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Objectives: Soluble urokinase plasminogen activator receptor is a 

prognostic biomarker associated with critical illness, disease pro-

gression, and risk of mortality. We aimed to evaluate whether sol-

uble urokinase plasminogen activator receptor adds prognostic 

value to a vital sign-based score for clinical monitoring of patient 

risk (National Early Warning Score) in acute medical patients.

Design: Registry-based observational cohort study of consecu-

tively admitted acute medical patients.

Setting: The Acute Medical Unit, Copenhagen University Hospital 

Amager and Hvidovre, Hvidovre, Denmark.

Patients: Acute medical patients admitted between November 

18, 2013, and September 30, 2015.

Interventions: None.

Measurements and Main Results: Of 17,312 included patients, 

admission National Early Warning Score was available for 16,244 

(93.8%). During follow-up, 587 patients (3.4%) died in-hospital, 

859 (5.0%) within 30 days, and 1,367 (7.9%) within 90 days. High 

soluble urokinase plasminogen activator receptor was significantly 

associated with in-hospital-, 30-day-, and 90-day mortality within all 

National Early Warning Score groups, in particular in patients with 

a low National Early Warning Score; for 30-day mortality, mortality 

rate ratios ranged from 3.45 (95% CI, 2.91–4.10) for patients with 

National Early Warning Score 0–1, to 1.86 (95% CI, 1.47–2.34) 

for patients with National Early Warning Score greater than or equal 

to 9 for every doubling in soluble urokinase plasminogen activa-

tor receptor (log
2
-transformed). Combining National Early Warning 

Score, age, and sex with soluble urokinase plasminogen activator 

receptor improved prediction of in-hospital-, 30-day-, and 90-day 

mortality, increasing the area under the curve (95% CI) for 30-day 

mortality from 0.86 (0.85–0.87) to 0.90 (0.89–0.91), p value of 

less than 0.0001, with a negative predictive value of 99.0%.

Conclusions: The addition of soluble urokinase plasminogen 

activator receptor to National Early Warning Score significantly 

improved risk prediction of both low- and high-risk acute medi-

cal patients. Patients with low National Early Warning Score but 

elevated soluble urokinase plasminogen activator receptor had 

mortality risks comparable to that of patients with higher National 

Early Warning Score. (Crit Care Med 2018; XX:00–00)

Key Words: biomarkers; emergency medicine; mortality; risk 

management; vital signs

R
isk evaluation in hospital wards and emergency depart-

ments (EDs) is critical in order to detect early signs of 

clinical deterioration and enable a timely and appro-

priate clinical intervention. The National Early Warning Score 

(NEWS) and similar vital sign-based track-and-trigger systems DOI: 10.1097/CCM.0000000000003441
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are commonly used to monitor patients’ clinical progress and 

perform in-hospital risk assessment of acutely and critically 

ill patients (1, 2). Use of track-and-trigger systems has been 

found to reduce unexpected in-hospital mortality (3).

The NEWS was primarily developed and evaluated for the 

prediction of acute mortality, that is, 24 hours in-hospital 

mortality (1). However, patient risk assessment should ideally 

extend further. In Denmark, the admission length of stay (LOS) 

has shortened from 4.2 to 3.0 days during the past decade (4),  

and 54% of older medical patients are discharged within  

24 hours directly from the EDs (5). A limitation of the cur-

rently used vital sign-based models, such as NEWS, is the fail-

ure to identify the patients with largely unaffected vital signs 

who still have an increased risk of deterioration in the near 

future. Thus, improved risk assessment is of interest in order to 

avoid premature discharge of high-risk patients.

Recent studies have investigated the possibility of strength-

ening the NEWS with various biomarkers, such as D-dimer 

or lactate, and this approach might improve the risk predic-

tion (6, 7). Both D-dimer and lactate have some degree of 

specificity (cardiovascular disease and sepsis, respectively) 

and thus limited value in unspecified acute medical patients. 

