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Background: The incidence and mortality rate of community-acquired pneumonia (CAP) in
elderly patients were higher than the younger population. Different scoring systems, includ-
ing The quick Sequential Organ Function Assessment (QSOFA), Combination of Confusion,
Urea, Respiratory Rate, Blood Pressure, and Age >65 (CURB-65), Modified Early Warning
Score (MEWS) and National Early Warning Score (NEWS), were used widely for predicting
mortality and ICU admission of patients with community-acquired pneumonia (CAP). This
study aimed to identify the most suitable score system for better hospitalization.

Methods: We retrospectively analyzed elderly patients with CAP in Minhang Hospital,
Fudan University from 1 January 2018 to 1 January 2020. We recorded information of the
patients including age, gender, underlying disease, consciousness state, vital signs, physio-
logical and laboratory variables and further calculated the gSOFA, CURB-65, MEWS, and
NEWS scores. Receiver operating characteristic (ROC) curves were used to predict the
mortality risk and ICU admission. Kaplan—-Meier survival curves were used in survival rate.
Results: In total, 1044 patients were selected for analysis and divided into two groups,
namely survivor groups (902 cases) and non-survivor groups (142 cases). Depending on ICU
admission enrolled patients were classified into ICU admission (n = 102) and non-ICU
admission (n = 942) groups. Mortality expressed as AUC values were 0.844 (p < 0.001),
0.868 (p < 0.001), 0.927 (p < 0.001) and 0.892 (p < 0.001) for qSOFA, CURB 65, MEWS
and NEWS, respectively. There were clear differences in MEWS vs CURB-65 (p < 0.0001),
MEWS vs NEWS (p < 0.001), MEWS vs qSOFA (p < 0.0001). For ICU-admission, the AUC
values of qSOFA, CURB-65, MEWS and NEWS scores were 0.866 (p < 0.001), 0.854 (p <
0.001), 0.922 (p < 0.001), 0.976 (p < 0.001), respectively. There were significant differences
in NEWS vs CURB-65 (p < 0.0001), NEWS vs MEWS (p < 0.001), NEWS vs qSOFA (p <
0.0001).

Conclusion: We explored the outcome prediction values of CURB65, gSOFA, MEWS and
NEWS for patients aged 65-years and older with community-acquired pneumonia. We found
that MEWS showed superiority over the other severity scores in predicting hospital mortal-
ity, and NEWS showed superiority over the other scores in predicting ICU admission.
Keywords: NEWS, MEWS, community-acquired pneumonia, prognosis

Introduction

Community-acquired pneumonia (CAP) is the leading cause of mortality and
morbidity with substantial clinical and economic impact.! The incidence of pneu-
monia increases with age,” with a 10 times higher hospitalization rate in patients
aged 65 years and older (about 2000 per 100,000 per year) than in the younger

Received: 26 August 2021
Accepted: 21 October 2021
Published: 28 October 2021

Clinical Interventions in Aging 2021:16 1917-1929 1917
© 2021 Lv et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:jinhai.deng@kcl.ac.uk
mailto:keneath@163.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Lv et al

Dove

population.® Multiple factors are related to the higher
incidence of CAP in the older population, such as comor-
bidities, nutritional status, weakened immune system and
swallowing dysfunction.*> Increased mortality of aged
CAP patients could be reduced with advanced life support
such as invasive mechanical ventilation if early detection
were available clinically.®’ Several pneumonia severity
scores are available to guide the assessment of patients,
such as quick Sequential Organ Function Assessment
(qSOFA), Combination of Confusion, Urea, Respiratory
Rate, and Age =>65 (CURB-69),
Modified Early Warning Score (MEWS), Acute
Physiology and Chronic Health Evaluation II (APACHE
II), Pneumonia Severity Index (PSI) and National Early

Blood Pressure,

Warning Score (NEWS),*'? which have been proven to
predict the prognosis of patient’s with pneumonia in dif-
ferent aspects. As APACHE II and PSI contained acute
physiology and chronic health evaluation, timely identifi-

13.14 Whereas other

cation of high-risk patients is difficult,
scoring systems, which would be relatively easier-to-use,
have more potential in early detection and assessment of
high-risk patients.'>'®

