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Background: Many studies have explored the accuracy of the National Early Warning Score 2 (NEWS2) 
in predicting mortality in prehospital and emergency settings, but their findings are inconsistent. Whether 
NEWS2 is reliable for the pre-examination and triage of patients in prehospital settings and emergency 
departments remains debatable. Hence, this study aimed to evaluate the accuracy of NEWS2 in predicting 
mortality in prehospital settings and emergency departments. 
Methods: We searched PubMed, Embase, Cochrane Library, Web of Science, CNKI, Wan Fang Data, 
Vip Database and SinoMed from the inception of each database to January 2023. The inclusion criteria: 
(I) patients in the prehospital settings or emergency departments; (II) the NEWS2 for predicting 2-day 
mortality, 30-day mortality, and in-hospital mortality; (III) sufficient data, such as sensitivity, specificity, 
overall survival, and deaths, were provided for the study; (IV) the type of study was accuracy prediction study. 
Two authors independently extracted data, including authors, year of publication, country of origin, study 
design, sample size, threshold cutoff values of NEWS2, and mortality. The PROBAST was used to assess the 
risk of bias in the included studies. 
Results: Thirty studies with 185,835 participants were included. Among the 30 included studies, 13 have 
a high risk of bias, and 17 have a low risk of bias. The pooled sensitivity, specificity and AUC of 2-day 
mortality (early mortality), 30-day mortality and in-hospital mortality were 0.81 vs. 0.76 vs. 0.72 (95% 
CI: 0.61, 0.80), 0.81 vs. 0.69 vs. 0.78 (95% CI: 0.49, 0.93) and 0.88 vs. 0.80 vs. 0.78 (95% CI: 0.74, 0.82), 
respectively. 
Conclusions: NEWS2 has excellent sensitivity and specificity in predicting early mortality in patients in 
the prehospitals setting and emergency departments. Nonetheless, it has poor performance in predicting in-
hospital mortality and 30-day mortality. Our findings underpin the use of NEWS2 as a pre-examination and 
triage tool to predict early death in the prehospital settings and emergency departments. To improve the 
predictive accuracy, it should be used to monitor patients continuously rather than at a single point-in-time.
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Introduction

The prehospital setting and emergency rooms are areas 
with high demand for emergency care, where patients 
are characterized by critical conditions, multiple disease 
comorbidities, sudden onset, and rapid change of condition 
(1-6). Recognizing and responding to clinical deterioration 
is a priority for patient safety, as well as for emergency 
care research (7-9). Numerous studies have shown that 
during emergency care for deteriorating patients, failure 
to recognize early symptoms and provide intervention 
is associated with an increase in high mortality adverse 
events (10-14). Many scoring systems, such as Early 
Warning Score (EWS), National Early Warning Score 
(NEWS), and Modified Early Warning Score (MEWS), 
are used to perform a simple, rapid, effective, and accurate 
on-site assessment of patients to judge their severity of 
illness. However, these scoring systems have shown many 
shortcomings over time (15). Thus, it is necessary to 
introduce newer and improved triage systems. To optimize 
the initial treatment management of patients, ensure the 
reasonable allocation of resources, and reduce the incidence 
of mortality.

In December 2017, the National Early Warning 
Score 2 (NEWS2) was published by the Royal College 
of Physicians (RCP) as an improved update to NEWS 
2012. In January 2019, NEWS2 was rolled out across the 

National Health Service (NHS) in England (16). NEWS2 
contains six physiological parameters, and each parameter 
is scored from 0 (the least severe) to 3 (the most severe). 
Compared to NEWS, NEWS2 provides a better prediction 
of exacerbation in patients with hypercapnia respiratory 
failure. In chronic obstructive pulmonary disease (COPD) 
patients with hypercapnia, the use of an oxygen saturation 
metric score scale remains controversial (17).

The EWS score has been used in multiple health care 
settings, including hospital wards, emergency departments, 
and the prehospital community (15). Many studies have 
explored the accuracy of the National Early Warning Score 
2 (NEWS2) in predicting mortality in prehospital and 
emergency settings, but their findings are inconsistent. 
Medina-Lozano et al. (18), for instance, found that the 
sensitivity, specificity, and area under curve (AUC) of 
NEWS2 in predicting 2-day mortality were 1.0, 0.89, and 
0.962, respectively. On the contrary, Martín-Rodríguez  
et al. (19) reported that the sensitivity, specificity, and AUC 
of NEWS2 in predicting 2-day mortality were 0.67, 0.75, 
and 0.756, respectively. The inconsistent findings may be 
attributable to their different cut-off values of NEWS2. 
The former adopted a cut-off value of 8 points, whereas 
the latter used a 11-point cut-off. Whether NEWS2 is 
reliable for the pre-examination and triage of patients in the 
prehospital settings and emergency departments remains 
debatable. This systematic review and meta-analysis aimed 
to confirm and describe the sensitivity, specificity, positive 
likelihood ratio (PLR), negative likelihood ratio (NLR), 
diagnostic odds ratio (DOR), and AUC of NEWS2 for 
2-day mortality, 30-day mortality, and in-hospital mortality 
in the prehospital setting and emergency department at 
different ‘cutoff’ values. We present the following article in 
accordance with the PRISMA-DTA reporting checklist (20)  
(available at https://atm.amegroups.com/article/view/ 
10.21037/atm-22-6587/rc).

