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ABSTRACT 

Objectives: The National Early Warning Score (NEWS) helps to estimate mortality risk 

in emergency department (ED) patients. This study aimed to investigate whether the 

prognostic value of the NEWS at ED admission could be further improved by adding 

inflammatory blood markers (i.e. white blood cell count (WBC), procalcitonin (PCT), and 

MR-ProAdrenomedullin (MR-proADM). 

Design: Secondary analysis of a multinational, prospective, observational study. 

(TRIAGE study, March 2013 to October 2014)  

Setting: Three tertiary care centers in France, Switzerland, and the USA. 

Participants: A total of 1303 adult medical patients with complete NEWS data seeking 

ED care were included in the final analysis. NEWS was calculated retrospectively based 

on admission data.  

Main outcome measures: The primary outcome was all-cause 30-day mortality. 

Secondary outcome was ICU admission. We used multivariate regression analyses to 

investigate associations of NEWS and blood markers with outcomes and area under the 

receiver operating curve (AUC) as a measure of discrimination. 

Results: Of the 1303 included patients, 54 (4.1%) died within 30 days. The NEWS alone 

showed fair prognostic accuracy for all-cause 30-day mortality (AUC 0.73), with a 

multivariate adjusted odds ratio (OR) of 1.26 (95% CI 1.13–1.40, p<0.001). The AUCs 

for the prediction of mortality using the inflammatory markers WBC, PCT, and MR-

proADM were 0.64, 0.71, and 0.78, respectively. Combining NEWS with all three blood 

markers or only with MR-proADM clearly improved discrimination with an AUC 0.82 

Combining the three inflammatory markers with NEWS improved risk stratification with 

regard to ICU admission compared to NEWS alone from AUC 0.70 vs. 0.65. 
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Conclusion: NEWS is helpful in risk stratification of ED patients and can be further 

improved by the addition inflammatory blood markers. Future studies should investigate 

whether risk stratification by NEWS in addition to biomarkers improve site-of-care 

decision in this patient population. 

Trial registration number: ClinicalTrials.gov; Identifier: NCT01768494 

 

ARCTICLE SUMMARY 

Strength and limitations of this study 

- This is the first multinational study investigating the association of the National 

Early Warning Score (NEWS) and adverse outcomes at emergency department 

(ED) admission. 

- This is the first study evaluating additional impact of inflammatory biomarkers on 

NEWS. 

- Due to its design as a secondary analysis of an observational study, results are at 

best hypothesis generating. 

- There is the possibility of a selection bias due to exclusion of patients with 

missing vital status data. 
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INTRODUCTION 

With increasingly overwhelmed emergency departments (ED), it is vital that well-

validated risk stratification systems are implemented to rapidly identify and efficiently 

respond to patients at risk since delays in treatment may result in poor outcomes [1, 2]. 

At the same time, risk stratification systems should ensure reliable identification of 

patients who may not need urgent care. Risk scores such as the pneumonia severity 

index (PSI) for patients presenting with pneumonia [3] or the Global Registry of Acute 

Coronary Events (GRACE) risk score for patients with myocardial infarction are 

applicable mainly to specific patient populations [4]. 

 

Emerging data suggest that in unselected medical patients presenting to the ED, early 

warning scores (i.e., track-and-trigger systems) are gaining importance for risk 

stratification and that their usage for this purpose may exceed that of classical triage 

tools such as the Manchester Triage System (MTS) [5, 6]. Of the numerous early 

warning scores (EWS) that have been investigated for this purpose, the National Early 

Warning Score (NEWS) may be the best evaluated and most widely used [6]. It was 

originally developed in the United Kingdom by the Royal College of Physicians to 

standardize and improve detection of patients at risk for deterioration, with the routine 

recording of a minimum of physiological parameters [7, 8]. Multiple studies have 

revealed its superiority over other risk stratification tools with regard to prediction of 

mortality [6, 9]. Since its introduction in 2012, NEWS has been validated and widely 

implemented in different patient populations [5, 10-12] worldwide [5, 11, 13-16]. It has 

also been used recently for early risk stratification in unselected ED patients and has 

shown promise in the prediction of mortality [6]. Moreover, the Royal College of 
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Physicians now recommends its use in EDs in its updated NEWS 2 report issued in 

2017 [7]. However, risk stratification at this early stage in patient care immediately 

following presentation to the ED is challenging due to lack of clinical information. 

Moreover, NEWS and other triage scores are based on vital signs and represent a 

patient’s clinical state at a single timepoint when vital signs are frequently still 

unremarkable, as a consequence of which they may miss patients at risk. 

 

The use of blood markers assessed at the time of ED presentation may add prognostic 

information [17] and even improve the prognostic value of early warning scores. 

Although investigations trying to improve the discriminative value of NEWS by combining 

different markers such as serum lactate [12, 16] or D-dimer [18] with NEWS have been 

undertaken, their results are contradictory. This may be due to inadequate selection of 

blood markers. The inflammatory blood marker procalcitonin (PCT) is a marker for 

bacterial infections. It has been employed for stewardship of antibiotic therapy [19] and 

has been shown to improve risk assessment in different patient populations such as 

those with sepsis [20] or malignant disease [21], and in patients at cardiovascular risk 

[22]. Adrenomedullin (ADM) is a potent vasodilator peptide hormone widely expressed 

by many tissues that acts both as an autocrine and paracrine mediator [23, 24]. It is 

released in higher quantities in infectious and inflammatory states [25, 26]. Midregional 

pro-Adrenomedullin (MR-proADM) is generated during the processing of the 

prohormone of adrenomedullin, is stable in human plasma, and may directly reflect the 

release of ADM [27]. Several studies have revealed MR-proADM to be highly predictive 

of adverse outcomes in specific patient populations such as those with chronic heart 

failure [28], sepsis [24], lower respiratory tract infections [29, 30], myocardial infarction 
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[31], and urinary tract infections [32]. Moreover, MR-proADM has been shown to predict 

adverse outcomes in patients presenting to the ED with nonspecific complaints [33]. 

 

The first aim of this study was to investigate the prognostic accuracy of NEWS in an 

unselected multinational cohort of medical patients presenting to the ED. In a second 

step we aimed to investigate whether adding the inflammatory blood markers white 

blood cell count (WBC), PCT, and MR-proADM would improve the predictive value of 

NEWS at the time of ED presentation. 
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METHODS 

Study design 

This is a secondary analysis of data from a prospective, multinational, observational 

cohort study that enrolled patients from March 2013 to October 2014 at three tertiary 

care hospitals in Aarau (Switzerland), Paris (France), and Clearwater (FL, USA) with the 

aim of determining whether the addition of biomarkers from distinct biological pathways 

would improve early risk stratification and initial triage of patients upon ED admission. 

Since it was an observational quality control study, the Institutional Review Boards (IRB) 

of the three hospitals approved the study and waived the need for individual informed 

consent (main Swiss IRB: Ethikkommission Kanton Aargau [EK 2012/059]; French IRB: 

CCTIRS—Le Comité consultatif sur le traitement de l’information en matière de 

recherche [C.C.T.I.R.S.; CPP ID RCB: 2013-A00129-36]; US IRB MPM-SAH Institutional 

Review Board, Clearwater Florida [IRB number 2013_005]). The study was registered at 

“ClinicalTrials.gov” (NCT01768494). The study protocol and details regarding the study 

design have been published previously [34, 35]. 

 

Patient and Public Involvement 

Patients were not involved in the development of the research question or the design of 

the study. 

 

Patient samples 

All adult medical patients seeking ED care at one of the participating hospitals were 

consecutively enrolled. They were included in this analysis if an initial blood draw had 

been performed as part of the routine assessment in the ED. Surgical and pediatric 
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patients were excluded. There were no further exclusion criteria so as to reflect patient 

diversity and challenges of “real-life”. 

 

Data collection and score assignment 

At time of admission to the ED, all patients were assessed by a triage nurse and 

assigned an initial triage priority based on the routine hospital algorithm. All participants 

provided a thorough medical history and underwent a physical examination, including 

measurement of vital signs and laboratory assessment with collection of leftover blood 

samples for later analysis. Additionally, we recorded the main presenting clinical 

symptoms and complaints, sociodemographic characteristics, and comorbidities. All 

information was initially entered in a case report form and subsequently stored in a 

centralized, password-secured databank (SecuTrial®; interActive Systems GmbH, Berlin, 

Germany). 

 

Throughout the hospital stay the patients were managed by physicians, nurses, and 

social workers independent of the research team. All patients were contacted by 

telephone interview 30 days after admission using a predefined questionnaire to assess 

vital and functional status, unplanned hospital readmission, and other clinical outcomes. 

 

The NEWS was calculated retrospectively based on available admission data pertaining 

to the following six parameters: respiratory rate, oxygen saturation, temperature, blood 

pressure, pulse rate, and level of consciousness. Corresponding to the NEWS 2 score 

chart of the Royal College of Physicians of the UK [7], continuous variables were 

awarded a range of zero to three points, while the level of consciousness was binary 
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coded with zero points if absent and three points if altered. Since data on whether 

supplemental oxygen was given were not available, the additional 2 points that would 

have been assigned if supplemental oxygen was given were not included in the 

calculation. Using the resulting aggregate score, patients were classified into three 

NEWS categories representing low (0-4 points), moderate (5-6 points), or high (≥7 

points) risk. Additionally, patients in the low risk group scoring three points for a single 

physiological parameter were reclassified in the moderate risk group, as recommended 

by the Royal College of Physicians [7]. 

 

Study endpoints, overall hypothesis, and research aim 

The primary endpoint of this analysis was all-cause mortality within 30 days of ED 

admission. The secondary endpoint was admission to the intensive care unit (ICU) 

during hospital stay. The decision regarding ICU admission was left to the discretion of 

the treating physicians. To assess the endpoints, patients were followed throughout their 

hospital stay and phone interviews were conducted 30 days after admission. If the 

patient could not be reached, the patient’s family or general practitioner was contacted. 

The aim of this secondary analysis was to investigate the association of a single 

calculation of NEWS at time of admission with the respective outcomes. In a second 

step, we aimed to assess whether the predictive value of NEWS could be improved by 

combining these prognostic biomarkers with the NEWS. 

 

Blood draws and biomarkers 

We decided to investigate associations of three inflammatory biomarkers namely white 

blood cell count (WBC), midregional pro-Adrenomedullin (MR-proADM), and 
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procalcitonin (PCT). The WBC count was part of the routine laboratory measurement at 

ED admission. Based on the normal range of WBC (4.0 to 10.0 G/L), we defined the 

following cut-offs: <4.0 G/L representing levels lower than normal, 4.0 to 10.0 G/L 

representing the normal range, 10.01 to 15.0 G/L representing low-to-moderate 

inflammatory response, and >15.0 G/L representing marked inflammation. Both PCT 

and MR-proADM were batch-measured later from leftover blood samples. The samples 

were routinely collected at admission, immediately centrifuged, aliquoted and frozen at 

−20°C. The results of these analyses were not available at time of hospitalization. Thus, 

physicians and patients were blinded to their results. The PCT levels were measured 

with a highly sensitive time-resolved amplified cryptate emission (TRACE) technology 

assay (PCT Kryptor®, B.R.A.H.M.S. AG, Hennigsdorf, Germany) with a lower detection 

limit of 0.02 ug/L and assay sensitivity of 0.06 µg/L [36]. The MR-proADM levels were 

measured in plasma with a sandwich immunoassay as described elsewhere [27]. The 

assay has an analytical detection limit of 0.08 nmol/L. We defined cut-offs of PCT and 

MR-proADM corresponding to quartiles. 

 

Statistical Analyses 

For statistical analyses, we used STATA 12.1 (Stata Corp, College Station, Texas, 

USA). Two-tailed tests were used and p-values of <0.05 were considered significant. We 

used descriptive statistics such as mean with standard deviation (SD), median with 

interquartile range (IQR), and frequencies to describe the population, as appropriate. We 

performed logistic regression analyses to investigate associations of NEWS and 

biomarkers with primary and secondary outcomes, respectively. We developed different 

models with stepwise adjustment for potential important confounders (i.e., age, gender, 
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main diagnoses leading to ED admission, and comorbidities). Results of the regression 

analyses are presented as odds ratios (OR) with 95% confidence intervals (95% CI). 

The raw distribution of the biomarker data was skewed. After log transformation with a 

base of ten, the distribution of the biomarker data approximated a normal distribution. 

Therefore, ORs correspond to a tenfold increase in log-transformed values. Regression 

analyses were repeated in predefined subgroups stratified by diagnoses leading to ED 

admission. Discriminative performance was determined by means of area under the 

receiver operating characteristics (AUC), where AUC 0.6 to 0.7 is considered poor, 0.7 

to 0.8 fair, 0.8 to 0.9 good, and >0.9 excellent. For further illustration, we generated 

Kaplan-Meier survival plots by NEWS category and for each of the three biomarkers 

stratified by quartiles. 
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RESULTS 

Patient Population 

Of a total of 7,132 patients presenting to the EDs of the participating hospitals, 1,303 

patients had complete information for calculation of NEWS and were included in the final 

analysis. A comparison of the total cohort and the cohort selected for this analysis can 

be found in the online supplementary materials (Table A1). The median age of included 

patients was 66 years and 50.5% were male. The most frequent main complaints were 

respiratory symptoms (27.3%), thoracic pain (18.4%), and non-thoracic pain (9.5%). The 

most prevalent diagnoses at ED admission were cardiovascular disease (37.3%), 

infections (14.6%), neurological disease (13.5%), and gastrointestinal disease (12.3%). 

Patients had a high burden of comorbidities including hypertension (43.6%), diabetes 

(20.6%), coronary heart disease (12.6%) and congestive heart failure (11.8%). 

Additional baseline characteristics of the general population and stratified by NEWS 

categories are listed in Table 1. 
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Table 1: Baseline characteristics in the total cohort and stratified by admission NEWS 
category. 
 
