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Serum interleukin-18

A novel prognostic indicator for acute respiratory distress
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Abstract
The aim of this study is to determine the biological function of serum interleukin-18 (IL-18) on prognosis in acute respiratory distress
syndrome (ARDS).
From October 2016 to September 2017, 150 patients with ARDS in the ICU were enrolled according to the Berlin 2012 definition.

The enzyme-linked immunosorbent assay (ELISA) was used to detect the expression level of IL-18 in serum isolated from the
patients. Patients were divided into survival group (82 cases) and non-survival group (68 cases) and followed up for at least 2 months.
The serum IL-18 expression level on the prognosis was calculated by receiver operating characteristic curve (ROC).
The expression level of serum IL-18 was significantly higher in the non-survival group than that in the survival group (P< .05). Based

on the ROC curve, the sensitivity and specificity of IL-18 as a predictor of prognosis at a cutoff of 509.5pg/mL were 88% and 82%,
respectively, and the area under the curve (RUC) was 0.84 (P< .05).
The expression level of serum IL-18 could be used to evaluate the possible outcomes of patients with ARDS.

Abbreviations: APACHE II = acute physiology and chronic health evaluation, ARDS = acute respiratory distress syndrome,
ELISA = enzyme-linked immunosorbent assay, FiO2 = fraction of inspired oxygen, ICU = intensive care unit, IL-18 = interleukin-18,
LPS = lipopolysaccharide, MODS = multiple organ dysfunction syndrome, PaO2 = partial pressure of oxygen in arterial blood,
ROC = receiver operating characteristics, TLR = toll-like receptor.

Keywords: acute respiratory distress syndrome, interleukin-18, mortality, partial pressure of oxygen in arterial blood/fraction of
inspired oxygen, prognosis
1. Introduction

Acute respiratory distress syndrome (ARDS) is a medical
condition with critical disorders or critically wounded patients
characterized by widespread inflammation in the lungs.[1] It is
well known that ARDS is closely linked with severe pulmonary[2]

or systemic infection,[3] after trauma, multiple blood trans-
fusions, severe burns,[4] severe inflammation of the pancreas.[5]

Additionally, the partial cases of ARDS were associated with
large volumes of fluid used during posttrauma resuscitation.[6] As
motioned above, the sepsis is a crucial cause among those factors.
Although many studies have been reported that ARDS was
considered as a life-threatening respiratory condition, its
pathogenesis still remains unknown.
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Themultiple upstream signaling cascades of cytokines and pro-
inflammatory compounds initiate and amplify the inflammatory
response in ARDS. Based on recent reports, the secreted proteins
related to pro-inflammatory cytokines maintained the dynamic
balance between pro-inflammatory and anti-inflammatory
mediators.[7] Lack of therapeutic approach and multiple
activated signaling pathways are certainly related to the
pathogenic complexity of this syndrome, because this complexity
is mainly depended on the type of lung injury. Currently, ARDS
results in high case fatality rate.[8] Previous studies have been
shown that many new biomarkers could be used to accurately
determine mortality, including uric acid,[9] soluble programmed
cell death receptor-1,[10] and type III procollagen.[11] Neverthe-
less, there is no clear and unique biomarker for predicting
mortality in ARDS.
Interleukin (IL)-18, a pro-inflammatory cytokine, was first

described as an interferon (IFN)-g-inducing factor and has crucial
host defense and antitumor activities. In animal studies,
enhancing IL-18 expression in tissues blocks infection, tumor
growth, and metastasis using gene therapy method.[12] IL-18 is
secreted from macrophages, especially Kupffer cells in liver.[13]

Interestingly, it was reported that IL-18 could be quantified in
bronchoalveolar lavage fluid at an early stage in pulmonary
inflammatory disorders associated with increased lung vascular
permeability.[14] Makabe et al[15] has reported that IL-18
expression level in the serum was significantly higher in the
non-survivors of ARDS patients. The possibility is that IL-18may
coordinate the development of acute lung injury. In the present
study, we mainly focus on the coorelation between serum IL-18
expression level and evaluating the prognosis of patients with
ARDS.
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Table 1

Comparison between high and low serum IL-18 in ARDS patients.