Methods

Study design

A predefined protocol has been registered in PROSPERO 
(CRD42022377935).

Study selection and data extraction

We systematically searched PubMed, Embase, Cochrane 
Library, Web of Science, CNKI, Wan Fang Data, Vip 

Highlight box

Key findings
• NEWS2 has excellent sensitivity and specificity in predicting 2-day 

mortality, but a poor sensitivity and specificity for predicting in-
hospital, 30-day mortality in the prehospital setting and emergency 
room. 

What is known and what is new?
• EWS, NEWS, and MEWS et al. are used to perform a simple, 

rapid, effective, and accurate on-site assessment of patients to judge 
their severity of illness.

• Based on the updated version of NEWS2, we aimed to confirm and 
describe the sensitivity, specificity, PLR, NLR, DOR, and AUC 
of NEWS2 for 2-day mortality, 30-day mortality, and in-hospital 
mortality in the prehospital setting and emergency department at 
different ‘cutoff’ values.

What is the implication, and what should change now?
• Our results support the use of NEWS2 as a tracking and triggering 

aid in the assessment of conditions and the allocation of emergency 
resources when prescreening and triaging patients in prehospital 
and emergency settings.

https://atm.amegroups.com/article/view/ 10.21037/atm-22-6587/rc
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Annals of Translational Medicine, Vol 11, No 2 January 2023 Page 3 of 18

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(2):95 | https://dx.doi.org/10.21037/atm-22-6587

Database and SinoMed from the inception of each database 
to January 2023. The specific search strategies are shown 
in Appendix 1. All studies were screened through EndNote 
X9. Two authors independently removed duplicates, 
screened titles, abstracts, and full texts, and agreed on final 
study eligibility.

The basic inclusion criteria of the literature search 
included the following: (I) patients in the prehospital or 
emergency department area were recruited by the study; 
(II) the NEWS2 for predicting 2-day mortality, 30-day 
mortality, and in-hospital mortality was applied by the 
study; (III) sufficient data, such as sensitivity, specificity, 
overall survival, and deaths, were provided for the study; 
and (IV) the type of study was accuracy prediction study. 
The exclusion criteria were as follows: (I) the article was 
written in a language other than English; (II) insufficient 
data in the study to calculate the true positive (TP), false-
positive (FP), false-negative (FN) and true negative (TN) 
results; (III) letters, case reports, conferences, meta-analysis, 
and reviews; and (IV) NEWS2 limited to a composite 
outcome [e.g., combination of in-hospital mortality with 
intensive care unit (ICU) admission, adverse outcomes], and 
(V) the study subjects were animal studies.

Two authors independently extracted data, including 
authors, year of publication, country of origin, study 
design, sample size, threshold cutoff values of NEWS2, and 
mortality (e.g., in-hospital mortality, 2-day mortality, 30-day  
mortality). If multiple threshold values for NEWS2 were 
reported in one study, we preferred the maximum value for 
analyses. If any two researchers had discrepancies during 
literature screening or data extraction, we resolved them 
through discussion with the third author.

Risk of bias in the included studies

Two authors independently assessed the risk of bias 
using the prediction model risk of bias assessment tool 
(PROBAST). This assessment tool comprises 20 signaling 
questions in four domains: participants, predictors, 
outcomes, and analysis. When all 20 questions were 
answered as yes, the overall risk of bias was rated as low; 
otherwise, the overall risk of bias was graded at high. 
Thirteen of the included studies were considered to have 
a high risk of bias due to inappropriate data sources, such 
as retrospective cohort studies. When the included studies 
were of low quality, our pooled data were compromised 
to some extent. Any disagreement was resolved through 

discussion. All details of the quality assessment criteria are 
reported in Appendix 2.

Statistical analysis

When the I2 was equal to or higher than 50%, a random-
effects model was used for data analysis; otherwise, a fixed-
effects model was adopted. A two-tailed P value <0.05 
indicated a statistical difference. The summary area under 
the curve (SAUC) was pooled as point estimates with 95% 
confidence intervals (CIs). The summary point estimates 
of sensitivity and specificity were illustrated through the 
summary receiver operating characteristic (SROC) curve. 
In general, when the AUC is 0.5, the diagnostic test has 
no diagnostic value, 0.7 to 0.8 is considered as acceptable, 
0.8 to 0.9 is considered as excellent, and greater than 0.9 
has outstanding accuracy (21). We considered sensitivity 
and specificity greater than 0.8 as an excellent prediction 
threshold. A significant heterogeneity may affect our 
results. Hence, we conducted a subgroup analysis according 
to different thresholds (≥4 vs. ≥9) and studied continents 
(Europe vs. other continents) to explore the source 
of heterogeneity. We used Deek’s test for funnel plot 
asymmetry to assess publication bias (22). All the statistical 
analyses were conducted using Stata SE 15.1 (Stata Corp. 
LD, College Station, Texas, USA).

