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Abstract Purpose: We investi-
gated the prognostic value of plasma
soluble urokinase plasminogen activa-
tor receptor (SuPAR) on day 1 in
patients with the acute respiratory dis-
tress syndrome (ARDS) for intensive
care unit (ICU) mortality and compared
it with established disease severity
scores on day 1. Methods: suPAR
was determined batchwise in plasma
obtained within 24 h after admission.
Results: 632 ARDS patients were
included. Significantly (P = 0.02)
higher median levels of suPAR were

found with increasing severity of
ARDS: 5.9 ng/ml [IQR 3.1-12.8] in
mild ARDS (n = 82), 8.4 ng/ml [IQR
4.1-15.0] in moderate ARDS

(n = 333), and 9.0 ng/ml [IQR
4.5-16.0] in severe ARDS (n = 217).
Non-survivors had higher median
levels of suPAR [12.5 ng/ml (IQR
5.1-19.5) vs. 7.4 ng/ml (3.9-13.6),

P < 0.001]. The area under the receiver
operator characteristic curve (ROC-
AUC) for mortality of suPAR (0.62)
was lower than the ROC-AUC of the
APACHE 1V score (0.72, P = 0.007),
higher than that of the ARDS definition
classification (0.53, P = 0.005), and
did not differ from that of the SOFA
score (0.68, P = 0.07) and the oxy-
genation index (OI) (0.58, P = 0.29).
Plasma suPAR did not improve the
discrimination of the established dis-
ease severity scores, but did improve
net reclassification of the APACHE
score (29 %), SOFA score (23 %), OI
(38 %), and Berlin definition classifi-
cation (39 %). Conclusion: Asa
single biological marker, the prog-
nostic value for death of plasma
suPAR in ARDS patients is low.
Plasma suPAR, however, improves the
net reclassification, suggesting a
potential role for suPAR in ICU mor-
tality prediction models.
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Introduction

Mortality rates of patients with the acute respiratory dis-
tress syndrome (ARDS) are high [1, 2]. Biological
markers as well as disease severity scoring systems may
be useful for risk stratification and the creation of
homogenous patient groups in clinical trials [3]. However,
currently no single biological marker has been found to
have sufficient discriminative value for accurate predic-
tion of mortality or bedside decision making in ARDS
patients in the clinical setting, although thrombomodulin
has very recently been described as a promising marker
[4].

Soluble urokinase plasminogen activator receptor
(suPAR) derives from proteolytic cleavage of the uroki-
nase plasminogen activator receptor from the cell
membrane and is thought to reflect activation of the
immune system [5]. suPAR is an emerging biomarker in
sepsis research. Previous studies in critically ill patients
with sepsis or bacteremia have shown a strong association
between increasing levels of plasma suPAR and mortality
[6-8].

We hypothesized plasma suPAR levels on admission
to have prognostic value in intensive care unit (ICU)
patients with ARDS. The aim of this study was to
determine the prognostic value of plasma suPAR on
admission for ICU mortality and to compare it with
existing severity scoring systems. Importantly, we also
investigated the additive value (net reclassification
improvement) of the biomarker on top of existing scoring
systems [9]. In addition, we determined the prognostic
value of plasma suPAR on admission for duration of
ventilation and length of stay in ICU.

Methods
Study design

This was a prospective cohort study as part of the
‘Molecular Diagnosis and Risk Stratification’ (MARS)
study performed in the ICUs of two tertiary care hospitals
in the Netherlands, the Academic Medical Center in
Amsterdam and the University Medical Center in Utrecht
[10]. The medical ethics committees of both hospitals
approved the study protocol and the opt-out consent
method. The patient or their legal representative was
presented with a brochure and opt-out form, to be com-
pleted in case of unwillingness to participate.

