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Abstract

Background and Purpose
To determine the prognostic performance of soluble urokinase-type plasminogen activator receptor
(suPAR) and quick Sequential Organ Failure Assessment (qSOFA) in predicting the 28-day mortality of
sepsis patients admitted to the emergency department (ED).

Methods
A prospective, single-center observational study was conducted between June 2018 and June 2019. In
total, 175 patients with sepsis and septic shock admitted to the ED were enrolled based on the Third
International Consensus De�nitions for Sepsis and Septic Shock (Sepsis-3). We assessed the qSOFA
score on ED admission and measured serum suPAR levels by quantitative enzyme-linked immunosorbent
assay. Kaplan–Meier survival curves and areas under the receiver operating characteristic (ROC) curve for
28-day mortality were calculated. We estimated category-free net reclassi�cation improvement (NRI)
when suPAR was added to qSOFA.

Results
Increased suPAR levels were signi�cantly associated with 28-day mortality (1337(962–2003) pg/ml in
survivors vs. 1742(1238–2514) pg/ml in non-survivors, p = 0.011) and with sepsis severity (1337(986–
1979) in sepsis vs. 1742(1215–2649) in septic shock, p = 0.039). Kaplan–Meier curves showed that
suPAR ≥ 1382 pg/mL was associated with signi�cantly higher 28-day mortality risk(P = 0.0028). The area
under the curve (AUC) for the prediction of 28-day mortality was 0.646 for suPAR, 0.832 for qSOFA, and
0.860 for combined suPAR and qSOFA. Serum suPAR did not signi�cantly increase the AUC of the basic
qSOFA, but a model containing suPAR and qSOFA had a continuous NRI of 11% (95% CI :3.5–18.5% ; p = 
0.004).

Conclusion
Serum suPAR is associated with sepsis severity and 28-day mortality. Adding suPAR to qSOFA may
increase the ROC curve area and improve predictive value of qSOFA for outcome.

Background
Sepsis [1] is de�ned as a life-threatening organ dysfunction caused by a dysregulated host response to
infection and is a common cause of morbidity and mortality worldwide. The annual incidence of sepsis
has been estimated at approximately 31.5 million cases globally, with 5.3 million deaths per year [2]. The
early identi�cation of patients with adverse outcomes and aggressive treatment initiatives has decreased
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mortality in sepsis [3]. Therefore, the Third International Consensus De�nitions for Sepsis and Septic
Shock (Sepsis-3) focused on organ function and emphasized the incorporation of the Sequential Organ
Failure Assessment (SOFA) score into the new de�nition of sepsis [4]. However, SOFA requires multiple
laboratory tests and thereby increases the di�culty of detection in emergency department (ED)
settings [5]. By contrast, the quick SOFA (qSOFA) provides simple bedside criteria to identify adult
patients with suspected infection who are likely to have poor outcomes [1], especially in pre-ED settings.
It does not require laboratory tests and can be assessed quickly and repeatedly. But in a recent editorial,
qSOFA was described as an early warning system that cannot replace clinical evaluation [6] and has
limited utility in early prognostication in high-mortality populations with sepsis. Used at the suggested
cut-off ≥ 2, qSOFA showed low sensitivity and high speci�city [7]. 

Existing biomarkers fall short of the ideal accuracy for predicting sepsis mortality [8, 9]. There is an
urgent need to identify a simple, accurate, and effective biomarker to predict mortality in sepsis.

SuPAR is the soluble form of the cell membrane-bound urokinase plasminogen activator receptor (uPAR),
which is expressed on various cell types, including neutrophils, lymphocytes, monocytes, endothelial cells,
and tumor cells. 

Donadello et al. [10] suggested that high levels of suPAR correlated with morbidity and outcome,
supporting the value of suPAR as a prognostic biomarker in various cohorts of infected patients. A meta-
analysis by Huang et al. [11] found that elevated suPAR levels are associated with a high risk of poor
outcomes in sepsis. And studies have found that serum suPAR concentrations remained stable for days
or weeks in critically ill patients [12, 13].

Although elevated suPAR levels in the initial stage of sepsis are associated with a high risk of death, the
value of using suPAR alone to predict prognosis in sepsis is still limited. Hall et al. [14] suggested that it
will also be important to compare the performance of suPAR with that of other biomarkers and to
evaluate the role of suPAR in combination with existing severity of illness scores. 