Soluble urokinase plasminogen activator receptor (suPAR) is 

an inflammatory biomarker, reflecting presence, progression, 

and severity of disease, organ damage, and risk of mortality, 

in the general population and patient populations (reviewed 

by Desmedt et al [8–11]). suPAR is the soluble form of the 

membrane-bound receptor urokinase plasminogen activator 

receptor (uPAR) which is a central mediator of plasminogen 

activation and cellular processes, such as migration, adhesion, 

proliferation, and survival. suPAR is generated when uPAR is 

cleaved from the membrane of immune cells and endothelial 

cells during immune activation and proinflammatory condi-

tions (12, 13). In acute medical patients, elevated suPAR is 

associated with chronic comorbidities, ICU admission as well 

as 30- and 90-day risk of readmission and mortality (10, 14).

Here, we aimed to evaluate whether suPAR can add prognos-

tic value to NEWS and extend its prognostic value beyond 24 

hours for prediction of in-hospital-, 30-day-, and 90-day mor-

tality in a large population of acutely admitted medical patients.

MATERIALS AND METHODS

Design and Setting

This is a registry-based cohort study of consecutively admit-

ted acute medical patients admitted to the Acute Medical Unit 

(AMU), Copenhagen University Hospital Amager and Hvi-

dovre, Hvidovre, Denmark, between November 18, 2013, and 

September 30, 2015. suPAR data on a subgroup of this cohort 

has previously been published (10).

At admission to the AMU, each patient routinely has a stan-

dard panel of blood tests analyzed, including electrolytes, blood 

counts, liver function, kidney function, and markers of infection 

and inflammation. suPAR was added to these standard blood 

tests on November 18, 2013. Patients who had suPAR analyzed as 

part of their admission blood samples were included in this study 

and followed in national registries for 90 days. The outcomes 

were in-hospital-, 30-day-, and 90-day mortality.

Ethics Approval

All processing of personal data followed national guidelines, 

and the study was approved by the Danish Health and Medi-

cines Authority (reference 3-3013-1061/2) and the Danish 

Data Protection Agency (reference HVH-2014–018, 02767).

Data

The index admission was identified for each patient as the first 

admission where suPAR was measured (10). Data on suPAR 

levels were extracted from the clinical laboratory information 

system LABKA.

Each patient’s unique civil registration (central person regis-

try [CPR]) number was used to extract data on vital signs and 

NEWS from the nursing documentation system KISO (“clini-

cal data entry schedules and overview”); diagnoses and dates 

of hospital admission and discharge from the National Patient 

Registry (NPR); and information on sex, date of birth, and vital 

status at the end of follow-up from the Civil Registration System.

All contacts with the secondary healthcare system are reg-

istered in the NPR. Contacts for hospital admissions less than 

5 hours apart were considered coherent and coded as the same 

admission. If more than 5 hours had passed between two con-

tacts, the new contact was considered a readmission.

NEWS

A track-and-trigger system based on the NEWS is routinely 

used upon admission to the AMU. The first NEWS registered 

during the index admission was used for the analyses.

The NEWS is an early warning score (EWS) based on the fol-

lowing vital signs and use of supplemental oxygen (1), which were 

recorded in KISO at admission by nurses in the AMU: respiratory 

rate (breaths/min) measured by manual counting of breaths, sat-

uration (%) measured noninvasively with pulse oximetry, oxygen 

supplement delivered by mask or nasal cannula (L/min), heart 

rate (beats/min), systolic blood pressure (mm Hg), and tempera-

ture (°C) measured on the forehead. Furthermore, the level of 

consciousness was assessed with the AVPU score and categorized 

as normal (A: alert or normal sleep) or decreased consciousness 

(V: reacting to voice; P: reacting to pain; U: unresponsive).

Each variable is assigned a weighted score (between 0 and 3 

points) depending on how much the measured value deviates 

from the normal level. The individual scores are summed to an 

aggregated NEWS.

Measured vital signs and their corresponding NEWS points 

were compared and checked for obvious errors, and, in case of 

errors, NEWS was recalculated with the corrected NEWS points 

to secure the accuracy of the score. If registrations of some vital 

signs were missing, NEWS was calculated based on the available 

measurements, and the missing vital signs were assigned 0 points.

