 
(NEWS×NLR or NEWS+NLR) may be superior to the 

NEWS alone for the prediction of 30- day mortality in older 
patients with pneumonia. However, further validation of 
these combinations for use in the prediction of prognosis 
is required.

INTRODUCTION
In developed countries, including Japan, the 
population is ageing at an unprecedented 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The National Early Warning Score (NEWS) has been 
reported to be a useful tool for the prediction of the 
prognosis of pneumonia in patients admitted to uni-
versity and tertiary hospitals.

WHAT THIS STUDY ADDS
 ⇒ In the present study, we have shown that the NEWS 
is a predictor of 30- day mortality in older patients 
with pneumonia in a general hospital in Japan. 
Interestingly, we have also shown that the NEWS 
in combination with the neutrophil/lymphocyte ratio 
(NLR) (NEWS×NLR or NEWS+NLR) is superior in its 
prognostic ability to the NEWS alone.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The assessment of disease severity and risk strat-
ification are essential to permit physicians to de-
termine the appropriate location for a patient to be 
treated, whether as an outpatient, on a ward or in 
the intensive care unit. However, older patients may 
choose not to undergo aggressive treatment if they 
are close to death, even after a severity assessment. 
Instead, they may be transported to an institution 
that provides palliative care or be treated at home 
or in a nursing home. Thus, for the management of 
pneumonia in older patients, the NEWS and combi-
nations of NEWS and NLR represent promising pre-
dictors of prognosis that can be rapidly calculated, 
not only in the emergency setting but also in the 
primary care and general medicine settings.
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rate, against the backdrop of a long- standing decline in 
birth rate. Pneumonia in older people is of increasing 
medical and economic importance.1 The management of 
pneumonia in such patients must involve an assessment of 
severity, to facilitate optimal care.2 Some popular scores 
(ie, the Pneumonia Severity Index and the Confusion, 
Urea, Respiratory rate, Blood pressure, 65 years score) 
are used for the assessment of community- acquired pneu-
monia (CAP), a common type of pneumonia.3 However, 
those popular CAP- associated scores are not always used 
by physicians in daily practice, primarily because of the 
large number of variables required to calculate each.4 5

The National Early Warning Score (NEWS) was 
designed as a standardised means of identifying acutely 
ill patients during hospitalisation.6 It consists of six 
physiological measures (respiratory status, requirement 
for supplemental oxygen, blood pressure, pulse rate, 
temperature and level of consciousness) that can be used 
to place patients into three risk categories (low, medium 
and high). For example, clinicians can use the NEWS to 
assess the need for the transfer of a patient from a general 
ward to the intensive care unit. Because the NEWS only 
includes physiological measures, it represents a simple 
and low- cost tool for the assessment of disease severity.

Previous studies regarding the use of the NEWS for 
the prediction of the prognosis of patients with pneu-
monia have generated conflicting findings regarding 
its superiority to other predictors. Studies of patients 
with CAP admitted to university and tertiary emergency 
hospitals have shown that the NEWS is superior,7 8 simi-
larly useful9–11 or inferior12 to other predictors for use in 
patients with pneumonia. Interestingly, the addition of 
other predictors to the NEWS can improve its predictive 
ability. For example, a combination of the NEWS and the 
popular CAP- associated scores is better able to predict 
mortality than the NEWS alone.7 8 13 The NEWS- L, in 
which the circulating lactate concentration is added to 
the NEWS, was also found to be predictive of mortality 
in patients with pneumonia.12 In addition, because the 
leucocyte counts of patients are measured daily, the 
neutrophil/lymphocyte ratio (NLR), a simple and inex-
pensive marker of inflammation, has been recently 
proposed as a predictor of the prognosis of older patients 
with CAP14–17 or other types of pneumonia.18 However, 
the utility of a combination of NLR and the NEWS has 
not been assessed.

In previous studies of the prognostic value of the NEWS 
for patients with pneumonia, those admitted to university 
and tertiary hospitals have generally been recruited, and 
there have been no studies in the primary care or general 
medicine settings. In addition, despite the clinical impor-
tance of the management of CAP in older individuals, the 
previous studies were not specifically of older patients. 
Therefore, in the present study, we aimed to determine 
the utility of the NEWS alone and combinations of the 
NEWS and NLR, two simple indices, for the prediction 
of mortality in older patients with pneumonia who were 
admitted to a general hospital in Japan.

