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Purpose: There are conflicting data regarding the role of the National Early Warning Score 2 (NEWS2) in predicting adverse 
outcomes in patients with infectious diseases. New-onset atrial fibrillation (NO-AF) has been suggested as a sepsis-defining sign of 
organ dysfunction. This study aimed to examine the prognostic accuracy of NEWS2 and whether NO-AF can provide prognostic 
information in emergency department (ED) patients with suspected bacterial infections.
Patients and Methods: Secondary analyses of data from a prospective observational cohort study of adults admitted in a 6-month 
period with suspected bacterial infections. We used the composite endpoint of in-hospital mortality or transfer to the intensive care unit 
as the primary outcome. The prognostic accuracy of NEWS2 and quick sequential organ failure assessment (qSOFA) and covariate- 
adjusted area under the receiver operating curves (AAUROC) were used to describe the performance of the scores. Logistic regression 
analysis was used to examine the association between NO-AF and the composite endpoint.
Results: A total of 2055 patients were included in this study. The composite endpoint was achieved in 198 (9.6%) patients. NO-AF 
was observed in 80 (3.9%) patients. The sensitivity and specificity for NEWS2 ≥5 were 70.2% (63.3–76.5) and 60.2% (57.9–62.4), 
respectively, and those for qSOFA ≥2 were 26.3% (20.3–33.0) and 91.0% (89.6–92.3), respectively. AAUROC for NEWS2 and 
qSOFA were 0.68 (0.65–0.73) and 0.63 (0.59–0.68), respectively. The adjusted odds ratio for achieving the composite endpoint in 48 
patients with NO-AF who fulfilled the NEWS2 ≥5 criteria was 2.71 (1.35–5.44).
Conclusion: NEWS2 had higher sensitivity but lower specificity and better, albeit poor, discriminative ability to predict the 
composite endpoint compared to qSOFA. NO-AF can provide important prognostic information.
Keywords: infectious disease, sepsis, predictive ability, National Early Warning Score 2, NEWS2, quick sequential organ failure 
assessment, qSOFA, new-onset atrial fibrillation

Introduction
Sepsis is a potentially life-threatening condition with organ failure.1

Unfortunately, we do not have a robust diagnostic tool for identifying patients with sepsis. The previously used systemic 
inflammatory response syndrome (SIRS) criteria to identify patients with sepsis are obsolete due to the low specificity.1

A Sepsis-3 task force replaced the SIRS criteria in 2016 with clinical criteria based on the Sequential Organ Failure 
Assessment (SOFA) score.1 A parsimonious method of SOFA, the quick SOFA (qSOFA) score, was proposed for rapid 
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risk stratification of patients with suspected infection.1 qSOFA was designed as a prognostic and not a diagnostic tool. 
However, qSOFA is not a sensitive tool for early identification of infection-induced organ dysfunction and has poor 
discriminative performance to predict a serious outcome.2,3 Therefore, a more accurate scoring system than qSOFA for 
detecting organ dysfunction and adverse outcomes is needed.

The National Early Warning Score (NEWS) determines the severity of disease and prompts critical care intervention.4 

The UK Royal College of Physicians Early Warning Score version 2 (NEWS2) provides an updated early warning score 
(EWS) for identifying acutely ill patients in hospitals in England.5 However, data on the predictive validity of EWS in 
patients with sepsis are conflicting, and the methodology and quality of validation studies of early warning systems have 
been criticized.6,7 Therefore, further studies based on prospectively collected and multiple recorded data in ED settings 
compared to other bedside scoring systems are needed to assess the role of early warning systems in patients with 
suspected sepsis.6

It may also be interesting to study whether signs of disease severity and cardiac dysfunction other than those included 
in the different screening tools can contribute more prognostic information. New-onset atrial fibrillation (NO-AF) has 
been associated with increased mortality in patients with and without sepsis.8–19 There is uncertainty whether NO-AF 
independently affects the outcome or rather is a marker of disease severity.11,13,15,19 However, it has been suggested that 
NO-AF should be investigated as a potentially sepsis-defining sign of cardiac dysfunction.20

The primary aim of this study was to examine the prognostic accuracy of NEWS2 compared to qSOFA in predicting 
a composite endpoint of in-hospital mortality or admission to the intensive care unit (ICU) using ED admission clinical 
variables and worst clinical values within the first 4 h after presentation at the ED in adults with suspected bacterial 
infection. The secondary aim was to examine whether NO-AF on admission to the ED can provide more prognostic 
information in ED patients with suspected sepsis.