However, few studies have focused on the combination of suPAR and qSOFA in predicting the mortality
of sepsis patients in an emergency setting. The aim of this study was to determine the prognostic
accuracy of suPAR combined with qSOFA in predicting the mortality of sepsis patients �rst admitted to
the ED in China.

Methods

Study population
This prospective, observational study was conducted during the period of June 2018 through June 2019
among patients hospitalized in the ED of Renji Hospital (South Campus ) a�liated to Shanghai Jiaotong
University School of Medicine, a university tertiary hospital with approximately 120,000 ED visitors per
year. 190 consecutive non-traumatic patients who ful�lled the Sepsis-3 criteria were enrolled in the study
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and eventual 175 patients included in the analysis and divided into non-survivors and survivors by 28-day
mortality. The treatment and all methods were performed in accordance with the relevant guidelines and
regulations of Sepsis 3.0.

The study was approved by the Ethics Committee of Renji Hospital A�liated to Shanghai Jiaotong
University School of Medicine (ethics NO.
:2016-109k), and all patients and legally authorized representative of deceased/non-survivor patients
provided written informed consent for the study.

Sepsis was de�ned by the following criteria: infection + SOFA score ≥ 2.

Septic shock should be clinically identi�ed by a requirement for vasopressor to maintain a mean arterial
pressure of 65 mmHg or greater and serum lactate level greater than 2 mmol/L (> 18 mg/dL) in the
absence of hypovolemia.

The clinical criteria of quick SOFA (qSOFA) were as follows : respiratory rate ≥ 22/min, altered mentation,
or systolic blood pressure ≤ 100 mmHg.

The exclusion criteria were age < 18 years or the presence of any of the following: pregnancy, malignant
tumor, or end-stage disease. We also excluded patients if they or their relatives declined participation in
the study.

Data collection
Data including age, sex, underlying diseases, infection site, clinical data, severity of illness scores
(including qSOFA, SOFA and Acute Physiology and Chronic Health Evaluation [APACHE] II scores), and
laboratory data of all enrolled patients were recorded.

Measurement of serum suPAR
Peripheral venous blood samples were collected within 24 h of admission prior to intravenous antibiotics
in sterile, pro-coagulation tubes and processed within 2 h after venipuncture. After standing for 30
minutes, they were centrifuged at 1914 × g for 10 min to separate the serum from the cellular
components. The serum samples were stored at − 80°C for batch analysis[15].

Serum suPAR levels were measured using quantitative enzyme-linked immunosorbent assay (ELISA) kits
(DUP00; R&D Systems, Minneapolis, MN, USA) in duplicate as instructed by the manufacturer. The
detection sensitivity was 33 pg/mL, and the intra-assay and inter-assay coe�cients of variation were < 
8%.

Statistical analysis
Continuous variables are expressed as median (interquartile range), and categorical variables are
expressed as number (percentage). We used the Fisher’s exact test to compare categorical variables and
t-test or Mann–Whitney U test for continuous variables and abnormal distributional variables between
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two groups. Receiver operating characteristic (ROC) analysis was performed to compare survivors with
non-survivors by Sigma Plot 14.0, and cut-off values were calculated according to Youden’s index. Areas
under the ROC curve (AUCs), optimal threshold values, sensitivity, and speci�city were calculated, the
sensitivities and speci�cities were further used to calculate the positive and negative likelihood ratios.

Kaplan–Meier methods were used to build 28-day survival curves; patients were strati�ed in two groups
according to the cut-off calculated by Youden’s Index.
Curves were compared by using the log-rank test. A two-sided p value < 0.05 was considered statistically
signi�cant; con�dence intervals (CIs) were set at 95%. To compare the qSOFA models with the suPAR and
qSOFA models, the additive information on clinical variables was evaluated by the category-free net
reclassi�cation improvement (NRI) [16]. Statistical analyses were performed using the GraphPad Prism
version 8.0 software (GraphPad Software, La Jolla, CA, USA) and R statistical software (Foundation for
Statistical Computing, Vienna, Austria) version 3.4.0.