Setting

Both ICUs are closed-format units, in which a team of
board-certified critical care physicians, fellows in critical

care medicine, and board-certified ICU nurses care for a
mixed medical-surgical population of patients. The nurse
to patient ratio was 1:1-1:2, depending on disease
severity. Patients received lung-protective mechanical
ventilation with lower tidal volumes, higher levels of
positive end-expiratory pressure levels and prone venti-
lation if necessary (i.e., in case of severe refractory
hypoxemia) [11]. Furthermore, a restrictive fluid strategy
was followed [12], and analgo-sedation was performed
using sedation scales with bolus sedation [13] or contin-
uous sedation.

Inclusion and exclusion criteria

Consecutive adult patients admitted to the ICU with an
expected length of stay of more than 24 h from January
2011 to December 2013 were eligible for participation in
the MARS study. Patients enrolled between January 2011
and June 2013, with ARDS and with available PaO,/FiO,
on day 1 needed for classification of ARDS severity, were
eligible for inclusion in the present analysis. Because the
level of plasma suPAR was determined on day 1, patients
that did not fulfill the criteria for ARDS upon admission
were excluded. ARDS was defined according to the cri-
teria stated by the American-European Consensus
Conference (AECC) on ARDS [14]: i.e., the diagnosis
required an acute onset of symptoms, the presence of
bilateral infiltrates on chest radiography, a pulmonary-
artery wedge pressure below 18 mmHg and/or the
absence of signs of left ventricular dysfunction, and a
partial pressure of oxygen in arterial blood to fraction of
inspired oxygen ratio (P/F) no greater than 200. Patients
that met the above criteria but with a P/F ratio of 300 or
below, classified as ALI according to AECC criteria, were
also included in the analysis because the updated defini-
tion of ARDS according to the Berlin definition [15, 16]
classifies this category as mild ARDS. Henceforth in this
article patients with ALI according to AECC criteria will
be categorized as mild ARDS. Although our study started
in 2011, before the recent Berlin update of the ARDS
definition was published [15], we found that 0 % of the
study cohort would have been excluded had we not used
the new definitions. There were no additional inclusion or
exclusion criteria.

Diagnosis of ARDS and its cause

ARDS was diagnosed by a dedicated team of researchers
who were trained in the proper use of the criteria stated by
the AECC on ARDS [14]. Patients were classified as
having mild, moderate, or severe ARDS using the lowest
PaO,/FiO, on day 1. The cause for ARDS was deter-
mined and scored in the following categories: pneumonia,
aspiration, other pulmonary (i.e., inhalation trauma, near
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drowning), sepsis, trauma or major surgery, pancreatitis
or other non-pulmonary cause (i.e., blood transfusion,
toxic medication). In the event of multiple causes for
ARDS, each cause was scored separately. The predeter-
mined subgroup with indirect causes for ARDS contained
all patients in which direct causes (i.e., pneumonia,
aspiration, or other pulmonary) were absent. A patient
was called a smoker when smoking actively prior to
admission or a drinker when drinking more than 4 units of
alcohol per day. Diabetes mellitus encompassed patients
using insulin or oral antidiabetic medication prior to
admission. Immune deficiency was defined as current use
of immunosuppressive drugs, chemo- or radiotherapy in
the previous 12 months, or documented humoral or cel-
lular deficiency. Cardiovascular disease encompassed
patients with chronic heart failure (i.e., NYHA classifi-
cation 2-4), prior myocardial infarction, or signs of
chronic central or peripheral vascular disease (i.e., inter-
mittent claudication, history of percutaneous transluminal
angioplasty or bypass surgery, thoracic or abdominal
aneurysm larger than 6 cm, history of transient ischemic
attack or cerebrovascular accident). Malignancy was
defined as a history of malignant neoplasms, with or
without metastases, verified by evident clinical or patho-
logical tests or the following hematological malignancies:
lymphoma, leukemia, or multiple myeloma.

Established disease severity scoring systems

The Acute Physiology and Chronic Health Evaluation
(APACHE) IV score [17], the Sequential Organ Failure
Assessment (SOFA) [18] score, the Oxygenation Index
(OI) [19], and the Berlin classification [15, 16] were
determined in the first 24 h after admission.