  
  

  NEWS category   
Total cohort Low Moderate High p-Value 

Number of Patients, n (%) 1,303 966 (74.1%) 262 (20.1%) 75 (5.8%) 
 

Sociodemographics 
     

Age, median (IQR) 66 (52, 80) 63 (50, 79) 72 (58, 84) 69 (58, 81) <0.001 
Male gender, n (%) 658 (50.5%) 498 (51.6%) 122 (46.6%) 38 (50.7%) 0.36 

Vital signs, median (IQR) 
     

Blood pressure diastolic (mmHg) 78 (67, 89) 79 (69, 89) 76 (65, 90) 72 (60, 88) 0.015 
Blood pressure sytolic (mmHg) 139 (121, 159) 140 (124, 159) 137 (117, 160) 126 (91, 151) <0.001 
Confusion, n (%) 44 (3.4%) 0 (0.0%) 32 (12.2%) 12 (16.0%) <0.001 
Pulse (bpm) 83 (71, 98) 81 (70, 94) 88 (71, 107) 110 (95, 123) <0.001 
Respiratory rate (per minute) 18 (18, 20) 18 (17, 20) 20 (18, 28) 26 (22, 30) <0.001 
SpO2 (%) 97 (95, 99) 98 (96, 99) 96 (93, 98) 91 (88, 95) <0.001 
Temperature (°C) 36.6 (36.2, 36.9) 36.6 (36.2, 36.9) 36.6 (36.2, 37.0) 36.7 (36.0, 37.7) 0.003 

Initial blood biomarkers, median (IQR) 
     

Creatinine (µmol/L) 79.6 (70.7, 106.1) 79.6 (70.7, 97.2) 79.6 (68.0, 107.0) 88.4 (68.0, 140.0) 0.068 
Glucose (mmol/L) 6.3 (5.3, 8.1) 6.2 (5.2, 7.7) 6.5 (5.3, 8.3) 8.2 (5.8, 12.7) <0.001 
White blood cells (G/L) 8.2 (6.3, 10.8) 7.9 (6.1, 10.4) 9.0 (6.8, 13.0) 10.9 (7.5, 15.6) <0.001 
PCT (µg/L) 0.08 (0.06, 0.14) 0.08 (0.06, 0.13) 0.09 (0.06, 0.17) 0.12 (0.07, 0.31) <0.001 
MR-proADM (nmol/L) 0.9 (0.6, 1.5) 0.8 (0.6, 1.3) 1.2 (0.7, 1.8) 1.6 (1.1, 2.8) <0.001 

Main symptom at ED admission, n (%) 
    

<0.001 
Diarrhea, vomitus, dysuria 106 (8.1%) 90 (9.3%) 12 (4.6%) 4 (5.3%) 

 
Fever 23 (1.8%) 14 (1.4%) 8 (3.1%) 1 (1.3%) 

 
Gastrointestinal bleeding 31 (2.4%) 27 (2.8%) 4 (1.5%) 0 (0.0%) 

 
Neurological symptoms 90 (6.9%) 71 (7.3%) 17 (6.5%) 2 (2.7%) 

 
Nonthoracic pain 124 (9.5%) 112 (11.6%) 11 (4.2%) 1 (1.3%) 

 
Respiratory symptoms 356 (27.3%) 211 (21.8%) 103 (39.3%) 42 (56.0%) 

 
Thoracic pain 240 (18.4%) 212 (21.9%) 25 (9.5%) 3 (4.0%) 

 
Miscellaneous 333 (25.6%) 229 (23.7%) 82 (31.3%) 22 (29.3%) 

 
Main diagnosis, n (%) 

    
<0.001 

Cancer 52 (4.0%) 44 (4.6%) 6 (2.3%) 2 (2.7%) 
 

Cardiovascular 486 (37.3%) 386 (40.0%) 83 (31.7%) 17 (22.7%) 
 

Gastrointestinal 160 (12.3%) 137 (14.2%) 17 (6.5%) 6 (8.0%) 
 

Infection 190 (14.6%) 102 (10.6%) 57 (21.8%) 31 (41.3%) 
 

Metabolic 49 (3.8%) 33 (3.4%) 15 (5.7%) 1 (1.3%) 
 

Neurological 176 (13.5%) 140 (14.5%) 33 (12.6%) 3 (4.0%) 
 

Pulmonary 110 (8.4%) 60 (6.2%) 37 (14.1%) 13 (17.3%) 
 

Miscellaneous 80 (6.1%) 64 (6.6%) 14 (5.3%) 2 (2.7%) 
 

Comorbidities, n (%) 
     

Cancer 123 (9.4%) 73 (7.6%) 37 (14.1%) 13 (17.3%) <0.001 
Chronic renal disease 96 (7.4%) 55 (5.7%) 26 (9.9%) 15 (20.0%) <0.001 
Congestive heart failure 154 (11.8%) 88 (9.1%) 46 (17.6%) 20 (26.7%) <0.001 
COPD 94 (7.2%) 46 (4.8%) 36 (13.7%) 12 (16.0%) <0.001 
Coronary heart disease 164 (12.6%) 110 (11.4%) 43 (16.4%) 11 (14.7%) 0.080 
Diabetes 269 (20.6%) 187 (19.4%) 64 (24.4%) 18 (24.0%) 0.15 
History of stroke 22 (1.7%) 12 (1.2%) 7 (2.7%) 3 (4.0%) 0.078 
Hypertension 568 (43.6%) 432 (44.7%) 108 (41.2%) 28 (37.3%) 0.32 

COPD, chronic obstructive pulmonary disease; ED, emergency department; IQR, interquartile range; NEWS, national early 
warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; SpO2, peripheral oxygen saturation (%) 
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NEWS and mortality 

The 30-day mortality rate following admission to the ED was 4.1%. In unadjusted logistic 

regression analyses, we found a significant association between 30-day mortality and 

NEWS overall (OR 1.35, 95% CI 1.23 to 1.48, p<0.001) and stratified into risk groups 

with corresponding ORs of 2.45 (95% CI 1.29 to 4.66, p=0.006) for the moderate risk 

NEWS category, and 7.89 (95% CI 3.85 to 16.18, p<0.001) for the high risk NEWS 

category, respectively, compared to the low risk NEWS category. These associations 

remained robust after stepwise adjustment for confounders (see Table 2 for univariate 

and fully adjusted ORs. Data on all of the remaining models are presented in the 

supplementary materials table A2). Receiver operating statistics showed fair 

discriminative performance with regard to 30-day all-cause mortality, with an AUC of 

0.73 (95% CI 0.66 to 0.80). 
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Table 2: Regression analyses for associations of NEWS and blood markers with primary and secondary outcomes 
  
  
  
  

30 day mortality ICU admission 

 
Regression analyses, OR (95% CI), p-Value 

 
Regression analyses, OR (95% CI), p-Value 

Events, n (%) Unadjusted Fully Adjusted Events, n (%) Unadjusted Fully Adjusted 

Total cohort 54/1,303 (4.1)   171/1,303 (13.1)   
NEWS 

      
Low 25/966 (2.6) Ref. Ref. 89/966 (9.2) Ref. Ref. 
Moderate 16/262 (6.1) 2.45 (1.29 to 4.66), p=0.006 1.71 (0.87 to 3.37), p=0.123 57/262 (21.8) 2.74 (1.90 to 3.95), p<0.001 2.71 (1.85 to 3.98), p<0.001 
High 13/75 (17.3) 7.89 (3.85 to 16.18), p<0.001 4.89 (2.22 to 10.75), p<0.001 25/75 (33.3) 4.93 (2.91 to 8.35), p<0.001 4.33 (2.48 to 7.57), p<0.001 
Continuous 

 
1.35 (1.23 to 1.48), p<0.001 1.26 (1.13 to 1.40), p<0.001 

 
1.25 (1.17 to 1.33), p<0.001 1.24 (1.15 to 1.32), p<0.001 

WBC (G/L) 
      

4.0-10.0 27/829 (3.3) Ref. Ref. 84/829 (10.1) Ref. Ref. 
10.01-15.0 10/299 (3.3) 1.03 (0.49 to 2.15), p=0.942 1.07 (0.50 to 2.31), p=0.855 41/299 (13.7) 1.41 (0.95 to 2.10), p=0.092 1.52 (1.01 to 2.29), p=0.045 
>15.0 15/111 (13.5) 4.64 (2.39 to 9.03), p<0.001 3.73 (1.80 to 7.75), p<0.001 27/111 (24.3) 2.85 (1.75 to 4.65), p<0.001 2.78 (1.67 to 4.62), p<0.001 
<4.0 2/46 (4.4) 1.35 (0.31 to 5.86), p=0.689 1.05 (0.22 to 4.99), p=0.951 15/46 (32.6) 4.29 (2.23 to 8.27), p<0.001 4.42 (2.21 to 8.84), p<0.001 
Continuous 

 
1.02 (1.00 to 1.03), p=0.051 1.02 (1.00 to 1.03), p=0.036 

 
1.01 (0.99 to 1.02), p=0.355 1.01 (0.99 to 1.02), p=0.267 

PCT 
      

1st Quartile 5/321 (1.6) Ref. Ref. 27/321 (8.4) Ref. Ref. 
2nd Quartile 7/321 (2.2) 1.41 (0.44 to 4.49), p=0.562 1.24 (0.38 to 4.09), p=0.722 34/321 (10.6) 1.29 (0.76 to 2.19), p=0.347 1.23 (0.72 to 2.11), p=0.449 
3rd Quartile 10/321 (3.1) 2.03 (0.69 to 6.01), p=0.200 1.79 (0.59 to 5.45), p=0.306 36/321 (11.2) 1.38 (0.81 to 2.32), p=0.234 1.35 (0.79 to 2.29), p=0.276 
4th Quartile 32/322 (9.9) 6.97 (2.68 to 18.14), p<0.001 5.17 (1.88 to 14.18), p=0.001 73/322 (22.7) 3.19 (1.99 to 5.12), p<0.001 2.78 (1.68 to 4.59), p<0.001 
Continuous 

 
2.66 (1.81 to 3.92), p<0.001 2.45 (1.54 to 3.89), p<0.001 

 
2.33 (1.76 to 3.08), p<0.001 2.18 (1.61 to 2.96), p<0.001 

MR-proADM 
      

1st Quartile 1/324 (0.3) Ref. Ref. 20/324 (6.2) Ref. Ref. 
2nd Quartile 6/325 (1.9) 6.08 (0.73 to 50.75), p=0.096 4.93 (0.57 to 42.58), p=0.147 36/325 (11.1) 1.89 (1.07 to 3.35), p=0.028 2.26 (1.24 to 4.13), p=0.008 
3rd Quartile 12/323 (3.7) 12.46 (1.61 to 96.42), p=0.016 7.93 (0.96 to 65.37), p=0.054 34/323 (10.5) 1.79 (1.01 to 3.18), p=0.048 2.25 (1.19 to 4.27), p=0.013 
4th Quartile 35/326 (10.7) 38.85 (5.29 to 285.36), p<0.001 17.18 (2.15 to 137.36), p=0.007 81/326 (24.9) 5.03 (3.00 to 8.43), p<0.001 6.27 (3.36 to 11.68), p<0.001 
Continuous 

 
17.58 (8.05 to 38.38), p<0.001 10.33 (3.77 to 28.34), p<0.001 

 
7.65 (4.59 to 12.75), p<0.001 9.20 (4.83 to 17.51), p<0.001 

Fully adjusted model adjusted for age, sex, main diagnosis, and comorbidities 
 
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to a tenfold increase 
in CRP values.  
 
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, white blood cell count 

 
 

Page 16 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17 

 

Incremental impact of inflammatory blood markers on prediction of mortality 

The inflammatory blood markers WBC, PCT, and MR-proADM showed low to fair 

prognostic accuracy for prediction of 30-day mortality with AUCs of 0.64 (95% CI 

0.56 to 0.72), 0.71 (95% CI 0.64 to 0.79), and 0.78 (95% CI 0.73 to 0.84), 

respectively. Corresponding regression analyses for continuous values and stratified 

by cut-offs are shown in Table 2. Adding all three markers to NEWS significantly 

improved the predictive value to an AUC of 0.82 (95% CI 0.77 to 0.88). Interestingly, 

adding only MR-proADM to a model with NEWS showed a similar AUC of 0.82 (95% 

CI 0.77 to 0.87) for prediction of mortality (Table 3, Figure 1). We further calculated 

Kaplan-Meier survival estimates (Figure 2). 

Table 3: Discriminative performance of NEWS and biomarkers for the prediction of 
primary and secondary outcomes 
 

  AUC (95% CI) 

  30-day mortality ICU admission 

NEWS 0.73 (0.66 to 0.80) 0.65 (0.61 to 0.70) 

WBC 0.64 (0.56 to 0.72) 0.54 (0.49 to 0.59) 

PCT 0.71 (0.64 to 0.79) 0.62 (0.57 to 0.67) 

MR-proADM 0.78 (0.73 to 0.84) 0.67 (0.62 to 0.72) 

all combined 0.82 (0.77 to 0.88) 0.70 (0.65 to 0.75) 

NEWS & WBC 0.74 (0.67 to 0.81) 0.65 (0.60 to 0.70) 

NEWS & PCT 0.78 (0.72 to 0.84) 0.68 (0.64 to 0.73) 

NEWS & MR-proADM 0.82 (0.77 to 0.87) 0.70 (0.65 to 0.74) 

CI, confidence interval; ICU, intensive care unit; NEWS, national 
early warning score; PCT, procalcitonin; MR-proADM, midregional 
Pro-Adrenomedullin; WBC, white blood cell count 
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NEWS and ICU admission 

During their hospital stay, 13.1% of patients were admitted to the ICU. Similar to findings 

with the primary endpoint, unadjusted regression analyses showed significant 

associations of NEWS with ICU admission (OR 1.25, 95% CI 1.17 to 1.33, p<0.001). 

Stratification of NEWS by risk categories showed respective ORs of 2.74 (95% CI 1.90 

to 3.95, p<0.001) for the moderate risk category and 4.93 (95% CI 2.91 to 8.35, 

p<0.001) for the high risk category, compared with the low risk category. As before, the 

results stayed robust after adjusting for important confounders (see Table 2 for 

univariate and fully adjusted ORs. All of the remaining models are presented in the 

supplementary materials Table A3). 

 

When receiver operating statistics were determined, NEWS showed low discriminative 

performance with regard to ICU admission (AUC 0.65, 95% CI 0.61 to 0.70). 

 

Incremental impact of inflammatory blood markers on prediction of ICU admission 

The predictive value of the blood markers WBC (AUC 0.54, 95% CI 0.49 to 0.59), PCT 

(AUC 0.62, 95% CI 0.57 to 0.67), and MR-proADM (AUC 0.67, 95% CI 0.62 to 0.72) for 

ICU admission was low, with only MR-proADM showing slightly better prognostic 

accuracy than NEWS. For univariate and multivariate regression analyses for 

associations of blood markers with ICU admission, see Table 2. A combined model of 

NEWS with all three blood markers again improved discriminative performance (AUC 

0.70, 95% CI 0.65 to 0.75). Similar to the association with mortality, a model including 

only NEWS and MR-proADM showed equal results for prediction of ICU admission 

(AUC 0.70, 95% CI 0.65 to 0.74) (Table 3, Figure 1). 
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Subgroup analyses 

Analyses of subgroups showed similar association of NEWS with 30-day mortality 

among different diagnoses leading to ED admission (supplementary materials Figure 

A1). 
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DISCUSSION 

This multinational study of heterogenous medical ED patients found a fair performance 

of the National Early Warning Score (NEWS) for prediction of 30-day mortality when 

calculated at a single timepoint at ED admission. Results remained robust after 

adjustment for potential confounders and among different subgroups. Additionally, we 

found that the predictive value of NEWS was improved by adding inflammatory blood 

markers, in particular MR-proADM. We also found the discriminative value of NEWS for 

prediction of our secondary outcome, ICU admission, was less strong but was also 

improved by adding PCT and MR-proADM to the model. 