Materials and Methods
Setting
This study was performed as a secondary analysis of a single-center prospective observational cohort study of the 
prognostic ability of qSOFA, SOFA, and SIRS criteria in adult patients (age ≥18 years) with suspected bacterial infection 
admitted to the ED at Slagelse Hospital, Denmark, from October 1, 2017 to March 31, 2018.2,21 Slagelse Hospital is 
a tertiary care center with acute medical, surgical, and trauma care. The uptake area comprised 198,000 adult inhabitants, 
with 26,500 annual visits. The Danish healthcare system is universal and based on free and equal access to healthcare for 
all citizens. Privately funded Danish hospitals have no acute patient intake.22

Patients with Infections
During the study period, all patients with either documented or suspected infection diagnosed by a senior ED physician 
based on clinical presentation, laboratory test results, radiological findings, and if delivery of either intravenous or peroral 
antibiotics within 24 h from arrival were prospectively registered in a database as patients with suspected infectious 
disease.21 Initially, all patients were considered suffering from suspected bacterial diseases.

Sepsis Treatment Protocol
A standard sepsis treatment protocol based on Danish and international guidelines for the management of sepsis23,24 

guided the staff in the early identification of ED patients with sepsis and treatment during the study period, independently 
of the present study. The treatment of patients with sepsis has been previously described in detail.2,21 A combination of 
clinical judgment, SIRS criteria, and qSOFA score was used to identify patients with suspected sepsis. The NEWS2 score 
was not used as a routine screening tool during the study period.

Inclusion and Exclusion Criteria
We included patients with suspected bacterial infection who were treated with intravenous or peroral antibiotics within 24 
h after ED presentation and continuing for at least 48 hours. Figure 1 shows the excluded patients.2,21
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Definitions
NEWS2 includes seven parameters with a score ranging from 0 to 20 (Table 1).5 The SpO2 Scale 2 was not included in 
the NEWs system.5 An altered mental state was assumed to be new unless confirmed to have other causes.

The definition of the qSOFA was based on the original guidelines.1 The total Sequential Organ Failure (SOFA) score 
included in the regression analyses was adjusted for chronic diseases with potential impact on the score. The method 
behind the SOFA adjustments has previously been described.2

A NEWS2 ≥5 score and qSOFA ≥2 score were used as the cutoff scores for positivity.1,5 However, both NEWS2 ≥5 
and NEWS2 ≥7 were used as cutoff points in the analyses of prognostic accuracy.

We used the Charlson Comorbidity Index (CCI) to classify patients with chronic diseases.25 It was graded into three 
levels of severity: low (CCI score 0), moderate (CCI score 1–2), and high (CCI score ≥ 3).

Data Collection
All data in the present study were extracted from the research database constructed to conduct our previously published 
sepsis studies.2,21

We obtained information on the mental status (Glasgow Coma Scale or Alert Voice Pain Unresponsive), systolic 
blood pressure, respiratory rate, heart rate, body temperature, peripheral oxygen saturation, and any supplemental oxygen 
on admission to the ED. Furthermore, we obtained information on the single most abnormal or deranged value, if any, of 
the vital parameters within the first 4 h of stay, and was registered as the worst value within the first 4 h after ED 
admission. The authors calculated the NEWS2 and qSOFA scores based on the registered physiological parameters at 

Figure 1 Flow-chart. 
Abbreviation: AB; antibiotics.

Table 1 National Early Warning Score (NEWS2)

3 2 1 0 1 2 3

Respiration rate, min−1 ≤8 9–11 12–20 21–24 ≥25

Oxygen saturations (%) ≤91 92–93 94–95 ≥96

Any supplemental oxygen Yes No
Temperature, oC ≤35 35.1–36.0 36.1–38.0 38.1–39.0 ≥39.1

Systolic blood pressure, mmHg ≤90 91–100 101–110 111–219 ≥220

Heart rate, min−1 ≤40 41–50 51–90 91–110 111–130 ≥131
AVPU score Alert V, P or U

Abbreviations: AVPU, alert, voice, pain, unresponsive; C, celsius.
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admission and the worst values of the vital parameters within the first 4 h. The physiological parameters of NEWS2 are 
shown in Table 1. The qSOFA uses three criteria, assigning one point for low blood pressure (SBP ≤100 mmHg), high 
respiratory rate (≥22 breaths per min), or altered mental status (GCS<15).1

Information on comorbidities, results of admission laboratory tests, blood cultures, results of other examinations, 
transfer to the ICU, and treatment in the ICU were also obtained from the database.

Information on death was obtained from The Regional Zealand Patient Registration System, which is linked to the 
Danish Civil Registration System with updated daily information on the vital status of all Danish citizens.26

AF and ECG
The history of AF was obtained from the CCI classification of chronic diseases. The ECG at admission was analyzed to 
determine the occurrence of AF. NO-AF was defined as episodes of AF documented on a 12-lead electrocardiogram on 
admission without a history of AF.

Outcome
We used the composite endpoint of in-hospital mortality or transfer to the ICU as the primary outcome.

Statistical Analysis
Continuous data are presented as medians with interquartile ranges (IQR), assuming non-normality. Proportions are 
presented with 95% confidence intervals (CIs). Differences within medians with 95% CI and exact differences in 
proportions with 95% CI were used to compare the groups. Differences were considered significant if the 95% CI for 
the median difference or 95% CI for the difference in proportions did not include zero.