Results

Demographic and clinical characteristics of total enrolled
patients with sepsis
From June 2018 to June 2019, 190 patients were screened for eligibility. Of these, 15 patients were
excluded (1 patient was unable to contact a legal representative, 5 patients declined to participate, and 9
patients’ blood samples were not available in a timely manner on admission). Finally, 175 patients were
included in the analysis and divided into non-survivors and survivors (Table 1).
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Table 1
Characteristics of the total septic patients at baseline

Characteristic Total (n = 175) Non-survivors(n = 41) Survivors(n = 134)

Age(years) median(IQR) 66(53–77) 69(53–81) 66(53–75)

Sex (male) n(%) 110(62.9) 26(63.4) 84(62.7)

Underlying diseases n(%)      

Hypertension 71(40.6) 21(51.2) 50(37.3)

Diabetes mellitus 51(29.1) 8(19.5) 43(32.1)

Coronary heart disease 33(18.9) 17(41.5) 16(11.9)

Cerebral infarction 35(20) 10(24.4) 25(18.7)

Chronic pulmonary disease 15(8.6) 6(14.6) 9(6.7)

Autoimmune disease 34(19.4) 17(41.5) 17(12.7)

Surgical history 36(20.6) 9(22) 27(21.1)

Infection site n(%)      

Respiratory tract infection 105(60) 39(95.1) 66(49.3)

Urinary tract infection 36(20.6) 2(4.9) 34(25.4)

Gastrointestinal infection 15(8.6) 2(4.9) 13(9.7)

Hepatobiliary system infection 18(10.3) 1(2.4) 17(12.7)

Skin infection 13(7.4) 4(9.8) 9(6.7)

Intracranial infection 5(2.9) 0 5(3.7)

Bloodstream infection 41(23.4) 5(12.2) 36(26.9)

Unknown origin 10(5.7) 1(2.4) 9(6.7)

Severity related variable

n(%) or median(IQR)

     

Mechanical ventilation 44(25.1) 31(75.6) 13(9.7)

Vasopressor use 53(30.3) 35(85.4) 18(13.4)

CRRT 11(6.3) 5(12.2) 6(4.5)

qSOFA 1(0–2) 3(1.5-3) 1(0–1)

SOFA 4(2–8) 10(7–14) 3(2–6)

APACHE II 14(9–24) 29(21-31.5) 12(8–18)
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Characteristic Total (n = 175) Non-survivors(n = 41) Survivors(n = 134)

Septic shock 49(28) 35(85.4) 14(10.4)

Clinical variable median(IQR)      

WBC (×109/L) 10.12(6.70–13.40) 12.05(7.19–14.60) 9.56(6.48–13.14)

Hb (g/L) 123(107–137) 119(95–133) 125(108–137)

Plt (×109/L) 161(99–217) 155(64–215) 166(107–217)

CRP (mg/L) 123(39–200) 118(43–190) 125(33–200)

PCT (ng/ml) 1.94(0.46–11.33) 1.75(0.46–7.77) 2.07(0.45–12.21)

Lactate (mmol/L) 2.39(1.60–3.48) 2.80(2.10–4.50) 2.20(1.50–3.12)

Creatinine(umol/L) 91(64–139) 109(60–175) 86(64–126)

suPAR (pg/ml) 1449(1051–2206) 1742(1238–2514) 1337(962–2003)

Outcome variable n(%)      

28-day mortality 41(23.4)    

The analysis included 134 survivors and 41 non-survivors. The non-survivors group had a more
proportion of coronary heart disease (41.5% vs. 11.9%), autoimmune disease (41.5% vs. 12.7%) and
respiratory tract infection(95.1% vs. 49.3%).In addition, non-survivors were more likely to be on
mechanical ventilation (75.6% vs.9.7%), vasopressor use(85.4% vs.13.4%), and CRRT(12.2% vs. 4.5%)
compared with survivors. Furthermore, non-survivors had higher qSOFA, SOFA ,and APACHII score, as well
as high lactate levels and suPAR compared with survivors. (3 vs. 1), SOFA score (10 vs. 3), APACHE II
score (29 vs. 12), lactate (2.80 vs. 2.20 mmol/L), and higher suPAR(1742 [1238–2514] vs. 1337 [962–
2003]pg/mL) compared with survivors. And the total 28-day mortality was 23.4% (41/175).

Serum suPAR level in sepsis and septic shock groups vs.
survivor and non-survivor groups
Comparison of suPAR in patients with sepsis and septic shock, survivors and non-survivors is shown in
Fig. 1. Serum suPAR levels were signi�cantly higher in the septic shock and non-survivor groups than in
the sepsis and survivor groups (1742(1215–2649) pg/mL and 1742(1238–2514) pg/mL vs.(1337(986–
1979)pg/mL and (1337(962–2003) pg/mL, p = 0.0039 and p = 0.011, respectively).