High IL-18 group (n=22) Low IL-18 group (n=28) t P-value

Age, y 33.2±8.4 32.1±8.2 0.104 .968
APACHE II 28.4±3.5 44.3±6.8 6.407 <.05∗
PaO2/FiO2, mmHg 98.2±36.7 161.4±55.2 4.147 <.05∗
Outcome x2=8.224 .007∗
Non-survival 18(81.82%) 6(21.43%)
Survival 4 (18.18%) 22 (78.57%)
Duration, d
Ventilation 8.3±1.6 14.5±2.7 8.342 <.05∗
ICU stay, d 10.8±1.9 17.2±2.8 9.137 <.05∗
MODS 15 (68.18%) 8 (28.57%) x2=2.347 .014∗

Data are expressed as mean± standard deviation (number and percentage).
APACHE II= acute physiology and chronic health evaluation, FiO2= fraction of inspired oxygen, MODS=multiple organ dysfunction syndrome, PaO2=partial pressure of oxygen in arterial blood.
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2. Methods

2.1. Patients and ethical review

One hundred fifty patients with ARDS were enrolled from
October 2016 to September 2017 in the intensive care unit of our
hospital, including 72women and 78menwith ages ranging from
25 to 60 years. These patients were diagnosed according to the
Berlin 2012 definition of ARDS,[16] which is based on medical
history, x-ray opacities, exclusion of cardiac causes of pulmonary
edema, and partial pressure of oxygen in arterial blood (PaO2)/
fraction of inspired oxygen (FiO2) ratio. Patients with diabetes
mellitus, chronic renal failure, cardiovascular disorders, decom-
pensated liver disease, and malignancies were excluded from this
study to prevent bias by side effect. Moreover, plain chest x-rays
and echocardiography were carried out to exclude patients with
cardiovascular disorders.
The acute physiology and chronic health evaluation (APACHE

II) scoring was used with patients’ admission. Serum samples
were collected from each patient on admission and before
initiation of any treatment for basic IL-18 and standard
laboratory measurements (complete blood count, serum creati-
nine, and blood gases). Serum IL-18 was measured by the double-
antibody sandwich enzyme-linked immunosorbent assay
(ELISA). According to the previous studies, we considered that
the cutoff value of serum IL-18 was 300pg/mL. The serum IL-18
values ≥300pg/mL were considered as the higher IL-18 group.
Conversely, it considered as lower IL-18 group. The mortality
rate was reported accordingly. The total ICU stay, duration of
mechanical ventilation, and presence or absence of complications
were recored as well. All patients or their relatives signed
informed consent. The study was approved by the ethics
committee of Xuzhou Third People’s Hospital.

2.2. Statistical analysis

Statistical analyses were performed as described in Elshafey
et al.[17] Briefly, SPSS was applied for statistical testing
significance. Quantitative data were analyzed by mean±SD
using the 2-tailed student unpaired t test while the chi-squared
test was used to assess the significance of qualitative data. Pearson
correlation coefficient tested the correlations between the groups.
IL-18 and PaO2/FiO2 levels were assessed by receiver operating
characteristics (ROC) analysis. Significance was achieved when
P< .05 for all tests.
2

3. Results

As shown in Table 1, there was no statistically significant
difference with respect to age both in high and low expression
level of IL-18 groups (P> .05), comparing data between these 2
groups. Strikingly, the APACHE II was significantly elevated in
high IL-18 group (68.4±3.5) compared with low IL-18 group
(44.3±6.8) (P< .05, Table 1). In addition, the PaO2/FiO2 ratio
was significantly lower in high IL-18 group (94.1±38.4) than
that in low IL-18 group (159.3±57.2) (P< .05, Table 1).
Consistent to these results, the mortality rate in high IL-18 group
(80.56%) was significantly higher than that in low IL-18 group
(12.82%) (P< .05, Table 1). The duration of ventilation was
distinctly compromised in high IL-18 group (8.3±1.6) compared
with low IL-18 group (14.5±2.7). Further, the total ICU stay was
markedly shorter in high IL-18 group (10.8±1.9) compared with
low IL-18 group (17.2±2.8). Subsequently, the multiple organ
dysfunction syndromes (MODS) were monitored and we found
thatMODSwas frequent occurred in high IL-18 group (68.18%)
than that in low IL-18 group (28.57%) (P< .05, Table 1). This
result demonstrates a correlation between higher content of
serum IL-18 and more serious patient outcomes.
The previous results showed a highly significant correlation

between mortality for patients with high level of IL-18.
Comparing the data between the survival versus non-survival
patients, there were also no statistically significant differences for
age in either group (P> .05, Table 2). APACHE II was
dramatically higher in the non-survival group (51.2±6.7) than
that in survival group (34.3±8.4) (P< .05, Table 2). By contrast,
the PaO2/FiO2 ratio was significantly lower in non-survival group
(85.2±24.8) than that in survival group (182.4±42.9) (P< .05,
Table 2). Consistent with the results from Table 1, IL-18 level in
non-survival group (509.5±63.7pg/mL) was distinctly higher
than that in survival group (149.8±71.4pg/mL) (P< .05,
Table 2). Although the mean duration of ventilation was
markedly shorter in non-survival group (9.9±3.2) days
compared with survival group (12.1±3.4), it was not significant
difference between these 2 groups (P> .05, Table 2). We also
found that the total ICU stay was significantly shorter in non-
survival group (13.4±3.9 day) compared with (16.2±4.5 day)
survival group (P< .05, Table 2) and theMODSwas encountered
more in non-survival group (57.35%) than that in survival group
(18.29%) (P< .05, Table 2). These results are consistent with the
mortality associated with higher level of serum IL-18.