Measurements

Plasma suPAR levels were analyzed as part of the standard admis-

sion blood samples at the Department of Clinical Biochemistry 
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with the suPARnostic AUTO Flex ELISA (ViroGates A/S, Birk-

erød, Denmark) using an automated Siemens BEP2000 analyzer 

according to the manufacturer’s instructions. suPAR was mea-

sured once or bid during weekdays. Thus, the suPAR results were 

most often not reported in due time for clinical decisions during 

the acute admission.

Statistical Analysis

Continuous variables are described by median and interquar-

tile range (IQR) and categorical variables by number (n) and 

percentages (%).

Six NEWS groups were created based on the recommended 

track-and-trigger groups used in the Capital Region of  Denmark: 

NEWS 0–1, 2, 3–5, 6, 7–8, and greater than or equal to 9. chi-square 

test was used to test frequency of deaths between NEWS groups.

We performed Poisson regression analysis since it reports the 

results on a natural scale and is directly comparable with pub-

lic available mortality data from national registries. Mortality 

rate ratios (MRRs) with 95% CIs were estimated by age- and 

sex-adjusted Poisson regression analysis for the six categorical 

NEWS groups, as the test for departure from trend for con-

tinuous NEWS values was statistically significant (p < 0.0001). 

Log-transformed length of in-hospital stay or time to death was 

used as offsets when calculating MRRs for in-hospital mortal-

ity or 30- and 90-day mortality, respectively. For the Poisson 

regression analyses, suPAR was log2-transformed. A maximum 

likelihood ratio test with five degrees of freedom was performed 

to test for an interaction between suPAR and NEWS.

The discriminative ability of NEWS and suPAR to predict 

outcome was analyzed with receiver operating characteristic 

(ROC) curve analyses. The analyses for in-hospital mortality 

were adjusted for LOS, and adjustments were made for age and 

sex for all three endpoints. Sensitivity, specificity, positive pre-

dictive value (PPV), and negative predictive value (NPV) were 

calculated using the Youden’s index as cut-off (15).

Statistical analyses were performed with SAS Enterprise 

Guide 7.11 (SAS Institute, Cary, NC) and R 3.1.1 (The R 

Foundation for Statistical Computing, Vienna, Austria), and 

the plots were created with GraphPad Prism 7.02 (GraphPad 

Software, La Jolla, CA) and R 3.1.1.

RESULTS
During the study period, a total of 20,193 patients had rou-

tine blood tests analyzed in the AMU. Patients were excluded 

if suPAR was not ordered (n = 1,415), if the suPAR result was 

missing (n = 769), and for various other reasons (n = 697)  

(Fig. S1, Supplemental Digital Content 1, http://links.lww.

com/CCM/E13; legend, Supplemental Digital Content 6, 

http://links.lww.com/CCM/E18). The final study population 

comprised 17,312 acute medical patients. Baseline character-

istics are shown in Table 1.

Of the final study population, 93.8% had an available 

NEWS (Table 1). Admission NEWS ranged from 0 to 16, and 

the majority of patients had a NEWS of 0–1 (Table 1).

suPAR and NEWS were significantly positively correlated 

(Kendall’s tau-b, 0.23; p < 0.0001) and median suPAR increased 

with NEWS (p < 0.0001) (Fig. S2, Supplemental Digital Content 

2, http://links.lww.com/CCM/E14; legend, Supplemental 

Digital Content 6, http://links.lww.com/CCM/E18).

All individual NEWS variables, except for body tempera-

ture, were significantly associated with all endpoints (Table S1, 

Supplemental Digital Content 3, http://links.lww.com/CCM/

E15). The median suPAR level at the index admission was signifi-

cantly higher for patients who died compared with patients who 

survived (Table S1, Supplemental Digital Content 3, http://links.

lww.com/CCM/E15).

The frequency of patients who died increased with NEWS for 

in-hospital-, 30-day-, and 90-day mortality (p < 0.0001) (Table 2).  