 

The 30-day mortality in our study (4.1%) was in line with the 4.0% to 5.7% reported in 

other investigations that included similar patient populations and examined similar 

outcome measures 18 37. Prevalence of ICU admission during hospital stay in our study 

(13.1%) was within ICU admission rates in several other studies that reported a range 

between 1% and 17.4% 5 10 13 16 37 38. This wide range may be a reflection of different 

healthcare systems studied and particularly of different follow-up periods, as the different 

investigations examined short-term outcomes within 24 or 48 hours of admission, 

respectively. In this respect, our results are most notably consistent with the findings of 

several Scandinavian studies 5 13 15. 

 

Regarding predictive performance, other studies investigating discriminative power of 

NEWS documented at the time of ED arrival, found similar AUCs for prediction of in-

hospital mortality or 30-day mortality, with reported AUCs of 0.65 to 0.77 in patients with 
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suspected infection/sepsis 39-41 and AUCs of 0.77 to 0.84 in general ED patients, 

respectively 16 37. 

 

Predictive performance for ICU admission in our study (AUC 0.65, 95% CI 0.61 to 0.70) 

was slightly lower than the AUCs in other publications that report AUCs of 0.67 to 0.857 

for prediction of ICU admission in different patient populations 9 16 40 42. 

Our finding of MR-proADM as a solitary predictor of 30-day mortality (AUC 0.78, 95% CI 

0.73 to 0.84) is in line with the result of another Swiss study reporting an AUC of 0.732 

for the same purpose in a cohort of patients with nonspecific complaints presenting to 

the ED 33. 

 

To the best of our knowledge, this is the first study investigating NEWS in a multinational 

cohort of medical ED patients. Moreover, this is the first study investigating the potential 

additional impact of promising inflammatory markers, namely PCT and MR-proADM, on 

NEWS for the prediction of adverse outcome. 

 

One could argue that adding blood markers to a clinical score might complicate its 

calculation, but in EDs initial blood draws are part of routine care, which is why the 

additional determination of inflammatory marker levels do not change existing 

processes. In contrast, results are available rapidly and indeed point-of-care tests that 

provide results within minutes are being developed 43. Measurements of additional blood 

markers thus might partially overcome user-dependency of early warning scores and 

might therefore improve early risk stratification. Our study reveals that MR-proADM 

could be a particularly suitable and promising blood marker for early risk stratification 
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when combined with a clinical score such as NEWS. As a result, identification of patients 

needing urgent care could be improved. 

 

This study has some limitations. First, since it is a secondary analysis of a prospective 

study, associations between NEWS and biomarkers and outcomes are likely 

confounded. We addressed this limitation at least partially by adjusting for important 

confounders. Moreover, with later batch measurement of blood markers, we did address 

selection bias. However, with residual confounding being likely, our results are at best 

hypothesis generating. Second, NEWS was calculated retrospectively, and vital signs 

were not measured more frequently than standard clinical practice. However, we 

addressed possible bias regarding a treatment paradox since observed mortality may be 

lower in studies where NEWS is acted upon. Third, due to missing vital sign data—

particularly respiratory rate—a large number of patients were not eligible for final 

analysis. This is in line with other studies reporting that early warning scores were often 

incomplete 44 and that among others respiratory rate was documented in only 30% to 

60% of cases 44 45. However, our sample is still relatively large and represents a 

multinational cohort of unselected medical ED patients. Moreover, given that health 

system organization strongly influences populations at EDs, the multinational nature of 

our study provides external validity. However, there is the possibility of a selection bias 

as the cohort included in this analysis differed to the initial total cohort in age, some of 

the main symptoms and main diagnoses at ED admission, and comorbidities. This was 

addressed in the regression models by adjusting for the aforementioned confounders. 

The results remained robust. Fourth, information on the use of oxygen support was not 

available retrospectively and therefore did not contribute to NEWS calculation, which 

Page 22 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

23 

reduced the maximum score from 20 to 18. This might have led to misclassification of 

patients and might have diminished the discriminatory power of NEWS. However, the 

Royal College of Physicians recommends addition of a weighting score of 2 not by 

default for all patients with supplemental oxygen but only for patients requiring 

supplemental oxygen to maintain their optimal oxygen saturation 7. As the optimal 

oxygen saturation may be different in varying patient groups, most notably in patients 

with hypercapnic respiratory failure, the actual requirement of supplemental oxygen is 

hard to determine and requires evaluation of a qualified and experienced physician. As a 

result, certain patients might mistakenly score 2 additional points for supplemental 

oxygen, which can again result in misclassification of the NEWS risk category. However, 

as mentioned before, the discriminative power of NEWS in our study is comparable to 

other similar investigations. Fifth, we only had a few events, which could limit reliability 

and is reflected in the rather broad 95% confidence intervals. This was addressed at 

least in part by hard endpoints and a structured follow-up with phone interviews 30 days 

after admission or through contacting the patient’s family or general practitioner. Sixth, 

the decision regarding ICU admission was left to the discretion of treating physicians. 

This reflects procedures followed in the included centers and may be different from 

those in other hospitals. Last, NEWS was not designed to be a single time point tool but 

rather a “track-and-trigger” system in individual patients. Accuracy of NEWS may thus 

be different if multiple measurements at different time points are considered. 

 

CONCLUSION 

Combining NEWS calculated upon admission to the ED with markers of inflammation 

such as MR-proADM and PCT improves the predictive value of NEWS in unselected 
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medical patients. The combination of NEWS and MR-proADM might prove to be a 

particularly promising tool for early risk stratification. Whether these theoretical benefits 

of improved risk stratification at ED admission can be translated into improved outcomes 

has to be examined in future interventional studies. 

 

Acknowledgments 

This multidisciplinary and inter-professional trial was only possible in close collaboration 

with personnel from multiple departments within the Kantonsspital Aarau, including 

social services (Anja Keller, Regina Schmid), nursing (Susanne Schirlo, Petra Tobias), 

central laboratory (Martha Kaeslin, Renate Hunziker), medical control (Juergen 

Froehlich, Thomas Holler, Christoph Reemts), and information technology (Roger 

Wohler, Kurt Amstad, Ralph Dahnke, Sabine Storost), the Clinical Trial Unit (CTU) at the 

University Hospital of Basel (Stefan Felder, Timo Tondelli), and all participating patients, 

nurses, and physicians. Editorial assistance was provided by Prasad Kulkarni, PhD, 

CMPP of Asclepius Medical Communications LLC, Ridgewood, NJ, USA and was 

funded by the authors. 

 

Author contributions 

All authors made substantive intellectual contributions to this study regarding conception 

and design, have taken an active part in acquisition, analysis, and interpretation of data, 

and approved the final version of the manuscript. AE, SH, and PS conducted the 

statistical analyses and initially drafted the manuscript. AE and SH contributed equally to 

this work. 

 

Page 24 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

25 

Research Funding: ThermoFisher provided an unrestricted research grant for the 

TRIAGE study. PS is supported by the Swiss National Science Foundation (SNSF 

Professorship, PP00P3_150531/1) and the Research Council of the Kantonsspital Aarau 

(1410.000.044). 

 

Competing interests 

AK, BM, PH, and PS have received research grants and support from B⋅R⋅A⋅H⋅M⋅S AG 

(now ThermoFisher Scientific Biomarkers) and bioMérieux for attending meetings and 

fulfilling speaking engagements. BM has served as a consultant to both companies. All 

other authors have no conflicts of interest relevant to this paper. The funding 

organization had no role in the design or conduct of the study, analysis and 

interpretation of the data, writing of the manuscript, or the decision to submit the 

manuscript for publication. 

 

Data sharing statement: Part of the dataset will be available from the Dryad repository. 

  

Page 25 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

26 

References 
 

1. Guttmann A, Schull MJ, Vermeulen MJ, et al. Association between waiting times and 
short term mortality and hospital admission after departure from emergency 
department: population based cohort study from Ontario, Canada. BMJ (Clinical 
research ed) 2011;342:d2983. doi: 10.1136/bmj.d2983 [published Online First: 
2011/06/03] 

2. Sun BC, Hsia RY, Weiss RE, et al. Effect of Emergency Department Crowding on 
Outcomes of Admitted Patients. Annals of emergency medicine 2013;61(6):605-
11.e6. doi: 10.1016/j.annemergmed.2012.10.026 

3. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk patients with 
community-acquired pneumonia. The New England journal of medicine 
1997;336(4):243-50. doi: 10.1056/nejm199701233360402 [published Online First: 
1997/01/23] 

4. Fox KA, Dabbous OH, Goldberg RJ, et al. Prediction of risk of death and myocardial 
infarction in the six months after presentation with acute coronary syndrome: 
prospective multinational observational study (GRACE). BMJ (Clinical research 
ed) 2006;333(7578):1091. doi: 10.1136/bmj.38985.646481.55 [published Online 
First: 2006/10/13] 

5. Bilben B, Grandal L, Søvik S. National Early Warning Score (NEWS) as an 
emergency department predictor of disease severity and 90-day survival in the 
acutely dyspneic patient – a prospective observational study. Scandinavian 
Journal of Trauma, Resuscitation and Emergency Medicine 2016;24 doi: 
10.1186/s13049-016-0273-9 

6. Nannan Panday RS, Minderhoud TC, Alam N, et al. Prognostic value of early warning 
scores in the emergency department (ED) and acute medical unit (AMU): A 
narrative review. European journal of internal medicine 2017;45:20-31. doi: 
10.1016/j.ejim.2017.09.027 [published Online First: 2017/10/11] 

7. Royal College of Physicians (London). National Early Warning Score (NEWS) 2: 
Standardising the assessment of acute-illness severity in the NHS - Updated 
report of a working party, 2017. 

8. Royal College of Physicians (London). National Early Warning Score (NEWS): 
Standardising the assessment of acute illness severity in the NHS - Report of a 
working party, 2012. 

9. Smith GB, Prytherch DR, Meredith P, et al. The ability of the National Early Warning 
Score (NEWS) to discriminate patients at risk of early cardiac arrest, 
unanticipated intensive care unit admission, and death. Resuscitation 
2013;84(4):465-70. doi: 10.1016/j.resuscitation.2012.12.016 [published Online 
First: 2013/01/09] 

10. Kovacs C, Jarvis SW, Prytherch DR, et al. Comparison of the National Early 
Warning Score in non-elective medical and surgical patients. The British journal 
of surgery 2016;103(10):1385-93. doi: 10.1002/bjs.10267 [published Online First: 
2016/08/04] 

11. Luis L, Nunes C. Short National Early Warning Score - Developing a Modified Early 
Warning Score. Australian critical care : official journal of the Confederation of 
Australian Critical Care Nurses 2017 doi: 10.1016/j.aucc.2017.11.004 [published 
Online First: 2017/12/16] 

Page 26 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

27 

12. Abbott TEF, Cron N, Vaid N, et al. Pre-hospital National Early Warning Score 
(NEWS) is associated with in-hospital mortality and critical care unit admission: A 
cohort study. Annals of Medicine and Surgery 2018;27:17-21. doi: 
10.1016/j.amsu.2018.01.006 

13. Spangfors M, Arvidsson L, Karlsson V, et al. The National Early Warning Score: 
Translation, testing and prediction in a Swedish setting. Intensive & critical care 
nursing 2016;37:62-67. doi: 10.1016/j.iccn.2016.05.007 [published Online First: 
2016/07/09] 

14. Spagnolli W, Rigoni M, Torri E, et al. Application of the National Early Warning Score 
(NEWS) as a stratification tool on admission in an Italian acute medical ward: A 
perspective study. International journal of clinical practice 2017;71(3-4) doi: 
10.1111/ijcp.12934 [published Online First: 2017/03/10] 

15. Tirkkonen J, Olkkola KT, Huhtala H, et al. Medical emergency team activation: 
performance of conventional dichotomised criteria versus national early warning 
score. Acta anaesthesiologica Scandinavica 2014;58(4):411-9. doi: 
10.1111/aas.12277 [published Online First: 2014/02/28] 

16. Jo S, Yoon J, Lee JB, et al. Predictive value of the National Early Warning Score-
Lactate for mortality and the need for critical care among general emergency 
department patients. Journal of critical care 2016;36:60-68. doi: 
10.1016/j.jcrc.2016.06.016 [published Online First: 2016/11/05] 

17. Schuetz P, Aujesky D, Muller C, et al. Biomarker-guided personalised emergency 
medicine for all - hope for another hype? Swiss medical weekly 
2015;145:w14079. doi: 10.4414/smw.2015.14079 [published Online First: 
2015/02/20] 

18. Nickel CH, Kellett J, Cooksley T, et al. Combined use of the National Early Warning 
Score and D-dimer levels to predict 30-day and 365-day mortality in medical 
patients. Resuscitation 2016;106:49-52. doi: 10.1016/j.resuscitation.2016.06.012 
[published Online First: 2016/06/25] 

19. Schuetz P, Wirz Y, Sager R, et al. Effect of procalcitonin-guided antibiotic treatment 
on mortality in acute respiratory infections: a patient level meta-analysis. Lancet 
Infect Dis 2018;18(1):95-107. doi: 10.1016/s1473-3099(17)30592-3 [published 
Online First: 2017/10/19] 

20. Hicks CW, Engineer RS, Benoit JL, et al. Procalcitonin as a biomarker for early 
sepsis in the emergency department. European journal of emergency medicine : 
official journal of the European Society for Emergency Medicine 2014;21(2):112-
7. doi: 10.1097/MEJ.0b013e328361fee2 [published Online First: 2013/05/15] 

21. Rast AC, Kutz A, Felder S, et al. Procalcitonin Improves the Glasgow Prognostic 
Score for Outcome Prediction in Emergency Patients with Cancer: A Cohort 
Study. Disease Markers 2015;2015:9. doi: 10.1155/2015/795801 

22. Schiopu A, Hedblad B, Engstrom G, et al. Plasma procalcitonin and the risk of 
cardiovascular events and death: a prospective population-based study. Journal 
of internal medicine 2012;272(5):484-91. doi: 10.1111/j.1365-2796.2012.02548.x 
[published Online First: 2012/04/26] 

23. Jougasaki M, Burnett JC, Jr. Adrenomedullin: potential in physiology and 
pathophysiology. Life sciences 2000;66(10):855-72. [published Online First: 
2000/03/14] 