METHODS
Study design and setting
We performed a retrospective study of the medical 
records of patients who were stated to have pneumonia at 
the time of admission.

Selection of study sample
Data were obtained for older patients (age ≥65 years) 
admitted to the General Medicine Department of our 
hospital between 1 April 2018 and 31 March 2020 who 
had been diagnosed with pneumonia. We identified 
the pneumonia to be CAP or nursing and healthcare- 
associated pneumonia.19 We diagnosed pneumonia 
comprehensively using respiratory symptoms (cough, 
sputum, dyspnoea and tachypnoea), other symptoms and 
signs (fever, tachycardia, anorexia, decreases of activi-
ties of daily living, impaired consciousness and inconti-
nence), laboratory findings (markers of an inflammatory 
reaction, leucocytosis or leucopenia) and imaging find-
ings (new or the worsening of pre- existing infiltrates 
on chest X- ray or CT).20 The diagnosis at admission was 
coded by the attending physician using this information. 
The participants were treated routinely, according to the 
recommendations of the major Japanese clinical guide-
lines,21 and we followed them until they were discharged 
from the hospital.

The exclusion criteria were as follows: (1) transfer 
from another hospital, discharge from the hospital within 
10 days or a diagnosis of hospital- acquired pneumonia; 
(2) the presence of empyema, pulmonary tuberculosis, 
pulmonary oedema, pulmonary thromboembolism 
or non- infectious interstitial pneumonia; (3) previous 
administration of antibiotics by another physician; (4) 
immunosuppression, treatment with a corticosteroids, 
or chemotherapy within the preceding 90 days or radio-
therapy; (5) the presence of liver disease or a haema-
tological disorder that might affect the incidences of 
inflammation measured22; and (6) missing baseline data 
regarding any element of the NEWS or NLR.

For older patients with pneumonia, with an effect size 
of 0.25, an α level of 0.05 (5%), a β level of 0.20, a power 
of 80% and a two- sided analysis, the required sample size 
was calculated to be 53 per group. The power analysis was 
performed using G*Power V.3.1.7.9 for Windows (Franz 
Faul, University of Kiel, Germany).

Outcome measures
The primary outcome was 30- day mortality following a 
diagnosis of pneumonia and the secondary outcome was 
the length of hospital stay.

Data collection and processing
We collected demographic data, data regarding comorbid-
ities and the laboratory findings at baseline. Specifically, 
the age, sex, body mass index (BMI), vital signs, comor-
bidities (dementia, cerebrovascular disease, conges-
tive heart failure, chronic respiratory disease, chronic 
kidney disease and malignant disease), medication (for 
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Table 1 Baseline characteristics and outcomes of the participants, categorised according to the NEWS

All
(n=282)

NEWS category

P value
Low
(n=80)

Medium
(n=64)

High
(n=138)

Age, years (SD)* 85.3 (7.9) 85.4 (8.2) 84.9 (7.5) 85.4 (8.0) 0.9

Men, n (%)† 160 (55.7) 33 (41.3) 39 (60.9) 88 (63.8) 0.004

BMI (kg/m2), mean (SD)* 19.2 (3.9) 19.4 (3.6) 19.4 (3.7) 19.0 (4.1) 0.7

Comorbidity, n (%)†

  Dementia 184 (65.2) 49 (61.3) 45 (70.3) 90 (65.2) 0.5

  Cerebrovascular disease 98 (34.8) 27 (33.8) 27 (42.2) 44 (31.9) 0.4

  Congestive heart failure 61 (21.6) 14 (17.5) 12 (18.8) 35 (25.4) 0.3

  Chronic respiratory disease 57 (20.2) 11 (13.8) 10 (15.6) 36 (26.1) 0.05

  Chronic kidney disease 16 (5.6) 6 (7.5) 3 (4.7) 7 (5.1) 0.7

  Neoplastic disease 8 (2.8) 1 (1.3) 3 (4.7) 4 (2.9) 0.5

Medication, n (%)†

  Hypertension 161 (57.0) 51 (63.7) 35 (54.7) 75 (54.3) 0.4

  Diabetes mellitus 67 (23.8) 17 (21.3) 14 (21.9) 36 (26.1) 0.7

  Dyslipidaemia 46 (16.3) 16 (20.) 7 (10.9) 23 (16.7) 0.3

Charlson comorbidity index†

  0–1 117 (41.5) 40 (50.0) 21 (32.8) 56 (40.6) 0.4

  2–4 151 (53.5) 35 (43.8) 40 (62.5) 76 (55.1)