TABLE 1. Baseline Characteristics of Patients 
Admitted to the Acute Medical Unit

Variables n (%) Median (IQR)

All 17,312 (100)  

Male 8,118 (46.9)  

Age (yr) 17,312 (100) 61.3 (43.3–76.3)

Charlson score ≥ 1 5,564 (32.1)  

NEWS 16,244 (93.8) 1.0 (0.0–3.0)

 0–1 9,690 (59.7)  

 2 2,080 (12.8)  

 3–5 3,021 (18.6)  

 6 524 (3.2)  

 7–8 573 (3.5)  

 ≥ 9 356 (2.2)  

Time to NEWS (min) 16,244 (93.8) 31.3 (15.5–59.2)

Length of stay (d) 17,262 (99.7) 0.85 (0.33–3.48)

Soluble urokinase  
plasminogen activator 
receptor (ng/mL)

17,312 (100) 2.8 (1.9–4.3)

Respiratory rate  
(breaths/min)

16,105 (93.9) 18.0 (16.0–20.0)

O
2
 saturation (%) 16,127 (93.2) 97.0 (96.0–99.0)

Supplemental O
2

16,244 (93.8)  

 No 13,572 (83.6)

 Yes (L/min) 2,672 (16.4) 3.0 (2.0–5.0)

Heart rate (beats/min) 16,125 (93.1) 82.0 (71.0–96.0)

Systolic blood  
pressure (mm Hg)

16,137 (93.2) 134.0  
(120.0–148.0)

Level of consciousnessa 16,048 (92.7)  

 A 15,541 (96.8)  

 V, P, U 507 (3.2)  

Temperature (°C) 15,099 (87.2) 36.8 (36.4–37.1)

IQR = interquartile range, NEWS = National Early Warning Score.
a  Level of consciousness: normal (A: alert or normal sleep) or decreased 
consciousness (V: reacting to voice; P: reacting to pain; U: unconscious).

http://links.lww.com/CCM/E13
http://links.lww.com/CCM/E13
http://links.lww.com/CCM/E18
http://links.lww.com/CCM/E14
http://links.lww.com/CCM/E18
http://links.lww.com/CCM/E15
http://links.lww.com/CCM/E15
http://links.lww.com/CCM/E15
http://links.lww.com/CCM/E15
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Furthermore, in Poisson regression adjusted for age and sex, 

MRRs for all endpoints increased with increasing NEWS group 

compared with patients with NEWS 0–1 (Table 2).

We tested the effect of suPAR on mortality within the six 

NEWS groups (Table 2) and tested for an interaction between 

NEWS and suPAR. Significant interactions were observed for 

30-day mortality (χ2, 28.12; p < 0.0001) and 90-day mortal-

ity (χ2, 36.43; p < 0.0001), but not for in-hospital mortality  

(χ2, 8.98; p = 0.11).

suPAR was significantly associated with increased mortality 

rates in all NEWS groups and for all endpoints, except for in-

hospital mortality for patients with a NEWS of 6 (Table 2). For 

each endpoint, the MRR for a doubling in suPAR was highest 

for patients with NEWS 0–1 (Table 2).

Compared with the rest of the population, patients with 

low NEWS (0–1) had the same sex distribution (p = 0.79), 

were younger (57.2 yr; IQR, 40.5–73.2; p < 0.0001), had lower 

Charlson score (0; IQR, 0–0; p < 0.0001), shorter admissions 

(0.64 d; IQR, 0.28–1.71; p < 0.0001), and lower mortality rates 

(p < 0.0001) (Table 2). But among patients with low NEWS 

(0–1), those with high suPAR (> 4.5 ng/mL, n = 1,513) were 

significantly older (75.9 yr, IQR 63.1–85.5 vs 53.5 yr, IQR  

37.9–69.5), had higher Charlson score (1, IQR 0–2 vs 0, IQR 

0–0), longer admissions (1.86 d, IQR 0.74–6.56 vs 0.53, IQR 

0.26–1.15), and markedly higher mortality rates (in-hospital 

3.30% vs 0.24%, 30-day 6.94% vs 0.59%, 90-day 14.14% vs 

1.36%) compared with patients with low suPAR (≤ 4.5 ng/mL), 

all p value of less than 0.0001.

