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Review Article 

A systematic review of the discrimination and absolute mortality predicted 
by the National Early Warning Scores according to different cut-off values 
and prediction windows 

Mark Holland a, John Kellett b,* 

a School of Clinical and Biomedical Sciences, Faculty of Health and Wellbeing, Bolton University, Bolton, UK 
b Department of Emergency Medicine, Hospital of South-West Jutland, Esbjerg, Denmark   
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A B S T R A C T   

Background: Although early warning scores were intended to simply identify patients in need of life-saving in-
terventions, prediction has become their commonest metric. This review examined variation in the ability of the 
National Early Warning Scores (NEWS) in adult patients to predict absolute mortality at different times and cut- 
offs values. 
Method: Following PRISMA guidelines, all studies reporting NEWS and NEWS2 providing enough information to 
fulfil the review’s aims were included. 
Results: From 121 papers identified, the average area under the Receiver Operating Characteristic curve (AUC) 
for mortality declined from 0.90 at 24-hours to 0.76 at 30-days. Studies with a low overall mortality had a higher 
AUC for 24-hour mortality, as did general ward patients compared to patients seen earlier in their treatment. 24- 
hour mortality increased from 1.8% for a NEWS ≥3 to 7.8% for NEWS ≥7. Although 24-hour mortality for NEWS 
<3 was only 0.07% these deaths accounted for 9% of all deaths within 24-hours; for NEWS <7 24-hour mortality 
was 0.23%, which accounted for 44% of all 24-hour deaths. Within 30-days of a NEWS recording 22% of all 
deaths occurred in patients with a NEWS <3, 52% in patients with a NEWS <5, and 75% in patient with a NEWS 
<7. 
Conclusion: NEWS reliably identifies patients most and least likely to die within 24-hours, which is what it was 
designed to do. However, many patients identified to have a low risk of imminent death die within 30-days. 
NEWS mortality predictions beyond 24-hours are unreliable.   

1. Introduction 

Early warning scores (EWS) were originally proposed by Morgan 
et al. to help identify patients who need immediate life-saving in-
terventions, but not to predict their outcomes [1]. Ironically outcome 
prediction, rather than outcome improvement, has become a common 
metric of their performance [2,3]. EWS performance is most frequently 
reported as its ability to discriminate those patients who will develop an 
outcome from those who will not. Discrimination can be quantified by 
the area under the Receiver Operating Characteristic (ROC) curve 
(AUC). This test is most useful in the early evaluation of a score and may 
be dependant on patient characteristics and disease spectrum [4]. From 
a clinical perspective, especially if the discriminatory value is already 
high, small variations in the AUC between different EWSs may be 

unimportant. Moreover, odds ratios and other statistical manipulations 
may deflect attention from the variation in absolute mortality rates re-
ported by different studies. What may matter most clinically is the 
score’s performance at different time prediction windows, the absolute 
risk of death predicted, and what other factors might influence the ac-
curacy of this prediction. 

The original National Early Warning Score (NEWS) developed by the 
Royal College of Physicians in the United Kingdom [5] is the most well 
validated EWS in clinical use [2,6]. Unlike Morgan’s original EWS it was 
not based on expert opinion, but on the analysis of a huge database of 
vital signs collected over several years at Portsmouth Hospitals NHS 
Trust. From this data the Vitalpac™ Early Warning Score (ViEWS) was 
derived, and subsequently slightly modified for operational reasons so 
that it could be promoted as NEWS throughout the NHS. ViEWS was 
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originally designed to identify sick patients likely to die from any cause 
within 24-hours and not to include age as a predictor variable [7]. In 
2017 NEWS was modified to NEWS2, which included a redefinition of 
altered mental status and the points awarded for oxygen saturation [8]. 
These changes were not based on data, but on expert opinion. Although 
NEWS and NEWS2 are similar and intimately connected, it cannot be 
assumed that they are interchangeable, or that one is superior to the 
other [9–11]. 

The predictive discrimination of a score is likely dependant on the 
outcomes measured, the length of the prediction window used, and how 
many effective interventions the patients studied received. Studies that 
have compared different scores have often used prediction windows, 
patient populations and outcomes that none of the scores tested were 
originally intended for [2,12]. The risk of death within 24-hours, 
arguably the most useful trigger for immediate escalation of care, oc-
curs rarely in most patients. Therefore, ‘composite outcomes’ that 
include interventions such ICU admission are frequently used to 
compare NEWS with other early warning systems, which now include 
complex algorithms derived by logistic regression or machine learning 
from large electronic medical record (EMR) data sets [13–15]. However, 
transfer to higher levels of care, such as ICU, will vary according to how 
different hospitals configure their care, as well the number of ICU beds 
and other resources available. Therefore, to ensure it could compare the 
performance of NEWS across as many different healthcare settings as 
possible this review was confined to the prediction of death. 

The aim of this systematic review was to determine and describe the 
AUC of NEWS and NEWS2 for death at different prediction time win-
dows and/or the absolute mortality above and below defined thresholds 
or ‘cut-off’ values. The review examined the variation in all the pub-
lished peer reviewed reports of NEWS and NEWS2 performance, plus 
additional unpublished data available to the authors. Studies that only 
reported composite outcomes were excluded. 

2. Methods 

2.1. Study design 

All studies reporting NEWS and NEWS2 with mortality outcome data 
were reviewed using the Preferred Reporting Items for Systemic Reviews 
and Meta-Analyses (PRISMA) guidelines [16]. 