  ≥5 14 (5.0) 5 (6.3) 3 (4.7) 6 (4.3)

Medication

  Number of drugs, mean (SD)* 5.1 (3.6) 5.4 (3.6) 4.3 (3.5) 5.3 (3.6) 0.1

  Polypharmacy (n≥5), n (%)† 154 (54.6) 49 (61.3) 30 (46.9) 75 (54.3) 0.2

Before hospitalisation

  At home, n (%)† 189 (67.0) 60 (75.0) 43 (67.2) 86 (62.3) 0.2

  In a nursing home, n (%)† 93 (33.0) 20 (25.0) 21 (32.8) 52 (37.7) 0.2

Care level†

  Supportive care 73 (25.9) 24 (30.0) 11 (17.2) 38 (27.5) 0.6

  Nursing care 1 19 (6.7) 9 (11.3) 6 (9.4) 4 (2.9)

  2 42 (14.2) 13 (16.3) 13 (20.3) 16 (11.6)

  3 40 (14.2) 4 (5.0) 7 (10.9) 29 (21.0)

  4 62 (22.0) 20 (25.0) 13 (20.3) 29 (21.0)

  5 46 (16.3) 10 (12.5) 14 (21.9) 22 (15.9)

Vital signs, oxygen therapy

  RR (/min), mean (SD)* 23.2 (6.0) 18.8 (3.3) 21.8 (5.1) 26.4 (5.7) <0.001

  Oxygen saturation (%), mean (SD)* 93.2 (6.1) 95.4 (4.6) 93.8 (5.0) 91.6 (6.8) <0.001

  Temperature (°C), mean (SD)* 37.6 (1.1) 37.4 (0.7) 37.3 (0.8) 37.9 (1.3) <0.001

  SBP (mm Hg), mean (SD)* 133 (27.8)) 136.8 (23.0) 136.5 (25.5) 129.8 (30.8) 0.1

  HR (/min), mean (SD)* 94.6 (20.4) 85.8 (14.9) 91.0 (16.2) 102.1 (22.2) <0.001

  Oxygen therapy, n (%)† 137 (48.6) 10 (12.5) 35 (50.0) 95 (68.8) <0.001

  No alert, n (%)† 56 (19.9) 3 (3.8) 15 (23.4) 38 (27.5) <0.001

Laboratory data

  ALB (g/dL), mean (SD)* 3.3 (0.5) 3.4 (0.5) 3.4 (0.5) 3.3 (0.6) 0.4

  Hb (g/L), mean (SD)* 125 (16) 120 (13) 128 (16) 126 (18) 0.08

  UN (mg/dL), mean (SD) 22.9 (15.7) 21.5 (14.5) 20.2 (12.1) 25.0 (17.6) 0.08

Inflammatory biomarkers‡

  CRP (mg/dL), median (IQR) 5.8 (1.8–12.5) 7.0 (1.6–13.4) 5.0 (1.6–11.3) 5.8 (2.5–12.7) 0.5

Continued
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hypertension, diabetes mellitus and/or dyslipidaemia), 
Charlson comorbidity index,23 number of prescriptions, 
presence of polypharmacy (use of ≥5 medications), place 
of residence before admission and level of care of the 
participants were collected. The laboratory data collected 
were the serum albumin, urea nitrogen and C reactive 
protein (CRP) concentrations; the haemoglobin concen-
tration; and the white cell, neutrophil and lympho-
cyte counts. These variables were used to calculate the 
NEWS and NLR. We treated these variables as potential 
confounders of the analysis of mortality owing to pneu-
monia in the older participants, as described in previous 
reports.7–13

