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Comparison of NEWS2 and PSI as mortality predictors in patients with

community acquired pneumonia
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Abstract

In the West, National Early Warning Score 2 (NEWS2) is
commonly applied to predict the severity of illness using
only bedside variables unlike the extensive Pneumonia
Severity Index (PSI). The objective of this study was to
compare these scores as mortality predictors in patients
admitted with community acquired pneumonia (CAP). This
cross-sectional study was conducted in Jinnah
Postgraduate Medical Centre, Karachi, Pakistan, for six
monthsin 2020 on 116 patients presenting with CAP. Cases
of aspiration pneumonia, hospital acquired pneumonia,
pulmonary tuberculosis, pulmonary embolism, and
pulmonary oedema were excluded. In-hospital mortality
was taken as the outcome of this study. The mean age of
the participants was 46.9+20.5 years. The in-hospital
mortalities were 45(38.8%). NEWS2 was 97.8% sensitive but
only 15.5% specific in predicting the outcome, whereas PSI
was less sensitive (68.9%) but more specific (50.7%), which
showed that in comparison with PSI, NEWS2 is a more
sensitive mortality predicting score among hospitalised
CAP patients.
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Introduction

Community acquired pneumonia is a leading cause of
hospitalisation worldwide. In the US, it is the top-most
infectious killer.? Third world countries like Pakistan are no
exception.2

This illness cripples the healthcare system in the developed
world both economically and clinically despite the
hospitals being fully equipped, and the situation only gets
worse in the resource-poor settings in the developing
countries.34 Moreover, rates of hospital admissions for CAP
are significantly inconsistent, one reason being the
physicians' conflicting and variable approach to the
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severity assessment at the time of presentation.56

In recent ATS/IDSA guidelines,” although Pneumonia
Severity Index (PSI) has been preferred over CURB-65 score,
it requires time and resources and cannot be solely relied
upon; therefore, clinical judgment is still called for.”

The score that has gathered attention recently is National
Early Warning Score 2 (NEWS2) which works on the idea
that haemodynamic instability foreshadows the clinical
worsening and considers vital signs, state of consciousness,
oxygenation, and need for supplemental oxygen therapy
in the severely ill. It also ascertains the cautious use of
oxygen in chronic hypercapnic patients.8 Since CAP is
associated with severe illness and mortality, NEWS2 can be
incorporated into clinical practice for initial assessment.9

This score has been used in only one study in Pakistan,
mainly done on COVID-19 patients.’0 However, it has not
been studied in patients with community acquired
pneumonia and its validity has not been compared with
PSlin any study. Thus, this study aims to compare these
scores to predict the in-hospital mortality in cases of CAP.

Patients/Methods and Results

This cross-sectional analytical study was conducted over a
period of six months from June to November 2020 at the
pulmonology ward, Jinnah Postgraduate Medical Centre
(JPMCQ), Karachi, after receiving approval from institutional
review board committee of JPMC, Karachi, (NO.F.2-81/2020-
GENL/42870/JPMC). The patients were enrolled in the study
after taking proper informed consent.

Through non-probability convenience sampling, a total of
116 hospitalised patients, age 12 years or more, and who
met the inclusion criteria of clinico-radiological diagnosis
of CAP were selected. The sample size was calculated using
the formula n = (Za/2) 2 *Var (AUCQ) / d 2 taking AUC as
0.71.77 The decision for hospitalisation was taken if the
subjects presented with any of the minor criteria of
ATS/IDSA CAP severity criteria’ and were admitted to the
ICU if one major or three minor criteria were met. Patients
with aspiration pneumonia, hospital acquired pneumonia,
pulmonary tuberculosis, pulmonary embolism, COVID-19,
and pulmonary oedema were excluded from the study. The
primary outcome of our study was in-hospital mortality. PSI
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and NEWS2 scores were applied on each patient and the
severity was calculated through both scores. Patients with
NEWS2 score of <5 were deemed low risk and >5 were high
risk. Patients with PSI score < 91 were low risk and those
with score >91 were considered high risk. Variables such as
gender, age, and other clinical indicators of disease severity
were also studied.

SPSS version 22.0 was used for statistical analysis. Predictive
validity of each score was evaluated utilising receiver
operating characteristic (ROC) curve (for estimating AUC)
with sensitivity analyses in relation to in-hospital outcome.
Kolmogorov-Smirnov test was used to assess the normality
by exploring all numeric variables and severity scores of
NEWS2 and PSI. Non-parametric Wilcoxon Mann Whitney
test was employed to compare all the numeric variables
which were presented as median and were expressed as
frequencies and percentages. The McNemar test served to
evaluate cross validation of NEWS2 scores with PSI after
stratification of these variables. Sensitivity analyses for the
scores were performed considering in-hospital mortality as
gold standard. Categorical variables such as in-hospital
outcome, gender, and clinical indicators of the disease
severity were shown as frequencies and percentages.
Logistic regression analysis was performed in order to
assess the impact of factors predicting mortality during
hospital course. A p<0.05 was deemed statistically
remarkable.