2.2. Eligibility criteria 

All studies reporting NEWS and NEWS2 and providing enough in-
formation to determine at different prediction time windows the AUC 
for death or the absolute mortality above and below defined cut-off 
values (Table 1). All study designs containing the requisite data were 
eligible for inclusion, including abstracts. However, studies reporting 
only composite outcomes were excluded. 

The search was limited to peer reviewed studies reporting adult 
patients from any speciality, excluding obstetrics. The authors also had 
access to unpublished supplemental data from two Society for Acute 
Medicine Benchmarking Audits [17,18], and to the data collected from 
August 2016 to January 2021 by a previously reported ongoing quality 
improvement project in a low resource Ugandan hospital [19]. 

2.3. Search and information sources 

The search, which included one paper still in-print [20], was 
completed on 12 April 2021. Discover@Bolton was used to search 
MEDLINE, CINHAL and BMJ databases. In addition, PubMed, Paper-
chase, and the Cochrane Library were searched independently. Refer-
ences in review articles were also manually searched for relevant 
studies. 

Preliminary searches confirmed that the term ‘NEWS’ was often 
misinterpreted as a source of information and could not be used. A full 

text search using the term ‘National Early Warning Score’ identified over 
15,000 irrelevant papers. However, when ordered by Discover@Bolton 
to relevance, limiting the term ‘National Early Warning Score’ to either 
the abstract or a full text search yielded a comparable number of papers. 
Therefore, the final search strategy over all search engine platforms was 
limited to titles and abstracts. 

The search terms used were ‘National Early Warning Score’, ‘Acute’, 
‘Emergency’, ‘Mortality’, ‘Survival’, ‘Death’ and ‘Died’. Boolean opera-
tors were used to construct the search (Abstract:(National Early Warning 
Score)) and (Abstract:(National Early Warning Score) AND ((Mortality) 
OR (Survival) OR (Died) OR (Death)) AND ((Acute OR Emergency)). The 
search was limited to studies written in English. Although the search was 
not time limited, NEWS only dates from 2012. 

2.4. Study selection 

Papers were collated using the reference manager ProQuest® Ref-
Works. Duplicate studies were removed. All titles and abstracts were 
independently reviewed by both authors. Shortlisted studies were 
retrieved and independently reviewed by both authors. 

2.5. Data extraction 

Data pertaining to authors, year of publication, country of origin, 
clinical setting, sample size (number of sets of patient observations, not 
patients), NEWS, its precursor ViEWS, NEWS2, threshold cut-off values, 
and mortality were extracted by both authors. Mortality data included 
the time between an observation and death (i.e., the prediction 
window). 

2.6. Quality assessment and risk of bias of included studies 

As many studies as possible were included, to ensure that any factors 
that might bias the performance of NEWS and/or NEWS2 were 

Table 1 
Inclusion and exclusion criteria.  

Subject Inclusion Criteria Exclusion Criteria 

Date Any time Any time 
Geographical 

location 
Any Any 

Language English Non-English language, as 
translation was not feasible 

Participants Adult patients Children (age 15 or less) 
Obstetrics 

Peer review or Peer reviewed journals Editorials 
Type of 

Publication 
Peer reviewed reviews Letters  

Abstracts Newspaper articles  
Conference abstracts Books  
Reports, unless peer reviewed Theses   

Dissertations   
Non-peer reviewed articles   
Grey literature   
No mention of ‘National 
Early Warning Score’ in 
title or abstract 

Reported 
outcomes 

AUC of NEWS and NEWS2 for 
death at different prediction 
time windows and/or the 
absolute mortality above and 
below defined thresholds or 
‘cut-off’ values 

Odds ratios 
Composite outcomes 

Setting Any setting providing data that 
fulfilled the reported outcomes 

Maternity 
Obstetrics 
Paediatrics 

Study Design Any study providing data that 
fulfilled the reported outcomes 

Studies with excessive 
imputed data 
Studies comparing 
matched samples  
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examined; these included patient age, in-study mortality, study size, 
location, clinical setting, and the prediction windows and cut-off values 
reported. 

2.7. Analysis 

Data were extracted to Microsoft Excel (version 2018). Average AUC 
and mortality rates were calculated for all observations at different 
prediction windows and cut-off values. AUCs were compared according 
to the method of Hanley and McNeil [21]. An AUC of 0.5 suggests no 
ability to discriminate patients who are going to die from those who will 
survive, 0.7 to 0.8 is acceptable discrimination, 0.8 to 0.9 is excellent, 

and more than 0.9 is outstanding [22] 

3. Results 

3.1. Included studies and their characteristics 

The search returned 1323 articles, including 745 duplicates. Of the 
578 original studies, 295 were considered eligible for a full review, of 
which 121 from 28 countries were suitable for inclusion (Fig. 1). Au-
thors to three of these papers [17–19] provided unpublished data, 
yielding 122 sets of data for analysis. Most were of either consecutive or 
a convenient sample of patients. One study compared a cross-sectional 

Fig. 1. flow chart of literature search process and eligible studies identified. API = any paper that simply reported and assessment procedure, policy or imple-
mentation of an early warning score without outcomes data provided. 
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sample of patients who did not die in hospital with those who died 
within 24-hours of NEWS measurement [23]. One study [24] that re-
ported an AUC for 24-hour mortality of 0.65 was excluded from the final 
analysis because it used imputation so extensively for missing data. 