Clinically, CURB-65 and qSOFA have been widely
used for severity assessment of pneumonia. The CURB-
65 score consists of five projects and qSOFA is similar
to the CURB-65 score in variables, incorporating hypo-
tension, altered mental status and tachypnea. Previous
studies have already supported that the CURB-65 and
qSOFA score are highly related to poor prognosis of
CAP and prediction of the hospital mortality.'” ' On
the other hand, NEWS and MEWS share several essen-
tial parameters, including systolic blood pressure, pulse
rate, respiratory and level of

rate, temperature,

: 1
consciousness.'® In emergency departments, they are

most commonly used in risk stratification systems,?**
and have recently been introduced in predicting CAP,
especially for the elderly patients. So far, only a few
studies have verified the predictive value of NEWS and
MEWS for the prognosis of patients with CAP.'?242¢
Hence, this study aims to investigate the feasibility of
the utilization of NEWS and MEWS in assessing and
predicting the mortality and ICU admission for hospita-
lized older patients with CAP. With the comparison to
CURB-65 and qSOFA, we hope to identify the most
suitable score system for better hospitalization. As far
as we know, this is the first study comparing the four
scoring systems in predicting the hospital mortality and
ICU admission in elderly patients with CAP.

Methods
Study Population

This is a retrospective cohort study conducted in the
Minhang Hospital, Fudan University in Shanghai from
1 January 2018 to 1 January 2020. It was approved by
the Ethics Committee of the Minhang Hospital, Fudan
University in Shanghai, and the Lot No: Medical Ethics
Committee (2017) No. 42. Regarding the patient informed
consent statement, we notified patients and/or their legal
guardians by telephone and asked for consent, and for
those who did not, we waived the use of their data.
Written informed consents were sent to patients and/or
their legal guardians who agreed to participate in the
study for signature. Signatures of study population were
obtained and all procedures are in accordance with the
Declaration of Helsinki.

The data were analysed anonymously in this study.
Inclusion criteria were as follows: (1) Age >65 years;
and (2) Diagnosed with CAP (community onset and new
infiltrates on chest X-ray or CT scan together with >2 of
the following clinical criteria: cough, sputum production,
shortness of breath, pleuritic chest pain, fever or hypother-
mia, dyspnea; confusion, leukocytosis or leukopenia).
Exclusion criteria: (1) immunosuppression, such as in the
course of corticosteroids (>14 days), HIV-positive, che-
motherapy or radiotherapy within 90 days and transplant
recipients; and (2) serious heart failure (New York Heart
Association classes 3 or 4); (3) Living in Nursing home.

Data Collection

We recorded the data from the electronic medical records in
Minhang Hospital, Fudan University. We collected the infor-
mation including age, gender, comorbidities, hospitalization
days, consciousness state, vital signs, and laboratory vari-
ables within 24 hours of admission. Aforementioned vari-
ables were used to determine gSOFA, CURB-65, MEWS and
NEWS scores were calculated according to the physiological
and laboratory variables.

In detail, CURB-65 score: confusion, urea >7mmol/L,
respiratory rate>30/min, blood pressure (systolic blood
pressure <90mmHg or diastolic blood pressure <
60mmHg) and age >65years; qSOFA score: systolic
blood pressure <100 mmHg, respiratory rate > 22/min,
and altered cognitive state; MEWS score: systolic blood
pressure (mm Hg), heart rate (/min), respiratory rate
(/min), temperature (°C) and consciousness; NEWS
score: respiratory rate (/min), oxygen saturation, use of
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supplemental oxygen, heart rate (/min), systolic blood
pressure (mm Hg), temperature (°C) and consciousness.

Statistical Analysis

Statistical analysis was executed with R (version 3.5.3).
All the hypothesis tests were two-sided with a significance
level of 0.05. We used Student’s #-test to compare contin-
uous variables, and the chi-square test to compare distrib-
uted variables. Numerical parametric data were described
as mean (SD), other continuous non-parametric data were
described as median (inter-quartile range) and classifica-
tion variables were reported as percentages. Multivariate
analysis using stepwise logistic regression analysis con-
tained all parameters with P-value <0.05 in the univariate
analyses. To assess the predictive prognostic efficacy of
the predictors, we performed receiver operating character-
istic (ROC) curves and calculate their area under the
curves (AUC).”’

Results

Study Population and Outcomes

In total, 1044 patients were selected for this study. The
basic information and clinical characteristics of patient
population are listed in (Table 1). Analysis of the
comorbidities identified hypertension as the most pre-
valent comorbidity (40.8%, 426 cases), followed by
cerebrovascular disease (24.9%, 260cases), diabetes
(21.3%, 222 cases), electrolyte disturbance (20.5%,
214 cases), coronary heart disease (19.2%, 200 cases),
congestive heart failure (14.9%, 155 cases), chronic
kidney disease (8.2%, 85 cases) and cancer (6%, 63
cases).