Outcome

The primary outcome, ICU mortality, was defined as the
occurrence of death during ICU follow-up. Secondary
outcomes included the number of ICU-free days, defined
as the number of days alive and not admitted to the ICU at
day 28 and day 90, and the number of ventilator-free
days, defined as the number of days alive and free from
mechanical ventilation at day 28 and day 90. In sec-
ondary analyses, 30- and 90-day mortality, defined as the
occurrence of death at 30 or 90 days, were used as the
outcome.

Sample handling
Blood samples were collected on admission to the ICU

and were immediately frozen at —80 °C. Plasma suPAR
levels were determined batchwise using the suPARnostic

immunoassay kit (Virogates, Copenhagen, Denmark)
according to manufacturer’s instructions.

Statistical analysis

Data were presented as medians and interquartile ranges.
Differences between ARDS severity groups were com-
pared using Mann-Whitney U test or Kruskal-Wallis
ANOVA for differences between more than two groups.
Correlations between variables were analyzed using
Spearman’s rank test. For regression analysis, data with-
out normal distribution were logarithmically transformed.

Univariate logistic regression models were used to
study and compare the association between plasma suPAR
levels, the APACHE 1V score, the SOFA score, the OI, and
the Berlin definition on the first day of stay in ICU, and
outcome. Calibration of the model was performed with a
residual plot and a Hosmer and Lemeshow goodness-of-fit
test. The discriminative capacities of the models were
shown using the area under the curve of the receiver
operating characteristic curve (ROC-AUC), with boot-
strapped 95 % confidence interval (95 % CI) [20]. The
optimal cut-off was determined using a Youden index for
the selection of the highest sum of sensitivity and speci-
ficity. The prognostic accuracy was assessed in several
subgroups by comparing the ROC-AUC for mortality per
severity classification of ARDS, septic vs. non-septic
patients, direct vs. indirect ARDS, and medical vs. surgical
patients. A sensitivity analysis was performed by compar-
ing the odds ratios for the prediction of ICU mortality in an
unadjusted logistic regression model to the odds ratio in a
logistic regression model including a covariate. The prog-
nostic value of suPAR was found to be sensitive to changes
if the log odds ratio changed by more than 0.1 when the
covariate was added. The following covariates were
investigated: severity of ARDS (i.e., mild, moderate, or
severe), cause of ARDS (i.e., direct or indirect, sepsis or
non-sepsis), type of admission (i.e., acute or elective, and
medical or surgical), comorbidities (diabetes mellitus,
immune deficiency, cardiovascular disease, malignancy),
smoking status (i.e., active smoker or none), alcohol con-
sumption (i.e., active drinker or none), APACHE 1V score,
SOFA score on day 1, the OI, and the Berlin definition.

Next, the association between suPAR and the sec-
ondary outcomes, ICU-free days and ventilator-free days
at day 28 and day 90, was determined using univariate
linear regression models.

Finally, the combined prognostic accuracy of suPAR
and the APACHE 1V score, SOFA score, OI, and Berlin
classification was analyzed in a bivariable logistic
regression model. Single marker predictions were com-
pared to composite models using Delongs test for
differences in ROC-AUC and by means of net reclassi-
fication improvement (NRI) and integrated discrimination
improvement (IDI) [9]. The NRI compares the accuracy
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of the models with and without suPAR by calculating the
number of subjects whose risk is more accurately classi-
fied and the proportion of subjects whose risk is less
accurately classified. By subtracting these values a net
reclassification improvement is determined. The IDI also
calculates reclassification, but in this case risk is stratified
as a continuous variable.

SPSS software version 22.0 (IBM Corp., Armonk,
NY, USA) and R [21] were used for statistical analysis.
Functions not available in SPSS were computed with R
using R-studio interface. A P value less than 0.05 was
used to determine statistical significance for all tests.

