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Abstract

Background: Shock and organ damage occur in critically ill patients in the emergency department because of
biological responses to invasion, and cytokines play an important role in their development. It is important to
predict early multiple organ dysfunction (MOD) because it is useful in predicting patient outcomes and selecting
treatment strategies. This study examined the accuracy of biomarkers, including interleukin (IL)-6, in predicting early
MOD in critically ill patients compared with that of quick sequential organ failure assessment (qSOFA).

Methods: This was a multicenter observational sub-study. Five universities from 2016 to 2018. Data of adult
patients with systemic inflammatory response syndrome who presented to the emergency department or were
admitted to the intensive care unit were prospectively evaluated. qSOFA score and each biomarker (IL-6, IL-8, IL-10,
tumor necrosis factor-α, C-reactive protein, and procalcitonin [PCT]) level were assessed on Days 0, 1, and 2. The
primary outcome was set as MOD on Day 2, and the area under the curve (AUC) was analyzed to evaluate qSOFA
scores and biomarker levels.

Results: Of 199 patients, 38 were excluded and 161 were included. Patients with MOD on Day 2 had significantly
higher qSOFA, SOFA, and Acute Physiology and Chronic Health Evaluation II scores and a trend toward worse
prognosis, including mortality. The AUC for qSOFA score (Day 0) that predicted MOD (Day 2) was 0.728 (95%
confidence interval [CI]: 0.651–0.794). IL-6 (Day 1) showed the highest AUC among all biomarkers (0.790 [95% CI:
0.711–852]). The combination of qSOFA (Day 0) and IL-6 (Day 1) showed improved prediction accuracy (0.842 [95%
CI: 0.771–0.893]). The combination model using qSOFA (Day 1) and IL-6 (Day 1) also showed a higher AUC (0.868
[95% CI: 0.799–0.915]). The combination model of IL-8 and PCT also showed a significant improvement in AUC.

Conclusions: The addition of IL-6, IL-8 and PCT to qSOFA scores improved the accuracy of early MOD prediction.
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Background
Excessive immune response with the overproduction of
inflammatory mediators leads to systemic inflammatory
response syndrome (SIRS), which is crucial for the devel-
opment of multiple organ dysfunction (MOD) [1]. MOD
is an independent prognostic factor for intensive care
unit (ICU) mortality [2]. Patients with MOD have longer
ICU stays and higher mortality rates [3, 4]. The early de-
tection of MODS may help identify patients at a risk of
prolonged illness and death. Therefore, predicting early
MOD can improve patient outcomes and quality of care.
Sequential organ failure assessment (SOFA) is a scale

used to score organ failure and predict mortality by
determining disease severity [5]. However, blood tests,
including those of arterial blood gases, are essential to
assess SOFA. In contrast, quick SOFA (qSOFA) was
designed as a simple tool that can be used in the
emergency department (ED) and can be used without
performing blood tests [6]. qSOFA is considered a useful
index for identifying patients with high mortality and
those requiring systemic management in the ICU and is
highly convenient in primary care [7]. In addition, the
in-hospital mortality predictive effectiveness of qSOFA
was statistically higher than that of SOFA in cases of
suspected infection outside the ICU [8]. However,
qSOFA did not outperform SOFA for patients in the
ICU. qSOFA is affected by the severity of infection and
quality of the health care system, and factors such as
biomarkers that correlate with systemic inflammation
are not included in the score. Therefore, the addition of
simple blood tests, including those of cytokines, as in
the present study, may improve the diagnostic accuracy
of qSOFA for sepsis [9–11].
Interleukin (IL)-6 is a proinflammatory cytokine re-

leased by immune cells and reflects the degree of hyper-
cytokinemia involved in systemic inflammatory changes
[12]. IL-6 peaks at 6 h after invasion and is induced earl-
ier than C-reactive protein (CRP) and procalcitonin
(PCT). Furthermore, IL-6 enables earlier diagnoses of
SIRS, and IL-6 levels reflect the severity and outcome of
sepsis [13–15]. For these reasons, we focused on IL-6.
We hypothesized that IL-6 could predict early MOD
and that the addition of biomarkers to qSOFA could
improve the prediction accuracy. The objective of this
study is to investigate the early MOD prediction of bio-
markers including IL-6 and the improvement of predic-
tion accuracy by combining qSOFA with biomarkers.