Value of suPAR in predicting 28-day mortality in patients
with sepsis
In this study, Kaplan–Meier curves were used to assess the value of suPAR in the prediction of 28-day
mortality in patients with sepsis (Fig. 2). The 28-day mortality in high cut-off of suPAR categories (≥ 
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1382pg/mL) was signi�cantly higher than in low cut-off of suPAR categories (< 1382 pg/mL) (log-rank, p 
= 0.0028).

Prognostic value of combination suPAR and qSOFA in
predicting 28-day mortality in sepsis patients
Table 2 and Fig. 3 shows the ROC analysis for the combination of suPAR and qSOFA and qSOFA alone in
predicting the 28-day mortality in sepsis patients. AUCs of various parameters for predicting 28-day
mortality in patients with sepsis based on Sepsis-3 are shown in Table 2. The AUC of using a
combination of suPAR and qSOFA (0.860) was better than that of using qSOFA (0.832) or suPAR (0.646)
alone, and also better than those of using suPAR combined with CRP (0.654) or PCT (0.653), The
differences were statistically signi�cant among suPAR + qSOFA compared with suPAR,suPAR + CRP and
suPAR + PCT, (P 0.001 respectively) but not statistically signi�cant compared with qSOFA (p = 0.082). A
model containing suPAR in addition to qSOFA had a continuous NRI of 11% (95% CI :3.5–18.5% ; p = 
0.004) (data were not shown). And there was no signi�cant difference between AUC of combined or
single model with CHD and without CHD (P = 0.447, data was not shown), on account of that suPAR is
independently associated with the presence and severity of heart failure.

Table 2
Results of the ROC analysis of various variables for predicting 28-d mortality of sepsis

Variable AUC(95%CI) P
value*

Cut-
off(≥)

Youden’s
index

Sens. Spec. LR+ LR-

suPAR
(pg/ml)

0.646(0.552–
0.741)

0.001 1382 0.261 0.732 0.53 0.322 0.777

qSOFA 0.832(0.692–
0.923)

0.082 1.5 0.517 0.756 0.761 0.491 0.909

suPAR + 
qSOFA

0.860(0.795–
0.914)

  0.335 0.627 0.732 0.895 0.680 0.916

suPAR + 
CRP

0.654(0.561–
0.740)

0.001 0.223 0.276 0.634 0.642 0.351 0.852

suPAR + 
PCT

0.653(0.548–
0.745)

0.001 0.211 0.323 0.756 0.567 0.348 0.884

*: vs.suPAR + qSOFA

Discussion
This paper is the �rst to investigate suPAR levels combined with the qSOFA score in patients with sepsis
based on Sepsis-3. We developed a simple risk strati�cation system for patients with sepsis by taking
into consideration qSOFA score and the serum biomarker suPAR .
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In the current study, we found that suPAR performed better predictive value for 28-day hospital mortality
of patients with sepsis or septic shock than commonly used biomarkers, such as CRP and PCT. Moreover,
the predictive abilities were slightly improved when suPAR combined with qSOFA scores.

Sepsis is a physiopathological process rather than a speci�c syndrome[17], and it is too complex and
cannot be simply described by a single measure. For this reason, neither clinical nor biological markers
have been demonstrated to be perfect prognostic tools. Severity scores such as the Acute Physiology and
Chronic Health Evaluation (APACHE) II score and Sequential Organ Failure Assessment (SOFA) score are
the gold standard for severity assessment of critically ill patients [18]. However, the assessment of
scoring systems to guide decision making in sepsis is sophisticated and is not readily available in pre-ED.

Recently, some authors reported that qSOFA could be a useful tool in hospital ED settings outside the
intensive care unit. In this case, qSOFA could predict death of sepsis patients, but it could be overcome by
rapid and accurate laboratory diagnostic tests [19]. qSOFA score with a cut-off value of ≥ 2 showed a low
sensitivity and high speci�city. Our study found that the AUC of qSOFA alone was 0.832 for 28-day
mortality. Furthermore, the present study showed that qSOFA alone has a low post-test probability that
increased signi�cantly when associated with PCT [7]. In the analysis by Giamarellos-Bourboulis et al [20],
qSOFA score had inadequate sensitivity for early risk assessment.