Observations reported ranged from 89 [25] to 6,222,740 [9], and 
most were from the UK and the USA (Supplemental Figure 1). Most 
studies (96 articles) reported the performance of NEWS only or its pre-
cursor ViEWS (5 articles); 16 were NEWS2 only, four NEWS and NEWS2, 
and one NEWS2 and ViEWS; 102 studies only reported the first obser-
vation recorded, and only 11 studies reported all observations recorded 
while in hospital (Supplemental Table 1). Observations were made on 
patients described as hospital admissions in 38.5% of studies, as patients 
in emergency departments in 25.4%, emergency admissions in 16.4%, 
pre-hospital in 10.7%, acute medical unit or medical assessment unit in 
4.9%, intensive care units in 2.5%, and as transplant patients in 1.6%. 
Fifty-one studies included all patients, 22 were limited to patients with 
sepsis or suspected sepsis, 12 to medical patients only, 11 to patients 
with pneumonia or respiratory illness, and 10 to patients with COVID-19 
or suspected COVID-19 (Table 2). Overall patient age and hospital 
length of stay could only be approximated as they were not consistently 
reported in all studies. Citation and further details of the 122 included 
studies are provided in Supplemental Table 1. 

3.2. Performance of news across different prediction windows 

The discrimination of NEWS for death has been reported for several 
prediction windows. We found 74 published reports and one unpub-
lished report from which the average AUC could be estimated, ranging 
from 89 to 2,759,469 observations (Supplemental Table 2a). The total 
number of observations for prediction windows ranged from over 5 
million for 24-hour mortality, 1,888,535 for in hospital death and 
101,680 for death within 30-days. The overall AUC averages decline 
from 0.897 at 24-hours, to 0.762 by 30 days. The range of AUC reported 
by each study increased with the length of the prediction window, 
ranging from 0.801 – 0.910 for 24-hour mortality to 0.610 – 0.910 for 
30-day mortality (Fig. 2). Similar declines in AUC for death as the time 
after observation increased were observed for NEWS2 (Supplemental 
Table 2b) and ViEWS (Supplemental Table 2c). 

3.3. Comparison of auc for 24-hour mortality of news with news 2 and 
views (Table 3) 

One unpublished and 15 published studies reported the discrimina-
tion of NEWS for death within 24-hours; the average AUC for a total of 
5,637,622 observations was 0.897 (95% CI 0.895 – 0.899; range 0.801 
to 0.910). Five papers reported that 269,008 measurements of ViEWS 
had an average AUC for death within 24-hours of 0.886 (95% CI 0.877 – 

0.895, range 0.873 – 0.908), and three papers reported an average AUC 
of 0.848 (95% CI 0.811 – 0.885, range 0.840 – 0.861) for 9717 mea-
surements of NEWS 2 (Table 3). The smaller the number of observations 
made, the greater the range of AUC reported; all studies with more than 
50,000 observations had an AUC ≥0.880 (Supplemental Figure 2). 

3.4. Potential modifiers of the AUC of news for 24-hour mortality 
(Table 4) 

Most observations of NEWS were made either on UK patients 
throughout their hospital stay (2,245,778 observations) or in emergency 
departments patients in the USA (2,759,469), but the AUC for 24-hour 
mortality was little influenced by where, geographically, it was 
measured (Table 4). However, the AUC of NEWS for 24-hour mortality 
was lower in studies with a small number of observations and only 
changed slightly by patient age. The AUC for 24-hour mortality of ob-
servations made throughout hospitalization are slightly higher than for 
24-hour mortality after the first observation made. The 24-hour mor-
tality AUC may be lower if observations are made prior to hospital 
admission, or in the emergency department, or in patients admitted as 
emergencies or in ICU, compared with observations made on any patient 
admitted to hospital. The overall 24-hour mortality of patients with 
NEWS observations ranged from 0.3% to 10.2%, and the AUC for 24- 
hour mortality decreased slightly as 24-hour mortality increased. The 
average AUC for 24-hour mortality reported for observations on patients 
with a 24-hour mortality ≤0.6% was 0.910 (95% CI 0.906 – 0.914), 
compared with 0.866 (95% CI 0.857 – 0.875) for observations on pa-
tients with a 24-hour mortality ≥1% (Table 4). 

3.5. The relationship of AUC of news to in-hospital mortality and 
underlying illness (Table 5) 

After studies that reported NEWS AUC for 24-hour mortality, the 
next largest set of observations (1,890,093) were from studies that re-
ported AUC for in-hospital mortality. Only 15 of these 35 studies also 
reported hospital length of stay with averages ranging from 2.6 to 20 
days (Supplemental Table 2a). Although the length of hospital stays 
could only be surmised, the AUC for in-hospital mortality decreased as 
the absolute in-hospital mortality observed increased. Also, the AUC for 
in-hospital mortality of patients with respiratory illness, sepsis or sus-
pected sepsis was significantly lower (p <0.0001) than for other patients 
(Table 5) 

3.6. Range of absolute 24-hour mortalities observed at different news cut- 
off values (Table 6) 

One unpublished and 12 published studies provided enough 

Table 2 
Observations made according to where or what type of patient they were recorded on. Observations were made on patient reported as hospital admissions in 37.7% of 
studies, as in emergency departments in 25.4%, as emergency admissions in 16.4%, as pre-hospital in 10.7%, as in medical assessment units in 5.7%, in intensive care 
units in 2.5%, and on transplant patients in 1.6%. Fifty-one studies included all patients, 22 were limited to patients with sepsis or suspected sepsis, 12 to medical 
patients only, 11 to patients with pneumonia or respiratory illness, and 10 to patients with COVID-19 or suspected COVID-19. Other miscellaneous studies were limited 
to patients specified by illness severity [35,80,92-95], older age [64,71], or specific conditions (i.e., cancer [96], Lassa fever [97], gastrointestinal bleeding [70], acute 
neurology [85], tuberculosis [98], stroke [99], Klebsiella infection [100], and pancreatitis [82]). AMU/MAU = acute medical or medical assessment unit. PRE--
HOSPITAL = prior to hospital transfer, recorded before entering or in the ambulance en route to hospital.  