Methods
Settings
This study was conducted using data from EDs and
ICUs from 5 university hospitals (University of Occupa-
tional and Environmental Health, Chiba University,
Kurume University, University of Yamanashi and Keio

University) in Japan as a secondary analysis of a study
[16]. The mother study aimed to identify the biomarker
with the highest predictive value for late-phase MOD in
critically ill patients. Various biomarkers were measured
at three timepoints (days 0, 1, and 2). They evaluated
predictive values for MOD (primary outcome, MOD on
day 7 [late-phase]; secondary outcome, MOD on day 3
[early-phase]). This study was approved by the Institu-
tional Review Board of the University of Occupational
and Environmental Health (approval number H28–120).

Study population
This study included patients with SIRS between Septem-
ber 2016 and September 2018. Patients were enrolled
consecutively. The inclusion criteria were patient emer-
gency admission (ICU or ED), age ≥ 20 years at the time
of obtaining consent, patients predicted to hospitalized
for at least 48 h by each physician in charge and patients
with a diagnosis of SIRS according to the American
College of Chest Physicians/Society of Critical Care
Medicine criteria on admission [17]. In cases consent
could not be obtained from the patient himself/herself
due to impaired consciousness or dementia, consent was
obtained from a spouse, relative, or other substitute.
Patients with trauma were included if they had multiple
injuries (≥2 injured area) and had a predicted Injury
Severity Score ≥ 10, and patients with burns were
included if they had a Burn Index ≥15. Patients who re-
ceived steroids, immunosuppressive drugs, or prepara-
tions that affected serum IL-6 concentration within 1
week before emergency transport or ICU admission,
those with HIV infection, those who were pregnant, or
those considered ineligible for enrollment were
excluded.

Data collection
The patient information included demographic charac-
teristics, etiology of admission, comorbidities, presence
of hemodynamic instability, and history of treatment in
the ED/ICU. Blood samples were collected 6 h after ad-
mission (Day 0) and the following morning (Day 1).
Blood samples on Day 2 were collected during the
morning period. We measured a suite of biomarkers to
see which ones improved prediction. The inflammatory
biological markers included CRP, IL-6, IL-8, IL-10,
tumor necrosis factor (TNF)-α, and PCT. For bio-
markers other than IL-6, we selected them that have
been widely studied as markers of inflammation [18–22].
Serum CRP levels were measured immediately using
commercially available assays at each hospital; IL, TNF-
α, and PCT levels were measured at outside facilities
after serum samples were frozen and stored at − 20 °C
(IL-6 and PCT were measured at Roche diagnostics
K.K., TNF-α, IL-8, IL-10 were measured at SRL,inc).
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The biomarkers were determined using reagent kit for
IL-6 and PCT (Elecsys IL-6 and Elecsys BRAHMS PCT),
Roche Diagnostics GmbH, Mannheim, Germany; IL-8
and IL-10 (BIOSOURCE IL-8 EASIA kit and BIO-
SOURCE IL-10 EASIA kit), BioSource Europe S.A.,
Nivelles, Belgium; TNF-α (Quantikine HS ELISA Human
TNF-α Immunoassay), R&D Systmes, Inc., Minneapolis
USA. MOD was defined as two or more organs with a
SOFA score ≥ 2. qSOFA and SOFA scores were recorded
on Days 0, 1, and 2. The Acute Physiology and Chronic
Health Evaluation (APACHE) II scores were recorded on
admission.