24. Valenzuela-Sánchez F, Valenzuela-Méndez B, Rodríguez-Gutiérrez JF, et al. New 
role of biomarkers: mid-regional pro-adrenomedullin, the biomarker of organ 

Page 27 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

28 

failure. Annals of Translational Medicine 2016;4(17) doi: 
10.21037/atm.2016.08.65 

25. Schuetz P, Marlowe RJ, Mueller B. The prognostic blood biomarker 
proadrenomedullin for outcome prediction in patients with chronic obstructive 
pulmonary disease (COPD): a qualitative clinical review. Clin Chem Lab Med 
2015;53(4):521-39. doi: 10.1515/cclm-2014-0748 [published Online First: 
2014/09/26] 

26. Courtais C, Kuster N, Dupuy AM, et al. Proadrenomedullin, a useful tool for risk 
stratification in high Pneumonia Severity Index score community acquired 
pneumonia. The American journal of emergency medicine 2013;31(1):215-21. 
doi: 10.1016/j.ajem.2012.07.017 [published Online First: 2012/09/25] 

27. Morgenthaler NG, Struck J, Alonso C, et al. Measurement of midregional 
proadrenomedullin in plasma with an immunoluminometric assay. Clinical 
chemistry 2005;51(10):1823-9. doi: 10.1373/clinchem.2005.051110 [published 
Online First: 2005/08/16] 

28. Pousset F, Masson F, Chavirovskaia O, et al. Plasma adrenomedullin, a new 
independent predictor of prognosis in patients with chronic heart failure. 
European heart journal 2000;21(12):1009-14. [published Online First: 2000/07/20] 

29. Christ-Crain M, Morgenthaler NG, Stolz D, et al. Pro-adrenomedullin to predict 
severity and outcome in community-acquired pneumonia [ISRCTN04176397]. Crit 
Care 2006;10(3):R96. doi: 10.1186/cc4955 

30. Brusse-Keizer M, Zuur-Telgen M, van der Palen J, et al. Adrenomedullin optimises 
mortality prediction in COPD patients. Respiratory medicine 2015;109(6):734-42. 
doi: 10.1016/j.rmed.2015.02.013 [published Online First: 2015/05/06] 

31. Tzikas S, Keller T, Ojeda FM, et al. MR-proANP and MR-proADM for risk 
stratification of patients with acute chest pain. Heart (British Cardiac Society) 
2013;99(6):388-95. doi: 10.1136/heartjnl-2012-302956 [published Online First: 
2012/12/06] 

32. Litke A, Bossart R, Regez K, et al. The potential impact of biomarker-guided triage 
decisions for patients with urinary tract infections. Infection 2013;41(4):799-809. 
doi: 10.1007/s15010-013-0423-1 [published Online First: 2013/02/26] 

33. Nickel Christian H, Messmer Anna S, Geigy N, et al. Stress Markers Predict Mortality 
in Patients With Nonspecific Complaints Presenting to the Emergency 
Department and May Be a Useful Risk Stratification Tool to Support Disposition 
Planning. Academic Emergency Medicine 2013;20(7):670-79. doi: 
10.1111/acem.12172 

34. Schuetz P, Hausfater P, Amin D, et al. Biomarkers from distinct biological pathways 
improve early risk stratification in medical emergency patients: the multinational, 
prospective, observational TRIAGE study. Critical Care 2015;19:377. doi: 
10.1186/s13054-015-1098-z [published Online First: 2015/10/29] 

35. Schuetz P, Hausfater P, Amin D, et al. Optimizing triage and hospitalization in adult 
general medical emergency patients: the triage project. BMC Emerg Med 
2013;13:12. doi: 10.1186/1471-227X-13-12 [published Online First: 2013/07/04] 

36. Morgenthaler NG, Struck J, Alonso C, et al. Assay for the measurement of copeptin, 
a stable peptide derived from the precursor of vasopressin. Clinical chemistry 
2006;52(1):112-9. doi: 10.1373/clinchem.2005.060038 [published Online First: 
2005/11/05] 

Page 28 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

29 

37. Alam N, Vegting IL, Houben E, et al. Exploring the performance of the National Early 
Warning Score (NEWS) in a European emergency department. Resuscitation 
2015;90:111-5. doi: 10.1016/j.resuscitation.2015.02.011 [published Online First: 
2015/03/10] 

38. Brabrand M, Hallas P, Hansen SN, et al. Using scores to identify patients at risk of 
short term mortality at arrival to the acute medical unit: A validation study of six 
existing scores. European journal of internal medicine 2017;45:32-36. doi: 
10.1016/j.ejim.2017.09.042 [published Online First: 2017/10/08] 

39. Churpek MM, Snyder A, Han X, et al. Quick Sepsis-related Organ Failure 
Assessment, Systemic Inflammatory Response Syndrome, and Early Warning 
Scores for Detecting Clinical Deterioration in Infected Patients outside the 
Intensive Care Unit. American journal of respiratory and critical care medicine 
2017;195(7):906-11. doi: 10.1164/rccm.201604-0854OC [published Online First: 
2016/09/21] 

40. Corfield AR, Lees F, Zealley I, et al. Utility of a single early warning score in patients 
with sepsis in the emergency department. Emergency medicine journal : EMJ 
2014;31(6):482-7. doi: 10.1136/emermed-2012-202186 [published Online First: 
2013/03/12] 

41. Hodgson LE, Dimitrov BD, Congleton J, et al. A validation of the National Early 
Warning Score to predict outcome in patients with COPD exacerbation. Thorax 
2017;72(1):23-30. doi: 10.1136/thoraxjnl-2016-208436 [published Online First: 
2016/08/25] 

42. Sbiti-Rohr D, Kutz A, Christ-Crain M, et al. The National Early Warning Score 
(NEWS) for outcome prediction in emergency department patients with 
community-acquired pneumonia: results from a 6-year prospective cohort study. 
BMJ open 2016;6(9):e011021. doi: 10.1136/bmjopen-2015-011021 [published 
Online First: 2016/09/30] 

43. Kutz A, Hausfater P, Oppert M, et al. Comparison between B.R.A.H.M.S PCT direct, 
a new sensitive point-of-care testing device for rapid quantification of 
procalcitonin in emergency department patients and established reference 
methods - a prospective multinational trial. Clin Chem Lab Med 2016;54(4):577-
84. doi: 10.1515/cclm-2015-0437 [published Online First: 2015/10/02] 

44. Downey CL, Tahir W, Randell R, et al. Strengths and limitations of early warning 
scores: A systematic review and narrative synthesis. International journal of 
nursing studies 2017;76:106-19. doi: 10.1016/j.ijnurstu.2017.09.003 [published 
Online First: 2017/09/28] 

45. Ludikhuize J, Smorenburg SM, de Rooij SE, et al. Identification of deteriorating 
patients on general wards; measurement of vital parameters and potential 
effectiveness of the Modified Early Warning Score. Journal of critical care 
2012;27(4):424.e7-13. doi: 10.1016/j.jcrc.2012.01.003 [published Online First: 
2012/02/22] 

 

Page 29 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

30 

FIGURES 
Figure 1: Discriminative performance of NEWS, blood markers, and combination of 
NEWS and blood markers for the prediction of all-cause 30-day mortality (A) and ICU 
admission (B) 
 
Legend: NEWS, national early warning score; PCT, procalcitonin; MR-proADM, 
midregional Pro-Adrenomedullin; WBC, white blood cell count 
 
 

 
Figure 2: Kaplan-Meier survival estimates stratified by admission NEWS category (A), white 
blood cell count (WBC) (B), procalcitonin (PCT) (C), and MR-pro-adrenomedullin (MR-
proADM) (D) 
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Figure 1: Discriminative performance of NEWS, blood markers, and combination of NEWS and blood markers 
for the prediction of all-cause 30-day mortality (A) and ICU admission (B) 

Legend: NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional Pro-
Adrenomedullin; WBC, white blood cell count 
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Figure 2: Kaplan-Meier survival estimates stratified by admission NEWS category (A), white blood cell count 
(WBC) (B), procalcitonin (PCT) (C), and MR-pro-adrenomedullin (MR-proADM) (D) 
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Table A1: Comparison of the total cohort and cohort selected for analysis 
    Total Cohort Selected Cohort 
Number of Patients, n (%) 7132 1303 
Sociodemographics     

 
Age, median (IQR) 62 (46, 76) 66 (52, 80) 

 
Male gender, n (%) 3767 (53.3%) 658 (50.5%) 

Vital signs, median (IQR)     

 
Blood pressure diastolic (mmHg) 80 (70, 90) 78 (67, 89) 

 
Blood pressure systolic (mmHg) 137 (121, 154) 139 (121, 159) 

 
Confusion, n (%) 522 (7.3%) 44 (3.4%) 

 
Pulse (bpm) 83 (71, 97) 83 (71, 98) 

 
Respiratory rate (per minute) 18 (18, 20) 18 (18, 20) 

 
SpO2 (%) 96.8 (94, 98) 97 (95, 99) 

 
Temperature (°C) 36.8 (36.4, 37.2) 36.6 (36.2, 36.9) 

Intial blood biomarkers, median (IQR)     

 
Creatinine (µmol/L) 81.0 (67.0, 103.0) 79.6 (70.7, 106.1) 

 
Glucose (mmol/L) 6.1 (5.3, 7.5) 6.3 (5.3, 8.1) 

 
White blood cells (G/L) 8.385 (6.58, 10.98) 8.2 (6.3, 10.8) 

 
PCT (µg/L) 0.08 (0.06, 0.13) 0.08 (0.06, 0.14) 

 
ProADM (nmol/L) 0.8 (0.6, 1.2) 0.9 (0.6, 1.5) 

Main symptom at ED admission, n (%)     

 
Diarrhea, vomitus, dysuria 495 (6.9%) 106 (8.1%) 

 
Fever 343 (4.8%) 23 (1.8%) 

 
Gastrointestinal bleeding 199 (2.8%) 31 (2.4%) 

 
Neurological symptoms 1379 (19.3%) 90 (6.9%) 

 
Nonthoracic pain 1217 (17.1%) 124 (9.5%) 

 
Respiratory symptoms 948 (13.3%) 356 (27.3%) 

 
Thoracic pain 1038 (14.6%) 240 (18.4%) 

 
Worsening of general condition 837 (11.7%) 333 (25.6%) 

Main diagnosis, n (%)     

 
Cancer 344 (4.8%) 52 (4.0%) 

 
Cardiovascular 1660 (23.3%) 486 (37.3%) 

 
Gastrointestinal 983 (13.8%) 160 (12.3%) 

 
Infection 1039 (14.6%) 190 (14.6%) 

 
Metabolic 192 (2.7%) 49 (3.8%) 

 
Neurological 1566 (22.0%) 176 (13.5%) 

 
Pulmonary 297 (4.2%) 110 (8.4%) 

 
Miscellaneous 1051 (14.7%) 80 (6.1%) 

Comorbidities, n (%)     

 
Cancer 968 (13.6%) 123 (9.4%) 

 
Chronic renal disease 872 (12.2%) 96 (7.4%) 

 
Congestive heart failure 487 (6.8%) 154 (11.8%) 

 
COPD 359 (5.0%) 94 (7.2%) 

 
Coronary heart disease 838 (11.7%) 164 (12.6%) 

 
Diabetes 1088 (15.3%) 269 (20.6%) 

 
History of stroke 566 (7.9%) 22 (1.7%) 

 
Hypertension 2795 (39.2%) 568 (43.6%) 

Events, n (%)     

 
Death 30 days 331 (4.6%) 54 (4.1%) 

 
Intensive Care 453 (6.4%) 171 (13.1%) 
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Table A2: Regression analyses for associations of NEWS and blood markers with primary outcome 

    30 day mortality 

  
  Regression analyses, OR (95% CI), p-value 

    Events, n (%) Unadjusted Model 1 Model 2 Model 3 
NEWS     

  
  

 
Low 25/966 (2.6) Ref. Ref. Ref. Ref. 

 
Moderate 16/262 (6.1) 2.45 (1.29 to 4.66), p=0.006 2.04 (1.06 to 3.92), p=0.032 2.01 (1.05 to 3.87), p=0.036 1.71 (0.87 to 3.37), p=0.123 

 
High 13/75 (17.3) 7.89 (3.85 to 16.18), p<0.001 7.01 (3.36 to 14.63), p<0.001 6.79 (3.23 to 14.3), p<0.001 4.89 (2.22 to 10.75), p<0.001 

 
Continuous   1.35 (1.23 to 1.48), p<0.001 1.32 (1.2 to 1.46), p<0.001 1.32 (1.19 to 1.45), p<0.001 1.26 (1.13 to 1.40), p<0.001 

WBC     
  

  

 
4.0-10.0 27/829 (3.3) Ref. Ref. Ref. Ref. 

 
10.01-15.0 10/299 (3.3) 1.03 (0.49 to 2.15), p=0.942 1.05 (0.5 to 2.21), p=0.893 1.05 (0.5 to 2.21), p=0.9 1.07 (0.50 to 2.31), p=0.855 

 
>15.0 15/111 (13.5) 4.64 (2.39 to 9.03), p<0.001 4.41 (2.22 to 8.76), p=0 4.37 (2.2 to 8.69), p=0 3.73 (1.80 to 7.75), p<0.001 

 
<4.0 2/46 (4.4) 1.35 (0.31 to 5.86), p=0.689 1.52 (0.34 to 6.74), p=0.583 1.52 (0.34 to 6.76), p=0.58 1.05 (0.22 to 4.99), p=0.951 

 
Continuous   1.02 (1.00 to 1.03), p=0.051 1.02 (1 to 1.03), p=0.033 1.02 (1 to 1.03), p=0.028 1.02 (1.00 to 1.03), p=0.036 

PCT     
  

  

 
1st Quartile 5/321 (1.6) Ref. Ref. Ref. Ref. 

 
2nd Quartile 7/321 (2.2) 1.41 (0.44 to 4.49), p=0.562 1.32 (0.41 to 4.22), p=0.642 1.33 (0.41 to 4.26), p=0.632 1.24 (0.38 to 4.09), p=0.722 

 
3rd Quartile 10/321 (3.1) 2.03 (0.69 to 6.01), p=0.2 1.77 (0.59 to 5.26), p=0.307 1.84 (0.62 to 5.48), p=0.276 1.79 (0.59 to 5.45), p=0.306 

 
4th Quartile 32/322 (9.9) 6.97 (2.68 to 18.14), p<0.001 6.01 (2.29 to 15.79), p<0.001 6.12 (2.33 to 16.09), p<0.001 5.17 (1.88 to 14.18), p=0.001 

 
Continuous   2.66 (1.81 to 3.92), p<0.001 2.77 (1.85 to 4.17), p<0.001 2.71 (1.79 to 4.08), p<0.001 2.45 (1.54 to 3.89), p<0.001 

MR-proADM     
  

  

 
1st Quartile 1/324 (0.3) Ref. Ref. Ref. Ref. 