PATIENTS 
INCLUDED 

HOSPITAL 
ADMISSIONS 

EMERGENCY 
DEPARTMENT 

EMERGENCY 
ADMISSIONS 

PRE- 
HOSPITAL 

AMU/ 
MAU 

ICU Transplant 
patients 

Total 

All patients 20 9 4 13 0 3 2 51 (41.8%) 
Suspected sepsis 4 12 5 0 1 0 0 22 (18.0%) 
Medical only 6 1 0 0 5 0 0 12 (9.8%) 
Pneumonia or 

respiratory 
8 2 0 0 1 0 0 11 (9.0%) 

Suspected COVID-19 1 2 7 0 0 0 0 10 (8.2%) 
Miscellaneous 7 5 4 0 0 0 0 16 (13.1%) 
Total 46 (37.7%) 31 (25.4%) 20 (16.4%) 13 (10.7%) 7 (5.7%) 3 

(2.5%) 
2 (1.6%) 122 

(100.0%)  
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information to determine the absolute mortality within 24-hours for 
different cut-off values of NEWS, from which the 24-hour mortality rate 
for patients with values above and below the cut-off could be deter-
mined. Although the ranges of 24-hour mortality of patients with NEWS 
points greater or equal to the cut-off are wide (Table 6), their average 
values trend upwards from 0.8% for a cut-off ≥1 point to 7.8% for a cut- 
off ≥7 points (Fig. 3). In contrast, the 24-hour mortality for patients with 
NEWS values below all cut-off values only increased from 0.04% for a 
cut-off ≥1 point to 0.23% for a cut-off ≥7 points (Table 6). Although 
patients with NEWS <7 points only had a 24-hour mortality of 0.23%, 
these deaths accounted for 44.3% of deaths within 24-hours, whereas 
the deaths of patients with a NEWS <3 points made up 8.9% of all 24- 
hour deaths (Fig. 4). 

3.7. Absolute mortalities observed at different news cut-off values and 
prediction windows 

The mortality for patients at different time intervals after an obser-
vation for NEWS cut-off values ≥1 to ≥15 points were determined from 
24-hours to 30 days and at hospital discharge. The range of mortality 
rates above cut-off values varied greatly, but less for mortality rates 
below each cut-off (Supplemental Tables 3a-3 g). The most frequently 
reported cut-off values were ≥3, ≥5 and ≥7. Within 30 days 9.4% of 
patient with a NEWS ≥3, 14.9% with a NEWS ≥5 and 20.6% with a 
NEWS ≥7 points had died (Fig. 5). In contrast, for patients with NEWS 
<3 points, the average mortality remained below 1% throughout their 
hospital stay, and for 72 h for patients with a NEWS <5; the mortality of 
patients with a NEWS <7 remained below 2% for up to 5 days. Less than 
4% of patients had died within 30 days of a NEWS observation of <7 
points. Nevertheless, 21.8% of all deaths within 30 days of an obser-
vation occurred in patients with a NEWS <3, 51.9% in patients with a 
NEWS <5, and 74.5% in patient with a NEWS <7 points. 

4. Discussion 

4.1. General interpretation of the results in the context of other evidence 

The overall risk of death within 24-hours for most patients reported 
is low, and NEWS reliably identifies those patients who are the least 
likely to die within 24-hours. After 24-hours the discrimination of NEWS 
for subsequent death declines, with an ever-widening range of reported 
results, which by 30 days after a NEWS observation is from an AUC of 
0.61 to 0.91. Although patients with low NEWS scores make up a sig-
nificant fraction of all in-hospital deaths, these patients appear to have a 
reduced risk of death for some time, which implies they have a degree of 
clinical stability. 

This review found that patients with a NEWS <3 points, on average, 
only have a 0.07% chance of dying within 24-hours. It has been sug-
gested that measuring a complete set of vital signs in these patients more 
frequently than once a day is not required [26]. However, these “low 
risk” patients still need some form of ongoing monitoring as they 
comprise 8.9% of all deaths within 24-hours. The best way to anticipate 
deterioration in these patients remains unclear. Unlike patients with 
NEWS <4 points, all patients with a NEWS <3 points will have normal 
mental status. Nearly three quarters of all patients were observed to 
have a NEWS <3 points, and these patients accounted for 9% of all 
deaths within 24-hours and 16% of all in-hospital deaths. No study re-
ported a mortality above 0.35% within 10 days of a NEWS <3 being 
observed, and in most studies their risk of in-hospital death remained 
below 1%. However, one study in Thailand of patients with suspected 
sepsis [27] reported patients with a NEWS <3 points had an in-hospital 
mortality ranging from 12% to 21%. Therefore, although there may be 
specific patient cohorts with normal or near normal vital signs who are 
likely to die while in hospital, very few of them are likely to die within 
24-hours. 