Statistical analysis
The outcome as an early MOD was assessed on Day
2 because reversible derangements induced by the
inciting event or incomplete resuscitation may be
reflected 24 h after admission. To evaluate the accur-
acy of predicting MOD by adding biomarkers to
qSOFA, we developed a baseline model to predict
MOD (Day 2) using a logistic regression analysis. We
calculated the area under the curve (AUC) by drawing
an ROC curve for the blood concentration of each
biomarker on Days 0 and 1 to determine which bio-
marker and time points were most predictive of
MOD on Day 2. We did a subgroup analysis with
groups such as ED/ICU and infection/trauma/burn.
The biomarkers and days with the highest AUC were
used in the model added to qSOFA to evaluate
whether the model improves the accuracy of predict-
ing MOD. ROC curves were drawn, and AUC values
were compared between the baseline model and the
model with the biomarker added to qSOFA. The cal-
culation of the 95% CI of AUC and testing for differ-
ences in AUC were performed based on the method
of DeLong [23]. We calculated the net reclassification
improvement (NRI) to compare each model and pre-
sented the values with 95% confidence intervals (CIs)
[24]. The results were compared using Mann-Whitney
U tests and chi-square tests. Multiple testing correc-
tion was applied using Sidak’s correction. P-values <
0.05 were considered statistically significant. All statis-
tical analyses were performed using R version 3.5.3
and JMP 13.2.1. This study was analyzed by an inde-
pendent statistician.

Results
Of 199 patients enrolled in the study: 5 who withdrew
their consent, 4 who were on steroids before admission,
7 who died within 48 h of admission, 1 who was dis-
charged within 48 h of admission, and 21 who had devi-
ated from the protocol for biomarker testing and SOFA
score calculation due to missing samples or improper
timing of the sampling. These 31 patients were excluded

(Fig. 1). Of 161 eligible patients, 99 patients had MOD
on Day 0. On Day 1, 9 patients recovered from MOD
and 12 patients developed new MOD, for a total of 102
patients with MOD. On Day 2, 7 patients recovered
from MOD and 1 patient had new MOD, for a total of
96 patients with MOD. No patients died by Day 2. Pa-
tients with MOD had significantly higher qSOFA, SOFA,
APACHE II scores, mortality rates, fewer ICU-free days,
ventilator-free days, renal replacement therapy (RRT)-
free days (Table 1).
Each biomarker showed higher values in patients

with MOD, except for WBC. CRP and PCT peaked
after day 1, while IL-6, IL-8 and IL-10 peaked on Day
0 (Table 2). The ROC analysis of each biomarker on
Day 0 and 1 was performed to assess MOD on Day
2. The results showed that IL-6 on Day 1 had the
highest AUC (AUC: 0.790; 95% CI: 0.711–0.852),
followed by IL-8 (AUC: 0.789; 95% CI: 0.712–0.850)
(Table 3). On Day 0, PCT showed the highest AUC
(AUC: 0.728; 95% CI: 0.644–0.799). Subgroup analysis
was performed in the same way. In the ICU admis-
sion group, PCT on Day 0 and IL8 and IL6 on Day 1
showed high AUC (Additional file 1). In the group
with infection, PCT showed the highest AUC on Day
0, IL8 on Day 1, followed by IL6 (Additional file 2).
In the group without infection, IL6 on Day 1 showed
the highest AUC (Additional file 3). In the group
without ICU admission, ROC analysis could not be
performed because there was only one case with
MOD on Day 2.
Next, as a baseline model, the predictive accuracy