An increase in suPAR within one NEWS group corresponds 

to an increase in the mortality rate to the level of that of higher 

NEWS groups (Fig. 1), for example, a patient with NEWS 0–1 

and a suPAR level of 4.3 ng/mL has the same risk of in-hospi-

tal mortality as a patient with NEWS 2 and a suPAR level of 

2.5 ng/mL (Fig. 1A).

TABLE 2. Mortality Rate Ratios With National Early Warning Score 0–1 as Reference or for 
Log

2
-Transformed Soluble Urokinase Plasminogen Activator Receptor Within National 

Early Warning Score Groups

 Mortality

n (%) NEWS 0–1 as Reference
Log

2
 (Soluble Urokinase  

Plasminogen Activator Receptor)

Died Survived Mortality Rate Ratio (95% CI) p

Mortality Rate 
Ratio (95% CI) p

In-hospital

 NEWS 0–1 70 (0.7) 9,620 (99.3) 1  2.44 (1.86–3.22) < 0.0001

 NEWS 2 47 (2.3) 2,033 (97.7) 2.00 (1.38–2.90) 0.0002 2.05 (1.48–2.84) < 0.0001

 NEWS 3–5 179 (5.9) 2,842 (94.1) 3.58 (2.71–4.72) < 0.0001 1.95 (1.63–2.34) < 0.0001

 NEWS 6 49 (9.4) 475 (90.6) 4.00 (2.77–5.76) < 0.0001 1.32 (0.91–1.93) 0.15

 NEWS 7–8 89 (15.5) 484 (84.5) 6.10 (4.46–8.34) < 0.0001 1.71 (1.31–2.23) < 0.0001

 NEWS ≥ 9 119 (33.3) 237 (66.7) 10.55 (7.85–14.17) < 0.0001 1.65 (1.33–2.05) < 0.0001

30 d

 NEWS 0–1 153 (1.6) 9,537 (98.4) 1  3.45 (2.91–4.10) < 0.0001

 NEWS 2 95 (4.6) 1,985 (95.4) 2.41 (1.86–3.12) < 0.0001 2.71 (2.15–3.41) < 0.0001

 NEWS 3–5 255 (8.4) 2,766 (91.6) 4.13 (3.37–5.06) < 0.0001 2.60 (2.24–3.01) < 0.0001

 NEWS 6 70 (13.4) 454 (86.6) 6.36 (4.78–8.47) < 0.0001 1.71 (1.25–2.35) 0.0009

 NEWS 7–8 114 (19.9) 459 (80.1) 8.48 (6.59–10.90) < 0.0001 2.06 (1.59–2.65) < 0.0001

 NEWS ≥ 9 135 (37.8) 221 (62.2) 17.19 (13.46–21.96) < 0.0001 1.86 (1.47–2.34) < 0.0001

90 d

 NEWS 0–1 325 (3.4) 9,365 (96.6) 1  3.30 (2.93–3.72) < 0.0001

 NEWS 2 188 (9.0) 1,892 (91.0) 2.30 (1.92–2.75) < 0.0001 2.72 (2.30–3.21) < 0.0001

 NEWS 3–5 372 (12.3) 2,649 (87.7) 2.90 (2.49–3.37) < 0.0001 2.49 (2.20–2.82) < 0.0001

 NEWS 6 108 (20.7) 416 (79.4) 4.81 (3.86–5.98) < 0.0001 1.91 (1.48–2.46) < 0.0001

 NEWS 7–8 159 (27.8) 414 (72.3) 6.07 (4.99–7.38) < 0.0001 2.24 (1.81–2.78) < 0.0001

 NEWS ≥ 9 159 (44.5) 197 (55.5) 10.99 (8.99–13.42) < 0.0001 1.76 (1.42–2.17) < 0.0001

NEWS = National Early Warning Score.