The discrimination of NEWS was not significantly influenced by 
patient age or the country it was measured in. However, it did decline as 
in-hospital mortality rates increased, as has been observed with another 
EWS [7]. Moreover, although several studies have reported the 

Fig. 2. The area under the Receiver Operating Characteristic curve (AUC) for mortality at different times (i.e., predictions windows up to 30 days) after NEWS 
recorded. Results of individual studies are shown as open circles, solid triangles show average result for each prediction window if more than one study was per-
formed. Complete data is provided in Supplemental Table 2a; data for NEWS2 and ViEWS in Supplemental Tables 2b and 2c. 
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performance of NEWS in the pre-hospital setting [28–31] with con-
flicting results, this review found that the sooner NEWS is measured the 
lower its AUC for 24-hour mortality [32,33]. A possible explanation for 
both these observations may be the availability of life-saving in-
terventions and when and where they were or could be provided. Early 
measurements were probably made before any treatment was provided, 
whereas later measurements were more likely after everything possible 
had been done, and little more could save the patient. This hypothesis is 
supported by the report of Hwang et al. [34] who found that the AUC of 
NEWS for 7-day mortality of patients with sepsis was 0.680 when 
measured at triage, 0.777 after resuscitation with fluid and vasopressors, 
and 0.888 on exiting the emergency department. Others have also 
shown the discrimination of NEWS to be lower on arrival to hospital 
than when repeated later [28,35]. Similarly, our finding that the 
discrimination of NEWS2 for 24-hour mortality is marginally inferior to 
NEWS should be viewed with caution because only three NEWS2 studies 
of 9,717 patients fulfilled our inclusion criteria, and all reported emer-
gency patients early in their treatment. Therefore, although NEWS or 

NEWS2 may not accurately predict the mortality of conditions for which 
there are effective treatments, such as sepsis [36], this does not mean 
that they cannot identify patients who need to be treated urgently for 
them. 

4.2. Limitations of the review processes used 

The CHARM checklist for systematic reviews of predictive models 
[37] was not adhered to as the aim of this review was to determine from 
all the available literature, biased or otherwise, the range of discrimi-
nation for mortality and the mortality rates associated with different 
levels of NEWS at different prediction windows, in different patient 
populations. It intentionally only examined absolute mortality and did 
not consider relative risks or odds ratios and did not distinguish between 
those deaths that were preventable and those that were not. Our liter-
ature search was confined to papers on NEWS or NEWS2 and did not 
specifically search for ViEWS. For pragmatic reasons the final search 
strategy over all search engine platforms was limited to titles and 

Table 3 
the area under the Receiver Operating Characteristic curve (AUC) for 24-hour mortality from all eligible studies for NEWS, NEWS2 and ViEWS. Overall results of 
approximate average age, total number of observations and average AUC are shown in bold. 95% CI = 95% confidence interval.  

EWS Reference Age (years) Country Observation made on or in: Number 
observations 

24 -hour 
mortality 

AUC 95%CI 

NEWS Smith et al. 2016 [57] 62.2 SD 20.4 UK HOSPITAL ADMISSIONS: all 
patients 

2,245,778 0.50% 0.910 0.910 0.92 

NEWS Unpublished data Uganda 
[60] 

48 (IQR 28–68) UGANDA HOSPITAL ADMISSIONS: all 
patients 

5888 0.30% 0.901 0.804 0.999 

NEWS Endo et al. 2020 [32] 73 (IQR 53–82) JAPAN PRE-HOSPITAL: all patients 2847 0.80% 0.900 0.870 0.930 
NEWS Smith et al. 2013 [58] 73 (median) UK HOSPITAL ADMISSION: all 

patients 
198,755 0.90% 0.894 0.887 0.902 

NEWS Faisal et al. 2019 [39] 67.1 SD 19.5 UK EMERGENCY ADMISSION: all 
patients 

35,807 0.60% 0.893 0.871 0.914 

NEWS Delahanty et al. 2019  
[51] 

48.00 SD 20.14 USA EMERGENCY DEPARTMENT: 
sepsis? 

2,759,469 0.60% 0.890 0.890 0.890 

NEWS Lee et al. 2020 [52] 64 (IQR 50–75) KOREA EMERGENCY ADMISSION: all 
patients 

27,173 2.90% 0.884 0.880 0.888 

NEWS Campbell et al. 2020 [49] 57 (IQR 41–69) USA HOSPITAL ADMISSION: all 
patients 

224,912 1.00% 0.880 0.880 0.890 

NEWS Lee et al. 2020 [52] 64 (IQR 50–75) KOREA EMERGENCY ADMISSION: all 
patients 

54,347 3.00% 0.878 0.875 0.881 

NEWS Faisal et al. 2019 [39] 67.1 SD 19.5 UK EMERGENCY ADMISSION: all 
patients 

35,161 0.50% 0.864 0.835 0.894 

NEWS Silcock et al. 2015 [61] ≥16 UK PRE-HOSPITAL: all patients 1,684 1.00% 0.855 0.690 1.000 
NEWS Liu et al. 2015 [53] 62.2 SD 18 CHINA EMERGENCY ICU: all patients 540 10.20% 0.850 0.790 0.900 
NEWS Pirneskoski et al. 2019  

[33] 
66.0 SD 20.0 FINLAND PRE-HOSPITAL: all patients 35,880 1.10% 0.840 0.823 0.858 

NEWS Richardson et al. 2021  
[56] 

73.3SD 15.4 UK EMERGENCY ADMISSION: 
non COVID-19 

5,824 0.90% 0.840 0.780 0.980 

NEWS Richardson et al. 2021  
[56] 

73.3SD 15.4 UK EMERGENCY ADMISSION: 
COVID-19? 