 
2nd Quartile 6/325 (1.9) 6.08 (0.73 to 50.75), p=0.096 4.42 (0.52 to 37.78), p=0.175 4.44 (0.52 to 37.93), p=0.174 4.93 (0.57 to 42.58), p=0.147 

 
3rd Quartile 12/323 (3.7) 12.46 (1.61 to 96.42), p=0.016 7.66 (0.94 to 62.38), p=0.057 7.77 (0.96 to 63.12), p=0.055 7.93 (0.96 to 65.37), p=0.054 

 
4th Quartile 35/326 (10.7) 38.85 (5.29 to 285.36), p<0.001 22.46 (2.87 to 175.82), p=0.003 22.22 (2.84 to 173.70), p=0.003 17.18 (2.15 to 137.36), p=0.007 

 
Continuous   17.58 (8.05 to 38.38), p<0.001 13.89 (5.94 to 32.49), p<0.001 13.40 (5.70 to 31.54), p<0.001 10.33 (3.77 to 28.34), p<0.001 

Adjustments: Model 1: age and sex; Model 2: age, sex, and main diagnosis; Model 3: fully adjusted for age, sex, main diagnosis, and comorbidities 
 
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to a 
tenfold increase in CRP values.  
 
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, white blood 
cell count 
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Table A3: Regression analyses for associations of NEWS and blood markers with secondary outcome 

  
ICU admission 

  
  Regression analyses, OR (95% CI), p-value 

  
events, n (%) unadjusted model 1 model 2 model 3 

NEWS     
  

  

 
Low 89/966 (9.2) Ref. Ref. Ref. Ref. 

 
Moderate 57/262 (21.8) 2.74 (1.90 to 3.95), p<0.001 2.75 (1.90 to 3.99), p<0.001 2.75 (1.90 to 3.99), p<0.001 2.71 (1.85 to 3.98), p<0.001 

 
High 25/75 (33.3) 4.93 (2.91 to 8.35), p<0.001 4.90 (2.88 to 8.35), p<0.001 4.88 (2.86 to 8.33), p<0.001 4.33 (2.48 to 7.57), p<0.001 

 
Continuous   1.25 (1.17 to 1.33), p<0.001 1.25 (1.17 to 1.33), p<0.001 1.25 (1.17 to 1.33), p<0.001 1.24 (1.15 to 1.32), p<0.001 

WBC     
  

  

 
4.0-10.0 84/829 (10.1) Ref. Ref. Ref. Ref. 

 
10.01-15.0 41/299 (13.7) 1.41 (0.95 to 2.10), p=0.092 1.43 (0.96 to 2.13), p=0.081 1.43 (0.96 to 2.13), p=0.081 1.52 (1.01 to 2.29), p=0.045 

 
>15.0 27/111 (24.3) 2.85 (1.75 to 4.65), p<0.001 2.75 (1.68 to 4.49), p<0.001 2.74 (1.68 to 4.49), p<0.001 2.78 (1.67 to 4.62), p<0.001 

 
<4.0 15/46 (32.6) 4.29 (2.23 to 8.27), p<0.001 4.19 (2.16 to 8.12), p<0.001 4.18 (2.15 to 8.10), p<0.001 4.42 (2.21 to 8.84), p<0.001 

 
Continuous   1.01 (0.99 to 1.02), p=0.355 1.01 (0.99 to 1.02), p=0.317 1.01 (0.99 to 1.02), p=0.313 1.01 (0.99 to 1.02), p=0.267 

PCT     
  

  

 
1st Quartile 27/321 (8.4) Ref. Ref. Ref. Ref. 

 
2nd Quartile 34/321 (10.6) 1.29 (0.76 to 2.19), p=0.347 1.27 (0.74 to 2.15), p=0.386 1.27 (0.75 to 2.16), p=0.381 1.23 (0.72 to 2.11), p=0.449 

 
3rd Quartile 36/321 (11.2) 1.38 (0.81 to 2.32), p=0.234 1.33 (0.78 to 2.25), p=0.294 1.34 (0.79 to 2.27), p=0.276 1.35 (0.79 to 2.29), p=0.276 

 
4th Quartile 73/322 (22.7) 3.19 (1.99 to 5.12), p<0.001 2.99 (1.86 to 4.81), p<0.001 3.00 (1.86 to 4.84), p<0.001 2.78 (1.68 to 4.59), p<0.001 

 
Continuous   2.33 (1.76 to 3.08), p<0.001 2.31 (1.74 to 3.07), p<0.001 2.31 (1.74 to 3.06), p<0.001 2.18 (1.61 to 2.96), p<0.001 

MR-proADM     
  

  

 
1st Quartile 20/324 (6.2) Ref. Ref. Ref. Ref. 

 
2nd Quartile 36/325 (11.1) 1.89 (1.07 to 3.35), p=0.028 2.26 (1.24 to 4.09), p=0.007 2.26 (1.25 to 4.09), p=0.007 2.26 (1.24 to 4.13), p=0.008 

 
3rd Quartile 34/323 (10.5) 1.79 (1.01 to 3.18), p=0.048 2.24 (1.20 to 4.20), p=0.011 2.25 (1.20 to 4.20), p=0.011 2.25 (1.19 to 4.27), p=0.013 

 
4th Quartile 81/326 (24.9) 5.03 (3.00 to 8.43), p<0.001 6.36 (3.53 to 11.48), p<0.001 6.35 (3.52 to 11.44), p<0.001 6.27 (3.36 to 11.68), p<0.001 

 
Continuous   7.65 (4.59 to 12.75), p<0.001 8.64 (5.00 to 14.95), p<0.001 8.62 (4.98 to 14.95), p<0.001 9.20 (4.83 to 17.51), p<0.001 

Adjustments: Model 1: age and sex; Model 2: age, sex, and main diagnosis; Model 3: fully adjusted for age, sex, main diagnosis, and comorbidities 
 
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to 
a tenfold increase in CRP values.  
 
 
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, 
white blood cell count 
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Figure A1: Subgroup analyses. Association of NEWS category with all-cause 30-day 
mortality among different diagnoses leading to ED admission 
 

	
CI, Confidence interval; ED, emergency department; NEWS, national early warning 
score; OR, Odds ratio 
 

OR (95% CI)
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NEWS low
NEWS moderate
NEWS high
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ABSTRACT

Objectives: The National Early Warning Score (NEWS) helps to estimate mortality risk 

in emergency department (ED) patients. This study aimed to investigate whether the 

prognostic value of the NEWS at ED admission could be further improved by adding 

inflammatory blood markers (i.e. white blood cell count (WBC), procalcitonin (PCT), and 

MR-ProAdrenomedullin (MR-proADM).

Design: Secondary analysis of a multinational, observational study. (TRIAGE study, 

March 2013 to October 2014) 

Setting: Three tertiary care centers in France, Switzerland, and the USA.

Participants: A total of 1303 adult medical patients with complete NEWS data seeking 

ED care were included in the final analysis. NEWS was calculated retrospectively based 

on admission data. 

Main outcome measures: The primary outcome was all-cause 30-day mortality. 

Secondary outcome was ICU admission. We used multivariate regression analyses to 

investigate associations of NEWS and blood markers with outcomes and area under the 

receiver operating curve (AUC) as a measure of discrimination.

Results: Of the 1303 included patients, 54 (4.1%) died within 30 days. The NEWS alone 

showed fair prognostic accuracy for all-cause 30-day mortality (AUC 0.73), with a 

multivariate adjusted odds ratio (OR) of 1.26 (95% CI 1.13–1.40, p<0.001). The AUCs 

for the prediction of mortality using the inflammatory markers WBC, PCT, and MR-

proADM were 0.64, 0.71, and 0.78, respectively. Combining NEWS with all three blood 

markers or only with MR-proADM clearly improved discrimination with an AUC 0.82 (p= 

0.002). Combining the three inflammatory markers with NEWS improved prediction of 

ICU admission (AUC 0.70 vs. 0.65 when using NEWS alone, p=0.006).
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Conclusion: NEWS is helpful in risk stratification of ED patients and can be further 

improved by the addition inflammatory blood markers. Future studies should investigate 

whether risk stratification by NEWS in addition to biomarkers improve site-of-care 

decision in this patient population.

Trial registration number: ClinicalTrials.gov; Identifier: NCT01768494

ARCTICLE SUMMARY

Strength and limitations of this study

- This is the first multinational study investigating the association of the National 

Early Warning Score (NEWS) and adverse outcomes at emergency department 

(ED) admission.

- This is the first study evaluating additional impact of inflammatory biomarkers on 

NEWS.

- Due to its design as a secondary analysis of an observational study, results are at 

best hypothesis generating.

- There is the possibility of a selection bias due to exclusion of patients with 

missing vital status data.
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INTRODUCTION

With increasingly overwhelmed emergency departments (ED), it is vital that well-

validated risk stratification systems are implemented to rapidly identify and efficiently 

respond to patients at risk since delays in treatment may result in poor outcomes 1 2. At 

the same time, risk stratification systems should ensure reliable identification of patients 

who may not need urgent care. Risk scores such as the pneumonia severity index (PSI) 

for patients presenting with pneumonia 3 or the Global Registry of Acute Coronary 

Events (GRACE) risk score for patients with myocardial infarction are applicable mainly 

to specific patient populations 4.

Emerging data suggest that in unselected medical patients presenting to the ED, early 

warning scores (i.e., track-and-trigger systems) are gaining importance for risk 

stratification and that their usage for this purpose may exceed that of classical triage 

tools such as the Manchester Triage System (MTS) 5 6. Of the numerous early warning 

scores (EWS) that have been investigated for this purpose, the National Early Warning 

Score (NEWS) may be the best evaluated and most widely used 6. It was originally 

developed in the United Kingdom by the Royal College of Physicians to standardize and 

improve detection of patients at risk for deterioration, with the routine recording of a 

minimum of physiological parameters 7 8. Multiple studies have revealed its superiority 

over other risk stratification tools with regard to prediction of mortality 6 9. Since its 

introduction in 2012, NEWS has been validated and widely implemented in different 

patient populations 5 10-12 worldwide 5 11 13-16. It has also been used recently for early risk 

stratification in unselected ED patients and has shown promise in the prediction of 

mortality 6. The Royal College of Physicians now recommends its use in EDs in its 
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updated NEWS 2 report issued in 2017 7. However, risk stratification at this early stage 

in patient care immediately following presentation to the ED is challenging due to lack of 

clinical information. Moreover, NEWS and other triage scores are based on vital signs 

and represent a patient’s clinical state at a single timepoint when vital signs are 

frequently still unremarkable, as a consequence of which they may miss patients at risk.

The use of blood markers assessed at the time of ED presentation may add prognostic 

information 17 and even improve the prognostic value of early warning scores. Although 

investigations trying to improve the discriminative value of NEWS by combining different 

markers such as serum lactate 16 18 or D-dimer 19 with NEWS have been undertaken, 

their results are contradictory. This may be due to inadequate selection of blood 

markers. The inflammatory blood marker procalcitonin (PCT) is a marker for bacterial 

infections. It has been employed for stewardship of antibiotic therapy 20 and has been 

shown to improve risk assessment in different patient populations such as those with 

sepsis 21 or malignant disease 22, and in patients at cardiovascular risk 23. 

Adrenomedullin (ADM) is a potent vasodilator peptide hormone widely expressed by 

many tissues that acts both as an autocrine and paracrine mediator 24 25. It is released in 

higher quantities in infectious and inflammatory states 26 27. Midregional pro-

Adrenomedullin (MR-proADM) is generated during the processing of the prohormone of 

adrenomedullin, is stable in human plasma, and may directly reflect the release of ADM 

28. Several studies have revealed MR-proADM to be highly predictive of adverse 

outcomes in specific patient populations such as those with chronic heart failure 29, 

sepsis 25, lower respiratory tract infections 30 31, myocardial infarction 32, and urinary tract 
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infections 33. Moreover, MR-proADM has been shown to predict adverse outcomes in 

patients presenting to the ED with nonspecific complaints 34.

The first aim of this study was to investigate the prognostic accuracy of NEWS in an 

unselected multinational cohort of medical patients presenting to the ED. In a second 

step we aimed to investigate whether adding the inflammatory blood markers white 

blood cell count (WBC), PCT, and MR-proADM would improve the predictive value of 

NEWS at the time of ED presentation.

Page 7 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

METHODS

Study design

This is a retrospective analysis of data from a multinational, observational cohort study 

that enrolled patients from March 2013 to October 2014 at three tertiary care hospitals in 

Aarau (Switzerland), Paris (France), and Clearwater (FL, USA) with the aim of 

determining whether the addition of biomarkers from distinct biological pathways would 

improve early risk stratification and initial triage of patients upon ED admission. Since it 

was an observational quality control study, the Institutional Review Boards (IRB) of the 

three hospitals approved the study and waived the need for individual informed consent 

(main Swiss IRB: Ethikkommission Kanton Aargau [EK 2012/059]; French IRB: 

CCTIRS—Le Comité consultatif sur le traitement de l’information en matière de 

recherche [C.C.T.I.R.S.; CPP ID RCB: 2013-A00129-36]; US IRB MPM-SAH Institutional 

Review Board, Clearwater Florida [IRB number 2013_005]). The study was registered at 

“ClinicalTrials.gov” (NCT01768494). The study protocol and details regarding the study 

design have been published previously 35 36.

Patient and Public Involvement

Patients were not involved in the development of the research question or the design of 

the study.

Patient samples

All adult medical patients seeking ED care at one of the participating hospitals were 

consecutively enrolled. They were included in this analysis if an initial blood draw had 

been performed as part of the routine assessment in the ED. Surgical and pediatric 
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patients were excluded. There were no further exclusion criteria so as to reflect patient 

diversity and challenges of “real-life”.

Data collection and score assignment

At time of admission to the ED, all patients were assessed by a triage nurse and 

assigned an initial triage priority based on the routine hospital algorithm. All participants 

provided a thorough medical history and underwent a physical examination, including 

measurement of vital signs and laboratory assessment with collection of leftover blood 

samples for later analysis. Additionally, we recorded the main presenting clinical 

symptoms and complaints, sociodemographic characteristics, and comorbidities. All 

information was initially entered in a case report form and subsequently stored in a 

centralized, password-secured databank (SecuTrial®; interActive Systems GmbH, Berlin, 

Germany).