We used logistic regression analysis with adjustment for potential confounders (age, sex, CCI, and pulmonary 
infection) to examine the association between NEWS2, qSOFA, and the composite endpoint. The confounders were 
selected based on the judgment of pre-existing knowledge of factors associated with the outcome and analyses of the 
association between baseline characteristics and the composite endpoint.

We used univariate and multivariate logistic regression in an etiological study27 to analyze the association between 
NO-AF and the composite endpoint in patients with suspected sepsis (NEWS2 ≥5). The adjustment variables were age, 
sex, CCI, the SOFA score, and pulmonary infection status.

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive and negative likelihood 
ratio (LR+/LR-) with NEWS2 ≥5,5 NEWS2 ≥7,5 and qSOFA ≥21 as cutoff points, and area under the receiver operating 
characteristic curve (AUROC with 95% CI) was used to assess the prognostic accuracy of the scores. The accuracy variables 
for the scores were calculated using admission and the worst clinical variables within the first 4 h after admission.

Both the unadjusted AUROC (UAUROC) and covariate-adjusted (age, sex, CCI) AUROC (AAUROC)28 values are 
presented. Pairwise comparisons of the UAUROCs were performed using the DeLong method with Bonferroni 
correction.

Stata 15.1 (StataCorp, College Station, Texas, USA) was used for all analyses.

Results
Population
A total of 12,092 patients were admitted, and 3176 patients were treated with antibiotics at arrival or within 24 h after 
arrival.21 A total of 1066 patients were excluded (Figure 1) leaving an infection cohort of 2110 patients. Furthermore, 55 
(2.6%) patients were excluded due to missing values for score calculation, leaving 2055 patients (48.5% male) with 
a median age of 73.1 years (IQR 60.0–82.7) for further analyses. The numbers of patients with score positivity for 
NEWS2 and qSOFA at admission were 782 (38.1%) and 167 (8.1%), respectively (Table 2).
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Table 2 Patient Characteristics According to the Composite Endpoint of In-Hospital Mortality or Transfer to the Intensive Care Unit

All Patients Composite Endpointa No Endpoints Difference  
(95% CI)N=2055 N=198 N=1857

Male sex, n(%) 996(48.5) 103(52.0) 893(48.0) 4.0(÷11.3–3.3)

Age in years, median (IQR) 73.1(60.0–82.7) 73.6(64.0–82.4) 73.1(59.4–82.8) 0.90(÷2.96–1.14)

Chronic disorders
Charlson Comorbidity

Index, n(%)

0 649(31.6) 41(20.7) 608(32.7) 12.0(6.0–18.0)
1–2 961(46.8) 101(51.0) 860(46.3) 4.7(÷12.0–2.6)

3+ 445(21.6) 56(28.3) 389(21.0) 7.3(0.7–13.8)

Heart failure 218(10.6) 32(16.1) 186(10.0) 6.1(0.8–11.4)
Ischemic heart diseaseb 223(10.9) 26(13.1) 197(10.6) 2.5(÷2.4–7.4)

Cerebrovascular diseasec 284(13.8) 34(17.2) 250(13.5) 3.7(÷1.8–9.2)

Chronic pulmonary disease 532(25.9) 56(28.3) 476(25.6) 2.7(÷3.9–9.3)
Diabetes mellitusd 342(16.6) 46(23.2) 296(15.9) 7.3(1.2–13.4)

Malignancye 274(13.3) 29(14.7) 245(13.2) 1.5(÷3.7–6.7)

Chronic kidney diseasef 115(5.6) 16(8.1) 99(5.3) 2.8(÷1.1–6.7)
Chronic or mild liver disease 36(1.8) 6(3.0) 30(1.6) 1.4(÷1.1–3.8)

Hypertension 670(32.6) 62(31.3) 608(32.7) 1.4(÷5.4–8.2)

NEWS2 (admission variables)

Total, median (IQR) 3(1–6) 6(2–9) 3(1–6) 2(2–3)

≥ 5, n(%) 782(38.1) 120(60.6) 662(35.7) 24.9(17.8–32.0)
≥ 7, n(%) 512(24.9) 90(45.6) 422(22.7) 22.9(15.7–30.1)

NEWS2 (worst values within first 4 hrs)

Total, median (IQR) 4(2–7) 7(4–10) 3(1–6) 3(2–3)
≥5, n(%) 879(42.8) 139(70.2) 740(39.9) 30.3(23.6–37.0)

≥7, n(%) 542(26.4) 100(50.5) 442(23.8) 26.7(19.5–33.9)

qSOFA (admission variables)

≥ 2, n(%) 167(8.1) 35(17.7) 132(7.1) 10.6(5.2–16.0)

qSOFA (worst values within first 4 hrs.)
≥ 2, n(%) 219(10.7) 52(26.3) 167(9.0) 17.2(10.9–23.5)