According to their prognoses, patients were divided
into two groups, namely survivor groups (902 cases) and
non-survivor groups (142 cases) (Figure 1). The total
hospital mortality rate is 13.6% (142/1044). We found
that there were significant differences in the leukocyte
count, neutrophils count, lymphocyte count, NLR (neutro-
phil-lymphocyte ratio), c-reactive protein (CRP), procal-
citonin (pct), albumin, platelet count, urea nitrogen
(BUN), D-dimer, CURB-65, qSOFA, MEWS, NEWS
between
(p < 0.05).

According to ICU admission, enrolled patients were

survivor groups and non-survivor groups

divided into ICU admission groups (n = 102) and non-
ICU admission groups (n = 942) (Figure 2). The overall
ICU admission rate is 9.8% (102/1044). Significant

differences were shown between ICU admission groups
and non-ICU groups in the leukocyte count, neutrophils
count, lymphocyte count, prealbumin, low-density lipo-
protein, NLR, CRP, pct, albumin, platelet count, BUN,
D-dimer, CURB-65, qSOFA, MEWS, and NEWS

(p < 0.05).

The Multivariable Logistic Model
Multivariable logistic model was used to investigate the
impacts of each parameter on predicting survival and ICU
admission. In the multivariable logistic model, we
observed CURB-65 (p < 0.001, z = 3.667) as a risk factor
supported by previous studies. Surprisingly, MEWS (p <
0.001, z = 4.496) and pct (p < 0.05, z = —2.482) were also
found to be the risk factors for the occurrences of mortal-
ity, while the albumin (p < 0.001, z = —3.327) was as
a protective factor (Table 2). Meanwhile, we confirmed
that the NEWS (p < 0.001, z = 7.758) is the risk factor of
ICU admission, while the albumin (p = 0.001, z = —3.274)
and platelet count (p < 0.05, z=—2.026) are the protective
factors (Table 3).

The ROC Curves Predict the Mortality
and ICU Admission

To better explore the predictive function among these four-
scoring system, the ROC curves were used (Figures 3 and 4).
Regarding the mortality, the AUC values of the qSOFA,
CURB-65, MEWS and NEWS scores were 0.844 (p <
0.001,95% CI: 0.821-0.866), 0.868 (p < 0.001, 95% CI:
0.846-0.888), 0.927 (p < 0.001, 0.909-0.942), 0.892 (p <
0.001, 95% CI: 0.872-0911), respectively (Table 4)
(Figure 3).

The optimal cutoff values and Youden index for
CURB-65, MEWS, NEWS and qSOFA are shown in
Table 5. The Youden index for MEWS was maximum,
and cutoff value was 4, sensitivity and specificity were
80.28 and 87.36, respectively (Table 5).

The AUC values of the gSOFA, CURB-65, MEWS and
NEWS scores for ICU-admission among enrolled patients
are 0.866 (p < 0.001, 95% CI: 0.844-0.886), 0.854 (p <
0.001, 95% CI: 0.831-0.875), 0.922 (p < 0.001, 95% CI:
0.904-0.937), 0.976 (p < 0.001, 95% CI: 0.964-0.984),
respectively (Figure 4) (Table 6).

The optimal cutoff values and Youden index for
CURB-65, MEWS, NEWS and qSOFA are shown in
Table 7. The Youden index for NEWS is maximum, and
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Table | General Characteristics of the Patients