Adjusted for age and sex.
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Figure 1. Mortality rates (per person-days) plotted against soluble 
urokinase plasminogen activator receptor (suPAR) level for each National 
Early Warning Score (NEWS) group. A, In-hospital mortality, (B) 30-day 
mortality, and (C) 90-day mortality. Circles indicate median suPAR level 
for the particular NEWS group. As an example, the vertical dotted lines 
illustrate the increased mortality rate for patients with NEWS 2 compared 
with NEWS 0–1 at the same suPAR level, and the horizontal dotted lines 
illustrate how a patient with NEWS 0–1 but higher suPAR have the same 
mortality rate as a patient with NEWS 2 and lower suPAR.

ROC curve analyses were carried out for predicting in-hospi-

tal-, 30-day-, and 90-day mortality. For all endpoints, the addi-

tion of suPAR to NEWS, sex, and age significantly improved the 

prediction (p < 0.0001). In particular, the PPV increased when 

combining suPAR, NEWS, sex, and age (Table 3).

Subgroup Analyses

In patients with cardiovascular disease or cancer, suPAR was 

similarly associated with mortality across NEWS groups, and 

the same tendency was found in patients with renal disease 

(Table S2, Supplemental Digital Content 4, http://links.lww.

com/CCM/E16).

To address the predictive value of suPAR in early discharge, a 

subgroup analysis was carried out on patients with LOS shorter 

than 24 hours (n = 9,517), excluding patients with missing LOS 

(n = 50) and patients who died within 24 hours (n = 56). Patients 

discharged within 24 hours had significantly lower suPAR levels 

(2.3 ng/mL; IQR, 1.7–3.2) and NEWS (0; IQR, 0–2), compared 

with patients admitted for more than 24 hours (p < 0.0001). 

Among early discharged patients, patients who died had higher 

NEWS and suPAR compared with patients who survived (Table 

S3, Supplemental Digital Content 5, http://links.lww.com/

CCM/E17). In Poisson regression analyses adjusted for age, sex, 

and NEWS, a doubling in suPAR was associated with a MRR of 

3.17 (95% CI, 2.38–4.23; p < 0.0001) for 30-day mortality and 

2.92 (95% CI, 2.42–3.52; p < 0.0001) for 90-day mortality.

DISCUSSION
In this study of 17,312 acutely admitted medical patients, 

NEWS and suPAR were both independently associated with 

risk of in-hospital-, 30-day-, and 90-day mortality. Combin-

ing NEWS with suPAR (and age and sex) provided a strong 

predictive algorithm, for in-hospital mortality as well as 30- 

and 90-day risk. Furthermore, the suPAR level within each of 

the NEWS groups provides a potent tool for reclassification of 

risk. Finally, we found that suPAR was predictive of outcome in 

patients who were discharged from the AMU after controlling 

for NEWS, suggesting that suPAR may aid in discharge deci-

sions by adding information on patient risk to the NEWS.

Interestingly, the MRR for suPAR was inversely correlated 

to NEWS, for example, in patients with low NEWS, high 

suPAR carried the highest risk of mortality, even for in-hos-

pital mortality. This finding is of major clinical relevance as 

suPAR improves the current identification of high-risk patients 

among those with unaffected vital signs.

Most likely, a high NEWS triggers an urgent and focused 

clinical response to stabilize vital signs and reduce patient risk. 

Reacting on a high NEWS often means indirectly acting on high 

http://links.lww.com/CCM/E16
http://links.lww.com/CCM/E16
http://links.lww.com/CCM/E17
http://links.lww.com/CCM/E17
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suPAR—as suPAR and NEWS are correlated. In contrast, in 

patients with normal vital signs and high suPAR, risk may not 

be clinically recognized and fewer actions taken. Using suPAR in 

combination with NEWS could potentially lead to clinical inter-

ventions among patients otherwise not considered urgent or at 

risk, thereby ultimately saving lives. Finally, the high NPV found 

in this study may aid in hospital discharge decisions, and as an 

unspecific biomarker, the NPV may be of most clinical relevance 

in clinical decision-making. Among patients with LOS shorter 

than 24 hours, suPAR levels were generally low. However, some 

patients that were early discharged died within 30 days, and 

these patients did have high suPAR levels; it can be speculated 

that knowledge of suPAR could improve discharge decisions, 

but since we did not have information on cause of death, we 

were unable to investigate whether these patients actually died of 

the same pathology as they presented for their initial visit, or if 

they may have had some unrecognized, underlying disease that 

could maybe have been reflected in their suPAR level.