Classical biomarkers have not been shown to be better than generic scores in predicting outcome in
septic patients [21]. Many studies focus on the prognostic value of suPAR which has been proposed as a
biomarker for the risk of death. Early increase in suPAR has also been reported to be strongly associated
with risk of in-hospital-, 30-day-, and 90-day mortality in sepsis patients and correlated with sepsis
severity [22–24]. In our study, we found that serum suPAR levels were signi�cantly higher in the septic
shock and non-survivor groups than in the sepsis and survivor groups. Our results are consistent with
those of previous studies. The AUC for suPAR in predicting in-hospital mortality ranges from 0.67 to 0.84
[17, 23, 25, 26]. Several studies have showed the superiority of suPAR over conventional biomarkers such
as CRP and PCT [13, 25, 27–29]. Consistent with previous reports, the AUC for suPAR of out study to
predict mortality was 0.646 which was also better than CRP and PCT(0.483 vs 0.470).

Kaplan–Meier curves showed that suPAR ≥ 1382 pg/mL was associated with signi�cantly higher 28-day
mortality risk; this threshold value is identical to that reported in prior studies [17, 30].

Based on the above analysis, we indicate that suPAR may provide a promising prognostic biomarker in
sepsis.

There were several studies of suPAR combined with other indicators or qSOFA combined with other
indicators in prediction of mortality of infected patients. Kofoed et al. [31] demonstrated that suPAR
levels had a better prognostic value than PCT and CRP, equal to that of the admission SOFA score and
almost as good as that of the Simpli�ed Acute Physiology Score( SAPS ) II score and that the
combination of suPAR and age had a better prognostic value than the SAPS II score alone. Julián-
Jiménez et al found that qSOFA scores achieved better results for 30-day mortality than systemic
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in�ammatory response syndrome, and that qSOFA plus mid regional pro-adrenomedullin [MR-proADM]
could increase the predictive power in elderly patients visit ED due to infections than qSOFA alone[32].

There has been no report on the prognostic value of combining suPAR and qSOFA. We propose to
improve prognostication of 28-day mortality of sepsis by using the qSOFA score combined with suPAR, a
serum biomarker that is easily performed on-site and provides information within 1 h [33]. Our results
show that the AUC of the combination of suPAR and qSOFA was better than that of qSOFA or suPAR
alone and combined model(suPAR + CRP and suPAR + PCT).

There is a fact that suPAR is a non-speci�c in�ammatory marker and a strong and independent predictor
of mortality in patients with CHF[34], Data presented in Tabel 1 showed that non-survivors compared with
survivors included more patients with coronary heart disease (41.5% vs. 11.9%). So we assessed the ROC
of the combined model and single model that was no signi�cant difference between two groups strati�ed
by CHD and without CHD (P = 0.447,data was not shown).

There were some limitations of ROC curves in evaluating biomarkers [35]. Thus, the net reclassi�cation
improvement (NRI) was applied to estimate the strength of associations in this study .The NRI captures
the relative improvement in classi�cation associated with the additional predictive variable, while
explicitly balancing trade off between changes in sensitivity and speci�city. NRI is the sum of 2
percentages with different denominators and hence, is reported as a proportion (possible range, − 2.0 to
2.0)[36].Although serum suPAR did not signi�cantly increase the AUC of the basic qSOFA, a model
containing suPAR in addition to qSOFA had a continuous NRI of 11% (95% CI: 3.5–18.5%, p = 0.004). In
other words, the addition of suPAR to the clinical predictive model (qSOFA) could improve its
discrimination and predictive value for outcomes than qSOFA alone.

Limitations
Our study has substantial limitations. First, serum suPAR levels were only detected at the time of
admission; dynamic and follow-up changes (in response to treatment) were not investigated. Second,
several comorbidities (e.g., diabetes mellitus[37], CHD[34]) may also in�uence the suPAR values, however
this re�ected a real world setting and we did a subgroup analysis according to the presence or absence of
CHD. Finally, we did not examine the suPAR levels of healthy controls for comparison owing to limitations
of funding and ethical considerations. Hence, the effects of changes in suPAR expression during the
pathogenesis of sepsis should be investigated in future studies with a larger sample size. Further
research is required to evaluate the predictive e�cacy of suPAR in combination with other indicators.

Conclusions
We demonstrated that serum suPAR levels were associated with sepsis severity and 28-day mortality in
patients with sepsis. The addition of suPAR to the clinical model (qSOFA) may increased the ROC curve
area and improve predictive value of qSOFA for outcome.
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Figure 1

Comparison of suPAR in patients with sepsis and septic shock, with survivors and non-survivors.
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Figure 2

Kaplane Meier survival curves for 28-day cumulative survival. Patients were stratified in two groups
according to the cut-off calculated by Youden’s Index. Curves were compared by using the log-rank test
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Figure 3

ROC analysis for predicting 28-day mortality in sepsis-3 patients