Results

Patient demographics and plasma suPAR levels

Of 7784 patients admitted to the ICU in 2011 and 2012,
702 (9.0 %) were diagnosed with ARDS on admission
and could be classified as mild, moderate, or severe
ARDS. A plasma suPAR level was available in 632
patients (90.0 %). All patients were mechanically venti-
lated. Patient characteristics are presented in Table 1 and
causes for ARDS in Table S1 in the electronic supple-
mentary material. The two most common causes for
ARDS were sepsis and pneumonia. ICU mortality rate
was 25.3 %, which was not different in the three severity
groups (P = 0.22). Differences between patients who
died in the ICU and those who survived till ICU discharge
are presented in Table 1.

Higher plasma levels of suPAR were found with
increasing severity of ARDS: 5.9 ng/ml [IQR 3.1-12.8] in
mild ARDS (n = 82), 8.4 ng/ml [IQR 4.1-15.0] in
moderate ARDS (n = 333), and 9.0 ng/ml [IQR
4.5-16.0] in severe ARDS (n = 217). Non-survivors had
higher median levels of suPAR [12.5 ng/ml (IQR
5.1-19.5) vs. 7.4 ng/ml (3.9-13.6), P < 0.001] (Fig. 1).
Plasma levels of suPAR correlated with the number of
ICU-free days at day 28 and 90 (r = —0.24, p < 0.001
for both) and the number of ventilator-free days at day 28
and day 90 (r = —0.23, p <0.001 and r= —0.22,
p < 0.001, respectively), higher levels being found in
patients who had less ICU- or ventilator-free days.

Prediction of ICU mortality

Increased levels of plasma suPAR were significantly
associated with ICU mortality (Table 2). Calibration
showed a poor model fit (y* = 20.9, P = 0.008) (Fig. S1
in the electronic supplementary material). The ROC-AUC
was 0.62 (95 % CI 0.57-0.68) (Table 2). The Youden
index revealed an optimal cut-off at a suPAR level of
11.7 ng/ml. At this cut-off sensitivity is 54 % and

specificity 68 %, corresponding to a positive likelihood
ratio of 1.69 and a negative likelihood ratio of 0.67.

There were no differences in the association between
suPAR and mortality when comparing plasma levels of
suPAR stratified by severity of ARDS (i.e., mild, mod-
erate, severe), by type of admission (i.e., medical and
surgical), and between septic and non-septic patients. For
patients with an indirect cause of ARDS, plasma suPAR
showed a trend towards a prognostic value compared to
patients with a direct cause of ARDS (see Table 3 for
odds ratios and ROC-AUCs:).

The odds ratio of suPAR was sensitive to changes in
the APACHE IV score (OR 1.30) and the SOFA score
(OR 1.36). It was not sensitive to changes in the OI (OR
1.52) or Berlin definition classification (OR 1.65), nor age
(OR 1.68), comorbidities (OR 1.60), cause of ARDS (OR
1.75), type of admission (OR 1.63), smoking (OR 1.65),
or alcohol consumption (OR 1.65).

Table 2 displays the predictive values of the Berlin
classification, OI, SOFA, and APACHE IV for mortality.
There were no significant differences in ROC-AUC
between suPAR and the OI (P = 0.29) and the SOFA
score (P = 0.07). Plasma suPAR outperformed the Berlin
classification (P = 0.005), but the APACHE IV score
(P = 0.007) was the best predictor of mortality (Table 2).

Increased levels of suPAR were significantly associ-
ated with 30-day mortality and 90-day mortality: OR 1.36
(95 % CI 1.11-1.66) and OR 1.34 (95 % CI 1.12-1.61),
respectively. The ROC-AUC was 0.58 (95 % CI
0.52-0.63) for 30-day mortality and 0.58 (95 % CI
0.53-0.63) for 90-day mortality.