Results

Included studies and their characteristics

A total of 1,458 articles were identified initially, of which 
464 articles were duplicated, and 994 were screened out 
through titles and abstracts. The remaining 82 were 
considered for a full-text review. After excluding 52 studies, 
the remaining 30 original studies were included in the final 
synthesis (the reasons for exclusion are given in Figure 1). 

All characteristics of the 30 included studies involving 
185,835 participants are shown in Table 1. Among all the 
included studies, the lowest cutoff value of NEWS2 was 
greater than 1, and the highest cutoff value of NEWS2 
was greater than 11. Three studies were from Asia, and the 
countries were China (24), India (26), and Japan (33). Two 
studies were from North America, including Canada (31)  
and United States (32). Twenty-five studies were from 
Europe, and the countries were the United Kingdom, Italy, 
Spain, and Sweden, of which five studies (23,28-30,34) 

https://cdn.amegroups.cn/static/public/ATM-22-6587-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-6587-Supplementary.pdf
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belonged to the United Kingdom, fifteen (18-19,27,35-40, 
42-43,47-50) to Spain, two (25,,45) to Italy, and three 
(41,44,46) to Sweden. In addition, seventeen studies (18-19, 
26-27,35,37-44,46-50) were prospective, and the other 13 
studies were retrospective. All included studies took place 
from 2019 to 2022.

Quality assessment

The summary of quality assessment using PROBAST is 
shown in Table 2. Overall, 13 retrospective cohort studies 
(23-25,28-34,36,41,45) had a high risk of bias, principally 
because we assumed that subjects had systematic differences 
in the accuracy of reporting past information, resulting in 
recall bias (51,52). The details of the quality assessment are 
recorded in Appendix 2.

The results of synthesis

The forest plots of sensitivity, specificity, PLR, NLR, and 
diagnostic odds ratio (DOR) for NEWS2 are illustrated in 
Figures 2-5 and show the summary ROC (SROC) curves for 
NEWS2. Overall, the pooled sensitivity, specificity, DOR, 
and AUC of 2-day mortality were 0.81 (95% CI: 0.76, 0.84), 
0.81 (95% CI: 0.78, 0.84), 18 (95% CI: 12, 26), and 0.88 
(95% CI: 0.85, 0.90), respectively (Table 3). The pooled 
sensitivity, specificity, DOR, and AUC of 30-day mortality 
were 0.76 (95% CI: 0.68, 0.83), 0.69 (95% CI: 0.59, 0.78), 7 
(95% CI: 6, 9), and 0.80 (95% CI: 0.76, 0.83), respectively. 
For in-hospital mortality, the pooled sensitivity, specificity, 
DOR, and AUC were 0.72 (95% CI: 0.61, 0.80), 0.78 (95% 
CI: 0.49, 0.93), 9 (95% CI: 3, 28), and 0.78 (95% CI: 0.74, 
0.82), respectively.

Figure 1 Flow chart of study inclusion.

Records identified from Databases 
searching
• PubMed (n=368)
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Table 1 The characteristics of the included studies

References Year Country Design Sample size Cutoff Outcome

Medina-Lozano et al. (18) 2020 Spain Prospective 346 8 2-day mortality

Martín-Rodríguez et al. (19) 2020 Spain Prospective 3,081 11 2-day mortality

Marincowitz et al. (23) 2022 England Retrospective 7,549 1 30-day mortality

Hu et al. (24) 2022 China Retrospective 319 10 In-hospital mortality

Guarino et al. (25) 2022 Italy Retrospective 437 7 In-hospital mortality,  
30-day mortality

Chikhalkar et al. (26) 2022 Indian Prospective 814 9 In-hospital mortality

Villanueva Rábano et al. (27) 2021 Spain Prospective 638 10 2-day mortality

9 30-day mortality

Thomas et al. (28) 2021 UK Retrospective 20,891 4 30-day mortality

Sivayoham et al. (29) 2021 UK Retrospective 2,594 8 In-hospital mortality

Richardson et al. (30) 2021 England Retrospective 6,444 5 In-hospital mortality,  
2-day mortality

Reardon et al. (31) 2021 Canada Retrospective 4,022 5 In-hospital mortality

Prasad et al. (32) 2021 America Retrospective 23,837 5 In-hospital mortality

Osawa et al. (33) 2021 Japan Retrospective 2,900 6 In-hospital mortality

Masson et al. (34) 2021 England Retrospective 91,871 5 2-day mortality, 30-day mortality

Martín-Rodríguez et al. (35) 2021 Spain Prospective 3,273 7 2-day mortality

Martín-Rodríguez et al. (36) 2021 Spain Retrospective 663 7 2-day mortality

López-Izquierdo et al. (37) 2021 Spain Prospective 941 8 30-day mortality

Durantez-Fernández  
et al. (38)