Atrial fibrillation, n(%)
None 1648(80.2) 153(77.3) 1495(80.5) 3.2(÷2.9–9.3)

History with atrial fibrillation 327(15.9) 30(9.2) 297(16.0) 6.8(2.4–11.2)

New onset atrial fibrillation 80(3.9) 15(7.6) 65(3.5) 4.1(0.3–7.9)

Laboratory results, median (IQR)

Haemoglobin (mmol/L)g 8.1(7.2–8.8) 7.9(6.8–8.9) 8.1(7.2–8.8) 0.1(÷0.1–0.3)
C-reactive proteinh 65(20–135) 75(25–146) 63.5(19–133) 7(÷1.8–17.0)

WBC count (x 109/L)i 11.1(8.4–14.7) 12(8.2–17.8) 11(8.5–14.6) 0.8(÷1.7–0.1)

Creatinine (μmol/L)j 82(63–113) 102.5(67–170) 81(63–109) 19(10–29)
Platelet count (x 109/L)k 242(187–315) 238(160–315) 242(189–314) 13(÷4–30)

Bilirubin (µmol/L)l 9(6–13) 10(7–16) 9(6–12) 2(1–2)

Lactate (mmol/L)m 1.2(0.8–1.8) 1.8(1.0–3.3) 1.1(0.8–1.7) 0.6(0.3–0.9)
Positive blood cultures, n(%) 150(7.3%) 37(18.7) 113(6.1) 12.6(7.1–18.1)

Foci of infection, n(%)
Lungs 1075(52.3) 118(59.6) 957(51.5) 8.1(0.9–15.3)

Urinary 529(25.7) 46(23.2) 483(26.0) 2.8(÷3.4–9.0)
Abdominal 222(10.8) 24(12.1) 198(10.7) 1.4(÷3.4–6.2)

(Continued)
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Baseline Characteristics
The baseline characteristics according to the composite endpoint of in-hospital mortality or transfer to the ICU are shown 
in Table 2. The composite endpoint was achieved in 198 patients (9.6%; 8.4–11.0%). A total of 77 (3.8%; 3.0–4.7%) died 
during hospitalization, and 142 (6.9%; 5.9–8.1%) were transferred to the ICU. A total of 21 (1.0%; 0.6–1.6%) patients 
died during the ICU stay.

The proportion of patients who achieved the composite endpoint was significantly associated with CCI, sepsis score 
positivity, NO-AF, pulmonary infections, and positive blood culture results (Table 2). Several patients had missing 
laboratory values (Table 2); however, increased creatinine, bilirubin, and lactate levels were also associated with the 
composite endpoint (Table 2). Patients without a composite endpoint were more likely to have facial, tooth’s or skin 
infections (Table 2).

Composite Endpoint According to the Score Positivity
The proportion of patients who achieved the composite endpoint of in-hospital mortality or transfer to the ICU according 
to the positivity score of NEWS2 and qSOFA were 15.4% and 21.0%, respectively (Table 3). The odds of achieving the 
composite endpoint for positivity score were significantly increased for both admission scores after adjusting for potential 

Table 2 (Continued). 

All Patients Composite Endpointa No Endpoints Difference  
(95% CI)N=2055 N=198 N=1857

Skin 193(9.4) 8(4.0) 185(10.0) 6.0(2.9–9.1)

Endocarditis 9(0.4) 2(1.0) 7(0.4) 0.6(÷0.7–2.0)
Central nervous system 9(0.4) 2(1.0) 7(0.4) 0.6(÷0.7–2.0)

Devices/implants 4(0.2) 1(0.5) 3(0.2) 0.3(÷1.3–0.7)

Facial/teeth 11(0.5) 0 11(0.6) 0.6(0.2–0.9)
Others 8(0.4) 0 8(0.4) 0.4(0.1–0.7)

Unknown 138(6.7) 17(8.6) 121(6.5) 2.1(÷2.0–6.2)

≥ 2 infection foci 139(6.8) 17(8.6) 122(6.6) 2.0(÷2.0–6.0)

Notes: aInhospital death or transfer to ICU.bMyocardial infarction or other ischemic heart disease prior to admission. cA history of cerebrovascular disease including 
transient ischemic attacks.dUncomplicated, or with end-organ damage. eIncluded cancers with and without metastasis and hematologic malignancies. fModerate or severe 
chronic kidney disease. g11 missing. h11 missing. i5 missing. j10 missing. k26 missing. l65 missing. m1309 missing. 
Abbreviations: IQR, interquartile range; qSOFA, quick sequential organ failure assessment; NEWS2, national early warning score; SOFA, sequential organ failure 
assessment; WBC, white blood cell.