Combining suPAR with the existing disease severity
scores

The ROC-AUC for the APACHE IV score (P = 0.22),
SOFA score (P = 0.28), OI (P = 0.75), and Berlin
classification (P = 0.98) did not improve when suPAR
was added to the model (Table 2). The net reclassification
improvement was 0.28 (or 28 %, P = 0.002) and the IDI
was 0.01 (P = 0.01) for the APACHE IV score (see
Fig. 2 for the risk reclassification plot); the NRI was 0.23
(or 23 %, P = 0.01) and the IDI was 0.01 (P = 0.04) for
the SOFA score; the NRI was 0.38 (or 38 %, P < 0.001)
and the IDI was 0.02 (P = 0.001) for the OI; the NRI was
0.39 (or 39 %, P <0.001) and the IDI was 0.03
(P < 0.001) for the Berlin classification.

Secondary outcomes

Plasma suPAR levels were predictive of the number of
ICU-free days at day 28 (f = —0.53, P < 0.001, adjusted
R*=0.04) and at day 90 (f = —0.59, P <0.001,
adjusted R* = 0.03). They were also predictive of the
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Table 1 Patient characteristics

Entire cohort Survivors (472) Non-survivors (160) P value
Age (years) 62 (51-71) 62 (49-71) 63 (54-72) 0.21
Male (yes) 402 (64) 294 (62) 108 (68) 0.24
suPAR (ng/ml) 8.4 (4.1-15.1) 7.4 (3.9-13.6) 12.5 (5.1-19.5) <0.001
APACHE 1V 83 (65-104) 78 (61-99) 100 (82-124) <0.001
SOFA 8 (6-11) 8 (6-10) 10 (8-13) <0.001
Ol 7.4 (4.9-10.9) 7.0 (4.7-10.1) 7.8 (5.7-13.0) 0.005
ICU mortality 160 (25)
Length of stay (days) 9 (5-17) 9 (6-17) 7 (2-16) <0.001
ICU-free days at day 28 (days) 15 (0-21) 19 (11-22) 0 <0.001
ICU-free days at day 90 (days) 77 (0-83) 81 (73-84) 0 <0.001
Ventilation (days) 7 (3-13) 7 (4-13) 7 (2-15) 0.13
VFD at day 28 17 (0-23) 21 (15-24) 0 <0.001
VFED at day 90 79 (0-85) 83 (77-86) 0 <0.001
ARDS classification upon admission
Mild 82 (13) 60 (13) 22 (14) 0.74
Moderate 333 (53) 258 (55) 75 (47) 0.09
Severe 217 (34) 154 (33) 63 (39) 0.12
Admission type
Medical 460 (73) 337 (71) 123 (77) 0.18
Surgical elective 70 (11) 58 (12) 12 (8) 0.10
Surgical emergency 102 (16) 77 (16) 25 (16) 0.84
Co-morbidities
Diabetes 105 (17) 79 (17) 26 (16) 0.89
Immune deficiency 117 (19) 79 (17) 38 (24) 0.05
Cardiovascular disease 164 (26) 131 (28) 33 (21) 0.08
Malignancy 128 (20) 85 (18) 43 (27) 0.02
Smoking (yes) 71 (11) 60 (13) 11 (7) 0.04
Alcohol (yes) 90 (14) 70 (15) 20 (13) 0.47

Patient characteristics for the entire cohort and for the survivor and
non-survivor subgroups are demonstrated. Continuous variables are
expressed as median (25th—75th percentile). Categorical variables
are expressed as number (percentage). Differences between groups
were tested using Mann-Whitney U or Chi-square test and P values
are reported

number of ventilator-free days at day 28 (f = —0.55,
P <0.001, adjusted R*=0.04) and at day 90
(B = —0.59, P < 0.001, adjusted R* = 0.03).