2022 Spain Prospective 1,716 6.5 2-day mortality

5.5 30-day mortality

Durantez-Fernández  
et al. (39)

2021 Spain Prospective 445 6 2-day mortality

5 30-day mortality

Clar et al. (40) 2021 Spain Prospective 201 5 In-hospital mortality

Mellhammar et al. (41) 2020 Sweden Retrospective 941 5 30-day mortality

Martín-Rodríguez et al. (42) 2020 Spain Prospective 209 10 2-day mortality

Martín-Rodríguez et al. (43) 2020 Spain Prospective 2,335 9 2-day mortality

7 30-day mortality

Magnusson et al. (44) 2020 Sweden Prospective 4,465 5 2-day mortality, 30-day mortality

Covino et al. (45) 2020 Italy Retrospective 334 4 2-day mortality

Mellhammar et al. (46) 2019 Sweden Prospective 1,171 5 30-day mortality

Martín-Rodríguez et al. (47) 2019 Spain Prospective 1,054 9 2-day mortality

Martín-Rodríguez et al. (48) 2019 Spain Prospective 707 9 2-day mortality

8 30-day mortality

Martín-Rodríguez et al. (49) 2019 Spain Prospective 349 10 2-day mortality

Martín-Rodríguez et al. (50) 2019 Spain Prospective 1,288 9 2-day mortality



Wei et al. NEWS2 in predicting early deathPage 6 of 18

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(2):95 | https://dx.doi.org/10.21037/atm-22-6587

Table 2 The PROBAST results

References
ROB Applicability Overall

Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability

Medina-Lozano  
et al. 2020 (18)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2020  (19)

+ + + + + + + + +

Marincowitz et al. 
2022 (23)

− + + + + + + − +

Hu et al. 2022 (24) − + + + + + + − +

Guarino et al.  
2022 (25)

− + + + + + + − +

Chikhalkar et al. 
2022 (26)

+ + + + + + + + +

Villanueva Rábano 
et al. 2021 (27)

+ + + + + + + + +

Thomas et al.  
2021 (28)

− + + + + + + − +

Sivayoham et al. 
2021 (29)

− + + + + + + − +

Richardson et al. 
2021 (30)

− + + + + + + − +

Reardon et al.  
2021 (31)

− + + + + + + − +

Prasad et al.  
2021 (32)

− + + + + + + − +

Osawa et al.  
2021 (33)

− + + + + + + − +

Masson et al.  
2021 (34)

− + + + + + + − +

Martín-Rodríguez  
et al. 2021 (35)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2021 (36)

− + + + + + + − +

López-Izquierdo  
et al. 2021 (37)

+ + + + + + + + +

Durantez-Fernández 
et al. 2022 (38)

+ + + + + + + + +

Durantez-Fernández 
et al. 2021 (39)

+ + + + + + + + +

Clar et al. 2021 (40) + + + + + + + + +

Mellhammar et al. 
2020 (41)

− + + + + + + − +

Table 2 (continued)
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Subgroup analysis

There is relevant evidence that the prognostic performance 
of NEWS2 is not significantly different in different 
subgroups (Table 3). The sensitivity and specificity of the 
NEWS2 in predicting early mortality (2-day mortality) in 
prehospital and emergency settings are high, with excellent 
accuracy. For example, in 9 studies using a threshold ≥4, 
the pooled sensitivity, specificity and AUC were 0.82 
(95% CI: 0.77, 0.86), 0.80 (95% CI: 0.74, 0.85), and 0.88 
(95% CI: 0.84, 0.90); in the 8 studies using a threshold ≥9, 
the combined sensitivity, specificity, and AUC were 0.78 
(95% CI: 0.71, 0.84), 0.83 (95% CI: 0.79, 0.86), and 0.87 
(95% CI: 0.84, 0.90). In addition, from the pooled data of 
NEWS2 in different continents for predicting in-hospital 
mortality in prehospital and emergency settings, the 
accuracy rate in Europe and other continents is acceptable, 
with a similar AUC (0.74 vs. 0.76). Among them, the 
European study had a low sensitivity of 0.77 (95% CI: 
0.55, 0.90) and a poor specificity of 0.61 (95% CI: 0.40, 

0.78); studies from other continents (Asia, North America) 
had a low sensitivity of 0.69 (95% CI: 0.59, 0.78) and an 
outstanding specificity of 0.90 (95% CI: 0.39, 0.99).

The results of publication bias

Figure 6 shows the results of publication bias by using 
Deeks’ funnel plot asymmetry test. The P values of NEWS2 
for patients in 2-day, 30-day, and in-hospital mortality were 
0.98, 0.99, and 0.07, respectively. This indicates that there 
was no significant publication bias.