Variable Non-Survivor 142 Survivor 902 P-value ICU 102 Non-ICU 942 P-value
Gender (%)
Male 79(55.6%) 499(55.4%) >0.05 67(65.7%) 511(54.2%) >0.05
Female 63(44.4%) 403(44.6%) 35(34.3%) 431(45.8%)
Age, mean (SD), year 79.95(7.52) 79.76(7.70) >0.05 79.53(7.60) 79.81(7.68) >0.05
Leukocyte count 12.54(6.53) 8.92 (4.34) <0.001 12.54(6.06) 9.07(4.58) <0.001
Neutrophils count 10.81(6.24) 6.98 (5.03) <0.001 10.90(5.82) 7.13(5.19) <0.001
Lymphocyte count 0.90(0.77) 1.27 (0.74) <0.001 0.89(0.67) 1.25(0.76) <0.001
NLR 19.45(24.04) 7.60 (8.17) <0.001 19.09(26.00) 8.13(9.20) <0.001
CRP (ug/mL) 124.32(87.48) 69.09 (66.70) <0.001 121.26(81.81) 71.76(69.58) <0.001
pct (ng/mL) 8.48(20.55) 1.71 (7.99) <0.001 9.15(21.01) 1.93(8.82) <0.001
Albumin (g/L) 27.73(5.01) 33.58 (5.24) <0.001 27.60(5.14) 33.36(5.33) <0.001
Platelet count 197.97(106.76) 227.12(95.92) <0.001 186.04 (101.85) 227.03(96.73) <0.001
Prealbumin (mg/L) 110.78(52.35) 116.81(51.18) >0.05 99.43(47.77) 117.78(51.43) <0.001
BUN 15.58(11.08) 6.89(4.91) <0.001 15.48(10.43) 7.26(5.74) <0.001
D_dimer 7.81(11.23) 2.57(5.15) <0.001 6.90(9.43) 2.89(6.05) <0.001
Low-density lipoprotein (mmol/L) 2.13(0.89) 2.21(0.83) >0.05 1.92(0.84) 2.23(0.84) <0.001
Scores on Admission, median (IQR)
CURB-65 3(1) 1(1) <0.001 3(1) I(1) <0.001
qSOFA I(1) 0(0) <0.001 (1) 0(0) <0.001
MEWS 5(3.75) 1(1) <0.001 6(4) I(1) <0.001
NEWS 7(4) 2(2) <0.001 9(2) 2(2) <0.001
Comorbidities No.(%)
Hypertension 66(46.5%) 360(39.9%) >0.05 38(37.3%) 388(41.2%) >0.05
Coronary heart disease 22(15.5%) 178(19.78%) >0.05 19(18.6%) 181(19.2%) >0.05
Diabetes 25(17.6%) 197(21.8%) >0.05 20(19.6%) 202(21.4%) >0.05
Congestive heart failure 21(14.8%) 134(14.9%) >0.05 13(12.7%) 142(15.1%) >0.05
Cerebrovascular disease 38(26.7%) 222(24.6%) >0.05 26(25.5%) 234(24.8%) >0.05
Electrolyte disturbance 27(19%) 187(20.7%) >0.05 27(26.5%) 187(19.9%) >0.05
Chronic kidney disease 12(8.5%) 73(8.1%) >0.05 14(13.7%) 71(7.5%) >0.05
Cancer 11(7.7%) 52(5.8%) >0.05 2(2.0%) 61(6.5%) >0.05

Abbreviations: ICU, intensive care unit; NLR, neutrophil-lymphocyte ratio; CRP, c-reactive protein; pct, procalcitonin; BUN, blood urea nitrogen; CURB-65, confusion,
urea, respiratory rate, blood pressure, and age 265years; gSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early Warning Score; NEWS, National Early

Warning Score.

cutoff value is 7, sensitivity and specificity are 96.08 and
95.52, respectively (Table 7).

The Comparison of Different ROC and

AUC

In the ROC curves of predictive effects of the mortality,
we compared the ROC of gSOFA, CURB-65, MEWS and
NEWS scores. There are clear differences in MEWS vs

CURB-65 (p < 0.0001, z = 4.146), MEWS vs NEWS (p <

0.001, z = 3.376), MEWS vs qSOFA (p < 0.0001, z =
5.044) (Figure 5; Table 8).
In the ROC curves of predictive effects of ICU admis-

sion, we compared the ROC of gSOFA, CURB-65, MEWS

and NEWS scores. The result shows that there are signifi-

cant differences in NEWS vs CURB-65 (p < 0.0001, z =
7.257), NEWS vs MEWS (p < 0.001, z = 3.929), NEWS
vs Qsofa (p < 0.0001, z = 6.085) (Figure 6; Table 9).
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Figure | Bar charts of non-survivor and survivor counts in older adults with CAP by different scores among four scoring systems. Each chart shows the proportion in

CURB-65, MEWS, qSOFA and NEWS, respectively.

Kaplan—Meier Survival Curves
To further study the survival rate, we separated patients
into high score and low score populations with corre-
sponding optimal cutoff values, 1, 5, 4 and 3, respectively.
We compared the 28-day survival between high score
and low score groups. Kaplan—Meier survival curves are
plotted in Figure 7. Results indicated that these four dif-
ferent scoring systems could be highly related to survival.
Specifically, low score cohorts presented a significantly
prolonged survival time.