The NEWS was calculated using data regarding six 
physiological parameters that were collected during 

hospitalisation: respiratory rate, oxygen saturation, body 
temperature, systolic blood pressure, pulse rate and the 
level of consciousness.6 Every continuous variable was 
awarded a maximum score of 3 points, whereas the need 
for supplemental oxygen and the level of consciousness 
were awarded 0 points if absent/normal and 2 or 3 points 
if present/altered. Participants with a NEWS of 0–4 
points were classified as low risk, those with a NEWS of 
5–6 points were classified as medium risk and those with 
a NEWS of 7+ points were classified as high risk. However, 
when a single physiological parameter received a score 
of 3 points, the participant was categorised as being at 
medium risk, instead of low risk. To rate any confusion, 
we reviewed the medical records of the participants at 
the time of admission and recorded the presence of any 
abnormalities in the Alertness, response to Voice, Pain, 
Unresponsiveness score, a Glasgow Coma Scale score of 
≤13, abnormalities identified during the mental status 
examination, and any confusion or delirium.

Total leucocyte and leucocyte fraction counts were 
obtained by fluorescence flow cytometry and hydrody-
namic focusing (forward and side scatter) using a Sysmex 
XT- 2000i automated haematology analyser (Sysmex, 
Kobe, Japan) and peripheral blood diluted in EDTA. 
Platelet counts were performed using sheath flow direct- 
current detection, and the circulating CRP concentration 
was measured by immunoturbidimetry using a TBA- 
2000FR instrument (Canon Medical Systems, Tochigi, 
Japan). NLR was calculated using the results obtained 
during routine haematological analyses. The values for 
each of these markers of inflammation were compared 
among the NEWS categories.

Statistical analysis
The Kolmogorov- Smirnov test was used to analyse the 
normality of the collected datasets. Categorical datasets 
are presented as frequency (%), and continuous data-
sets are presented as mean (SD) for parametric data or 

All
(n=282)

NEWS category

P value
Low
(n=80)

Medium
(n=64)

High
(n=138)

  WBC count (×109/L), median (IQR) 10.3 (7.5–14.1) 9.3 (6.7–12.4) 9.6 (7.5–13.0) 11.7 (8.1–15.8) 0.008

  Neutrophil count (×109/L), median (IQR) 8.4 (6.0–12.3) 7.4 (5.0–10.1) 7.5 (6.0–10.4) 10.4 (7.0–14.5) <0.001

  Lymphocyte count (×109/L), median (IQR) 0.92 (0.60–1.32) 1.16 (0.78–1.68) 1.20 (0.82–1.57) 0.71 (0.50–1.00) <0.001

  NLR, median (IQR) 9.6 (5.7–17.5) 6.0 (4.2–9.8) 6.8 (4.8–10.4) 14.6 (9.4–22.2) <0.001

Outcomes

  30- day mortality, n (%)† 26 (9.2) 1 (1.3) 5 (7.8) 20 (14.5) 0.005

  In- hospital mortality, n (%)† 48 (17.0) 4 (5.0) 11 (17.2) 33 (23.9) 0.002

  Length of hospital stay, days (SD)* 25.7 (19.7) 21.2 (18.2) 26.7 (17.8) 27.9 (21.1) 0.04

*Analysis of variance.
†Χ2 test.
‡Kruskal- Wallis test.
ALB, albumin; BMI, body mass index; CRP, C reactive protein; Hb, haemoglobin; HR, heart rate; NEWS, National Early Warning Score; NLR, 
neutrophil- to- lymphocyte ratio; RR, respiration rate; SBP, systolic blood pressure; UN, urea nitrogen; WBC, white blood cell.