Discussion

Throughout this systematic review and meta-analysis, 
we found that the AUC curve of 2-day mortality in the 
emergency department and the prehospital settings 
ranged from 0.85 to 0.90. The AUC curves of in-hospital 
mortality and 30-day mortality ranged from 0.74 to 0.82 
and 0.76 to 0.83, respectively. NEWS2 is relatively reliable 

Table 2 (continued)

References
ROB Applicability Overall

Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability

Martín-Rodríguez  
et al. 2020 (42)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2020 (43)

+ + + + + + + + +

Magnusson et al. 
2020 (44)

+ + + + + + + + +

Covino et al.  
2020 (45)

− + + + + + + − +

Mellhammar et al. 
2019 (46)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2019 (47)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2019 (48)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2019 (49)

+ + + + + + + + +

Martín-Rodríguez  
et al. 2019 (50)

+ + + + + + + + +

‘+’ represents low ROB/low concern regarding applicability; ‘−’ represents high ROB/high concern regarding applicability. PROBAST, 
Prediction model Risk of Bias Assessment; ROB, risk of bias.
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in identifying early mortality (2-day mortality) in patients 
in the emergency department and prehospital areas. 
Analysis of the data shows that the accuracy of NEWS2 
in predicting the abovementioned adverse outcomes is 
acceptable or even excellent. Thus, our results support the 
use of the NEWS2 as a tracking and triggering aid in the 
assessment of conditions and the allocation of emergency 
resources when prescreening and triaging patients in 
prehospital and emergency settings, especially in crowded 
emergency rooms (53). In addition, our results also show 
that NEWS2 is highly sensitive (0.82) in predicting 
2-day mortality for results with a threshold ≥4, while the 
sensitivity of NEWS2 (0.78) decreases in predicting 2-day 
mortality for results with a threshold ≥9. This means that 
for patients with a NEWS2 score ≥4, we should increase 
clinical attention, identify patients with high-risk factors in 
the population, and provide early intervention as soon as 
possible to improve the prognosis. NEWS2 is rather stable 

in predicting the in-hospital mortality rate across different 
continents, and there is no obvious difference in accuracy.

The pooled results showed significant heterogeneity 
among the included studies, where I2>50% represented 
significant heterogeneity (54). The large sample size gap, 
the different study designs (prospective and retrospective), 
and the methods of registering the population may be 
sources of heterogeneity. In addition, we considered that 
the study location might be a confounding factor for 
various health care systems, which could influence clinical 
outcomes. Heterogeneity may also arise due to the various 
time windows between score calculation and outcome 
measurement. Since early warning score systems have 
been introduced in many United Kingdom (UK) hospitals, 
they have been used for a wide variety of patients clinically 
and associated with relevant clinical responses (55). Some 
urgent patients are likely to receive rapid medical care after 
triggering the alert. The actual death rate tends to be lower 

Figure 2 Forest plots of sensitivity and specificity for NEWS2. (A) 2-day mortality; (B) 30-day mortality; (C) in-hospital mortality. NEWS2, 
National Early Warning Score 2.

C
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than the predicted rate, which may bias our estimate of 
accuracy and lead to heterogeneity. Furthermore, our study 
included prehospital and emergency settings, which are 
different, as well as various outcome measures, such as 2-day 
mortality, 30-day mortality, and in-hospital mortality. The 
difference in setting and outcome measures may also explain 
the source of heterogeneity.

Patients with novel coronavirus-infected pneumonia are 
usually characterized by solitary respiratory failure (56).  
Moreover, supplemental oxygen has been confirmed as 
an independent risk factor for the progression of novel 
coronavirus pneumonia to critical illness (57). Compared 
to the original NEWS, NEWS2 has similar sensitivity 
and specificity to NEWS in predicting non-hypercapnic 
respiratory failure. In predicting hypercapnic respiratory 
failure, based on the SPO2 scoring scale specially developed 
for hypercapnia (58), NEWS2 is better than NEWS. 
In addition, compared with other scoring systems, such 
as Early Warning Score (EWS), MEWS, and quick 

Sepsis related Organ Failure Assessment (qSOFA), the 
main advantage of NEWS2 is that both hypoxemia and 
supportive oxygen therapy are included in the scoring 
parameters. Therefore, although other scoring systems 
and NEWS2 have good discrimination, sensitivity, and 
specificity, NEWS2 might be more reliable in prehospital 
and emergency department settings, especially during the 
COVID-19 pandemic. In addition, our research suggests 
that we should activate early medical care for patients with 
a NEWS2 threshold ≥4 in predicting early mortality (2-day 
mortality). According to the guidelines of the Royal College 
of Physicians (59), patients with a NEWS2 score of fewer 
than 5 points still have the possibility of rapid deterioration, 
leading to severe respiratory failure. Thus, we need to 
continuously monitor this subset of patients with a NEWS2 
threshold less than 5. Notably, NEWS2 should be utilized 
to support clinical decision-making by providing objective 
data, but it should not be an alternative to the clinical 
judgment of experienced clinicians. Hence, NEWS2 could 

Figure 3 The positive and negative likelihood ratios for NEWS2. (A) 2-day mortality; (B) 30-day mortality; (C) in-hospital mortality. 
NEWS2, National Early Warning Score 2.
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be used to evaluate a possible deterioration in the patient’s 
condition throughout their hospital stay.