620 1.50% 0.840 0.70 0.990 

NEWS Brabrand et al. 2017 [48] 67 (range 
49–78) 

DENMARK HOSPITAL ADMISSION: MAU 2,708 0.60% 0.830 0.640 1.000 

NEWS Haegdorens et al. 2020  
[23] 

64.8 SD 14.5 BELGIUM HOSPITAL ADMISSION: 
matched sample 

1,913 3.40% 0.801 0.766 0.837  

Overall ≠55.5   5,639,306 0.60% 0.897 0.895 0.899 
NEWS2 Martin-Rodriguez et al. 

2020c [54] 
69 years (IQR 
54–81) 

SPAIN PRE-HOSPITAL: all patients 3,273 3.50% 0.861 0.810 0.900 

NEWS2 Richardson et al. 2021  
[56] 

67.7 SD 19.0 UK EMERGENCY ADMISSION: 
COVID-19? 

620 1.50% 0.860 0.750 0.970 

NEWS2 Richardson et al. 2021  
[56] 

67.7 SD 19.0 UK EMERGENCY ADMISSION: 
non-COVID-19 

5,824 0.90% 0.840 0.780 0.900  

Overall ≠68.1   9,717 1.80% 0.848 0.811 0.885 
ViEWS Kellett et al. 2013 [59] not stated IRELAND AMBULATORY CARE UNIT: 

medical 
3,117 1.20% 0.908 0.842 0.973 

ViEWS Prytherch et al. 2010 [7] 67.7 UK HOSPITAL ADMISSION: all 
patients 

198,755 1.00% 0.888 0.880 0.895 

ViEWS Opio et al. 2013 [55] 42 (IQR 26–65) UGANDA HOSPITAL ADMISSION: 
medical 

4,220 1.60% 0.886 0.825 0.947 

ViEWS Churpek et al. 2013 [50] 55 SD 18 USA HOSPITAL ADMISSION: all 
patients 

59,643 0.50% 0.880 0.860 0.910 

ViEWS Martin-Rodriguez et al. 
2020c [54] 

69 years (IQR 
54–81) 

SPAIN PRE-HOSPITAL: all patients 3,273 3.50% 0.873 0.810 0.900  

Overall ≠64.5   269,008 0.90% 0.886 0.877 0.895  
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abstracts. It is possible that papers that otherwise fulfilled our inclusion 
criteria but only referred to NEWS in the body of their text were missed. 
As our search ended on April 12th, 2021, it only included publications 
reporting the performance of NEWS in COVID-19 patients published up 
to that date. 

4.3. Limitations of the evidence included in the review 

The information available made it difficult to determine and 
compare the age and length of hospital stay for patients in different 
studies. Although most studies validated NEWS at a single point of time, 
commonly using the first observation recorded [12], treatments given 
before the observation were poorly documented. We could only deter-
mine patient diagnoses in those studies where they were specified, and 
we have no information on the quality of care provided. As authors often 
used the same data in different publications, we made every effort to 
ensure that the results for AUC, specific prediction windows and cut-off 
values were only used once. 

NEWS requires the accurate measurement of vital signs and correct 
calculation [38]. It is recorded and calculated more faithfully when 
entered contemporaneously into an electronic system than on paper 
[39]; only 13 studies (10.7%) explicitly stated that the vital sign 

measurements to calculate NEWS were recorded electronically and 
contemporaneously. Moreover, the measurement of respiratory rate is 
often influenced by subjective bias [40], while the assessment of mental 
status [41] and the need for supplemental oxygen is subjective and may 
vary according to opinion, expertise and the availability of oxygen and 
other resources in different locations and clinical settings [42]. The 
discrimination of NEWS may be lower in COPD patients [43], and 
medication may also change NEWS performance; the AUC of NEWS for 
in-hospital mortality was lower in patients with suspected sepsis on 
hypertensive medication than those not on medication [44]. Despite 
these and other possible unconsidered confounders, we found only two 
studies that reported an AUC for 24-hour mortality <0.83, one used 
extensive imputation for missing data and was excluded [24], and the 
other selected patients by sampling instead of consecutive observations 
[23]. 

4.4. Implications of the results for practice, policy, and future research 

Whilst the risk of death increases as the cut-off increases (Fig. 3), the 
optimal point for intervention is unclear. The available literature we 
reviewed shows that if a cut-off of ≥7 points is selected, only 4% of 
patients would trigger an intervention and 44% of patients who die will 

Table 4 
Potential modifiers of the AUC of NEWS for 24-hour mortality. AUC = the area under the Receiver Operating Characteristic curve (AUC) for 24-hour mortality, 95% CI 
= 95% confidence interval.  