Table 1 Continued

Figure 1 Kaplan- Meier curves for 30- day mortality for the 
low, medium and high NEWS groups. NEWS, National Early 
Warning Score.
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median (IQR) for non- parametric data. The Χ2 test was 
used to compare the proportions for the categorical data. 
Analysis of variance and the Kruskal- Wallis test were used 
to analyse normally and non- normally distributed contin-
uous datasets, respectively, among the three groups. 
Time- to- event data were evaluated using Kaplan- Meier 
estimates. A Cox proportional hazards model was used 

to perform a sensitivity analysis to ascertain whether the 
NEWS is a useful predictor, even after the exclusion of 
factors associated with pneumonia. Variables for which 
p<0.20 that were obtained during the univariate analysis of 
the baseline data were included in a multivariate- adjusted 
Cox proportional hazards analysis of 30- day mortality. 
The discriminability of each index for 30- day mortality 

Table 2 Results of the univariate and multivariate Cox regression analyses performed to identify prognostic factors for 30- day 
mortality in older patients with pneumonia

Variable

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age 1.05 (0.99 to 1.11) 0.08 1.04 (0.98 to 1.10) 0.2

Male sex 1.10 (0.50 to 2.45) 0.8

BMI 0.88 (0.77 to 0.99) 0.04 0.94 (0.83 to 1.06) 0.3

Comorbidity

  Dementia 1.29 (0.52 to 3.20) 0.6

  Cerebrovascular disease 1.14 (0.52 to 2.51) 0.7

  Congestive heart failure 1.59 (0.69 to 3.66) 0.3

  Chronic respiratory disease 1.89 (0.79 to 4.50) 0.2

  Chronic kidney disease 3.35 (0.99 to 11.20) 0.05

  Neoplastic disease 5.54 (1.30 to 23.70) 0.02

Medication

  Hypertension 1.54 (0.69 to 3.45) 0.3

  Diabetes mellitus 0.41 (0.12 to 1.37) 0.2

  Dyslipidaemia 1.15 (0.40 to 3.34) 0.8

Charlson comorbidity index 1.09 (0.84 to 1.42) 0.5

Number of prescriptions 1.01 (0.91 to 1.12) 0.9

Prevalence of polypharmacy 0.97 (0.47 to 2.20) 0.9

At home 0.81 (0.37 to 1.77) 0.6

In a nursing home 1.23 (0.57 to 2.69) 0.6

Care level 1.25 (0.97 to 1.60) 0.08 1.15 (0.92 to 1.45) 0.2

Albumin 0.35 (0.17 to 0.74) 0.005 0.43 (0.19 to 1.02) 0.05

Haemoglobin 0.90 (0.70 to 1.17) 0.4

Urea nitrogen 1.02 (1.01 to 1.04) 0.008 1.02 (1.00 to 1.03) 0.04

NEWS 1.18 (1.07 to 1.31) 0.002 1.16 (1.04 to 1.30) 0.01

Selected parameters used in the multivariate analysis: age, BMI, care level, albumin, urea nitrogen and NEWS.
BMI, body mass index; NEWS, New Early Warning Score.

Table 3 HRs (95% CIs) for the 30- day mortality rates of the participants, categorised according to the NEWS

NEWS category

P value
Low
(n=80)

Medium
(n=64) P value

High
(n=138)

30- day mortality, n (%) 1 (1.3) 5 (7.8) 20 (14.5)

Crude HR (95% CI)* 1 4.75 (0.55 to 40.65) 0.2 8.65 (1.16 to 64.47) 0.04

Age- adjusted HR (95% CI)* 1 4.99 (0.58 to 42.77) 0.1 8.87 (1.19 to 66.20) 0.03

Multivariate- adjusted HR (95% CI)*† 1 5.69 (0.66 to 49.14) 0.1 8.69 (1.17 to 64.81) 0.04

*Cox proportional hazards model.
†Adjusted parameters: age and urea nitrogen.
NEWS, New Early Warning Score.
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was assessed using the area under the receiver operating 
characteristic curve (AUC) and 95% CI.24 The optimal 
cut- off value, sensitivity and specificity were determined 
using the Youden index,25 and differences in the AUC 
were identified using DeLong’s test.26 Positive (PPVs) 
and negative predictive values (NPVs) were calculated to 
assess the accuracy of the NEWS alone and the combi-
nations of NEWS and NLR. To compare the sensitivity, 
specificity, accuracy, PPV and NPV, McNemar’s test was 
used.27 28 Statistical significance was defined as a two- sided 
p<0.05. Analyses were conducted using SPSS V.28 (IBM). 
We did not include participants with missing baseline 
data, and in particular those with missing laboratory data.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Participants
During the present study, 446 people of ≥65 years of 
age were diagnosed with pneumonia, of whom 164 were 
excluded (76 because of treatment with antibiotics, 17 
because of corticosteroid use, 44 because of the presence 
of a haematological disease, 7 because of the presence of 
a liver disease and 20 because of missing data), leaving 
282 for inclusion in the final analysis (online supple-
mental figure 1). Because all the participants were hospi-
talised, we were able to readily follow them until they 
were discharged.