of MOD on Day 2 using Day 0 qSOFA scores was
evaluated by logistic regression analysis (AUC: 0.728;
95% CI: 0.651–0.794). We developed a model combin-
ing qSOFA with IL-6, IL-8, and PCT, which showed
high AUC. PCT was the biomarker that showed the
highest AUC in the Day 0 combination (AUC: 0.814;
95% CI: 0.740–0.870; NRI: 0.661). The addition of
Day 0 IL-6 significantly improved the NRI but did
not significantly improve the AUC (AUC: 0.765; 95%
CI: 0.685–0.830; NRI: 0.562). We analyzed the pre-
dictive accuracy of MOD (Day 2) in several models
that individually added IL-6, IL-8, PCT (Day 1) to
qSOFA (Day 0). In this additional model, IL-6 had
the highest AUC compared to the baseline model
(AUC: 0.842; 95% CI: 0.771–0.893; NRI: 0.802)
(Table 4/Fig. 2). We also explored the possibility of
further improving our accuracy by measuring qSOFA
on Day 1. Changing qSOFA in this model from Day
0 to Day 1 and analyzing it in the same manner re-
sulted in a significant improvement in AUC (AUC:
0.868; 95% CI: 0.799–0.915; NRI: 0.712). IL-8 and
PCT also improved AUC predominantly in the same
combination model.
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Discussion
In this study, IL-6 on Day 1 was the most accurate bio-
marker for predicting early MOD. Furthermore, the
addition of IL-6, IL-8, PCT blood levels to qSOFA was a
more accurate predictor of early MOD. Although previous
studies implicated that patients with MOD had poor prog-
nosis, including increased mortality and hospitalization
days [2, 3], this study also confirmed that patients with
MOD on Day 2 had poor prognosis (Table 1).
Cytokine storms play an important role in the patho-

genesis of MOD, and various cytokines have been
assessed for their accuracy in predicting MOD. IL-6 is a
cytokine involved in inflammatory responses and is re-
leased in response to tissue injuries and inflammatory
stimuli, resulting in a physiological response. IL-6 acts
locally and systemically and is a proinflammatory medi-
ator and an anti-inflammatory regulator that stimulates
anti-inflammatory cytokines, including IL-10 [25]. The
mediators of acute inflammation and infection, such as
CRP, IL-6, and PCT, have long been involved in the
pathophysiology of critically ill patients and are routinely
used for diagnostic, prognostic, and treatment monitor-
ing in the ICU [25–27]. Compared with other

biomarkers such as CRP and PCT, IL-6 responds more
quickly to inflammatory stimuli, peaking at 3–6 h. This
suggests that it has an advantage in predicting risk at ad-
mission. In this regard, several reports have shown that
IL-6 is a useful biomarker for detecting early sepsis;
however, CRP and PCT are still often within the refer-
ence range owing to their much slower rates [28–30].
On the other hand, some reports suggest that PCT is
the predominant marker for the diagnosis of sepsis
[31–33]. The AUC in Table 2 revealed that the pre-
dictive ability of IL-6 peaked on Day 1, and PCT had
a higher AUC than IL-6 on Day 0. The subgroup
analysis also showed that the prediction accuracy of
PCT was significantly improved in the group with in-
fection. This may indicate that IL-6 levels have an
early increase in the blood but remain more reflective
of MOD than other biomarkers after Day 1. In a
study examining various cytokine concentrations in
patients with severe sepsis, IL-6 and IL-8 in the first
24 h predicted organ dysfunction on Day 3 [18]. In
light of these findings, the present study shows that
IL-6 may predict early MOD with greater accuracy
than other biomarkers.

Fig. 1 Patient selection flow diagram. A total of 199 patients were enrolled in the present study and screened for eligibility. Of those patients,
161 met the inclusion criteria. Overall, 96 (59.6%) patients experienced MOD on Day 2. MOD, multiple organ dysfunction
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However, it is cumbersome to accurately predict
organ failure and mortality using a single biomarker
alone; therefore, a combination of biomarkers and
severity scores has been proposed to provide better
results. Oberholzer et al. suggested that IL-6 and
APACHE II scores were correlated and showed that
these combined models increased the accuracy of
predicting mortality in patients with severe sepsis
[34]. In addition, a study examining factors that pre-
dicted mortality 90 days after ICU admission found
that combining SAPS II with IL-6 and soluble

suppression of tumorigenesis-2 improved prediction
accuracy [35].
The accuracy of predicting post-hospital organ fail-

ure and in-hospital mortality using qSOFA has been
previously reported [36, 37]. In contrast, a previous
study reported that positive qSOFA scores had high
specificity but poor sensitivity for predicting in-
hospital mortality, acute organ dysfunction, and ICU
admission in patients with infection outside the ICU,
and the limits of qSOFA accuracy of the predictions
have been reported [38]. The model individually added