Throughout the hospital stay the patients were managed by physicians, nurses, and 

social workers independent of the research team. All patients were contacted by 

telephone interview 30 days after admission using a predefined questionnaire to assess 

vital and functional status, unplanned hospital readmission, and other clinical outcomes.

The NEWS was calculated retrospectively based on available admission data pertaining 

to the following six parameters: respiratory rate, oxygen saturation, temperature, blood 

pressure, pulse rate, and level of consciousness. Corresponding to the NEWS 2 score 

chart of the Royal College of Physicians of the UK 7, continuous variables were awarded 

a range of zero to three points, while the level of consciousness was binary coded with 
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zero points if absent and three points if altered. Since data on whether supplemental 

oxygen was given were not available, the additional 2 points that would have been 

assigned if supplemental oxygen was given were not included in the calculation. Using 

the resulting aggregate score, patients were classified into three NEWS categories 

representing low (0-4 points), moderate (5-6 points), or high (≥7 points) risk. Additionally, 

patients in the low risk group scoring three points for a single physiological parameter 

were reclassified in the moderate risk group, as recommended by the Royal College of 

Physicians 7. As data on supplemental oxygen was not available, results in this paper 

correspond to a NEWS – potentially minus 2 points.

Study endpoints, overall hypothesis, and research aim

The primary endpoint of this analysis was all-cause mortality within 30 days of ED 

admission. The secondary endpoint was admission to the intensive care unit (ICU) 

during hospital stay. The decision regarding ICU admission was left to the discretion of 

the treating physicians. To assess the endpoints, patients were followed throughout their 

hospital stay and phone interviews were conducted 30 days after admission. If the 

patient could not be reached, the patient’s family or general practitioner was contacted. 

The aim of this secondary analysis was to investigate the association of a single 

calculation of NEWS at time of admission with the respective outcomes. In a second 

step, we aimed to assess whether the predictive value of NEWS could be improved by 

combining these prognostic biomarkers with the NEWS.

Blood draws and biomarkers
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We decided to investigate associations of three inflammatory biomarkers namely white 

blood cell count (WBC), midregional pro-Adrenomedullin (MR-proADM), and 

procalcitonin (PCT). The WBC count was part of the routine laboratory measurement at 

ED admission. Based on the normal range of WBC (4.0 to 10.0 G/L), we defined the 

following cut-offs: <4.0 G/L representing levels lower than normal, 4.0 to 10.0 G/L 

representing the normal range, 10.01 to 15.0 G/L representing low-to-moderate 

inflammatory response, and >15.0 G/L representing marked inflammation. Both PCT 

and MR-proADM were batch-measured later from leftover blood samples. The samples 

were routinely collected at admission, immediately centrifuged, aliquoted and frozen at 

−20°C. The results of these analyses were not available at time of hospitalization. Thus, 

physicians and patients were blinded to their results. The PCT levels were measured 

with a highly sensitive time-resolved amplified cryptate emission (TRACE) technology 

assay (PCT Kryptor®, B.R.A.H.M.S. AG, Hennigsdorf, Germany) with a lower detection 

limit of 0.02 ug/L and assay sensitivity of 0.06 μg/L 37. The MR-proADM levels were 

measured in plasma with a sandwich immunoassay as described elsewhere 28. The 

assay has an analytical detection limit of 0.08 nmol/L. We defined cut-offs of PCT and 

MR-proADM corresponding to quartiles.

Statistical Analyses

For statistical analyses, we used STATA 12.1 (Stata Corp, College Station, Texas, 

USA). Two-tailed tests were used and p-values of <0.05 were considered significant. We 

used descriptive statistics such as median with quartiles, and frequencies to describe 

the population, as appropriate. To assess group differences we used Kruskal-Wallis test 

for continuous, skew variables, and Pearson’s chi-squared test for categorial and binary 
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variables. We performed logistic regression analyses to investigate associations of 

NEWS and biomarkers with primary and secondary outcomes, respectively. We 

developed different models with stepwise adjustment for potential important confounders 

(i.e., age, gender, main diagnoses leading to ED admission, and comorbidities). Age 

was used as a linear covariate. According to the main admission diagnosis the following 

diagnostic groups were generated: Infectious disease, cardiovascular disease, metabolic 

disorder, malignant disease, neurological disease, gastrointestinal disease, pulmonary 

disease, and other disease. Comorbidities were assigned using patients’ medical history 

and ICD-10 diagnostic codes and include chronic obstructive lung disease, heart failure, 

coronary heart disease, diabetes, hypertension, stroke, malignant disease and renal 

failure. In statistical models comorbidities were coded as binary variables. Results of the 

regression analyses are presented as odds ratios (OR) with 95% confidence intervals 

(95% CI). The raw distribution of the biomarker data was skewed. After log 

transformation with a base of ten, the distribution of the biomarker data approximated a 

normal distribution. Therefore, ORs correspond to a tenfold increase in log-transformed 

values. Regression analyses were repeated in predefined subgroups stratified by 

diagnoses leading to ED admission. Discriminative performance was determined by 

means of area under the receiver operating characteristics (AUC), where AUC 0.6 to 0.7 

is considered poor, 0.7 to 0.8 fair, 0.8 to 0.9 good, and >0.9 excellent. The AUCs were 

systematically calculated for univariate models including NEWS and/or inflammatory 

markers and not for models adjusted for the afore-mentioned confounders. We used 

Pearson’s chi-squared test to compare areas under the receiver operating curve. For 

further illustration, we generated Kaplan-Meier survival plots by NEWS category and for 

each of the three biomarkers stratified by quartiles.
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RESULTS

Patient Population

Of a total of 7,132 patients presenting to the EDs of the participating hospitals (1,000 

Clearwater, 1,553 Paris, 4,579 Aarau), 1,303 (940 Clearwater, 355 Paris, 8 Aarau) 

patients had complete information for calculation of NEWS (excluding data on 

supplemental oxygen) and were included in the final analysis. A comparison of the total 

cohort and the cohort selected for this analysis can be found in the online supplementary 

materials (Table A1). The median age of included patients was 66 years and 50.5% 

were male. The most frequent main complaints were respiratory symptoms (27.3%), 

thoracic pain (18.4%), and non-thoracic pain (9.5%). The most prevalent diagnoses at 

ED admission were cardiovascular disease (37.3%), infections (14.6%), neurological 

disease (13.5%), and gastrointestinal disease (12.3%). Patients had a high burden of 

comorbidities including hypertension (43.6%), diabetes (20.6%), coronary heart disease 

(12.6%) and congestive heart failure (11.8%). Additional baseline characteristics of the 

general population and stratified by NEWS categories are listed in Table 1.
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Table 1: Baseline characteristics in the total cohort and stratified by admission NEWS 
category.

 NEWS category  
 
 Total cohort Low Moderate High p-

Value
Number of Patients, n (%) 1,303 966 (74.1%) 262 (20.1%) 75 (5.8%)
Sociodemographics

Age, median (quartiles) 66 (52, 80) 63 (50, 79) 72 (58, 84) 69 (58, 81) <0.001
Male gender, n (%) 658 (50.5%) 498 (51.6%) 122 (46.6%) 38 (50.7%) 0.36

Vital signs, median (quartiles)
Blood pressure diastolic (mmHg) 78 (67, 89) 79 (69, 89) 76 (65, 90) 72 (60, 88) 0.015
Blood pressure sytolic (mmHg) 139 (121, 159) 140 (124, 159) 137 (117, 160) 126 (91, 151) <0.001
Confusion, n (%) 44 (3.4%) 0 (0.0%) 32 (12.2%) 12 (16.0%) <0.001
Pulse (bpm) 83 (71, 98) 81 (70, 94) 88 (71, 107) 110 (95, 123) <0.001
Respiratory rate (per minute) 18 (18, 20) 18 (17, 20) 20 (18, 28) 26 (22, 30) <0.001
SpO2 (%) 97 (95, 99) 98 (96, 99) 96 (93, 98) 91 (88, 95) <0.001

Temperature (°C) 36.6 (36.2, 36.9) 36.6 (36.2, 
36.9) 36.6 (36.2, 37.0) 36.7 (36.0, 37.7) 0.003

Initial blood biomarkers, median 
(quartiles)

Creatinine (µmol/L)
79.6 (70.7, 

106.1)
79.6 (70.7, 

97.2)
79.6 (68.0, 

107.0)
88.4 (68.0, 

140.0) 0.068

Glucose (mmol/L) 6.3 (5.3, 8.1) 6.2 (5.2, 7.7) 6.5 (5.3, 8.3) 8.2 (5.8, 12.7) <0.001
White blood cells (G/L) 8.2 (6.3, 10.8) 7.9 (6.1, 10.4) 9.0 (6.8, 13.0) 10.9 (7.5, 15.6) <0.001

PCT (µg/L) 0.08 (0.06, 0.14) 0.08 (0.06, 
0.13) 0.09 (0.06, 0.17) 0.12 (0.07, 0.31) <0.001

MR-proADM (nmol/L) 0.9 (0.6, 1.5) 0.8 (0.6, 1.3) 1.2 (0.7, 1.8) 1.6 (1.1, 2.8) <0.001
Main symptom at ED admission, n (%) <0.001

Diarrhea, vomitus, dysuria 106 (8.1%) 90 (9.3%) 12 (4.6%) 4 (5.3%)
Fever 23 (1.8%) 14 (1.4%) 8 (3.1%) 1 (1.3%)
Gastrointestinal bleeding 31 (2.4%) 27 (2.8%) 4 (1.5%) 0 (0.0%)
Neurological symptoms 90 (6.9%) 71 (7.3%) 17 (6.5%) 2 (2.7%)
Nonthoracic pain 124 (9.5%) 112 (11.6%) 11 (4.2%) 1 (1.3%)
Respiratory symptoms 356 (27.3%) 211 (21.8%) 103 (39.3%) 42 (56.0%)
Thoracic pain 240 (18.4%) 212 (21.9%) 25 (9.5%) 3 (4.0%)
Miscellaneous 333 (25.6%) 229 (23.7%) 82 (31.3%) 22 (29.3%)

Main diagnosis, n (%) <0.001
Cancer 52 (4.0%) 44 (4.6%) 6 (2.3%) 2 (2.7%)
Cardiovascular 486 (37.3%) 386 (40.0%) 83 (31.7%) 17 (22.7%)
Gastrointestinal 160 (12.3%) 137 (14.2%) 17 (6.5%) 6 (8.0%)
Infection 190 (14.6%) 102 (10.6%) 57 (21.8%) 31 (41.3%)
Metabolic 49 (3.8%) 33 (3.4%) 15 (5.7%) 1 (1.3%)
Neurological 176 (13.5%) 140 (14.5%) 33 (12.6%) 3 (4.0%)
Pulmonary 110 (8.4%) 60 (6.2%) 37 (14.1%) 13 (17.3%)
Miscellaneous 80 (6.1%) 64 (6.6%) 14 (5.3%) 2 (2.7%)

Comorbidities, n (%)
Cancer 123 (9.4%) 73 (7.6%) 37 (14.1%) 13 (17.3%) <0.001
Chronic renal disease 96 (7.4%) 55 (5.7%) 26 (9.9%) 15 (20.0%) <0.001
Congestive heart failure 154 (11.8%) 88 (9.1%) 46 (17.6%) 20 (26.7%) <0.001
COPD 94 (7.2%) 46 (4.8%) 36 (13.7%) 12 (16.0%) <0.001
Coronary heart disease 164 (12.6%) 110 (11.4%) 43 (16.4%) 11 (14.7%) 0.080
Diabetes 269 (20.6%) 187 (19.4%) 64 (24.4%) 18 (24.0%) 0.15
History of stroke 22 (1.7%) 12 (1.2%) 7 (2.7%) 3 (4.0%) 0.078
Hypertension 568 (43.6%) 432 (44.7%) 108 (41.2%) 28 (37.3%) 0.32

COPD, chronic obstructive pulmonary disease; ED, emergency department; NEWS, national early warning score; PCT, 
procalcitonin; MR-proADM, midregional pro-Adrenomedullin; SpO2, peripheral oxygen saturation (%). 
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - potentially minus 2”
To assess group differences we used Kruskal-Wallis test for continuous, skew variables, and Pearson’s chi-squared test for 
categorial and binary variables.
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NEWS and mortality

The 30-day mortality rate following admission to the ED was 4.1%. In unadjusted logistic 

regression analyses, we found a significant association between 30-day mortality and 

NEWS overall (OR 1.35, 95% CI 1.23 to 1.48, p<0.001) and stratified into risk groups 

with corresponding ORs of 2.45 (95% CI 1.29 to 4.66, p=0.006) for the moderate risk 

NEWS category, and 7.89 (95% CI 3.85 to 16.18, p<0.001) for the high risk NEWS 

category, respectively, compared to the low risk NEWS category. These associations 

remained robust after stepwise adjustment for confounders (see Table 2 for univariate 

and fully adjusted ORs. Data on all of the remaining models are presented in the 

supplementary materials table A2). Receiver operating statistics showed fair 

discriminative performance with regard to 30-day all-cause mortality, with an AUC of 

0.73 (95% CI 0.66 to 0.80).
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Table 2: Regression analyses for associations of NEWS and blood markers with primary and secondary outcomes
30 day mortality ICU admission

Regression analyses, OR (95% CI), p-Value Regression analyses, OR (95% CI), p-Value
 
 
 
 Events, n (%) Unadjusted Fully Adjusted Events, n (%) Unadjusted Fully Adjusted

Total cohort 54/1,303 (4.1) 171/1,303 (13.1)
NEWS

Low 25/966 (2.6) Ref. Ref. 89/966 (9.2) Ref. Ref.
Moderate 16/262 (6.1) 2.45 (1.29 to 4.66), p=0.006 1.71 (0.87 to 3.37), p=0.123 57/262 (21.8) 2.74 (1.90 to 3.95), p<0.001 2.71 (1.85 to 3.98), p<0.001
High 13/75 (17.3) 7.89 (3.85 to 16.18), p<0.001 4.89 (2.22 to 10.75), p<0.001 25/75 (33.3) 4.93 (2.91 to 8.35), p<0.001 4.33 (2.48 to 7.57), p<0.001
Continuous 1.35 (1.23 to 1.48), p<0.001 1.26 (1.13 to 1.40), p<0.001 1.25 (1.17 to 1.33), p<0.001 1.24 (1.15 to 1.32), p<0.001