Characteristics of the cohort
Table 1 shows the baseline characteristics of the study 
sample (age=85.3 (7.9); 56.7% male), categorised 
according to the NEWS classification. The low NEWS 
group included five participants with 0 points. The 30- day 
mortality rate for the entire group of participants was 
9.2% (n=26). With respect to the outcomes, both the 
30- day and in- hospital mortality rates and the duration of 
the hospital stay significantly increased with the NEWS 
category. Figure 1 shows the Kaplan- Meier curves for the 
30- day mortalities of the low, medium and high NEWS 
risk groups (log- rank test, p<0.03). Dementia was the 
most frequent comorbidity (65.2%), followed by cere-
brovascular disease (34.8%) and congestive heart failure 
(21.6%). With the exception of sex, there were no signif-
icant demographic differences between the participants 
in each NEWS category. With the exception of systolic 
blood pressure, all the vital signs of the participants were 
significantly worse in the high NEWS group. There were 
no significant differences in the albumin, haemoglobin 
or urea nitrogen concentrations among the groups. The 
white cell count, neutrophil count and NLR were higher 
in the high NEWS group than in the other groups.

Relationships of the outcomes with potential predictor
Table 2 shows the results of the univariate and multivar-
iate analyses of the relationships between 30- day mortality 
and parameters at baseline. On univariate analysis, there 
were parameters showing a significant relationship with 
30- day mortality for age, BMI, chronic kidney disease, 
neoplastic disease, level of care, albumin, urea nitrogen 
and the NEWS. Then, NEWS and urea nitrogen were 

Figure 2 Receiver operating characteristic curves and the 
corresponding areas under the curves for the risk of 30- day 
mortality, according to the NEWS alone, NEWS×NLR and 
NEWS+NLR. NEWS, National Early Warning Score; NLR, 
neutrophil- to- lymphocyte ratio.

Table 4 Areas under the receiver operating characteristic curves (AUCs) for the various predictors of 30- day mortality

Risk score AUC (95% CI)
Cut- off 
value

Sensitivity 
(%)

Specificity 
(%) P value PPV (%) NPV (%) Accuracy (%)

NEWS×NLR 0.84 (0.77 to 0.92) 65 96.2 62.1 <0.001 20.5
(25/122)

99.4
(154/155)

64.6
(179/277)

NEWS+NLR 0.83 (0.75 to 0.90) 17 92.3 60.2 <0.001 18.5
(24/130)

98.7
(150/152)

61.7
(174/282)

NEWS alone 0.73 (0.64 to 0.82) 7 73.1 67.6 <0.001 14.5
(20/138)

95.8
(138/144)

56.0
(158/282)

NEWS, New Early Warning Score; NLR, neutrophil- to- lymphocyte ratio; NPV, negative predictive value; PPV, positive predictive value.
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entered into the multivariate analysis. Because chronic 
kidney disease and neoplastic disease had less than 10 
deaths, the variables were not used in the multivariate 
analysis to avoid the possibility of overfitting and the 
distortion of the model. Table 3 shows the HRs for 30- day 
mortality by the Cox proportional hazards model in the 
participants as categorised according to the NEWS cate-
gory. We obtained a crude HR, an HR adjusted for age, 
and an HR adjusted for age and urea nitrogen, identified 
as risk parameters for mortality in table 2 versus the low 
NEWS group. The age- adjusted and multivariate- adjusted 
HRs for the high NEWS group were 8.87 (95% CI: 1.19 to 
66.20, p=0.03) and 8.69 (95% CI: 1.17 to 64.81, p=0.04), 
indicating significant associations with high 30- day 
mortality.