The Discriminative Ability of NEWS

In general medical emergency patients, NEWS has been found 

to have the best discriminative ability for death within 24 

hours (area under the curve [AUC], 0.89; 95% CI, 0.89–0.90), 

or a combined endpoint of cardiac arrest, unanticipated ICU 

admission, and 24 hours mortality (AUC, 0.87; 95% CI, 0.87–

0.88) compared with 33 other EWS systems (2). In our study, 

the AUC for NEWS for in-hospital mortality was 0.87 (95% CI, 

0.85–0.88) and this was significantly improved by adding age, 

sex, and suPAR (0.92; 95% CI, 0.91–0.92).

NEWS was developed for the prediction of acute mortality, 

and we found it to be a strong marker of in-hospital mortality 

but less predictive for 30-day- and 90-day mortality. However, 

combining NEWS with a long-term prognostic biomarker 

such as suPAR, which has a high 30-day- and 90-day predictive 

value, improved prediction of mortality up to 3 months after 

admission, thus enhancing the usefulness of NEWS.

A number of studies have taken a similar approach and 

combined NEWS with biomarkers, such as lactate, D-dimer, 

or routine blood tests, that is, albumin, sodium, WBC count, 

urea, creatinine, hemoglobin, and potassium (6, 7, 16–18), 

but with lower discriminative ability for in-hospital mortal-

ity (16–18) compared with our study. One study of 4,624 ED 

patients combining NEWS and lactate levels found an AUC for 

2-day mortality of 0.96 (0.94–0.98) and 0.87 (0.85–0.90) for 

in-hospital mortality, which was better than for NEWS alone. 

However, no data were reported beyond 7 days (6).

TABLE 3. Logistic Regression and Receiver Operating Characteristic Curve Analysis for  
In-Hospital-, 30-Day-, and 90-Day Mortality

Mortality
Area Under the  
Curve (95% CI) pa Sensitivity Specificity

Negative  
Predictive Value

Positive  
Predictive Value

In-hospitalb

 Age + sex 0.81 (0.79–0.82)  0.825 0.672 0.991 0.081

 NEWS 0.87 (0.85–0.88)  0.776 0.816 0.990 0.129

 suPAR 0.84 (0.83–0.86)  0.807 0.737 0.991 0.098

 NEWS + age + sex 0.89 (0.87–0.89)  0.868 0.767 0.994 0.116

 NEWS + age + sex + suPAR 0.92 (0.91–0.92) < 0.0001 0.902 0.786 0.996 0.130

30 d

 Age + sex 0.79 (0.78–0.80)  0.847 0.614 0.987 0.105

 NEWS 0.77 (0.76–0.79)  0.698 0.747 0.979 0.128

 suPAR 0.84 (0.83–0.85)  0.787 0.746 0.985 0.142

 NEWS + age + sex 0.86 (0.85–0.87)  0.807 0.759 0.987 0.152

 NEWS + age + sex + suPAR 0.90 (0.89–0.91) < 0.0001 0.854 0.784 0.990 0.174

90 d

 Age + sex 0.80 (0.79–0.81)  0.823 0.646 0.977 0.169

 NEWS 0.73 (0.72–0.75)  0.752 0.627 0.966 0.150

 suPAR 0.84 (0.83–0.85)  0.801 0.735 0.977 0.210

 NEWS + age + sex 0.85 (0.84–0.86)  0.823 0.726 0.979 0.209

 NEWS + age + sex + suPAR 0.89 (0.88–0.90) < 0.0001 0.874 0.750 0.985 0.235

NEWS = National Early Warning Score, suPAR = soluble urokinase plasminogen activator receptor.
a  Pairwise differences, two degrees of freedom.
b  Adjusted for in-hospital length of stay.
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Added Prognostic Value of suPAR to NEWS

suPAR has previously been found to be associated with 30-day- 

and 90-day mortality after adjustment for vital signs EWS 

(19), but the present study is, to the best of our knowledge, the 

first to investigate the effect of suPAR within different NEWS 

groups. Combining age and sex, NEWS, and suPAR gave very 

high NPVs and thus a good ability to correctly identify patients 

with low risk, which may aid in decisions of discharge and 

lower the number of unnecessary admissions. The PPVs were 

low but significantly improved by the addition of suPAR. Addi-

tional blood biomarkers may improve the PPV further.