Table 3 Odds Ratio for the Composite Endpoint of In-Hospital Mortality or Transfer to the Intensive Care Unit According 
to Different Sepsis Scores

Composite End-Pointa OR (95% CI) Adjustedb OR 
(95% CI)

Adjustedb OR (95% CI) 
Using Worst Valuesc

N(%; 95% CI)

NEWS2
0 (n=472) 22(4.7; 2.9–7.0) Reference Reference Reference

1–4 (n=801) 56(7.0; 5.3–9.0) 1.53(0.93–2.55) 1.44(0.86–2.39) 1.36(0.68–2.73)

≥ 5 (n=782) 120(15.4;12.9–18.1) 3.70(2.32–5.93) 3.38(2.09–5.51) 4.38(2.24–8.54)

qSOFA

0 (n=1180) 75(6.4; 5.0–7.9) Reference Reference Reference
1 (n=708) 88(12.4; 10.1–15.1) 2.09(1.51–2.89) 1.96(1.41–2.72) 2.00(1.41–2.83)

≥ 2 (n=167) 35(21.0; 15.1–27.9) 3.91(2.52–6.07) 3.51(2.23–5.50) 4.63(3.07–6.99)

Notes: aIn-hospital mortality or admission to the intensive care unit. bAdjusted for male sex, age, Charlson comorbidity index, and pulmonary infection. 
cNEWS2 and qSOFA scores were calculated using the worst clinical values within the first four hours after admission. 
Abbreviations: CI, confidence interval; NEWS2, national early warning score; OR, odds ratio; qSOFA, quick sequential organ failure assessment.
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confounding factors (Table 3). Adjusted odds ratio (OR) for the composite endpoint for NEWS2 ≥5 and qSOFA ≥2 using 
the worst clinical values within the first 4 h was 4.38 (2.24–8.54) and 4.63 (3.07–6.99), respectively (Table 3).

Prognostic Accuracy of the Scores Using Clinical Admission Values
The sensitivity and specificity of NEWS2 ≥5 for predicting the composite endpoint of in-hospital mortality or transfer to 
the ICU were 60.6% and 64.4%, respectively (Table 4). The sensitivity decreased and the specificity increased using 
seven as the cutoff point (Table 4). The sensitivity of NEWS2 ≥5 was much higher than that of qSOFA ≥2 (60.6% vs. 
17.7%); however, the specificity was lower than that of qSOFA ≥2 (64.4 vs 92.9%) (Table 4). Predictive values and 
likelihood ratios are also presented in Table 4.

AUROC values were only slightly reduced after covariate adjustment (Table 5). The AUROC for NEWS2 (0.66; 
0.62–0.70) was significantly higher than that for qSOFA (0.62; 0.58–0.66) (p=0.009).

Prognostic Accuracy of the Scores Using Worst Clinical Values
The sensitivity for NEWS2 ≥5 and qSOFA ≥2 increased to 70.2% and 26.3%, respectively, when using the worst clinical 
variables (Table 4). The UAUROC (0.66) value for NEWS2 using admission variables significantly increased to 0.70 
(0.66–0.74) (p<0.001) using the worst clinical values (Table 5). Similarly, the UAUROC value for qSOFA significantly 
increased from 0.62 to 0.65 (0.61–0.69) (p<0.001). The corresponding UAUROC curves are presented in Figure 2.

NO-AF
A total of 107 (5.2%) patients did not have ECG data. Patients without ECG data had a shorter length of stay than 
patients with admission ECG data (2.0 vs 4.6 days), and only two (1.9%) patients with missing ECG data achieved the 
composite endpoint.

A total of 80 (3.9%; 3.1–4.8%) patients developed NO-AF, and 38 (4.9%;3.5–6.6%) patients with suspected sepsis 
(NEWS2 ≥5) on admission had NO-AF upon ED arrival (Table 6). The number of patients with NO-AF was increased to 
48 (5.5%; 4.1–7.2%) among all patients fulfilling the NEWS2 ≥5 criteria within the first 4 h. A total of 14 (29.2%; 16.6– 
44.1%) patients with NO-AF fulfilling the NEWS2 ≥5 criteria within the first 4 h had reached the composite endpoint; 
seven (14.6%; 6.1–27.8%) were transferred to the ICU, of whom one (14.3%; 0.4–57.9%) died. A total of seven (17.1%; 
7.2–32.1%) non-ICU patients with NO-AF who fulfilled the NEWS2 ≥5 criteria within the first 4 h died during their stay.

The adjusted ORs for achieving the composite endpoint of in-hospital mortality or transfer to the ICU in patients with 
NO-AF were 3.41 (1.60–7.28) and 2.71 (1.35–5.44) in patients fulfilling the NEWS2 ≥5 criteria on admission or within 

Table 4 Prognostic Accuracy of Different Sepsis Scores for a Composite Endpoint of In-Hospital Mortality or Transfer to Intensive 
Care Unit Using Baseline Clinical Values or Worst Clinical Values Within First Four Hours

Sensitivity  
(%; 95% CI)

Specificity  
(%; 95% CI)

PPV  
(%; 95% CI)

NPV  
(%; 95% CI)

LR+  
(95% CI)

LR÷  
(95% CI)