Of the 116 patients, 75 (64.7%) were males and 45 (35.3%)
were females. The mean age was 46.9+20.5 years. Forty-five
(38.8%) patients died during the hospital stay. At a score
cut-off of 5 or more (as high risk), NEWS2 identified 104
(89.7%) patients as being at high risk of death, while 12
(10.3%) at a low risk. PSI, however, identified 66 (56.9%) as
high risk (score cut-off 91 or more) and 50 (43.1%) as low
risk patients.

Sensitivity of NEWS2 in predicting in-hospital mortality in
patients with CAP was 97.8% as 44 out of 45 cases who
expired were classified as high risk by NEWS2. But it
demonstrated low specificity; recognising only 11 (15.5%)
of the 71 survivors as low risk at admission. Thus, NEWS2
fails to be an acceptable tool for detecting true negatives.
The PSI, on the other hand, exhibits reasonable sensitivity
(68.9%) and specificity (50.7%) as a mortality predictor.
(Table-1). Sensitivity analysis of predictive scores is given
in relation to the in-hospital outcome. On cross-validation,
there was remarkable concordance between the predictive
risk scorings of NEWS2 and PSI (Table-2).

Predictive validity of NEWS2 in terms of ROC [AUC: 0.725
(95% Cl: 0.632-0.818), p=0.000] made evident the utility of
the score in prediction of in-hospital morality, quite similar
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to that of PSI [AUC: 0.669 (95% Cl: 0.568-0.769), p=0.002]
(Figure). Logistic regression analyses uncovered stroke
(OR=8.75, 95% Cl: 0.99-77.5) and renal disease (OR=14.5,
95% Cl: 1.67-125) as two predictors of severity that led to
mortality Table-3).

Table-1: Predictive value of NEWS2 and PSl in relation to in-hospital mortality.
Predictive scores In-hospital outcome Sensitivity Specificity PPV NPV
Died  Survived

NEWS2

Highrisk (>5) 44(97.8) 60(84.5)  97.8% 155%  423% 91.7%
Lowrisk (<5)  1(2.2) 11(15.5)

PsI

Highrisk (=91) 31(68.9) 35(49.3)  68.9% 50.7%  47.0% 72.0%
Lowrisk (<91) 14(31.1) 36(50.7)

Values given in parentheses are percentages. Sensitivity analysis of predictive scores is in relation
to the in-hospital outcome; PSI- Pneumonia Severity Index

Table-2: NEWS2 and PSI Predictive Values' Comparison.

NEWS2 versus PSI National early warning score 2 (NEWS2) p-value
Low risk (<5) High risk (=5)
(n=12) (n=104)
NEWS2 [Median (IQR)] 3.0 (1.25-4.0) 9(7.0-10.0) <0.0012
PSI [Median (IQR)] 77.5(58.5-118.8) 105 (78.0-134.0) 0.086°
Low risk (<91) 7(58.3%) 43 (41.3%) <0.001b
High risk (=91) 5(41.7%) 61(58.7%)

a Statistical significance between Median (IQR: interquartile range) by using Wilcoxon Mann
Whitney test.; b Statistical significance between percentages by using McNemar test of paired
categorical data set for cross validation of NEWS2 with PSI; PSI- Pneumonia Severity Index;
NEWS2- National Early Warning Score 2.

Table-3: Factors’ analyses for severity of CAP and in-hospital mortality.

Factors In-hospital outcome 0dd ratio (95% CI) p-value
Expired Alive
(n=45) (n=71)

Gender

Male 31(413) 44.(58.7) 1.36 (0.62-3.0) 0.448

Female 14 (34.1) 27 (65.9)
Age groups (years)

<20 7(37.8) 34(47.9) -

41-60 6(35.6) 20(28.2) 1.60 (0.66-3.85

>60 12(26.7) 17(23.9) 1.41(0.55-3.62)
Hypertension 4(31.1) 17(23.9) 1.43(0.62-3.30)  0.395
Diabetes mellitus 1(24.4) 17(23.9) 1.03(0.43-2.45)  0.951
Asthma 0(0) 4(5.6) 0.16(0.01-3.13)  0.105
Tuberculosis 1(2.2) 6(8.5) 0.25(0.03-2.11)  0.170
Chronic Obstructive 2(4.4) 15(21.1) 0.20(0.04-0.93)  0.013