suPAR reflects the level of chronic inflammation in patients 

as well as healthy persons and is a broadly applicable marker 

providing information on development, presence, and sever-

ity of disease (8, 10). Similarly, suPAR has been shown to be 

a prognostic marker associated with disease severity, mortal-

ity, and other adverse outcomes in hospitalized patients, for 

example, ED patients with suspected infection (20), patients 

with ST-elevation myocardial infarction undergoing primary 

percutaneous intervention (21), bacteraemia (22), acute pan-

creatitis (23), acute chest pain (24), or systemic inflammatory 

response syndrome (25). The advantage of routinely mea-

sured biochemical tests—like suPAR at our hospital—is that 

these tests comprise objective measures that can be added to 

the similarly objective NEWS. In biological terms, suPAR is 

a very stable marker with respect to pre- and postsampling 

procedures (fasting conditions, exercise, time of day, sample 

handling, etc) which adds to the clinical utility (26). suPAR is 

therefore a broad unspecific and stable marker of patient risk 

that could biochemically strengthen the NEWS to improve risk 

assessment of patients. Automating NEWS and suPAR results 

must occur in order to implement a timely track-and-trigger 

system.

Unanswered Questions and Future Research

Further studies are needed to determine whether daily mea-

suring of suPAR would refine the prognostic capabilities of 

NEWS.

Furthermore, the high NPV should be tested in a prospec-

tive interventional study, to evaluate whether patient discharge 

based on low NEWS and low suPAR is safe and does not 

increase readmission and mortality rates.

Limitations

The study has limitations. This was a single-center study 

including acute medical patients admitted through the AMU, 

and not including patients primarily admitted for surgical 

interventions or acute pediatric-, obstetric-, and gastroen-

terological patients who are admitted through specialized 

departments. Replications are needed in other patient popu-

lations. We excluded patients with missing suPAR results; a 

considerable proportion of these are probably patients with 

very short in-hospital stays and lack of routine blood tests. 

Thus, our data are limited to patients who have admission 

blood samples analyzed in the AMU. Measuring and regis-

tration of the NEWS variables were associated with some 

uncertainty; for example, measuring body temperature on 

the forehead (27) and respiratory rate by manual counting of 

breaths, in addition to manual data entry with a risk of typing 

errors. Another limitation concerns missing registrations of 

vital signs, which were assigned 0 points in the dataset, based 

on the rationale that a clinical response would not have been 

triggered. Finally, we lack information on smoking, which is 

a major confounder of suPAR in the general population (28), 

and on mobility status which has been suggested to add sig-

nificantly to the NEWS (29).

In addition to study limitations, a major limitation for the 

clinical implementation of suPAR has been the long analysis 

time. Faster determination of suPAR, for example, using turbi-

dimetric methods rather than ELISA, is needed to increase the 

clinical value of suPAR in acute care and to implement a timely 

track-and-trigger system combining information on NEWS 

and suPAR.

CONCLUSIONS
In this study, NEWS and suPAR were both strongly associ-

ated with risk of in-hospital-, 30-day-, and 90-day mortal-

ity in acute medical patients. The suPAR level increased with 

increasing NEWS, and high suPAR independently predicted 

risk of mortality across NEWS scores thereby adding prognos-

tic value to the NEWS. In particular, suPAR was a stronger pre-

dictor of mortality in patients without clinical signs of risk of 

deterioration; patients with low NEWS but high suPAR levels 

had mortality risks comparable to that of patients with higher 

NEWS scores.
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