Table 1 Characteristics and clinical outcomes in patients with or without multiple organ dysfunction on Day2

MOD
(n = 96)

without MOD
(n = 65)

P value

Characteristics

Age, years 70 (59–78) 72 (64–85) 0.145

Male sex, n(%) 59 (61.5) 42 (64.6) 0.684

Etiology of SIRS, (%)

Infection 63 (65.6) 46 (70.8) 0.493

Post-surgery 8 (8.3) 4 (6.2) 0.605

Trauma 14 (14.6) 8 (12.3) 0.680

Burn 1 (1.0) 0 (0.0) 0.409

Acute pancreatitis 6 (6.3) 3 (4.6) 0.658

Others 10 (10.4) 6 (9.2) 0.805

APACHEII score on admission 29 (23–37) 19 (13–22) < 0.001*

qSOFA on admission < 0.001*

0 1 14 –

1 33 29 –

2 35 21 –

3 26 1 –

qSOFA≧2 on admission, n(%) 61 (64.2) 22 (33.8) < 0.001*

SOFA score on admission

Total SOFA score 10 (7–13) 3 (2–5) < 0.001*

Respiration, (%) 72 (75.0) 23 (37.1) < 0.001*

Coagulation, (%) 29 (30.2) 4 (6.2) < 0.001*

Liver, (%) 14 (14.7) 4 (6.2) 0.092

Cardiovascular, (%) 58 (60.4) 3 (4.6) < 0.001*

Central Nervous System, (%) 67 (69.8) 9 (13.8) < 0.001*

Renal, (%) 46 (47.9) 9 (13.8) < 0.001*

Outcome

In hospital 28 day mortality 16 (16.7) 2 (3.1) 0.007*

ICU free days 13 (0–20) 26 (23–28) < 0.001*

Ventilator free days 16 (1–24) 28 (28–28) < 0.001*

RRT free days 25 (11–28) 28 (28–28) < 0.001*

MOD Multiple organ dysfunction, SIRS Systemic inflammatory response syndrome, APACHE Acute Physiology and Chronic Health Evaluation, qSOFA Quick
Sequential Organ Failure Assessment, ICU Intensive care unit, RRT Renal replacement therapy
Data are presented as median and interquartile range for continuous variables and exact number (%) for categorical variables. P-values were calculated using
Pearson’s chi-square test or the Wilcoxon test. For APACHE II score, n = 93 with MOD and n = 37 without MOD
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IL-6, IL-8, and PCT to qSOFA improved the accuracy
of predicting early MOD in this study. Although CRP
is a biomarker that is routinely used in clinical prac-
tice, it was excluded from the combination model with
qSOFA because of its low AUC. Since qSOFA does
not require testing, the improvement in predictive ac-
curacy obtained without increasing healthcare costs is
a major advantage. The combination in this study was
qSOFA on admission and IL-6 on Day 1, which is also
in line with that used in clinical practice. If qSOFA is
positive on admission, it can be worthwhile to perform
additional tests for IL-6,8 and PCT to predict early
MOD. We also modeled qSOFA on Day 1 because
even if qSOFA is negative on admission, it may be
screened again on the next day. However, these results
may be due to the fact that it is closer to Day2 when
the MOD outcome is measured.
In the future, a new scoring system that combines se-

verity scores and biomarkers to predict MODs needs to
be investigated.