Discussion

This was the first study that investigated the association
between plasma suPAR and mortality in a cohort of
ARDS patients. Plasma levels of suPAR were higher with
increasing severity of ARDS, and higher in patients who
died in the ICU. Furthermore, higher plasma suPAR
levels were associated with less ventilator- and ICU-free
days. While the prognostic value of suPAR as a single
biological marker was low, combined it with existing
disease severity scores suPAR improved the net
reclassification.

The ROC-AUC for mortality of suPAR was compa-
rable to previous investigations in ventilated critically ill
patients, which could have included many patients with
ARDS [6-8]. However, the ROC-AUC was low, which

ARDS acute respiratory distress syndrome, suPAR soluble uroki-
nase plasminogen activator receptor, APACHE IV Acute
Physiology and Chronic Health Evaluation IV, SOFA Sequential
Organ Failure Assessment score, Ol oxygenation index, length of
stay in the ICU, Ventilation number of days of mechanical venti-
lation, VFD ventilator-free days

could at least in part be because of the high mortality in
these patients. In comparison, the plasma level of suPAR
was found to have a good predictive value for mortality in
patients with mild malaria, with a corresponding low
mortality, but lost its predictive value in severe malaria,
with a corresponding high mortality [22]. Notably, the
predictive value of suPAR did not improve with less
severe forms of ARDS (i.e., mild or moderate ARDS).
We found a trend towards a prognostic value of
suPAR for patients with an indirect cause of ARDS, but
not for patients with a direct cause of ARDS. A previous
study in patients with inhalation trauma found higher
levels of suPAR in bronchoalveolar lavage fluid of
patients compared to controls, while systemic levels were
similar in both groups [23]. This finding suggests local
production of suPAR in the lung, which may cause
plasma levels to remain relatively low in direct causes of
ARDS. Consequently, the predictive value of plasma
levels of suPAR could be lower in cases of direct ARDS
as compared to indirect ARDS. Also we found that the
association between plasma suPAR and mortality was
independent of the occurrence of sepsis, i.e., the
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SuPAR levels: survivors vs non-survivors & per ARDS classification
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Fig. 1 Box plot showing the differences in suPAR levels for
survivors/non-survivors (P < 0.001) and suPAR levels per ARDS
classification. The differences in suPAR levels are significant when
comparing all subgroups (P = 0.02). In post hoc Mann—Whitney
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U analysis suPAR levels for patients with mild ARDS differed from
those with moderate (P = 0.03) and severe ARDS (P = 0.004).
There was no difference in suPAR levels for patients with moderate

and severe ARDS (P = 0.21)

Table 2 Outcomes logistic regression models of all predictors of mortality and ROC-AUCs for combined models

OR for ICU mortality 95 % CI P value ROC-AUC 95 % CI
suPAR 1.65 1.32-2.05 <0.001 0.62 0.57-0.68
APACHE IV 13.59 7.05-26.21 <0.001 0.72 0.68-0.76
SOFA 1.20 1.14-1.27 <0.001 0.68 0.63-0.74
Ol 1.76 1.28-2.42 0.001 0.58 0.52-0.64
Berlin classification 1.14 0.87-1.51 0.34 0.53 0.47-0.58
suPAR + APACHE 1V 0.73 0.68-0.77
suPAR + SOFA 0.69 0.63-0.74
suPAR + OI 0.64 0.58-0.69
suPAR + Berlin class 0.62 0.57-0.68

A one point increase in plasma suPAR is associated with a 1.65-
fold increase in ICU mortality. Similarly a one point increase in
APACHE 1V score, SOFA score, and Ol is associated with a 13.59,
1.20, and 1.76 increase in mortality, respectively. Upscaling from
one stage of the Berlin classification to another would mean a 1.14-
fold mortality increase

association was found in both septic and non-septic
ARDS patients, suggesting that suPAR is not solely a
component of the sepsis pathway.