Discussion

Aging population is a worldwide phenomenon, along with
the gradually accelerating process of population aging.?®
In 2019, about 11.5% of the total population were above
65 years old in China, and it is expected to reach 16.9% by
2030.%° The incidence of hospitalization and mortality for
pneumonia is higher in the elderly population than in the

younger group.® Hence, quick stratification of the high-risk
group for the older population with CAP are necessary.
The four severity scoring systems mentioned above can
provide a rapid assessment for clinicians within minutes
and help clinicians to apply therapeutic strategies to high-
risk patients in time.

In our study, the analysis from the multivariable logis-
tic model showed that CURB-65, MEWS and pct were the
risk factors for the occurrences of mortality, while the
albumin was protective factor. Meanwhile, the NEWS
was the risk factor of ICU admission, while the albumin
and platelet count were the protective factors. All these
results were similar to previous studies.’®>* Previous stu-
dies reported NLR has been proven to be a promising
candidate predictor of unfavorable outcomes in CAP
patients.*>*® However, unfortunately, NLR was not statis-
tically significant in the multivariable logistic model. In

137
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Figure 2 Bar charts of non-ICU and ICU counts in older adults with CAP by different scores among four scoring systems. Each chart shows the proportion in CURB-65,

MEWS, qSOFA and NEWS, respectively.

between the NLR value on day 4 with 30-day mortality
and ICU admission whilst this value on day 1 was not
associated significantly. NLR in our study was collected
within 24 hours of admission. There was no serial NLR
measurement, which may result in the negative outcome.
In summary, more studies are needed to prove the role of
NLR in the CAP.

In this retrospective cohort study, we compared the
ROC of the qSOFA, CURB-65, MEWS and NEWS to
predict the inpatient mortality and ICU admission in the
patient cohort. We identified that the prognostic accuracy
of MEWS in mortality is much better than the qSOFA,
CURB-65 and NEWS (p < 0.001), whereas in ICU admis-
sion, the NEWS score is better than the gSSOFA, CURB-65
and MEWS (p < 0.001). We thus conclude that MEWS is
an effective prognostic tool for predicting hospital mortal-
ity and the NEWS is a good predictor for ICU admission
in the 65-years and older patients with community-

acquired pneumonia, so the exploitation of MEWS and
NEWS may be encouraged in this age population.
Meanwhile, we also found that patients with either
gSOFA <1, or with NEWS <5, or with MEWS <4, or
with CURB-65 <3 at admission have a significantly
increased survival time than the rest of studied cohort
(p < 0.001).

Since the MEWS was first introduced in 2001 by
Subbe and colleagues,”® who modified Early Warning
Score to MEWS, it has been widely used in the clinic.
MEWS consists of 5 parameters, which include pulse
rate, respiratory rate, systolic blood pressure level of
consciousness and temperature. It has been proven to be
a crucial tool for early identification of patients with high
risk of poor outcome.?****° In elderly COVID-19
patients, Wang et al*' identified MEWS as an efficient
tool for rapid assessment and the ROC analysis (AUC =
0.913) suggested that the MEWS was capable of
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Table 2 The Multivariable Logistic Model for Mortality

Predictive Factors Estimate Std.Error z value p-value OR (95% CI)
BUN 0.0412 0.0221 1.8626 0.0625 1.03(0.99-1.07)
D_Dimer 0.0290 0.0185 1.5696 0.1165 1.03(0.98-1.07)
Albumin —0.1184 0.0356 —3.3267 <0.001 0.89(0.85-0.94)
Leukocyte_Count 0.3810 0.3778 1.0084 0.3133 1.63(0.98-2.45)
Neutrophils_Count —0.3741 0.3892 —0.9612 0.3365 0.62(0.41-1.02)
Lymphocyte_Count —0.5655 0.5577 —1.0139 0.3106 0.56(0.27-1.07)
NLR 0.0261 0.0237 1.1023 0.2703 1.03(0.99-1.07)
Platelet_Count 0.0001 0.0018 0.0730 0.9418 0.992(0.99-1.002)
pct —0.0294 0.0118 —2.4822 <0.05 1.04(1.02-1.06)
CRP —0.0001 0.0025 —0.0378 0.9698 1.001(0.997—1.004)
CURB_65 0.9821 0.2678 3.6671 <0.001 2.19(1.41-3.48)
qSOFA 0.2616 0.3314 0.7894 0.4299 1.24(0.71-2.17)
MWES 0.5149 0.1145 4.4958 <0.001 1.81(1.52-2.19)
NEWS —0.0843 0.0930 —0.9071 0.3644 0.93(0.80-1.09)

Abbreviations: BUN, blood urea nitrogen; NLR, neutrophil-lymphocyte ratio; pct, procalcitonin; CRP, c-reactive protein; CURB-65, confusion, urea, respiratory rate,
blood pressure, and age 265years; qSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early Warning Score; NEWS, National Early Warning Score; OR,

odds ratio; Cl, confidence interval.