Limitations
This study had some limitations. First, the sample
size was small partly due to the difficulty in

Table 2 Blood levels of each biomarker in patients with or without multiple organ dysfunction on day 0,1,2

Day-0 All (n = 161) MOD (n = 99) without MOD (n = 62)

Interleukin-6, pg/ml, median (IQR) 371.7 (151.7–2471) 1111 (175.7–6204) 210.7 (87.34–554.18)

Procalcitonin, ng/ml, median (IQR) 2.19 (0.34–9.3) 5.18 (1.27–38.08) 0.43 (0.15–2.12)

C-reactive protein, mg/dl, median (IQR) 10 (1–21.3) 12 (2.47–18.55) 3.95 (0.28–13.78)

White blood cell, 103/μL, median (IQR) 13.2 (6.8–18.7) 11.1 (4.75–18.55) 15.15 (11.63–19.2)

Interleukin −8, pg/ml, median (IQR) 85.3 (23.88–335) 193.5 (54.35–965.5) 36.65 (15.95–93.1)

Interleukin-10, pg/ml, median (IQR) 10 (3–45) 17 (5–75.25) 5 (2–16)

Tumor necrosis factor-α, pg/ml, median (IQR) 3.91 (1.68–8.94) 5.1 (2.47–12.8) 2.33 (1.21–4.11)

Day-1 All (n = 161) MOD (n = 102) without MOD (n = 59)

Interleukin-6, pg/ml, median (IQR) 150.7 (57.99–1096) 394.6 (92.83–2163.25) 62.8 (38.4–137.85)

Procalcitonin, ng/ml, median (IQR) 3.3 (0.96–19.75) 7.19 (1.83–34.82) 1.61 (0.49–5)

C-reactive protein, mg/dl, median (IQR) 12 (6.79–21.3) 14.75 (7.72–25.53) 9.9 (5.85–17.05)

White blood cell, 103/μL, median (IQR) 11.9 (8.3–16) 11.8 (7.33–15.98) 11.9 (9.15–16.35)

Interleukin −8, pg/ml, median (IQR) 41.1 (13.2–132) 89.55 (24.8–299.8) 14.2 (9.4–44)

Interleukin-10, pg/ml, median (IQR) 4 (2–12.5) 7 (3–24) 2 (2–4)

Tumor necrosis factor-α, pg/ml, median (IQR) 3.34 (1.94–6.04) 4.04 (2.21–8.2) 2.67 (1.6–4.11)

Day-2 All (n = 161) MOD (n = 96) without MOD (n = 65)

Interleukin-6, pg/ml, median (IQR) 102.1 (42.37–262.5) 159.6 (88.86–492.98) 47.53 (24.75–88)

Procalcitonin, ng/ml, median (IQR) 2.62 (0.83–14.62) 6.53 (1.54–25.88) 0.95 (0.39–3.93)

C-reactive protein, mg/dl, median (IQR) 15.5 (9–21.5) 18.1 (10.83–24.08) 11.9 (7–17)

White blood cell, 103/μL, median (IQR) 10.7 (8.2–14.2) 11.5 (7.38–14.75) 9.7 (8.3–13)

Interleukin −8, pg/ml, median (IQR) 25.3 (11.8–82.3) 55.75 (20.58–120.5) 11.8 (5.6–24.4)

Interleukin-10, pg/ml, median (IQR) 2 (2–7) 4 (2–9.5) 2 (2–2)

Tumor necrosis factor-α, pg/ml, median (IQR) 2.93 (2.02–4.75) 3.7 (2.35–5.42) 2.27 (1.77–3.17)

Table 3 Receiver operating characteristic curve analysis for
prediction of multiple organ dysfunction on day 2 for various
biomarkers on day 0,1