NEWS2
≥ 5 (n=782) 60.6 (53.4–67.5) 64.4 (62.1–66.5) 15.3 (12.9–18.1) 93.9 (92.4–95.1) 1.7 (1.5–1.9) 0.6 (0.5–0.7)

≥ 7 (n=512) 45.5 (38.4–52.7) 77.3 (75.3–79.2) 17.6 (14.4–21.2) 93.0 (91.6–94.2) 2.0 (1.7–2.4) 0.7 (0.6–0.8)

qSOFA

≥ 2 (n=167) 17.7 (12.6–23.7) 92.9 (91.6–94.0) 21.0 (15.1–27.9) 91.4 (90.0–92.6) 2.5 (1.8–3.5) 0.9 (0.8–1.0)

NEWS2 (worst values)

≥ 5 (n=879) 70.2 (63.3–76.5) 60.2 (57.9–62.4) 15.8 (13.5–18.4) 95.0 (93.6–96.2) 1.8 (1.6–2.0) 0.5 (0.4–0.6)

≥ 7 (n=542) 50.5 (43.3–57.7) 76.2 (74.2–78.1) 18.5 (15.3–22.0) 93.5 (92.2–94.7) 2.1 (1.8–2.5) 0.7 (0.6–0.8)

qSOFA (worst values)

≥ 2 (n=219) 26.3 (20.3–33.0) 91.0 (89.6–92.3) 23.7 (18.3–29.9) 92.0 (90.7–93.2) 2.9 (2.2–3.8) 0.8 (0.8–0.9)

Abbreviations: CI, confidence interval; LR+, positive likelihood ratio; LR÷, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; NEWS2, 
national early warning score; qSOFA, quick sequential organ failure assessment.
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the first 4 h after admission, respectively (Table 6). A history of AF did not significantly increase the odds of the 
composite endpoint (Table 6).

Discussion
This study on the predictive performance of NEWS2 in predicting serious outcomes in unselected ED patients with 
suspected bacterial infectious diseases, found that almost 10% of patients achieved a composite endpoint of in-hospital 
mortality or transfer to the ICU. The sensitivity of NEWS2 ≥5 in predicting the composite endpoint was higher than that 
of qSOFA using clinical admission variables in the analyses. The sensitivity of NEWS2 and qSOFA increased using the 
worst clinical variables within the first 4 h after admission compared with admission variables. The discriminative ability 
of NEWS2 was better than that of qSOFA. However, the discriminative ability for both scores to predict the composite 

Table 5 Unadjusted and Adjusted Area Under Receiver Operating Characteristic Curves 
in Predicting the Composite Endpoint of In-Hospital Mortality or Transfer to Intensive 
Care Unit Using Baseline Clinical Values or Worst Clinical Values Within First Four 
Hours

UAUROC (95% CI) AAUROC (95% CI)a

NEWS2 0.66 (0.62–0.70) 0.65 (0.60–0.69)

qSOFA 0.62 (0.58–0.66) 0.61 (0.56–0.65)

NEWS2 (worst values) 0.70 (0.66–0.74) 0.68 (0.65–0.73)

qSOFA (worst values) 0.65 (0.61–0.69) 0.63 (0.59–0.68)

Note: aAdjusted for age, sex, and Charlson comorbidity index. 
Abbreviations: AAUROC, adjusted area under the receiver operating characteristic curve; CI, confidence 
interval; NEWS2, national early warning score; qSOFA, quick sequential organ failure assessment; UAUROC, 
unadjusted area under the receiver operating characteristic curve.

Figure 2 The area under the receiver operating characteristics (AUROC) curves. 
Abbreviations: NEWS2, national early warning score; qSOFA, quick sequential organ failure assessment; ROC, receiver operating characteristics.
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endpoint was poor.29 In patients with suspected sepsis (NEWS2 ≥5), the occurrence of NO-AF, in contrast to history with 
AF, was an independent determinant of transfer to the ICU or hospital death.

The available studies on vital signs in the ED mostly used single measurements only, mainly at triage. Vital signs may 
significantly change during the patient’s stay in the ED.30,31 Scoring systems based on a single registration of clinical 
parameters may have limited accuracy in predicting deterioration.32 Additionally, more than one in five patients 
presenting to the ED with suspected infection or sepsis deteriorate within 72 h from admission.31 Our data revealed 
that using clinical admission variables alone may result in flawed estimates of the prevalence of sepsis among ED 
patients and prognostic accuracy of the sepsis scores. Several patients without score positivity on admission deteriorated 
and achieved score positivity within the first 4 h of ED stay. Repeated vital sign measurements and sepsis scoring may 
potentially improve the scores and timely detection of sepsis.