Our findings demonstrate that the prognostic value of
suPAR plasma levels is not strong enough for it to
function as a singular biomarker for mortality in ARDS
patients, but its addition to other biomarkers or prediction
scores might be clinically relevant. The APACHE IV
score had better discriminative capacity than suPAR, yet
this does not necessarily impede the use of plasma suPAR
in a clinical setting. Even though this scoring system has
proven useful in the prediction of mortality for groups of

OR odds ratio, suPAR soluble urokinase plasminogen activator
receptor, APACHE IV Acute Physiology and Chronic Health
Evaluation IV, SOFA Sequential Organ Failure Assessment score,
OI oxygenation index

critically ill patients, it is not developed for risk stratifi-
cation in individual patients for inclusion in clinical trials
or treatment decisions [24]. Furthermore its clinical use is
limited because collection of necessary data is time con-
suming, expensive, and the results are prone to
interobserver variability [24, 25]. In contrast, suPAR is a
feasible biological marker for clinical use, with limited
circadian changes in plasma levels, stability to freeze—
thaw procedures and reliable measurement by a simple
ELISA [5].

Owing to its feasible use in clinical practice suPAR
could be a biological marker to combine with other
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Table 3 Subgroup analyses

OR for ICU mortality (95 % CI) P value ROC-AUC (95 % CI) P value for DeLongs test
ARDS severity classification
Mild 1.47 (0.85-2.54) 0.17 0.59 (0.44-0.74) 0.89
Moderate 1.66 (1.20-2.28) 0.002 0.63 (0.55-0.70)
Severe 1.73 (1.19-2.52) 0.004 0.64 (0.58-0.69)
Cause ARDS
Direct 1.36 (1.02-1.83) 0.04 0.58 (0.51-0.65) 0.06
Indirect 2.12 (1.51-2.99) <0.001 0.69 (0.61-0.76)
Sepsis
Yes 1.69 (1.26-2.28) 0.001 0.63 (0.57-0.70) 0.63
No 1.62 (1.13-2.33) 0.008 0.61 (0.52-0.70)
Type of admission
Medical 1.66 (1.28-2.15) <0.001 0.63 (0.57-0.69) 0.56
Surgical 1.56 (0.98-2.49) 0.06 0.60 (0.49-0.70)

The association between plasma levels of suPAR for ICU mortality
was further stratified by severity of ARDS, i.e., mild, moderate or
severe ARDS, cause of ARDS, i.e., direct or indirect, presence of
sepsis or type of admission, i.e., medical or surgical. For each
subcategory a ROC-AUC was calculated, and differences were
determined with DeLongs test

Subjects who died

1.00

0.75+

0.50

0.25+

Predicted probability of death (APACHE IV + suPAR)

0.00

025 0.50 075
Predicted probability of death (APACHE 1V)

Fig. 2 Risk reclassification for APACHE IV and suPAR combined.
The x-axis represents the predicted probability of death for the
model using only the APACHE IV score, the y-axis for the model
with APACHE IV and suPAR combined. The blue line represents
no difference in predicted probability, the greens dots subjects with

biological markers or clinical disease severity scores to
improve mortality prediction. Combining biochemical
and clinical parameters has previously improved out-
come prediction in patients with lung injury [26]. There
was no increase in the ROC-AUC when combining
suPAR with the APACHE IV score, SOFA score, oxy-
genation index, or Berlin classification. However,

OR odds ratio, suPAR soluble urokinase plasminogen activator
receptor, ARDS acute respiratory distress syndrome, ROC-AUC
receiver operator characteristic curve

Subjects who survived

1.00 4

0.75

0.50 4

0.25+

Predicted probability of death (APACHE IV + suPAR)