AUC 95%CI

Day-0

Interleukin-6 0.647 0.558–0.727

Procalcitonin 0.728 0.644–0.800

C-reactive protein 0.603 0.513–0.686

White blood cell 0.563 0.648–0.804

Interleukin −8 0.717 0.631–0.790

Interleukin-10 0.619 0.527–0.704

Tumor necrosis factor-α 0.633 0.540–0.717

Day-1

Interleukin-6 0.790 0.711–0.852

Procalcitonin 0.705 0.618–0.780

C-reactive protein 0.610 0.519–0.693

White blood cell 0.457 0.687–0.835

Interleukin −8 0.789 0.711–0.850

Interleukin-10 0.751 0.669–0.817

Tumor necrosis factor-α 0.635 0.544–0.716

AUC Area under the curve, CI Confidence interval

Ishikawa et al. BMC Emergency Medicine          (2021) 21:132 Page 6 of 10



Ta
b
le

4
Pr
ed

ic
tiv
e
di
ag
no

st
ic
ac
cu
ra
cy

of
M
O
D
on

da
y
2
w
ith

qS
O
FA

an
d
ad
di
tio

na
lI
nt
er
le
uk
in
-6
,I
nt
er
le
uk
in
-8
,P
ro
ca
lc
ito

ni
n

A
U
C
(9
5%

C
I)

Im
p
ro
ve

m
en

t
of

A
U
C

P-
va
lu
e

N
RI

(9
5%

C
I)

P-
va
lu
e

Se
ns
it
iv
it
y

Sp
ec
ifi
ci
ty

PP
V

N
PV

qS
O
FA

(D
ay
-0
)

0.
72
8
(0
.6
51
–0
.7
94
)

64
.2

66
.2

73
.5

55
.8

qS
O
FA

(D
ay
-0
)+

IL
-6
(D
ay
-0
)

0.
76
5
(0
.6
85
–0
.8
30
)

0.
03
7
(0
.0
01
–0
.0
73
)

0.
25
2

0.
56
2
(0
.2
67
–0
.8
57
)

0.
00
1*

83
.2

56
.9

73
.8

69
.8

qS
O
FA

(D
ay
-0
)+

IL
-6
(D
ay
-1
)

0.
84
2
(0
.7
71
–0
.8
93
)

0.
11
3
(0
.0
53
–0
.1
74
)

0.
00
2*

0.
80
2
(0
.5
20
–1
.0
84
)

<
0.
00
1*

74
.7

86
.2

88
.8

70
.0

qS
O
FA

(D
ay
-0
)+

PC
T
(D
ay
-0
)

0.
81
4
(0
.7
40
–0
.8
70
)

0.
08
6
(0
.0
33
–0
.1
38
)

0.
00
8*

0.
66
1
(0
.3
62
–0
.9
59
)

<
0.
00
1*

82
.1

64
.6

77
.2

71
.2

qS
O
FA

(D
ay
-0
)+

PC
T
(D
ay
-1
)

0.
78
5
(0
.7
07
–0
.8
47
)

0.
05
7
(0
.0
11
–0
.1
03
)

0.
08
4

0.
49
2
(0
.1
88
–0
.7
97
)

0.
00
9*

67
.4

76
.9

81
.0

61
.7

qS
O
FA

(D
ay
-0
)+

IL
-8
(D
ay
-0
)

0.
79
3
(0
.7
16
–0
.8
54
)

0.
06
1
(0
.0
16
–0
.1
05
)

0.
04
4*

0.
50
2
(0
.1
98
–0
.8
06
)

0.
00
7*

78
.9

67
.2

78
.1

68
.3

qS
O
FA

(D
ay
-0
)+

IL
-8
(D
ay
-1
)

0.
82
9
(0
.7
58
–0
.8
82
)

0.
10
0
(0
.0
45
–0
.1
55
)

0.
00
2*

0.
78
4
(0
.4
94
–1
.0
73
)

<
0.
00
1*

71
.6

78
.5

82
.9

65
.4

qS
O
FA

(D
ay
-1
)

0.
80
1
(0
.7
23
–0
.8
61
)

58
.1

83
.1

83
.1

58
.1

qS
O
FA

(D
ay
-1
)+

IL
-6
(D
ay
-1
)

0.
86
8
(0
.7
99
–0
.9
15
)

0.
06
7
(0
.0
25
–0
.1
08
)