Table 3 The Multivariable Logistic Model for ICU Admission

Predictive Factors Estimate Std.Error z value p-value OR (95% CI)
BUN 0.0077 0.0223 0.3465 0.7290 1.008(0.96—1.05)
D_Dimer 0.0100 0.0229 0.4391 0.6606 1.01(0.96—1.05)
Prealbumin —0.0032 0.0035 —0.8922 0.3723 0.99(0.98-1.004)
LDL 0.0009 0.2215 0.0039 0.9969 1.001(0.64—1.53)
Albumin —0.1274 0.0389 —3.2739 0.0010 0.88(0.81-0.945)
Leukocyte_Count 0.0415 0.0828 0.5009 0.6165 1.04(0.93-1.59)
Neutrophils_Count 0.0123 0.0775 0.1585 0.8741 1.01(0.65-1.09)
Lymphocyte_Count —-0.5827 0.3719 —1.5668 0.1172 0.56(0.25-1.16)
NLR —0.0082 0.0102 —0.8033 04218 0.99(0.97-1.01)
Platelet_Count —0.0041 0.0020 —2.0259 <0.05 0.996(0.992-0.999)
CRP —0.0036 0.0023 —1.5749 0.1153 0.996(0.992—1.001)
pct —0.0136 0.0112 —1.2134 0.2250 0.98(0.96—1.01)
CURB_65 0.3379 0.2829 1.1943 0.2324 1.40(0.81-2.46)
qSOFA —0.5259 0.3479 —1.5118 0.1306 0.59(0.29-1.16)
MWES 0.0554 0.1009 0.5495 0.5827 1.06(0.87—-1.29)
NEWS 1.0440 0.1346 7.7581 <0.001 2.84(2.22-3.77)

Abbreviations: ICU, intensive care unit; NLR, neutrophil-lymphocyte ratio; CRP, c-reactive protein; pct, procalcitonin; BUN, blood urea nitrogen; LDL, low-density
lipoprotein; CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; qSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early
Warning Score; NEWS, National Early Warning Score; OR, odds ratio; Cl, confidence interval.

predicting in-hospital mortality. Although MEWS has
elderly COVID-19
it has rarely been used in older adults with

been found to be useful in

patients,*:*!
community-acquired pneumonia (CAP). In our research,
we found that the AUC of MEWS for in-hospital mortal-
ity is 0.927, which is higher than the other scores (p <
0.01). For the ICU admission, the AUC of MEWS was
0.922 (>0.9) but was lower than the NEWS (AUC =

0.976, p < 0.01). We concluded that the MEWS could

predict ICU admission to some extent, but with a higher
potential power for prediction of the mortality older CAP
patients. CAP patients with admission MEWS score <4
had a significantly prolonged survival time (p < 0.001),
which was similar to the results of previous studies.***’

NEWS was derived in the United Kingdom in 2012,
consisting of six physiological parameters arranging
patients into three risk categories.** It may be the best

evaluation system in the risk stratification systems and is
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Figure 3 Receiver operating characteristic (ROC) curves and corresponding area
under the curve (AUC) statistics for the risk of the mortality in older CAP by
CURB-65, gSOFA, MEWS and NEWS scoring systems. The cutoff value, sensitivity
and specificity of CURB-65, qSOFA, MEWS and NEWS were (362.68%, 92.45%),
(180.99%, 84.02%), (4, 80.28%, 87.36%), (5, 83.1%, 80.49%), respectively.
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Figure 4 Receiver operating characteristic (ROC) curves and corresponding area
under the curve (AUC) statistics for the risk of the Intensive Care Unit (ICU)
admission in older CAP by CURB-65, gSOFA, MEWS and NEWS scoring systems.
The cutoff value, sensitivity and specificity of CURB-65, gSOFA, MEWS and NEWS
were (2, 96.08%, 56.54%), (I, 86.27%, 81.83%), (4, 90.2%, 85.56%), (7, 96.08%,
95.52%), respectively.