Variable Reference Observations 24-hour mortality AUC 95%CI 95%CI 

Geographic location       
Asia 32, 52, 53 84,907 2.94% 0.880 0.871 0.889 
Africa 60 5,888 0.30% 0.901 0.804 0.998 
Europe 23, 33, 39, 48, 56–58, 61 2,564,130 0.54% 0.907 0.904 0.910 
America 49, 51 2,984,381 0.63% 0.889 0.886 0.892 
Number observations       
≥2 million 51, 57 5,005,247 0.56% 0.899 0.897 0.901 
190,000–230,000 49, 58 423,667 0.95% 0.887 0.880 0.893 
27,000–55,000 33, 39, 52 188,368 1.70% 0.872 0.864 0.880 
≤6000 23, 32, 48, 53, 56, 60 22,024 1.16% 0.861 0.831 0.890 
Age       
≤50 years 51, 60 2,765,357 0.60% 0.890 0.887 0.893 
50–70 years 23, 33, 39, 48, 52, 56, 57 2,670,043 0.63% 0.904 0.901 0.908 
≥70 years 32, 56, 58 202,222 0.90% 0.894 0.884 0.904 
Index observation       
Observations throughout hospitalization 49, 57, 58 26,69,445 0.57% 0.906 0.903 0.909 
First observation only 32, 33, 39, 48, 51, 52, 56, 60, 61 30,21,755 0.71% 0.889 0.886 0.892 
Clinical site of observation       
Pre-hospital 32, 33, 48, 61 43,119 1.04% 0.844 0.821 0.867 
Emergency department or admission 39, 51, 52, 53, 56 2,918,941 0.67% 0.889 0.886 0.892 
Any hospital admission 23, 49, 57, 58, 60 2,677,246 0.57% 0.906 0.903 0.909 
24-hour mortality       
≤0.6% 39, 58, 60 2,286,827 0.50% 0.909 0.905 0.913 
0.6%− 1.0% 32, 39, 48, 49, 51, 56, 58, 61 3,232,006 0.65% 0.889 0.886 0.892 
≥1% 23, 33, 52, 53, 56 120,473 2.44% 0.866 0.858 0.875  

Table 5 
The AUC of NEWS for in-hospital mortality according to the absolute in-hospital mortality observed and patients’ underlying illness. AUC = the area under the Receiver 
Operating Characteristic curve (AUC) for in-hospital mortality, 95% CI = 95% confidence interval. ED = emergency department, ICU = intensive care unit.  

Variable Reference Observations In-hospital mortality AUC 95%CI 95%CI 

In-hospital mortality       
≤2% 72,76,77,83 833,397 1.49% 0.863 0.858 0.867 
2–4% 69,70,73,74,76,82,84,87 904,452 2.99% 0.857 0.854 0.860 
4–6% 35,39,43,56,71,86 123,132 5.43% 0.748 0.741 0.755 
≥6% 25,44,56,62-68,75,78-81,85,86 23,325 11.34% 0.714 0.702 0.725 
Diagnoses       
Respiratory pneumonia 43, 65, 68 5,559 7.37% 0.672 0.642 0.702 
Sepsis 44, 66, 78, 79, 84, 86 17,574 9.06% 0.718 0.703 0.733 
COVID-19 56, 63, 67, 75, 81 1,938 23.32% 0.771 0.743 0.799 
Remaining patients reported as:       
a). pre-hospital, ED, or ICU 25, 35, 39, 56, 62, 64, 69, 71–73, 77, 82, 83, 85, 87 331,926 3.14% 0.809 0.804 0.814 
b). hospital admissions 43, 70, 74, 76, 80 1,527,309 2.35% 0.862 0.860 0.865  
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be missed. Alternatively, a cut-off of ≥1 point will trigger an assessment 
and/or an intervention in 83% of patients, which may not benefit many 
of them. NEWS ≥5 points is the most adopted cut-off and 91% of pa-
tients are observed to have a NEWS below it; the overall 24-hour mor-
tality of these patients <5 points is only 0.06%, but their in-hospital 
mortality averaged nearly 3% (range 0.65% to 24.7%). Moreover, a 
quarter of all deaths within 24-hours and more than 40% of all in- 
hospital deaths occur in patients with a NEWS <5. Although NEWS 
was never intended to be used as a diagnostic test for any specific con-
dition, NEWS ≥5 has been recommended as a flag for sepsis [45]. 

However, this NEWS value might not be the optimal level to start an-
tibiotics [46] or other time-sensitive interventions [46,47]. Moreover, 
many life-saving interventions, such as anti-coagulation for pulmonary 
embolus, thrombolysis for stroke, emergency surgery, rehydration to 
prevent acute kidney injury etc., should be given as soon as possible, and 
regardless of the patient’s NEWS value. 

5. Conclusion 

NEWS reliably discriminates between patients who are most and 

Table 6 
Range of absolute 24-hour mortalities observed at different NEWS cut-off values. Overall results of approximate average age, total number of observations and average 
values are shown in bold. IQR = inter-quartile range. SD = standard deviations.  

Reference Age 
(years) 

Country Observation made 
on or in: 

Cut- 
off 

Total 
observations 

Patients Mortality ≥ 
cut-off 

Mortality 
≤cut-off 

% Deaths 
≤cut-off 

All patient 
≥ cut- 
off 

24 hr 
mortality 

Vihonen et al. 
2020 [91] 

69 (IQR 
52–81) 

FINLAND PRE-HOSPITAL ≥1 27,141 82% 0.84% 0.04% 1.10% 0.70% 

Lee et al. 2020  
[52] 

64 (IQR 
50–75) 

KOREA EMERGENCY 
ADMISSIONS 

≥3 54,347 50% 5.83% 0.30% 5.00% 3.00% 

Smith et al. 2016  
[57] 

62.2 SD 
20.4 

UK HOSPITAL 
ADMISSION - all 
patients 

≥3 2,245,778 27% 1.62% 0.06% 9.50% 0.50% 

Unpublished data 
Uganda [60] 

48 (IQR 
28–68) 

UGANDA HOSPITAL 
ADMISSION - all 
patients 

≥3 5,888 75% 0.39% 0.00% 0.00% 0.30%  

≠ 62.2   ≥3 2,306,013 27% 1.80% 0.07% 8.90% 0.50% 
Smith et al. 2016  

[57] 
62.2 SD 
20.4 

UK HOSPITAL 
ADMISSION - all 
patients 

≥4 2,245,778 15% 2.58% 0.10% 17.10% 0.50% 

Vihonen et al. 
2020 [91] 

69 (IQR 
52–81) 

FINLAND PRE-HOSPITAL ≥4 27,141 39% 1.60% 0.12% 10.00% 0.70%  

≠ 62.3   ≥4 2,272,919 16% 2.55% 0.10% 17.00% 0.50% 
Atmaca et al. 