WBC (G/L)
4.0-10.0 27/829 (3.3) Ref. Ref. 84/829 (10.1) Ref. Ref.
10.01-15.0 10/299 (3.3) 1.03 (0.49 to 2.15), p=0.942 1.07 (0.50 to 2.31), p=0.855 41/299 (13.7) 1.41 (0.95 to 2.10), p=0.092 1.52 (1.01 to 2.29), p=0.045
>15.0 15/111 (13.5) 4.64 (2.39 to 9.03), p<0.001 3.73 (1.80 to 7.75), p<0.001 27/111 (24.3) 2.85 (1.75 to 4.65), p<0.001 2.78 (1.67 to 4.62), p<0.001
<4.0 2/46 (4.4) 1.35 (0.31 to 5.86), p=0.689 1.05 (0.22 to 4.99), p=0.951 15/46 (32.6) 4.29 (2.23 to 8.27), p<0.001 4.42 (2.21 to 8.84), p<0.001
Continuous 1.02 (1.00 to 1.03), p=0.051 1.02 (1.00 to 1.03), p=0.036 1.01 (0.99 to 1.02), p=0.355 1.01 (0.99 to 1.02), p=0.267

PCT
1st Quartile 5/321 (1.6) Ref. Ref. 27/321 (8.4) Ref. Ref.
2nd Quartile 7/321 (2.2) 1.41 (0.44 to 4.49), p=0.562 1.24 (0.38 to 4.09), p=0.722 34/321 (10.6) 1.29 (0.76 to 2.19), p=0.347 1.23 (0.72 to 2.11), p=0.449
3rd Quartile 10/321 (3.1) 2.03 (0.69 to 6.01), p=0.200 1.79 (0.59 to 5.45), p=0.306 36/321 (11.2) 1.38 (0.81 to 2.32), p=0.234 1.35 (0.79 to 2.29), p=0.276
4th Quartile 32/322 (9.9) 6.97 (2.68 to 18.14), p<0.001 5.17 (1.88 to 14.18), p=0.001 73/322 (22.7) 3.19 (1.99 to 5.12), p<0.001 2.78 (1.68 to 4.59), p<0.001
Continuous 2.66 (1.81 to 3.92), p<0.001 2.45 (1.54 to 3.89), p<0.001 2.33 (1.76 to 3.08), p<0.001 2.18 (1.61 to 2.96), p<0.001

MR-proADM
1st Quartile 1/324 (0.3) Ref. Ref. 20/324 (6.2) Ref. Ref.
2nd Quartile 6/325 (1.9) 6.08 (0.73 to 50.75), p=0.096 4.93 (0.57 to 42.58), p=0.147 36/325 (11.1) 1.89 (1.07 to 3.35), p=0.028 2.26 (1.24 to 4.13), p=0.008
3rd Quartile 12/323 (3.7) 12.46 (1.61 to 96.42), p=0.016 7.93 (0.96 to 65.37), p=0.054 34/323 (10.5) 1.79 (1.01 to 3.18), p=0.048 2.25 (1.19 to 4.27), p=0.013
4th Quartile 35/326 (10.7) 38.85 (5.29 to 285.36), p<0.001 17.18 (2.15 to 137.36), p=0.007 81/326 (24.9) 5.03 (3.00 to 8.43), p<0.001 6.27 (3.36 to 11.68), p<0.001
Continuous 17.58 (8.05 to 38.38), p<0.001 10.33 (3.77 to 28.34), p<0.001 7.65 (4.59 to 12.75), p<0.001 9.20 (4.83 to 17.51), p<0.001

Fully adjusted model adjusted for age, sex, main diagnosis, and comorbidities
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to a tenfold 
increase in PCT and MR-proADM values. 
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, white blood cell 
count
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - potentially minus 2”
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Incremental impact of inflammatory blood markers on prediction of mortality

The inflammatory blood markers WBC, PCT, and MR-proADM showed low to fair 

prognostic accuracy for prediction of 30-day mortality with AUCs of 0.64 (95% CI 

0.56 to 0.72), 0.71 (95% CI 0.64 to 0.79), and 0.78 (95% CI 0.73 to 0.84), 

respectively. Corresponding regression analyses for continuous values and stratified 

by cut-offs are shown in Table 2. Adding all three markers to NEWS significantly 

improved the predictive value to an AUC of 0.82 (95% CI 0.77 to 0.88, p=0.002). 

Interestingly, adding only MR-proADM to a model with NEWS showed a similar AUC 

of 0.82 (95% CI 0.77 to 0.87, p=0.002) for prediction of mortality (Table 3, Figure 1). 

We further calculated Kaplan-Meier survival estimates (Figure 2).

Table 3: Discriminative performance of NEWS and biomarkers for the prediction of 
primary and secondary outcomes

 AUROC (95% CI)
 30-day mortality P-value ICU admission p-value
NEWS 0.73 (0.66 to 0.80) 0.65 (0.61 to 0.70)
WBC 0.64 (0.56 to 0.72) 0.54 (0.49 to 0.59)
PCT 0.71 (0.64 to 0.79) 0.62 (0.57 to 0.67)
ProADM 0.78 (0.73 to 0.84) 0.67 (0.62 to 0.72)
all combined 0.82 (0.77 to 0.88) 0.002 0.70 (0.65 to 0.75) 0.006
NEWS & WBC 0.74 (0.67 to 0.81) 0.196 0.65 (0.60 to 0.70) 0.792
NEWS & PCT 0.78 (0.72 to 0.84) 0.004 0.68 (0.64 to 0.73) 0.017
NEWS & proADM 0.82 (0.77 to 0.87) 0.002 0.70 (0.65 to 0.74) 0.009

CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, 
procalcitonin; MR-proADM, midregional Pro-Adrenomedullin; WBC, white blood cell count.
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - 
potentially minus 2”
P-values correspond to the AUCs of the respective models compared to the AUC of NEWS 
alone and were assessed using Pearson’s chi-squared test.
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NEWS and ICU admission

During their hospital stay, 13.1% of patients were admitted to the ICU. Similar to findings 

with the primary endpoint, unadjusted regression analyses showed significant 

associations of NEWS with ICU admission (OR 1.25, 95% CI 1.17 to 1.33, p<0.001). 

Stratification of NEWS by risk categories showed respective ORs of 2.74 (95% CI 1.90 

to 3.95, p<0.001) for the moderate risk category and 4.93 (95% CI 2.91 to 8.35, 

p<0.001) for the high risk category, compared with the low risk category. As before, the 

results stayed robust after adjusting for important confounders (see Table 2 for 

univariate and fully adjusted ORs. All of the remaining models are presented in the 

supplementary materials Table A3).

When receiver operating statistics were determined, NEWS showed low discriminative 

performance with regard to ICU admission (AUC 0.65, 95% CI 0.61 to 0.70).

Incremental impact of inflammatory blood markers on prediction of ICU admission

The predictive value of the blood markers WBC (AUC 0.54, 95% CI 0.49 to 0.59), PCT 

(AUC 0.62, 95% CI 0.57 to 0.67), and MR-proADM (AUC 0.67, 95% CI 0.62 to 0.72) for 

ICU admission was low, with only MR-proADM showing slightly better prognostic 

accuracy than NEWS. For univariate and multivariate regression analyses for 

associations of blood markers with ICU admission, see Table 2. A combined model of 

NEWS with all three blood markers again improved discriminative performance (AUC 

0.70, 95% CI 0.65 to 0.75, p=0.006). Similar to the association with mortality, a model 

including only NEWS and MR-proADM showed equal results for prediction of ICU 

admission (AUC 0.70, 95% CI 0.65 to 0.74, p=0.009) (Table 3, Figure 1).
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Subgroup analyses

Analyses of subgroups showed similar association of NEWS with 30-day mortality 

among different diagnoses leading to ED admission (supplementary materials Figure 

A1). 
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DISCUSSION

This multinational study of heterogenous medical ED patients found a fair performance 

of the National Early Warning Score (NEWS) for prediction of 30-day mortality when 

calculated at a single timepoint at ED admission. Results remained robust after 

adjustment for potential confounders and among different subgroups. Additionally, we 

found that the predictive value of NEWS was improved by adding inflammatory blood 

markers, in particular MR-proADM. We also found the discriminative value of NEWS for 

prediction of our secondary outcome, ICU admission, was less strong but was also 

improved by adding PCT and MR-proADM to the model.

The 30-day mortality in our study (4.1%) was in line with the 4.0% to 5.7% reported in 

other investigations that included similar patient populations and examined similar 

outcome measures 19 38. Prevalence of ICU admission during hospital stay in our study 

(13.1%) was within ICU admission rates in several other studies that reported a range 

between 1% and 17.4% 5 10 13 16 38 39. This wide range may be a reflection of different 

healthcare systems studied and particularly of different follow-up periods, as the different 

investigations examined short-term outcomes within 24 or 48 hours of admission, 

respectively. In this respect, our results are most notably consistent with the findings of 

several Scandinavian studies 5 13 15.

Regarding predictive performance, other studies investigating discriminative power of 

NEWS documented at the time of ED arrival, found similar AUCs for prediction of in-

hospital mortality or 30-day mortality, with reported AUCs of 0.65 to 0.77 in patients with 
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suspected infection/sepsis 40-42 and AUCs of 0.77 to 0.84 in general ED patients, 

respectively 16 38.

Predictive performance for ICU admission in our study (AUC 0.65, 95% CI 0.61 to 0.70) 

was slightly lower than the AUCs in other publications that report AUCs of 0.67 to 0.857 

for prediction of ICU admission in different patient populations 9 16 41 43.

Our finding of MR-proADM as a solitary predictor of 30-day mortality (AUC 0.78, 95% CI 

0.73 to 0.84) is in line with the result of another Swiss study reporting an AUC of 0.732 

for the same purpose in a cohort of patients with nonspecific complaints presenting to 

the ED 34.

To the best of our knowledge, this is the first study investigating NEWS in a multinational 

cohort of medical ED patients. Moreover, this is the first study investigating the potential 

additional impact of promising inflammatory markers, namely PCT and MR-proADM, on 

NEWS for the prediction of adverse outcome.

One could argue that adding blood markers to a clinical score might complicate its 

calculation, but in EDs initial blood draws are part of routine care, which is why the 

additional determination of inflammatory marker levels do not change existing 

processes. In contrast, WBC results are available rapidly, and indeed PCT- point-of-care 

tests that provide results within minutes are being developed 44. Measurements of 

additional blood markers thus might partially overcome user-dependency of early 

warning scores and might therefore improve early risk stratification. Our study reveals 

that MR-proADM could be a particularly suitable and promising blood marker for early 
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risk stratification when combined with a clinical score such as NEWS. As a result, 

identification of patients needing urgent care could be improved. However, right now 

there is no point of care test available that would allow rapid measurement of MR-

proADM. Clinicians would likely evaluate results from biomarker assays in the light of the 

patient’s condition at the time the test results become available, not at time the blood 

sample was drawn. As ED patients are in a dynamic situation, NEWS and the patient’s 

condition might have changed already when results become available.

This study has some limitations. First, since it is a study where NEWS was calculated 

retrospectively, associations between NEWS and biomarkers and outcomes are likely 

confounded. We addressed this limitation at least partially by adjusting for important 

confounders.  However, with residual confounding being likely, our results are at best 

hypothesis generating. Second, NEWS was calculated retrospectively, and vital signs 

were not measured more frequently than standard clinical practice. However, we 

addressed possible bias regarding a treatment paradox since observed mortality may be 

lower in studies where NEWS is acted upon. Third, due to missing vital sign data—

particularly respiratory rate—a large number of patients were not eligible for final 

analysis. This is in line with other studies reporting that early warning scores were often 

incomplete 45 and that among others respiratory rate was documented in only 30% to 

60% of cases 45 46. However, our sample is still relatively large and represents a 

multinational cohort of unselected medical ED patients. Moreover, given that health 

system organization strongly influences populations at EDs, the multinational nature of 

our study provides external validity. However, there is the possibility of a selection bias 

as the cohort included in this analysis differed to the initial total cohort in age, some of 

Page 23 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

24

the main symptoms and main diagnoses at ED admission, and comorbidities. This was 

addressed in the regression models by adjusting for the aforementioned confounders. 

The results remained robust. Fourth, information on the use of oxygen support was not 

available retrospectively and therefore did not contribute to NEWS calculation, which 

reduced the maximum score from 20 to 18. This might have led to misclassification of 

patients and might have diminished the discriminatory power of NEWS. It is likely that 

the fraction of patients that were under-rated by 2 points due to missing information on 

oxygen supplements would increase from the low via the moderate to the high-risk 

NEWS group. This could represent at systematical bias where sicker patients (probably 

with worse outcomes) would potentially be misclassified with fewer points in the NEWS 

score, possibly resulting in statistical inflation of the effect of the lower NEWS values. 

However, the Royal College of Physicians recommends addition of a weighting score of 

2 not by default for all patients with supplemental oxygen but only for patients requiring 

supplemental oxygen to maintain their optimal oxygen saturation 7. As the optimal 

oxygen saturation may be different in varying patient groups, most notably in patients 

with hypercapnic respiratory failure, the actual requirement of supplemental oxygen is 

hard to determine and requires evaluation of a qualified and experienced physician. As a 

result, certain patients might mistakenly score 2 additional points for supplemental 

oxygen, which can again result in misclassification of the NEWS risk category. However, 

as mentioned before, the discriminative power of NEWS in our study is comparable to 

other similar investigations. Fifth, we only had a few events, which could limit reliability 

and is reflected in the rather broad 95% confidence intervals. This was addressed at 

least in part by hard endpoints and a structured follow-up with phone interviews 30 days 

after admission or through contacting the patient’s family or general practitioner. Sixth, 
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the decision regarding ICU admission was left to the discretion of treating physicians. 

This reflects procedures followed in the included centers and may be different from 

those in other hospitals. Last, NEWS was not designed to be a single time point tool but 

rather a “track-and-trigger” system in individual patients. Accuracy of NEWS may thus 

be different if multiple measurements at different time points are considered.