Table 2

Comparison between survival and non-survival groups.

Survival group (n=22) Non-survival group (n=28) t P value

Age, y 33.4±8.5 32.5±8.8 0.386 .538
APACHE II 44.3±8.4 31.2±6.7 4.463 <.05∗
IL-18, pg/mL 2.6±1.3 5.9±2.3 5.144 <.05∗
PaO2/FiO2, mmHg 182.4±42.9 85.2±24.8 6.934 <.05∗
Ventilation 13.6±3.7 10.4±3.3 1.556 .063
ICU stay, d 16.2±4.5 13.4±3.9 2.259 .01∗
MODS 4 (18.18%) 16 (57.14%) x2=14.832 <.05∗

Data are expressed as mean± standard deviation, number and percentage.
APACHE II= acute physiology and chronic health evaluation, FIO2= fraction of inspired oxygen, MODS=multiple organ dysfunction syndrome, PaO2=partial pressure of oxygen in arterial blood.

Table 3

Correlation between serum IL-18 on one side and APACHE II and
PaO2/FiO2 on the other side.

IL-18

gs coefficient P value

APACHE II �0.94 <.05
∗

PaO2/FiO2 �0.64 <.05
∗

APACHE II= acute physiology and chronic health evaluation, FiO2= fraction of inspired oxygen, IL-
18= interleukin-18, PaO2=partial pressure of oxygen in arterial blood.
∗
Statistically significant.
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Finally, we found that there was a negative correlation between
serum IL-18 and APACHE II (P< .05) and between serum IL-18
and PaO2/FiO2 (P< .05) (Table 3 and Fig. 1 A and B). The
sensitivity and specificity of serum IL-18, as a reliable outcome
indicator, at a cutoff 509.5pg/mL were 88% and 82%,
respectively, and the area under the curve (AUC) was 0.84
(P< .05). The sensitivity and specificity of PaO2/FiO2 at a 97
mmHg cutoff were 100% and 85%, respectively, and the AUC
was 0.92 (P< .05) (Table 4 and Fig. 2A and B). Altogether, our
Figure 1. (A) Correlation between IL-18 and APACHE II; (B) Correlation betwe
evaluation, FiO2= fraction of inspired oxygen, IL-18= interleukin-18, PaO2=partia

Table 4

Sensitivity and specificity of both IL-18 and PaO2/FiO2 as outcome p

Cutoff point Area under the curve

IL-18, pg/mL 5.9 0.84
PaO2/FiO2, mmHg 97 0.92

FiO2= fraction of inspired oxygen, IL-18= interleukin-18, PaO2=partial pressure of oxygen in arterial b

3

findings strongly suggest that serum IL-18 is negative correlation
with APACHE II and PaO2/FiO2.

4. Discussion

ARDS is the serious stage of acute lung injury. Signs and
symptoms of ARDS often begin within 2hours of an inciting
event, but can occur after 1 to 3 days, including shortness of
breath, fast breathing, and a low oxygen level in the blood due to
abnormal ventilation. The important pathological feature of
ARDS is pulmonary alveolar capillary injury.[18] The patients
who suffered from respiratory distress, progressive hypoxemia,
and x-ray examination showed the alveolar diffuse infiltration.
Chen et al[19] reported that adrenocortical hormone administra-
tion and other anti-inflammatory treatment significantly alleviate
the ARDS symptoms caused by certain pathogenic factors,
indicating that pro-inflammatory and anti-inflammatory re-
sponse played a crucial role in the pathogenesis of ARDS. Thus, it
is a promising clinical significance to evaluate the early prognosis
of ARDS patients according to the level of inflammatory factors.
IL-18 was initially reported to suppress cytokine secretion,

antigen presentation, and CD4+ T cell activation.[13] IL-8 was
en IL-18 and PaO2/FiO2. APACHE II=acute physiology and chronic health
l pressure of oxygen in arterial blood.

redictors.