Pulmonary Disease
Liver disease 0(0) 3(4.2) 0.22(0.01-4.26)  0.162
Heart failure 2(4.4) 1(1.4) 3.26(0.29-37.0) 0315
Stroke 5(11.1)* 1(1.4) 8.75(0.99-77.5)  0.021
Ischaemic heart disease 8 (17.8) 9(12.7) 1.49(0.53-4.20)  0.449
Renal disease 6(13.3)* 1(1.4) 14.5(1.67-125)  0.009
Other comorbid (s) 3(6.8) 3(4.2) 1.62(0.31-8.40)  0.911
Smoker 5(11.1) 11(15.5) 0.68(0.22-2.11)  0.505
Ex-Smoker 6(13.3) 7(9.9) 1.41(0.44-4.49)  0.563

Values given in parentheses are percentages. *Show significantly higher proportion at 5% level of
significance.
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Figure:  ROC curves for NEWS2 and PSI
[AUC (95% Cl), p-value] for NEWS2 = [0.725 (0.632-0.818), p=0.000]. [AUC (95% Cl), p-value]
for PSI = [0.669 (0.568-0.769), p=0.002].

Discussion

The study results show that NEWS2 is highly sensitive but
less specific in predicting death during the course of
admission in patients with community acquired
pneumonia. PSI, however, was observed to be a less
sensitive but more specific score. Therefore, NEWS2 failed
to qualify as an ideal score to predict in-patient mortality
with pneumonia because of being less specific. But this
score should be used in settings with scarce resources
because it is easy to use and rarely misses any critical case.

A prospective cohort study, which was carried out over a
period of six years in six tertiary care hospitals in
Switzerland, compared PSI, NEWS, and CURB-65 and noted
that the adverse events were better predicted by NEWS,
which takes into account current clinical parameters.
Conversely, PSI and CURB-65 outperformed NEWS in the
prediction of all-cause mortality because the age of the
patients and their co-morbid conditions were taken into
consideration. Patients who were young and had very few
or no co-morbid conditions but did need ICU admission
and were missed by PSI and CURB-65 were tracked well by
NEWS.2

In the current study, NEWS2 was preferred over NEWS
because it has been recently updated and takes into
account those patients with chronic lung disease who
require more cautious use of supplementary oxygen in
contrast to patients with previously healthy lungs.8

Various scoring systems were compared in another single
centre study performed in China keeping mortality as their
primary outcome. NEWS outdid all of those including PSI
as a mortality predictor similar to our finding.12

An interesting study performed in a tertiary care hospital
in Karachi by Magsood A. Khan et al revealed that around
half of the study population admitted in hospital with the
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diagnosis of community acquired pneumonia could be
managed as out patients when PSI was applied to
categorise them in severity classes similar to the present
study in which 43.1% patients had low risk and could be
managed as outpatients. However, NEWS2 was not used
for comparison in the earlier study.'3 Another nation-wide
cross-sectional study done across 10 cities in Pakistan
showed that 37.50% patients were hospitalised despite the
recommendation for out-patient treatment using CURB-65,
but neither PSI nor NEWS2 were applied.6

A study performed in a tertiary care hospital in Pakistan,4
to evaluate the risk factors associated with in-patient
mortality revealed that admission to high dependency unit
(HDU), multi-lobar CXR infiltrates, bedridden status, and
anaemia with Hb 10.4 g/dL or less (at admission) were
independently associated with in-hospital mortality.
Whereas analysis of the current study brought forth stroke
and renal disease as independent risk factors for in-patient
mortality. The score used in the earlier study to categorise
patients according to disease severity was CURB-65.14

A multicentre prospective cohort study was performed in
Karachi, Pakistan, on 108 COVID-19 patients in which
NEWS2 was used to stratify patients according to the
severity of illness as critical if they scored above 6. NEWS2
was observed to be around 78% sensitive and 89.4%
specific. But they did not include patients with community
acquired pneumonia and did not use PSlin their study.0

The absolute strength of the present work is its originality.
Itis the first study in Pakistan comparing NEWS2 and PSl as
predictors of mortality in hospitalised patients with
pneumonia.

However, the limitations are that this study was conducted
during the pandemic where majority of the patients who
had mild lower respiratory infections were treated via
online consultation and those with severe infection were
initially admitted in COVID isolation before their COVID
infection was ruled out via two negative PCR results and
were then transferred to our ward. So there is a possibility
that those patients if scored early in our study might have
affected the results. Secondly, the patients were scored
only at the time of admission. NEWS2 scores were not used
again during the hospital course to assess change in the
disease severity and thus risk status. It may be safe to
assume that if NEWS2 had been calculated at different
intervals during the hospital stay, its specificity may have
been better. Most studies, including this, have seen the
short-term mortality of patients when evaluating the
scoring systems. Further studies can also look at how
NEWS2 performs during extended follow-up of survivors.
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Conclusion

When it comes to caring for patients presenting with
community acquired pneumonia, NEWS2 serves as an
extremely valuable and sensitive tool for physicians
working in resource-poor settings where well-timed, life-
saving decisions can be taken based solely on its score
without having to expend precious funds and time on
further tests that are accounted for in PSI.

Disclaimer: The abstract of this article was presented in
Pakistan Chest society conferences 2021.
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