NHS England has endorsed the updated NEWS2 to be the EWS used in acute care, including those with sepsis, in 
hospitals in England.5 The prognostic value of EW scores and quality of the available evidence have been discussed in 
reviews.6,7,33 A review by Nannan Panday et al showed that the NEWS was the best to predict mortality or ICU 
admission in the general ED population, and the modified EWS was the best in patients with suspected infection or 
sepsis.33 A meta-analysis and systematic review from 2018 of six studies on sepsis showed that EWSs have poor 
prognostic value in predicting mortality.6 However, it was also pointed out that the existing data have poor quality.6 

A recent systematic review of universal EWS across all diseases and settings highlighted that the methodology and 
quality of validation studies of EWS are insufficient to recommend the use of EWS in all diseases and all clinical settings 
despite the good performance of EWS in some subgroups, such as patients with respiratory diseases.7 Studies of NEWS 
and qSOFA in sepsis have revealed a better predictive ability of NEWS.32,34–39 Notably, the studies have not shown 
a consistently high sensitivity, high specificity, and good discriminative performance for NEWS in predicting adverse 
outcomes. With lack of a superior method to determine deterioration and recognize sepsis, all hospitals and clinicians in 
England have been recommended the use of NEWS2 until a better EWS has been developed.40 The intermediary 
sensitivity and specificity value and the poor discriminative performance of NEWS2 in our study highlight the limitation 
of NEWS2 as a single clinical assessment scoring system for predicting adverse outcomes among ED patients with 
suspected bacterial infections. However, from our data, it is also clear that a single measurement of NEWS2 variables 
may have a limited value for predicting adverse outcomes. NEWS2 is easily calculable and suitable for automated 
computations. Electronic monitoring, computation, and calculation of NEWS2 during the the ED stay may be helpful to 

Table 6 Unadjusted and Adjusted Odds Ratios for the Composite Endpoint of In-Hospital Mortality 
or Transfer to the ICU in Patients with Suspected Sepsis (NEWS2 ≥5) Using Baseline Clinical Values 
or Worst Clinical Values Within First Four Hours to Identify Patients with Suspected Sepsis

Unadjusted OR  
(95% CI)

Adjusteda OR  
(95% CI)

Patients with NEWS2 ≥5 using arrival variables:
Atrial fibrillation

No AF (n=610) Reference Reference

A history with AF (n=134) 1.05(0.62–1.79) 1.11(0.64–1.95)
New onset AF (n=38) 3.13(1.54–6.34) 3.41(1.60–7.28)

Patients with NEWS2 ≥5 using worst clinical variables:

Atrial fibrillation

No AF (n=682) Reference Reference
A history with AF (n=149) 1.04(0.64–1.79) 1.15(0.69–1.94)

New onset AF (n=48) 2.34(1.21–4.52) 2.71(1.35–5.44)

Note: aAdjusted for: age, sex, Charlson comorbidity index, sequential organ failure assessment score and pulmonary infection. 
Abbreviations: AF, atrial fibrillation; CI, confidence interval; OR, odds ratio.
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continuously flag clinically unstable patients with an increased risk of serious outcomes by allocating summed NEWS2 
points to routine measurements of vital parameters.

NO-AF has been suggested as an additional sign of organ dysfunction in sepsis.20 A total of 5.5% of the patients in 
our study with NEWS2 ≥ 5 were diagnosed with NO-AF on admission. However, this is not the true incidence of NO-AF 
in patients with sepsis. We only examined the occurrence of NO-AF on ED admission. Several patients develop NO-AF 
during the following days after the admission.13 The incidence of the first episode of NO-AF has been described as 9%, 
5%, and 4% on days 1, 2, and 3, respectively, and averaged < 1% thereafter in ICU patients with sepsis.13 The incidence 
of NO-AF in sepsis varies depending on the severity and is 8–10% in patients with sepsis,13,17 10–22% in patients with 
severe sepsis,13,17 and 23–46% in patients with septic shock,13,16,17 respectively. In a study based on administrative data, 
the incidence of NO-AF in discharged patients with sepsis was 7%.18

It is uncertain whether NO-AF independently has an impact on the outcome or is a marker of disease 
severity.11,13,15,19 Several studies have analyzed the association between sepsis and NO-AF.10,12,13,16,17,19 The studies 
were mainly performed among critically ill patients in ICU settings, using of old sepsis criteria, historical observational 
designs, and analyses based on administrative data, and many studies did not exclude patients with a known history of 
chronic or paroxysmal atrial fibrillation. Furthermore, the studies have been criticized for the lack of multivariate 
analyses to adjust for baseline differences.13,17,41 In our study, we adjusted for a wide range of potential confounders 
in an etiological study27 and found an independent association of NO-AF on ED admission, in contrast to a history of AF, 
and increased risk of achieving the composite endpoint of in-hospital mortality or transfer to the ICU. Our findings may 
indicate a causal effect27 of NO-AF on serious outcomes, and this information on NO-AF can contribute important 
information on the risk of adverse outcomes in patients with suspected bacterial infectious disease fulfilling the NEWS2 
≥5 criteria for sepsis.