P-value Sensitivity Specificity

<.001 88% 82%
<.001 100% 85%

lood.
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Figure 2. (A) ROC curve for IL-18 and (B) ROC curve for FiO2. FiO2= fraction of inspired oxygen, IL-18= interleukin-18, ROC= receiver operating characteristics.

Dong et al. Medicine (2019) 98:21 Medicine
capable to trigger Th1 cells to generate IFN-I g under the help of
L-12. It is also considered as a master regulator in different type
responses. Further investigation has been shown that IL-18
predominantly prevented lipopolysaccharide (LPS) and bacterial
product, mediated induction of the pro-inflammatory cytokines
TNF-a and IFN-g secretion from toll-like receptor (TLR) and
triggered myeloid lineage cells.[20] Du et al[21] found that a large
number of neutrophils and proinflammatory cytokines were
activated in the early stage of ARDS. As a result, it destroyed the
respiratory membrane, increased the permeability, and further
promoted the development of ARDS. Therefore, IL-18 is
considered to be a reliable promoter factor of acute lung
injury[22] and detection of IL-18 in ARDS has been documented
previously.[15] Dolinay et al[23] confirmed that serum IL-18 was
significantly increased in patients associated with sepsis/ARDS,
and it was correlated with disease severity and mortality. In the
present study, serum IL-18 was detected to evaluate the prognosis
of ARDS. Based on our findings, we provided a theoretical basis
for the early diagnosis and treatment of ARDS and to improve the
prognosis of the patients.
ARDS is a life-threatening respiratory condition characterized

by hypoxemia[24] and represents a stereotypic response to many
different inciting insults. The current study demonstrated that
high level serum IL-18 was cloasely associated with higher
mortality, more severe ARDS, and frequent occurrence of
MODS. The level of serum IL-18 at 509.5pg/mL cutoff predicted
mortality in ARDS patients with 88% sensitivity and 82%
specificity, respectively. It suggested that tissue injury probably
caused sterile inflammation and several mediators, such as IL-2,
IL-4, IL-6, IL-8, IL-18, c reaction protein, and heat shock protein
70 (HSP70) have been involved. These risky indicators were
caused after lung damage, triggering inflammation, remodeling,
and fibrosis.[25,26] Serum IL-18 levels significantly increase during
hypoxia caused by acute lung injury[27] and elevated IL-18 levels
have been associated with the presence of systemic inflamma-
tion.[28] Our results showed that APACHE II was significantly
lower in ARDS patients with high level of serum IL-18 than that
with low IL-18. APACHE II was also significantly lower in the
non-survival group than that in survival group. There was a
significant negative correlation between IL-18 and APACHE II.
High APACHE II measurements are consistent with the increased
severity of illness found in ARDS patients who had a higher
serum IL-18 level.
The PaO2/FiO2 ratio was significantly lower in high IL-18

group than that in low IL-18 group. Additionally, PaO2/FiO2

ratio was dramatically lower in non-survival group than that in
4

survival group. We also found that there was a significant
negative correlation between IL-18 and PaO2/FiO2 ratio,
suggesting that ARDS patients with severe hypoxemia had a
higher serum IL-18 level. IL-18 induced a broad spectrum of
COPD-like inflammatory and remodeling responses in the
murine lung and mediated a mixed type 1, type 2, and type 17
cytokine responses as well.[29,30] Elevated IL-18 level was
probably associated with increased inflammatory markers
expression, which were also enhanced in ARDS patients.
Therefore, PaO2/FiO2 ratio not only divided ARDS patients
into mild, moderate, and severe, but also predicted severe
outcome of patients with ARDS. In the current study, the
sensitivity and specificity of PaO2/FiO2 ratio at the 97mmHg
cutoff were 100% and 82%, respectively. Our results showed
that the non-survival rate of ARSD was distinctly higher in high
IL-18 group (80.56%) compared with low IL-18 group
(12.82%). Expectably, the serum IL-18 in non-survival group
was significant higher than that in survival group (P< .05).
Furthermore, the present study showed that there were more
MODS in high IL-18 group than that in low IL-18 group, and the
rate ofMOPS was significantly higher in non-survival group than
that in survival group.
In summary, our finding suggested that serum IL-18 might

serve as a prognostic biomarker in ARDS. Further studies will
explore the precise physiological functions of serum IL-18 in
patients with ARDS. To date, the mortality of ARDS patients is
very high. The accurate judgment of the patient’s condition and
early treatment will be helpful to greatly improve the prognosis
and reduce mortality. Determining serum IL-18 is a promising
approach to evaluate the prognosis of ARDS patients. It also
provides a method to assess the patient’s condition, facilitate
early preventive medicals, and improve the prognosis of the
patients with ARDS.
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