0.
00
5*

0.
71
2
(0
.4
23
–1
.0
01
)

<
0.
00
1*

89
.2

70
.8

81
.4

82
.1

qS
O
FA

(D
ay
-1
)+

PC
T
(D
ay
-1
)

0.
84
2
(0
.7
65
–0
.8
97
)

0.
04
1
(0
.0
09
–0
.0
73
)

0.
03
7*

0.
50
3
(0
.2
01
–0
.8
05
)

0.
00
3*

78
.5

80
.0

84
.9

72
.2

qS
O
FA

(D
ay
-1
)+

IL
-8
(D
ay
-1
)

0.
88
1
(0
.8
16
–0
.9
25
)

0.
08
0
(0
.0
39
–0
.1
21
)

<
0.
00
1*

0.
71
8
(0
.4
23
–1
.0
13
)

<
0.
00
1*

92
.5

69
.2

81
.1

86
.5

A
U
C
A
re
a
un

de
r
th
e
cu
rv
e,

CI
C
on

fid
en

ce
in
te
rv
al
,I
L
In
te
rle

uk
in
,N

RI
N
et

re
cl
as
si
fic
at
io
n
im

pr
ov

em
en

t,
qS
O
FA

Q
ui
ck

sq
ue

nt
ia
lo

rg
an

fa
ilu
re

as
se
ss
m
en

t,
PP
V
po

si
tiv

e
pr
ed

ic
tiv

e
va
lu
e,

N
PV

N
eg

at
iv
e
pr
ed

ic
tiv

e
va
lu
e

If
th
e
N
RI

is
po

si
tiv

e
an

d
th
e
95

%
C
Id

oe
s
no

t
st
ra
dd

le
ze
ro
,t
he

pr
ed

ic
tiv

e
ab

ili
ty

of
th
e
ne

w
m
od

el
is
co
ns
id
er
ed

to
be

si
gn

ifi
ca
nt
ly

im
pr
ov

ed
fr
om

th
e
ba

se
lin

e
m
od

el

Ishikawa et al. BMC Emergency Medicine          (2021) 21:132 Page 7 of 10



obtaining consent. This study included patients with
a variety of diseases. Second, one of the problems
with qSOFA is that it is difficult to assess conscious-
ness in patients with cognitive impairment before
the onset of infection [39]. In addition, the blood
samples after Day 1 were collected during morning
period. Therefore, the timing of blood collection on
Day 0 could lead to some differences.

Conclusion
We compared each biomarker as a predictor of MOD
on Day 2. IL-6 on Day 1 had the highest predictive
value. Furthermore, the adding IL-6, IL-8 and PCT,
which had high AUC, to qSOFA score predicted MOD
on Day 2 with greater accuracy. The present study
showed that adding IL-6, IL-8 and PCT to qSOFA could
predict early MOD.

Fig. 2 Prognostic value of a combined approach of IL-6, IL-8, PCT and baseline qSOFA. A AUC for baseline qSOFA (Day 0) with IL-6 (Day 0). B
AUC for baseline qSOFA (Day 0) with IL-6 (Day 1). C AUC for baseline qSOFA (Day 1) with IL-6 (Day 1). D AUC for baseline qSOFA (Day 0) with
PCT (Day 0). E AUC for baseline qSOFA (Day 0) with PCT (Day 1). F AUC for baseline qSOFA (Day 1) with PCT (Day 1). G AUC for baseline qSOFA
(Day 0) with IL-8 (Day 0). H AUC for baseline qSOFA (Day 0) with IL-8 (Day 1). I AUC for baseline qSOFA (Day 1) with IL-8 (Day 1). Comparison of
AUC revealed that the combination model using additional serum IL-6 concentration on Days 0 and 1 had a significantly higher AUC than the
baseline model that uses only the qSOFA score. AUC = area under the curve, qSOFA = quick sequential organ failure assessment,
IL = interleukin, PCT = procalcitonin
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