CONCLUSION

Combining NEWS calculated upon admission to the ED with markers of inflammation 

such as MR-proADM and PCT improves the predictive value of NEWS in unselected 

medical patients. The combination of NEWS and MR-proADM might prove to be a 

particularly promising tool for early risk stratification. Whether these theoretical benefits 

of improved risk stratification at ED admission can be translated into improved outcomes 

has to be examined in future interventional studies.
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FIGURES
Figure 1: Discriminative performance of NEWS, blood markers, and combination of 
NEWS and blood markers for the prediction of all-cause 30-day mortality (A) and ICU 
admission (B)

Legend: NEWS, national early warning score; PCT, procalcitonin; MR-proADM, 
midregional Pro-Adrenomedullin; WBC, white blood cell count
NEWS was calculated without oxygen supplementation data and thus represents 
“NEWS - potentially minus 2”

Figure 2: Kaplan-Meier survival estimates stratified by admission NEWS category (A), white 
blood cell count (WBC) (B), procalcitonin (PCT) (C), and MR-pro-adrenomedullin (MR-
proADM) (D)

Legend: NEWS was calculated without oxygen supplementation data and thus 
represents “NEWS - potentially minus 2”
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Table A1: Comparison of the total cohort and cohort selected for analysis 
    Total Cohort Selected Cohort 

Number of Patients, n (%) 7132 1303 

Sociodemographics     

 Age, median (quartiles) 62 (46, 76) 66 (52, 80) 

 Male gender, n (%) 3767 (53.3%) 658 (50.5%) 

Vital signs, median (quartiles)     

 Blood pressure diastolic (mmHg) 80 (70, 90) 78 (67, 89) 

 Blood pressure systolic (mmHg) 137 (121, 154) 139 (121, 159) 

 Confusion, n (%) 522 (7.3%) 44 (3.4%) 

 Pulse (bpm) 83 (71, 97) 83 (71, 98) 

 Respiratory rate (per minute) 18 (18, 20) 18 (18, 20) 

 SpO2 (%) 96.8 (94, 98) 97 (95, 99) 

 Temperature (°C) 36.8 (36.4, 37.2) 36.6 (36.2, 36.9) 

Intial blood biomarkers, median (quartiles)     

 Creatinine (µmol/L) 81.0 (67.0, 103.0) 79.6 (70.7, 106.1) 

 Glucose (mmol/L) 6.1 (5.3, 7.5) 6.3 (5.3, 8.1) 

 White blood cells (G/L) 8.385 (6.58, 10.98) 8.2 (6.3, 10.8) 

 PCT (µg/L) 0.08 (0.06, 0.13) 0.08 (0.06, 0.14) 

 ProADM (nmol/L) 0.8 (0.6, 1.2) 0.9 (0.6, 1.5) 

Main symptom at ED admission, n (%)     

 Diarrhea, vomitus, dysuria 495 (6.9%) 106 (8.1%) 

 Fever 343 (4.8%) 23 (1.8%) 

 Gastrointestinal bleeding 199 (2.8%) 31 (2.4%) 

 Neurological symptoms 1379 (19.3%) 90 (6.9%) 

 Nonthoracic pain 1217 (17.1%) 124 (9.5%) 

 Respiratory symptoms 948 (13.3%) 356 (27.3%) 

 Thoracic pain 1038 (14.6%) 240 (18.4%) 

 Worsening of general condition 837 (11.7%) 333 (25.6%) 

Main diagnosis, n (%)     

 Cancer 344 (4.8%) 52 (4.0%) 

 Cardiovascular 1660 (23.3%) 486 (37.3%) 

 Gastrointestinal 983 (13.8%) 160 (12.3%) 

 Infection 1039 (14.6%) 190 (14.6%) 

 Metabolic 192 (2.7%) 49 (3.8%) 

 Neurological 1566 (22.0%) 176 (13.5%) 

 Pulmonary 297 (4.2%) 110 (8.4%) 

 Miscellaneous 1051 (14.7%) 80 (6.1%) 

Comorbidities, n (%)     

 Cancer 968 (13.6%) 123 (9.4%) 

 Chronic renal disease 872 (12.2%) 96 (7.4%) 

 Congestive heart failure 487 (6.8%) 154 (11.8%) 

 COPD 359 (5.0%) 94 (7.2%) 

 Coronary heart disease 838 (11.7%) 164 (12.6%) 

 Diabetes 1088 (15.3%) 269 (20.6%) 

 History of stroke 566 (7.9%) 22 (1.7%) 

 Hypertension 2795 (39.2%) 568 (43.6%) 

Events, n (%)     

 Death 30 days 331 (4.6%) 54 (4.1%) 

 Intensive Care 453 (6.4%) 171 (13.1%) 
COPD, chronic obstructive pulmonary disease; ED, emergency department; NEWS, national early warning score; 
PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; SpO2, peripheral oxygen saturation (%). 
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - potentially minus 2” 
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Table A2: Regression analyses for associations of NEWS and blood markers with primary outcome 

    30 day mortality 

    Regression analyses, OR (95% CI), p-value 

    Events, n (%) Unadjusted Model 1 Model 2 Model 3 

NEWS         

 Low 25/966 (2.6) Ref. Ref. Ref. Ref. 

 Moderate 16/262 (6.1) 2.45 (1.29 to 4.66), p=0.006 2.04 (1.06 to 3.92), p=0.032 2.01 (1.05 to 3.87), p=0.036 1.71 (0.87 to 3.37), p=0.123 

 High 13/75 (17.3) 7.89 (3.85 to 16.18), p<0.001 7.01 (3.36 to 14.63), p<0.001 6.79 (3.23 to 14.3), p<0.001 4.89 (2.22 to 10.75), p<0.001 

 Continuous   1.35 (1.23 to 1.48), p<0.001 1.32 (1.2 to 1.46), p<0.001 1.32 (1.19 to 1.45), p<0.001 1.26 (1.13 to 1.40), p<0.001 

WBC         

 4.0-10.0 27/829 (3.3) Ref. Ref. Ref. Ref. 

 10.01-15.0 10/299 (3.3) 1.03 (0.49 to 2.15), p=0.942 1.05 (0.5 to 2.21), p=0.893 1.05 (0.5 to 2.21), p=0.9 1.07 (0.50 to 2.31), p=0.855 

 >15.0 15/111 (13.5) 4.64 (2.39 to 9.03), p<0.001 4.41 (2.22 to 8.76), p=0 4.37 (2.2 to 8.69), p=0 3.73 (1.80 to 7.75), p<0.001 

 <4.0 2/46 (4.4) 1.35 (0.31 to 5.86), p=0.689 1.52 (0.34 to 6.74), p=0.583 1.52 (0.34 to 6.76), p=0.58 1.05 (0.22 to 4.99), p=0.951 

 Continuous   1.02 (1.00 to 1.03), p=0.051 1.02 (1 to 1.03), p=0.033 1.02 (1 to 1.03), p=0.028 1.02 (1.00 to 1.03), p=0.036 

PCT         

 1st Quartile 5/321 (1.6) Ref. Ref. Ref. Ref. 

 2nd Quartile 7/321 (2.2) 1.41 (0.44 to 4.49), p=0.562 1.32 (0.41 to 4.22), p=0.642 1.33 (0.41 to 4.26), p=0.632 1.24 (0.38 to 4.09), p=0.722 

 3rd Quartile 10/321 (3.1) 2.03 (0.69 to 6.01), p=0.2 1.77 (0.59 to 5.26), p=0.307 1.84 (0.62 to 5.48), p=0.276 1.79 (0.59 to 5.45), p=0.306 

 4th Quartile 32/322 (9.9) 6.97 (2.68 to 18.14), p<0.001 6.01 (2.29 to 15.79), p<0.001 6.12 (2.33 to 16.09), p<0.001 5.17 (1.88 to 14.18), p=0.001 

 Continuous   2.66 (1.81 to 3.92), p<0.001 2.77 (1.85 to 4.17), p<0.001 2.71 (1.79 to 4.08), p<0.001 2.45 (1.54 to 3.89), p<0.001 

MR-proADM         

 1st Quartile 1/324 (0.3) Ref. Ref. Ref. Ref. 

 2nd Quartile 6/325 (1.9) 6.08 (0.73 to 50.75), p=0.096 4.42 (0.52 to 37.78), p=0.175 4.44 (0.52 to 37.93), p=0.174 4.93 (0.57 to 42.58), p=0.147 

 3rd Quartile 12/323 (3.7) 12.46 (1.61 to 96.42), p=0.016 7.66 (0.94 to 62.38), p=0.057 7.77 (0.96 to 63.12), p=0.055 7.93 (0.96 to 65.37), p=0.054 

 4th Quartile 35/326 (10.7) 38.85 (5.29 to 285.36), p<0.001 22.46 (2.87 to 175.82), p=0.003 22.22 (2.84 to 173.70), p=0.003 17.18 (2.15 to 137.36), p=0.007 

 Continuous   17.58 (8.05 to 38.38), p<0.001 13.89 (5.94 to 32.49), p<0.001 13.40 (5.70 to 31.54), p<0.001 10.33 (3.77 to 28.34), p<0.001 
Adjustments: Model 1: age and sex; Model 2: age, sex, and main diagnosis; Model 3: fully adjusted for age, sex, main diagnosis, and comorbidities 
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to a 
tenfold increase in PCT and MR-proADM values.  
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, white blood 
cell count 
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - potentially minus 2”  
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Table A3: Regression analyses for associations of NEWS and blood markers with secondary outcome 

  ICU admission 

    Regression analyses, OR (95% CI), p-value 

  events, n (%) unadjusted model 1 model 2 model 3 

NEWS         

 Low 89/966 (9.2) Ref. Ref. Ref. Ref. 

 Moderate 57/262 (21.8) 2.74 (1.90 to 3.95), p<0.001 2.75 (1.90 to 3.99), p<0.001 2.75 (1.90 to 3.99), p<0.001 2.71 (1.85 to 3.98), p<0.001 

 High 25/75 (33.3) 4.93 (2.91 to 8.35), p<0.001 4.90 (2.88 to 8.35), p<0.001 4.88 (2.86 to 8.33), p<0.001 4.33 (2.48 to 7.57), p<0.001 

 Continuous   1.25 (1.17 to 1.33), p<0.001 1.25 (1.17 to 1.33), p<0.001 1.25 (1.17 to 1.33), p<0.001 1.24 (1.15 to 1.32), p<0.001 

WBC         

 4.0-10.0 84/829 (10.1) Ref. Ref. Ref. Ref. 

 10.01-15.0 41/299 (13.7) 1.41 (0.95 to 2.10), p=0.092 1.43 (0.96 to 2.13), p=0.081 1.43 (0.96 to 2.13), p=0.081 1.52 (1.01 to 2.29), p=0.045 

 >15.0 27/111 (24.3) 2.85 (1.75 to 4.65), p<0.001 2.75 (1.68 to 4.49), p<0.001 2.74 (1.68 to 4.49), p<0.001 2.78 (1.67 to 4.62), p<0.001 

 <4.0 15/46 (32.6) 4.29 (2.23 to 8.27), p<0.001 4.19 (2.16 to 8.12), p<0.001 4.18 (2.15 to 8.10), p<0.001 4.42 (2.21 to 8.84), p<0.001 

 Continuous   1.01 (0.99 to 1.02), p=0.355 1.01 (0.99 to 1.02), p=0.317 1.01 (0.99 to 1.02), p=0.313 1.01 (0.99 to 1.02), p=0.267 

PCT         

 1st Quartile 27/321 (8.4) Ref. Ref. Ref. Ref. 

 2nd Quartile 34/321 (10.6) 1.29 (0.76 to 2.19), p=0.347 1.27 (0.74 to 2.15), p=0.386 1.27 (0.75 to 2.16), p=0.381 1.23 (0.72 to 2.11), p=0.449 

 3rd Quartile 36/321 (11.2) 1.38 (0.81 to 2.32), p=0.234 1.33 (0.78 to 2.25), p=0.294 1.34 (0.79 to 2.27), p=0.276 1.35 (0.79 to 2.29), p=0.276 

 4th Quartile 73/322 (22.7) 3.19 (1.99 to 5.12), p<0.001 2.99 (1.86 to 4.81), p<0.001 3.00 (1.86 to 4.84), p<0.001 2.78 (1.68 to 4.59), p<0.001 

 Continuous   2.33 (1.76 to 3.08), p<0.001 2.31 (1.74 to 3.07), p<0.001 2.31 (1.74 to 3.06), p<0.001 2.18 (1.61 to 2.96), p<0.001 

MR-proADM         

 1st Quartile 20/324 (6.2) Ref. Ref. Ref. Ref. 

 2nd Quartile 36/325 (11.1) 1.89 (1.07 to 3.35), p=0.028 2.26 (1.24 to 4.09), p=0.007 2.26 (1.25 to 4.09), p=0.007 2.26 (1.24 to 4.13), p=0.008 

 3rd Quartile 34/323 (10.5) 1.79 (1.01 to 3.18), p=0.048 2.24 (1.20 to 4.20), p=0.011 2.25 (1.20 to 4.20), p=0.011 2.25 (1.19 to 4.27), p=0.013 

 4th Quartile 81/326 (24.9) 5.03 (3.00 to 8.43), p<0.001 6.36 (3.53 to 11.48), p<0.001 6.35 (3.52 to 11.44), p<0.001 6.27 (3.36 to 11.68), p<0.001 

 Continuous   7.65 (4.59 to 12.75), p<0.001 8.64 (5.00 to 14.95), p<0.001 8.62 (4.98 to 14.95), p<0.001 9.20 (4.83 to 17.51), p<0.001 
Adjustments: Model 1: age and sex; Model 2: age, sex, and main diagnosis; Model 3: fully adjusted for age, sex, main diagnosis, and comorbidities 
For regression analysis with continues values, PCT and Pro-ADM were log transformed with a base of ten before entering into statistical models. Therefore, the ORs correspond to 
a tenfold increase in PCT and MR-proADM values.  
CI, confidence interval; ICU, intensive care unit; NEWS, national early warning score; PCT, procalcitonin; MR-proADM, midregional pro-Adrenomedullin; Ref, reference; WBC, 
white blood cell count 
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - potentially minus 2” 
  

 

Page 37 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Figure A1: Subgroup analyses. Association of NEWS category with all-cause 30-day 
mortality among different diagnoses leading to ED admission 
 

 
CI, Confidence interval; ED, emergency department; NEWS, national early warning 
score; OR, Odds ratio 
NEWS was calculated without oxygen supplementation data and thus represents “NEWS - 
potentially minus 2” 
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Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3-4 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5-6 

Objectives 3 State specific objectives, including any prespecified hypotheses 7 

Methods  

Study design 4 Present key elements of study design early in the paper 8 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

8-9 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 8-9 

(b) For matched studies, give matching criteria and number of exposed and unexposed n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

10 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

9, 11 

Bias 9 Describe any efforts to address potential sources of bias 11 

Study size 10 Explain how the study size was arrived at 8, 13 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

11 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 11-12 

(b) Describe any methods used to examine subgroups and interactions 12 

(c) Explain how missing data were addressed 13 

(d) If applicable, explain how loss to follow-up was addressed n/a 

(e) Describe any sensitivity analyses 12 

Results  
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13 
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  (c) Consider use of a flow diagram n/a 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

13 

  (b) Indicate number of participants with missing data for each variable of interest n/a 

  (c) Summarise follow-up time (eg, average and total amount) n/a 

Outcome data 15* Report numbers of outcome events or summary measures over time 15, 18 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

15-16 

  (b) Report category boundaries when continuous variables were categorized 11 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 19 

Discussion    

Key results 18 Summarise key results with reference to study objectives 20-21 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

21-22 

Generalisability 21 Discuss the generalisability (external validity) of the study results 23 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

25 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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