Strengths and limitations of the review

The current meta-analysis has several strengths. First, 
we included the most recent cohort study data available 
in this fast-moving domain, including findings during 
the COVID-19 pandemic from 2019 to 2022. Second, 
we focused on the triage performance of the NEWS2 
scoring system in the prehospital setting and emergency 
departments, as both locations have the characteristics of 
diverse patients and diseases. Thus, our conclusion could 
more typically represent the accuracy of the scoring system.

Nevertheless, there are some crucial limitations in our 
research. First, there was significant heterogeneity in our 
study. One-fifth of the included studies had small sample 
sizes (<400), and the quality of the included studies was 

not as high as the reliability of large samples. Second, the 
meta-analysis did not have sufficient data to explore the 
performance of NEWS2 in patients younger than 18 years. 
The age of the study subjects was concentrated in adults. 
Therefore, using NEWS2 on individuals younger than 18 
years of age might lead to inaccurate results. Third, more 
than two-thirds of the included studies in our research 
were from Europe. We still need more evidence from non-
European countries to improve the accuracy and clinical 
applicability of NEWS2.

Conclusions

This is the first meta-analysis to assess the accuracy of 
the NEWS2 in predicting in-hospital, 2-day, and 30-day  
mortality for patients in the prehospital setting and 
emergency departments. Based on the AUC, sensitivity, and 
specificity results greater than 0.8 as an excellent prediction 

Figure 4 The diagnostic odds ratio for NEWS2. (A) 2-day mortality; (B) 30-day mortality; (C) in-hospital mortality. NEWS2, National 
Early Warning Score 2.
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threshold, we comprehensively analyzed the above 
outcomes. Thus, NEWS2 has excellent sensitivity and 
specificity in predicting early mortality (2-day mortality) 
and can reliably identify the patients requiring emergency 
preparing and response. Our findings underpin the use of 
NEWS2 as a pre-examination and triage tool to predict 
early death in the prehospital settings and emergency 
departments. However, it shows poor performance in 
predicting in-hospital mortality and 30-day mortality. The 

predictive performance of NEWS2 is more reliable when 
the cut-off value is ≥4. Nevertheless, with the increase of 
score, the predictive performance decrease. Ultimately, 
ongoing clinical attention is warranted, even though 
patients with a low NEWS2 score have a reduced risk of 
death for several days. Besides, to improve the predictive 
accuracy, NEWS2 should be used to monitor patients 
continuously rather than at a single point-in-time. 

In the future, we hope that there will be more large-scale 

Table 3 Results of meta-analysis

Results N Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI) DOR AUC (95% CI)

In-hospital mortality 9 0.72 (0.61, 0.80) 0.78 (0.49, 0.93) 3.3 (1.3, 8.7) 0.36 (0.27, 0.48) 9 (3, 28) 0.78 (0.74, 0.82)

2-day mortality 17 0.81 (0.76, 0.84) 0.81 (0.78, 0.84) 4.3 (3.5, 5.2) 0.24 (0.19, 0.30) 18 (12, 26) 0.88 (0.85, 0.90)

30-day mortality 13 0.76 (0.68, 0.83) 0.69 (0.59, 0.78) 2.5 (2.0, 3.1) 0.34 (0.28, 0.42) 7 (6, 9) 0.80 (0.76, 0.83)

Subgroup analysis

Threshold value (2-day mortality)

NEWS2 ≥4 9 0.82 (0.77, 0.86) 0.80 (0.74, 0.85) 4.0 (3.1, 5.3) 0.23 (0.17, 0.29) 18 (11, 29) 0.88 (0.84, 0.90)

NEWS2 ≥9 8 0.78 (0.71, 0.84) 0.83 (0.79, 0.86) 4.5 (3.4, 5.8) 0.27 (0.19, 0.37) 17 (10, 29) 0.87 (0.84, 0.90)

Continent (in-hospital mortality)

Europe 4 0.77 (0.55, 0.90) 0.61 (0.40, 0.78) 2.0 (1.5, 2.7) 0.38 (0.24, 0.61) 5 (4, 7) 0.74 (0.70, 0.78)

Other continents 5 0.69 (0.59, 0.78) 0.90 (0.39, 0.99) 7.1 (0.7, 70.2) 0.34 (0.28, 0.43) 20 (2, 217) 0.76 (0.72, 0.79)

CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under the 
curve; NEWS2, National Early Warning Score 2.