0.00

025 0.50 075
Predicted probability of death (APACHE 1V)

more accurate risk prediction using the APACHE 1V plus suPAR
model, the red dots those with less accurate risk prediction using
the combined model. Subjects that died and subjects that survived
were shown in different graphs because the direction of improved
probability of the combined model differs for both groups

limitations of the use of ROC-AUCs for determination of
the predictive value of biomarkers have been addressed
[27]. High odds ratios are needed for an individual
biomarker to improve the ROC-AUC [28]. Furthermore
discrimination, measured by the ROC-AUC, determines
the probability of a case being assigned a higher risk
than a control, whereas classification assesses the
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allocation of patients in risk groups based on predicted
probability. The net reclassification index (NRI) com-
pares the net reassignment in risk groups of one
prediction model to the other [9]. In risk prediction for
cardiovascular disease the NRI has been used to show
the additional value of adding HDL cholesterol to a
prediction model without HDL cholesterol. Although the
ROC-AUC did not improve, net reclassification
improved by 12 % in the model including HDL
cholesterol [9]. In ARDS the NRI has been used to show
the value of adding a set of five biomarkers to a clinical
prediction score (APACHE III score) [29]. In this study
both the ROC-AUC (0.68 vs. 0.75) and the NRI (22 %)
improved in the derivation cohort, but in the validation
cohort only the NRI showed significant improvement
(17 %) of the model including the biomarkers. In our
study combining suPAR with the APACHE IV score,
SOFA score, OI, and Berlin classification resulted in
remarkable increases in net reclassification indexes,
indicating that a substantial number of patients were
more accurately classified as survivor or non-survivor.
This implies that combining suPAR with existing disease
severity scores does provide additional prognostic value.

Our study has several strengths. First, our study
involved few inclusion and exclusion criteria, mimicking
the clinical setting in which biological markers would be
used, ensuring the clinical relevance of the results. Sec-
ond, the influence of disease severity, admission type, and
cause of ARDS was thoroughly investigated. Third,
dedicated researchers scored the presence of ARDS,
ensuring that no cases were missed. Fourth, the
researchers were trained in the use of the ARDS criteria
stated by the AECC, in order to attain correct classifica-
tion of ARDS severity.

Our study also has weaknesses. First, there was a
relative underrepresentation of mild ARDS cases in our
cohort. This could be due to the tertiary care nature of
both participating hospitals, leading to a relatively high
overall mortality in this cohort. The high mortality might
have contributed to the low prognostic value of suPAR in
this cohort. Second, only plasma suPAR was measured.
Since suPAR is produced locally in the lungs of ARDS
patients, comparing the prognostic value and bioavail-
ability of suPAR in plasma and bronchoalveolar lavage
fluid would have been insightful. The design of this study,
however, did not allow bronchoalveolar lavage sampling.
Third, it could be argued that the measurement of suPAR
at additional time points during admission may yield

greater insight into identifying recovering vs. non-recov-
ering  patients. However insightful, additional
measurement of suPAR over time did not fit within the
design of this study, aimed at maximum relevancy for use
in clinical practice. Furthermore previous research has
demonstrated suPAR levels to be stably elevated during
the entire first week on the ICU [6]. Finally, combining
suPAR with clinical severity scores did not improve the
ROC-AUC, yet many other biological markers have been
reported as possibly useful in the prediction of mortality
in ARDS. Combining suPAR with other biomarkers
instead of disease severity scores might have led to
improvement of prediction of ICU mortality.

A potential role for suPAR in ICU mortality prediction
models may be suggested because suPAR improved the
net reclassification when it was added to existing severity
scores. However, we do not recommend collection of
suPAR in clinical settings at the present moment. The
predictive value of combinations of biomarkers for mor-
tality in ARDS patients needs to be confirmed, and
possibly improved, before clinical implementation can be
initiated. Individual patients can benefit from improved
prediction of mortality in two ways: high-risk patients
may require aggressive interventions early on, whereas
very low-risk patients may profit from withholding pos-
sibly dangerous therapies.

Conclusion

Higher levels of suPAR were found with increasing
severity of ARDS, and among those who died compared
to survivors. Furthermore, increasing levels of suPAR
were associated with less ventilator-free days and ICU-
free days. The prognostic value for death of plasma levels
of suPAR, however, was low. Nevertheless, suPAR
increased the net reclassification index when combined
with other predictors of mortality.
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