Implications
Our study highlights the risk of erroneous conclusions regarding the utility of NEWS2 if studies on prognostic accuracy 
are based on few measurements, at worst only arrival variables. Future validation studies on NEWS2 should include an 
automated data-driven real-time alert system that is continuously able to identify patients with sepsis and the risk of 
adverse outcomes. ECG monitoring for the detection of NO-AF indicative of organ dysfunction should be included in the 
alert system and examined to determine if scoring for NO-AF added to the NEWS2 score can enhance the prognostic 
accuracy of the NEWS2 score.

The pathophysiological mechanism of NO-AF13,15–17,41 and how NO-AF may increase the risk of death13,17,19 is 
complex and not well defined. The role of NO-AF as a determinant of adverse outcomes in sepsis and interventional 
strategies with a potential effect on outcomes, should also be explored in further studies.

In the absence of a highly sensitive and specific diagnostic clinical test, it may also be relevant to examine the value 
of different biomarkers. Meta-analyses have examined more than 200 biomarkers for the early identification of patients 
with sepsis.42,43 However, the precise role of these biomarkers has not been defined. With rapid technological advance-
ment within the point-of-care diagnostic tests, it may be interesting to examine whether the measurement of biomarkers, 
such as procalcitonin and mid-Regional pro-adrenomedullin, as point-of-care tests can improve the prognostic accuracy 
of the different bedside clinical scores.44 There is also promising research in the development of host-based molecular 
assays to detect sepsis at an early stage.45 A combination of clinical bedside scores, biomarkers, and assay techniques 
could be a direction for new clinical studies. This may be a potential way to increase the diagnostic test performance in 
the early identification of patients with sepsis.

Strengths and Limitations
The risks of selection and referral bias were minimized. This study was based on a prospective observational cohort study 
with the consecutive inclusion of all patients admitted with suspected bacterial infections. All patients admitted to the ED 
during the 6-month period were evaluated for inclusion. The study design ensured that patients fulfilling the inclusion 
criteria were included. All acute patients from the uptake area were referred to our ED.
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This study has some limitations. First, data on deterioration in the ED after 4 h were not included in the analyses. An 
extension of the registration period and continuous automated registration of the parameters and EWS scoring could have 
identified more patients with sepsis and potentially enhanced the prognostic accuracy results. Second, the study was not 
designed to capture all patients with NO-AF because only the arrival ECG findings were analyzed for arrhythmias. Third, 
a few patients were excluded due to missing data. We believe that the amount of missingness was too small to have an 
impact on the estimates. However, ECG information was missing in 5% of the patients. These patients had a better 
prognosis than patients with ECGs’. Patients with missing ECG data were handled in the analyses as those without 
documented NO-AF. Bias due to misclassification of these patients may have distorted the estimates. Fourth, sepsis 
treatment was primarily guided by a sepsis treatment protocol for patients fulfilling the qSOFA ≥2 criteria, SIRS ≥2 
criteria or if the patients were critically ill. Some patients with sepsis identified by the NEWS2 criteria in our study may 
not have fulfilled the qSOFA and SIRS criteria. Therefore, sepsis treatment may have been opted-out in patients only 
fulfilling the NEWS2 criteria. The extent to which this may have affected the outcomes in patients only fulfilling the 
NEWS2 criteria is challenging to clarify owing to the observational design and risk of bias. Fifth, following conflicting 
data on the usefulness of qSOFA identifying patients with sepsis and septic shock,3 it might have been relevant to 
compare NEWS2 with repeated measurements of SIRS and SOFA in the present study. However, laboratory tests were 
not routinely repeated during the first hour of the ED stay. Consequently, it was not possible to analyze changes in the 
SOFA and SIRS scores during the first 4 h stay in the ED for comparison purposes. Sixth, adding the NO-AF variable to 
the NEWS2 scoring system to examine whether a combination of variables could improve the prognostic value of 
NEWS2 was not tested and should be examined in future studies.

Finally, this was a single-center study, which may have affected the generalizability of the results.

Conclusion
NEWS2 had a higher sensitivity but lower specificity than qSOFA in predicting a composite endpoint of in-hospital 
mortality or transfer to the ICU in ED patients with suspected bacterial infection. However, the discriminative ability of 
NEWS2 in predicting adverse outcomes is poor. NO-AF, but not history of AF, contributed important prognostic 
information.

Abbreviations
AAUROC, adjusted area under receiver operating curve; AB, antibiotics; AF, atrial fibrillation; AUROC, area under 
receiver operating curve; CCI, Charlson comorbidity index; CI, confidence intervals; ECG, electrocradiogram; ED, 
emergency department; EWS, early warning score; GCS, Glasgow Coma Scale; ICU, intensive care unit; IQR, 
interquartile range; IV, intravenous; LR+, positive likelihood ratio; LR÷, negative likelihood ratio; NO-AF, new-onset 
atrial fibrillation; NPV, negative predictive value; OR, odds ratio; qSOFA, quick sequential organ failure assessment; 
NEWS, new early warning score; PPV, positive predictive value; SIRS, systemic inflammatory response syndrome; 
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