Figure 5 The summary ROC curve for NEWS2 for predicting patients in (A) 2-day, (B) 30-day and (C) in-hospital mortality. ROC curve, 
receiver operator characteristic curve; NEWS2, National Early Warning Score 2.
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and high-quality studies on this topic to further inform our 
results.
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Supplementary

Appendix 1 Searching strategies, inclusion 
and exclusion criteria, and quality assessment 
criteria

Searching strategies

Pubmed
#1 "Mortality"[Mesh]
#2 "Death"[Mesh]
#3 ((Mortalit*[Title/Abstract]) OR (Fatalit*[Title/Abstract])) 
OR (Death*[Title/Abstract])
#4 (("Mortality"[Mesh]) OR ("Death"[Mesh])) OR 
(((Mortalit*[Title/Abstract]) OR (Fatalit*[Title/Abstract])) 
OR (Death*[Title/Abstract]))
#5 (NEWS2[Title/Abstract]) OR (National Early Warning 
Score 2[Title/Abstract])
#6 (National Early Warning Score 2) OR (NEWS2)
#7 ((("Mortality"[Mesh]) OR ("Death"[Mesh])) OR 
(((Mortalit*[Title/Abstract]) OR (Fatalit*[Title/Abstract])) 
OR (Death*[Title/Abstract]))) AND ((National Early 
Warning Score 2) OR (NEWS2))

Embase
#1 'mortality'/exp
#2 'death'/exp
#3 'fatality'/exp
#4 mortalit*:ab,ti OR fatalit*:ab,ti OR death*:ab,ti
#5 #1 OR #2 OR #3 OR #4
#6 'national early warning score 2'/exp
#7 'national early warning score 2' OR news2
#8 #6 OR #7
#9 #5 AND #8

Cochrane Library
#1 MeSH descriptor: [Mortality] explode all trees
#2 MeSH descriptor: [Death] explode all trees
#3 (Mortalit*) :t i ,ab,kw OR (Fatalit*) :t i ,ab,kw OR 
(Death*):ti,ab,kw
#4 (National Early Warning Score 2) OR (NEWS2)
#5 #1 OR #2 OR #3
#6 #4 AND #5

Web of Science
#1 National Early Warning Score 2 (Topic) or NEWS2 

(Topic)
#2 TS=(Mortalit*) OR TS=(Fatalit*) OR TS=(Death*)
#3 #2 AND #1

CNKI
#1  (  ( 旧 版 主 题 = 中 英 文 扩 展 (NEWS2)+ 中 英 文 扩 展
(‘National Early Warning Score 2’) 或者 keyword= 
NEWS2+‘National Early Warning Score 2’ 或者 title= 
NEWS2+‘National Early Warning Score 2’ 或者 abstract= 
NEWS2+‘National Early Warning Score 2’ ) 并且 (旧版主
题=死亡率 或者 keyword=中英文扩展(死亡率) 或者 title=
中英文扩展(死亡率) 或者 abstract=中英文扩展(死亡率))) 
(模糊匹配)，专辑导航：全部；数据库：文献 跨库检索

WanFang Data
#1 全部:(NEWS2 or 'National Early Warning Score 2') and 
全部:(死亡率)

Vip Database
#1 任意字段=NEWS2 OR ‘National Early Warning Score 
2‘ AND 任意字段=死亡率

SinoMed
#1 "NEWS2"[全部字段:智能] AND "死亡率"[全部字段: 
智能]

Quality Assessment Criteria

Two authors used the Prediction model Risk Of Bias 
Assessment Tool (PROBAST) independently to assessed 
the risk of bias of included trials. The PROBAST consists 
assessment of four key domains to judge the quality of 
studies: participants, predictors, outcome, analysis. The 
answer to each item was “+”, “-” or “?” (“+” indicates 
low risk of bias; “-” indicates high risk of bias; and “?” 
indicates unclear risk of bias). If a study was judged as 
“low” on all domains relating to bias, then it was assigned 
an overall judgment of “low risk of bias” or “low concern 
regarding applicability”, and had high quality. If a study 
was judged “high” in one or more domains, then it may 
have been judged as “at risk of bias” or “concerns regarding 
applicability”. Disagreements were resolved by the third 
author.
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Appendix 2 Details of the quality assessment

Authors

Risk of Bias Applicability

1. Participants 2. Predictors 3. Outcome 4. Analysis

(1, 2, 3, 4)Risk 
of Bias

1. Participants 2. Predictors 3. Outcome

(1, 2, 3)
Applicability

1.1 Were 
appropriate 

data sources 
used, e.g. 

cohort, RCT or 
nested case-
control study 

data?

1.2 Were all 
inclusions and 
exclusions of 
participants 
appropriate?

overall

2.1 Were 
predictors 

defined and 
assessed in a 
similar way for 

all participants?

2.2 Were 
predictor 

assessments 
made without 
knowledge of 

outcome data?

2.3 Are all 
predictors 

available at the 
time the model 
is intended to 

be used?

overall

3.1 Was the 
outcome 

determined 
appropriately?

3.2 Was a 
pre-specified 
or standard 

outcome 
definition used?

3.3 Were 
predictors 

excluded from 
the outcome 
definition?

3.4 Was the 
outcome 

defined and 
determined in a 
similar way for 

all participants?

3.5 Was the 
outcome 

determined 
without 

knowledge 
of predictor 
information?

3.6 Was the 
time interval 

between 
predictor 

assessment 
and outcome 
determination 
appropriate?

overall

4.1 Were there 
a reasonable 

number of 
participants 

with the 
outcome??

4.2 Were 
continuous 

and categorical 
predictors 
handled 

appropriately?

4.3 Were 
all enrolled 
participants 

included in the 
analysis?