the most widely used scoring system in emergency depart-
ments, since it is considered as superior over other risk
stratification tools in predicting mortality and ICU
admission.*>*” The NEWS was also found to be an inde-
pendent predictor of ICU admission and in-hospital death
in COVID-19 patients.*® The few studies of the NEWS for
the predictive outcome of CAP, however, are controver-
sial. Sbiti-Rohr et al*> demonstrated that NEWS was

inferior compared to CURB-65 for predicting 30-day mor-
tality, while superior to CURB-65 for ICU admission.
While Brabrand et al'? and Grudzinska et al*® showed no
statistical difference between NEWS and other scores at
predicting the prognosis of CAP patients, Zhou et al*’
recently compared the outcome prediction value of
NEWS, CURB65, PSI, qSOFA in CAP patients and
found that NEWS achieved the highest AUC in predicting
28-day mortality (AUC = 0.861) and ICU admission
(AUC = 0.895). In our study, we found that NEWS
achieved the highest AUC in predicting ICU admission,
and the second highest AUC in predicting the mortality,
which both higher than previous studies.”>*’ Therefore,
NEWS showed superiority over the other scoring system
in predicting ICU admission (AUC = 0.976), and inferior
to the MEWS in predicting the mortality in older patients
with CAP.

In clinic, patients with severe CAP patients usually had
hypothermia, hyperthermia, hypoxemia and required sup-
plemental oxygen,” of whom showed bad prognosis-like
ICU admission or death. The differences we observed in
elderly CAP prediction could be due to varied factors
incorporated in different scoring systems. NEWS includes
the oxygen saturation, use of supplemental oxygen and
temperature (°C) and MEWS temperature (°C), while
CURB-65 and qSOFA do not. Moreover, clinical practice
suggests patients with too slow respiratory rate commonly
indicative of end of life or invasive mechanical ventilation.
In these four scoring systems, MEWS and NEWS mea-
sured respiratory rate not only >14/min or >20/min but
also <9/min, but CURB-65 and qSOFA failed in slow
respiratory rate. In general, with different factors involved,
MEWS and NEWS showed superiority than CURB-65 and
gSOFA in predicting hospital mortality and ICU admission
in older patients with CAP.

Early identification of patients at high risk of mortality
can enable the appropriate allocation of scarce resources,
such as intensive care beds. The MEWS and NEWS are
relatively new scoring systems capable of predicting the
prognosis of patients with CAP. The advantage is that they
could be the easier tools with few parameters, facilitating
assessment procedures. There are few studies employing
the MEWS or NEWS as predictors, especially in older
patients. Based on our research, the MEWS and NEWS
are more useful tools than the previously used score sys-
tem such as CURB-65 in predicting the prognosis of the
CAP patients.
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Table 4 The AUC of Predictive Factors for Mortality

Predictive Factors AUC 95% CI Stand Error P

CURB-65 0.868 0.846-0.888 0.01490 <0.0001
MEWS 0.927 0.909-0.942 0.00994 <0.0001
NEWS 0.892 0.872-0.911 0.01240 <0.0001
qSOFA 0.844 0.821-0.866 0.01830 <0.0001

Abbreviations: CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; qSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early

Warning Score; NEWS, National Early Warning Score; AUC, area under the curve.

Table 5 The Cutoff Value of Predictive Factors for Mortality

Predictive Factors Youden Index Cutoff Sensitivity Specificity
CURB-65 0.5513 3 62.68 92.45
MEWS 0.6764 4 80.28 87.36
NEWS 0.6359 5 83.1 80.49
qSOFA 0.6501 | 80.99 84.02

Abbreviations: CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; gSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early

Warning Score; NEWS, National Early Warning Score.

Table 6 The AUC of Predictive Factors for ICU Admission

Predictive Factors AUC 95% ClI Stand Error P

CURB-65 0.854 0.831-0.875 0.01700 <0.0001
MEWS 0.922 0.904-0.937 0.01470 <0.0001
NEWS 0.976 0.964-0.984 0.00442 <0.0001
qSOFA 0.866 0.844-0.886 0.01930 <0.0001

Abbreviations: ICU, intensive care unit; CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; qSOFA, quick Sequential Organ Failure
Assessment; MEWS, Modified Early Warning Score; NEWS, National Early Warning Score; AUC, area under the curve.