2018 [88] 
56 (range 
19 - 94) 

TURKEY HOSPITAL 
ADMISSION - medical 

≥5 104 19% 20.00% 1.19% 20.00% 4.80% 

Endo et al. 2020  
[32] 

73 (IQR 
53–82) 

JAPAN PRE-HOSPITAL ≥5 2,847 53% 1.45% 0.00% 0.00% 0.80% 

Faisal et al. 2019  
[39] 

67.1 SD 
19.5 

UK EMERGENCY 
ADMISSIONS 

≥5 35,807 18% 2.79% 0.13% 17.10% 0.60% 

Faisal et al. 2019  
[39] 

67.1 SD 
19.5 

UK EMERGENCY 
ADMISSIONS 

≥5 35,161 14% 2.64% 0.18% 28.80% 0.50% 

Forster et al. 2018 
[89] 

63.1 UK HOSPITAL 
ADMISSION – 
respiratory 

≥5 236,840 9% 1.98% 0.02% 11.30% 0.20% 

Haegdorens et al. 
2020 [23] 

64.8 SD 
14.5 

BELGIUM HOSPITAL 
ADMISSION – all 
patients 

≥5 1,913 23% 11.01% 1.09% 24.60% 3.40% 

Hoikka et al. 2018 
[90] 

65.4 SD 
20.0 

FINLAND PRE-HOSPITAL ≥5 12,426 21% 6.67% 0.21% 11.00% 1.50% 

Pimentel et al. 
2019 [9] 

68 (IQR 
50–80) 

UK HOSPITAL 
ADMISSION – all 
patients 

≥5 6,229,740 9% 0.91% 0.03% 26.60% 0.10% 

Richardson et al. 
2021 [56] 

67.7 SD 
19.0 

UK EMERGENCY 
ADMISSIONS 

≥5 5,824 12% 4.53% 0.41% 39.60% 0.90% 

Richardson et al. 
2021 [56] 

73.3SD 
15.4 

UK EMERGENCY 
ADMISSSIONS - 
COVID-19 

≥5 620 30% 4.37% 0.23% 11.10% 1.50% 

Smith et al. 2016  
[57] 

62.2 SD 
20.4 

UK HOSPITAL 
ADMISSION - all 
patients 

≥5 2,245,778 9% 3.95% 0.13% 24.80% 0.50%  

≠ 66.4   ≥5 8,807,060 9% 1.78% 0.06% 24.90% 0.20% 
Smith et al. 2016 62.2 SD 

20.4 
UK HOSPITAL 

ADMISSION - all 
patients 

≥6 2,245,778 5% 5.93% 0.18% 34.60% 0.50% 

Hoikka et al. 2018 
[90] 

65.4 SD 
20.0 

FINLAND PRE-HOSPITAL ≥7 12,426 6% 21.31% 0.32% 19.90% 1.50% 

Pirneskoski et al. 
2019 [33] 

66.0 SD 
20.0 

FINLAND PRE-HOSPITAL ≥7 35,880 23% 3.46% 0.32% 23.00% 1.10% 

Smith et al. 2016  
[57] 

62.2 SD 
20.4 

UK HOSPITAL 
ADMISSION - all 
patients 

≥7 2,245,778 3% 8.53% 0.23% 45.80% 0.50% 

Vihonen et al. 
2020 [91] 

69 (IQR 
52–81) 

FINLAND PRE-HOSPITAL ≥7 27,141 17% 2.86% 0.25% 28.90% 0.70%  

≠ 62.4   ≥7 2,321,225 4% 7.78% 0.23% 44.30% 0.50%  
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least likely to die within 24-hours. It can, therefore, reliably identify sick 
patients who may need urgent attention, which is what it was designed 
to do. However, after 24-hours the prediction of mortality by NEWS 
declines and becomes unreliable. 

The predictive performance of NEWS is likely to be lower if it is 

recorded before an effective treatment is delivered, and will be highest if 
no treatment is required, or there is no effective treatment, or if every-
thing possible has already been done. Although NEWS or NEWS2 may be 
less likely to accurately predict the mortality of patients given urgent 
effective treatments, this does not mean that they cannot accurately 

Fig. 3. 24-hour mortality above and below NEWS cut-off thresholds ranging from 1 to 7 points. Note that the most frequently used cut-off value reported in the 
literature is ≥5 points. Full data is shown in Table 6. 

Fig. 4. The proportion of all deaths within 24-hours of patients below NEWS cut-off thresholds ranging from 1 to 7 points, and the proportion of all patients equal or 
above each cut-off. Although patients with <7 NEWS points only had a 24-hour mortality of 0.23%, these deaths accounted for 44.3% of deaths within 24-hours, 
whereas the deaths of patients with a NEWS <3 points made up 8.9% of all 24-hour deaths. 
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identify patients who need them. 
Although patients with a low NEWS score appear to have a reduced 

risk of death for several days, implying a degree of clinical and physi-
ological stability, many of them die while still in hospital. The best way 
to anticipate deterioration in these patients remains unclear. 
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