4.4 Were 
participants 
with missing 
data handled 

appropriately?

★ 4.5 Was 
selection of 

preditors based 
on univariable 

analysis 
avoided?

4.6 Were 
complexities in 
the data (e.g. 

censoring, 
competing 

risks, sampling 
of controls) 

accounted for 
appropriately?

4.7 Were 
relevant model 
performance 

measures 
evaluated 

appropriately?

★ 4.8 Were 
model 

overfitting 
and optimism 

in model 
performance 

accounted for?

★ 4.9 Do 
predictors and 
their assigned 
weights in the 

final model 
correspond to 

the results from 
multivariable 

analysis?

overalll

1. Concern that 
the included 
participants 
and setting 

do not match 
the review 
question.

2. Concern that 
the definition, 
assessment 
or timing of 
predictors in 
the model do 

not match 
the review 
question.

3. Concern that 
the outcome, 
its definition, 

timing or 
determination 
do not match 

the review 
question.

Medina-Lozano et al. 
2020 (18)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2020 (19)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Marincowitz et al. 
2022 (23)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Hu et al. 2022 (24) N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Guarino et al.  
2022 (25)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Chikhalkar et al.  
2022 (26)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Villanueva Rabano  
et al. 2021 (27)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Thomas et al.  
2021 (28)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Sivayoham et al. 
2021 (29)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Richardson et al. 
2021 (30)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Reardon et al.  
2021 (31)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Prasad et al.  
2021 (32)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Osawa et al.  
2021 (33)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Masson et al.  
2021 (34)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Martin-Rodriguez  
et al. 2021 (35)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2021 (36)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Appendix 2 (continued)
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Appendix 2 (continued)

Authors

Risk of Bias Applicability

1. Participants 2. Predictors 3. Outcome 4. Analysis

(1, 2, 3, 4)Risk 
of Bias

1. Participants 2. Predictors 3. Outcome

(1, 2, 3)
Applicability

1.1 Were 
appropriate 

data sources 
used, e.g. 

cohort, RCT or 
nested case-
control study 

data?

1.2 Were all 
inclusions and 
exclusions of 
participants 
appropriate?

overall

2.1 Were 
predictors 

defined and 
assessed in a 
similar way for 

all participants?

2.2 Were 
predictor 

assessments 
made without 
knowledge of 

outcome data?

2.3 Are all 
predictors 

available at the 
time the model 
is intended to 

be used?

overall

3.1 Was the 
outcome 

determined 
appropriately?

3.2 Was a 
pre-specified 
or standard 

outcome 
definition used?

3.3 Were 
predictors 

excluded from 
the outcome 
definition?

3.4 Was the 
outcome 

defined and 
determined in a 
similar way for 

all participants?

3.5 Was the 
outcome 

determined 
without 

knowledge 
of predictor 
information?

3.6 Was the 
time interval 

between 
predictor 

assessment 
and outcome 
determination 
appropriate?

overall

4.1 Were there 
a reasonable 

number of 
participants 

with the 
outcome??

4.2 Were 
continuous 

and categorical 
predictors 
handled 

appropriately?

4.3 Were 
all enrolled 
participants 

included in the 
analysis?

4.4 Were 
participants 
with missing 
data handled 

appropriately?

★ 4.5 Was 
selection of 

preditors based 
on univariable 

analysis 
avoided?

4.6 Were 
complexities in 
the data (e.g. 

censoring, 
competing 

risks, sampling 
of controls) 

accounted for 
appropriately?

4.7 Were 
relevant model 
performance 

measures 
evaluated 

appropriately?

★ 4.8 Were 
model 

overfitting 
and optimism 

in model 
performance 

accounted for?

★ 4.9 Do 
predictors and 
their assigned 
weights in the 

final model 
correspond to 

the results from 
multivariable 

analysis?

overalll

1. Concern that 
the included 
participants 
and setting 

do not match 
the review 
question.

2. Concern that 
the definition, 
assessment 
or timing of 
predictors in 
the model do 

not match 
the review 
question.

3. Concern that 
the outcome, 
its definition, 

timing or 
determination 
do not match 

the review 
question.

Lopez-Izquierdo  
et al. 2021 (37)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Durantez-Fernandez 
et al. 2022 (38)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Durantez-Fernandez 
et al. 2021 (39)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Clar et al. 2021 (40) Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Mellhammar et al. 
2020 (41)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Martin-Rodriguez  
et al. 2020 (42)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2020 (43)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Magnusson et al. 
2020 (44)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Covino et al.  
2020 (45)

N Y − Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + − Y Y Y +

Mellhammar et al. 
2019 (46)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2019 (47)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2019 (48)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2019 (49)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

Martin-Rodriguez  
et al. 2019 (50)

Y Y + Y Y Y + Y Y Y Y Y Y + Y Y Y Y Y Y + + Y Y Y +

★ : This question is limited to model development studies; “Y” indicates positive of the question; “N” indicates negative of the question ; “+” indicates low risk of bias; “-” indicates high risk of bias.