Table 7 The Cutoff Value of Predictive Factors for ICU Admission

Predictive Factors Youden Index Cutoff Sensitivity Specificity
CURB-65 0.5261 2 96.08 56.54
MEWS 0.7576 4 90.2 85.56
NEWS 0.8960 7 96.08 95.52
qSOFA 0.6810 | 86.27 81.83

Abbreviations: ICU, intensive care unit; CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; qSOFA, quick Sequential Organ Failure

Assessment; MEWS, Modified Early Warning Score; NEWS, National Early Warning Score.

Limitations

This study has certain limitations. Firstly, this was the retro-
spective single-center study design, and some data are miss-
ing for individual patients, such as LDL, D-dimer and mental
state. Furthermore, the four scores were calculated retrospec-
tively and vital signs were not measured more frequently
than standard clinical practice. Prospective multicentre stu-
dies that can ensure collection of complete data sets and
ensure generalizability are needed. Secondly, we did not
take into account functional decline, dysphagia ability or
frailty, which could influence the prognosis of patients with

CAP>°? Moreover, it is well known that mortality in
patients with aspiration is significantly higher in non-
aspiration pneumonia,”> while in our study CAP was not
differentiated from aspiration pneumonia as the population
was small which is corroborated in past studies estimating
5%-15% cases of community-acquired pneumonia.’*>
Such studies with large population need to be designed in
the future. Thirdly, recruitment of patients with severe CAP
who met criteria for ICU admission was limited due to the
possible reason that patients refused to ICU in the end due to

dignity or hospitalization costs. Fourthly, many elderly
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Figure 5 Comparison of ROC and AUC for selection of better scoring system to
predict mortality in older CAP.

patients had comorbidities such as chronic kidney disease,
electrolyte disturbance and so on, which needed advanced
life support such as renal replacement therapy, leading to the
decrease of the ICU admission. This would have impacts on
accuracy of these scores to predict ICU admission. Fifthly,
we did not address the antibiotic regimen and other adjuvant
therapies such as oxygen support, which may influence the

Table 8 Comparison of ROC for Mortality

100-Specificity

Figure 6 Comparison of ROC and AUC for selection of better scoring system to
predict ICU admission in older CAP.

prognosis and lead to misclassification of patients. Lastly, we
used the 28-day mortality in Kaplan—Meier survival curves,
whereas long-term outcomes were not recorded.

Conclusion
We explored the prediction values of CURBG65, qSOFA,
MEWS and NEWS for patients aged 65-years and older

MEWS vs qSOFA

MEWS vs NEWS

MEWS vs CURB-65
Difference between areas 0.059
Stand Error 0.014
95% ClI 0.0309-0.0865
Z statistic 4.146
p value p < 0.0001

0.083
0016
0.0505-0.115
5.044
p < 0.0001

0.034
0010
0.0144-0.0543
3376
p < 0.001

Abbreviations: ROC, receiver operating characteristic; Cl, confidence interval; CURB-65, confusion, urea, respiratory rate, blood pressure, and age 265years; qSOFA,

quick Sequential Organ Failure Assessment; MEWS, Modified Early Warning Score; NEWS, National Early Warning Score.

Table 9 Comparison of ROC for ICU Admission

NEWS vs qSOFA

NEWS vs MEWS

NEWS vs CURB-65
Difference between areas 0.122
Stand Error 0.0168
95% ClI 0.0888-0.154
Z statistic 7.257
p value p < 0.0001

0.1
0018
0.0743-0.145
6.085
p < 0.0001

0.054
00138
0.0271-0.081
3.929
p < 0.001

Abbreviations: ROC, receiver operating characteristic; ICU, intensive care unit; Cl, confidence interval; CURB-65, confusion, urea, respiratory rate, blood pressure, and
age 265years; qSOFA, quick Sequential Organ Failure Assessment; MEWS, Modified Early Warning Score; NEWS, National Early Warning Score.
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Figure 7 Kaplan—Meier estimates of 28-day overall survival. Panel (A), analysis with CURB65 system, cutoff = 3; Panel (B), analysis with MEWS system, cutoff = 4; Panel (C),
analysis with NEWS system, cutoff = 5; Panel (D), analysis with qSOFA system, cutoff = 1.

with community-acquired pneumonia. We found that MEWS
showed superiority over the other scores in predicting hospi-
tal mortality, and NEWS showed superiority over the other
scores in predicting ICU admission. Patients with gSOFA
score <1, or with NEWS score <5, or with MEWS score <4,
or with CURB-65 score <3 at admission have a significantly
longer survival time. We hope that our analysis will guide
decision in the field for measurement of elder CAP. Also,
more multi-center studies are needed to validate our conclu-
sion in the future.
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