Evaluation of model performance
Figure 2 shows the predictive ability of the NEWS 
alone, NEWS×NLR and NEWS+NLR. The AUC analysis 
showed that the NEWS was a moderately good predictor, 
with an AUC of 0.73. The AUCs for NEWS×NLR and 
NEWS+NLR were 0.84 and 0.83, respectively, implying 
significantly better prognostic ability than the NEWS 
alone (p=0.007 and 0.04, respectively). The optimal cut- 
off values, sensitivities and specificities for the AUCs 
were 7.5, 73.1% and 67.6% for the NEWS alone; 65.1, 
96.2% and 62.1% for NEWS×NLR; and 17.4, 92.3% and 
60.2% for NEWS+NLR, respectively (table 4). The PPV, 
NPV and accuracy for each predictor of 30- day mortality, 
compared with NEWS alone, are also shown in table 4. 
NEWS×NLR and NEWS+NLR tended to have better sensi-
tivity, accuracy, PPV and NPV than NEWS alone, but these 
differences were not statistically significant (p=0.06).

DISCUSSION
In the present study, we have shown that the NEWS 
is a predictor of 30- day mortality in older patients 
with pneumonia. Interestingly, we also found that the 
NEWS×NLR and NEWS+NLR combinations have supe-
rior prognostic ability to the NEWS alone. The ability 
to predict the prognosis of pneumonia in older patients 
using these simple and inexpensive markers should help 
facilitate the appropriate management of such patients in 
a primary care setting.

The NEWS was previously validated for use as a track- 
and- trigger system for acute illness.6 In the present study, 
we found a moderate discriminatory ability in the AUC 
for the NEWS (0.73). The optimal cut- off value for the 
NEWS for older patients with pneumonia was found to 
be 7 in the present study, consistent with previous reports 
recommending an emergency response and transfer to 
an intensive care unit if the NEWS score is higher than 
7 points.6

Although the addition of the NLR to the NEWS 
increased its predictive ability, the explanation for this is 
not yet clear. In inflammatory conditions such as pneu-
monia, the neutrophil count increases because of delayed 

apoptosis and the stimulation of stem cells, whereas the 
lymphocyte count decreases because of greater apoptosis 
and the migration of these cells to the liver, spleen and 
lymphoreticular system. Together, these changes result in 
an increase in the NLR.29 Patients with severe infections 
experience more lymphocyte apoptosis than patients with 
sepsis but no shock, and this is associated with greater 
mortality.30 Therefore, the NEWS and NLR are overlap-
ping means of assessing inflammatory conditions, and 
combinations of NEWS and NLR represent superior 
methods of identifying infection.

The assessment of disease severity and risk stratification 
are essential for physicians to determine the appropriate 
location for a patient to be treated, whether as an outpa-
tient, on a ward or in the intensive care unit. However, 
older patients may choose not to undergo aggressive 
treatment if they are close to death, even after a severity 
assessment. Instead, they may be transported to an insti-
tution that provides palliative care, or be treated at home 
or in a nursing home. Thus, for the management of pneu-
monia in older patients, the NEWS and combinations of 
NEWS and NLR represent promising predictors of prog-
nosis that can be rapidly evaluated, not only in the emer-
gency setting but also in the primary care and general 
medicine settings.

The present study had several limitations. First, because 
it was a single- centre retrospective study of medical 
records, it lacked some external validity. Therefore, 
a prospective multicentre study should be conducted 
in the future to confirm the usefulness of the NEWS 
as a predictor of the prognosis of pneumonia in older 
patients. Second, we only studied inpatients, meaning 
that the number of patients with minor illnesses was low, 
which may have skewed the results. Third, the treatments 
used, such as antibiotics and oxygen therapy, were not 
included as a variable in the study, meaning that factors 
related to this choice may not have been accounted for 
in the analysis. Finally, the classification of pneumonia 
varies according to the environment in which a patient 
lives. However, in older patients, the actual type of pneu-
monia is often unclear. Therefore, the participants in the 
present study were representative of patients with pneu-
monia in general.

CONCLUSION
We have shown that the NEWS is a predictor of 30- day 
mortality in older patients with pneumonia, and also 
the superiority of combinations of the NEWS and NLR 
(NEWS×NLR and NEWS+NLR) to the NEWS score alone 
for the prediction of 30- day mortality in older patients 
with pneumonia. However, further studies should be 
performed to validate the use of these indices for the 
prediction of prognosis in such patients.
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