
original article

Wien Klin Wochenschr (2022) 134:24–38
https://doi.org/10.1007/s00508-021-01971-3

Association between inflammatory biomarkers and acute
respiratory distress syndrome or acute lung injury risk

A systematic review andmeta-analysis

Zhenfeng Liu · Daishun Liu · Zhihua Wang · Yugang Zou · Haixia Wang · Xiao Li · Deliang Zheng · Guoqi Zhou

Received: 12 May 2020 / Accepted: 16 October 2021 / Published online: 3 December 2021
© The Author(s) 2021

Summary
Background The relationship between acute respira-
tory distress syndrome (ARDS)/acute lung injury (ALI)
and levels of certain inflammatory factors remains
controversial. The purpose of this meta-analysis was
to summarize the available studies evaluating the as-
sociation between levels of inflammatory factors and
ARDS/ALI incidence.
Methods We searched the PubMed, EmBase, and
Cochrane databases for studies published up to July
2017. For each inflammatory factor, a random effects
model was employed to pool results from different
studies.
Results We identified 63 studies that included 6243 pa-
tients in our meta-analysis. Overall, the results indi-
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cated that the levels of angiopoietin (ANG)-2 (stan-
dard mean difference, SMD: 1.34; P<0.001), inter-
leukin (IL)-1β (SMD: 0.92; P=0.012), IL-6 (SMD: 0.66;
P= 0.005), and tumor necrosis factor (TNF)-α (SMD:
0.98; P= 0.001) were significantly higher in patients
with ARDS/ALI than in unaffected individuals. No sig-
nificant differences were observed between patients
with ARDS/ALI and unaffected individuals in terms of
the levels of IL-8 (SMD: 0.61; P=0.159), IL-10 (SMD:
1.10; P=0.231), and plasminogen activator inhibitor
(PAI)-1 (SMD: 0.70; P= 0.060).
Conclusions ARDS/ALI is associated with a signif-
icantly elevated levels of ANG-2, IL-1β, IL-6, and
TNF-α, but not with IL-8, IL-10, and PAI-1 levels.

Keywords Inflammation · Acute lung injury · Acute
respiratory distress syndrome · Systematic review ·
Meta-analysis

Abbreviations
ALI Acute lung injury
ANG Angiopoietin
ARDS Acute respiratory distress syndrome
IL Interleukin
KL Krebs von den Lungen
LDH Lactate dehydrogenase
PAI Plasminogen activator inhibitor
RAGE Receptor for advanced glycation end prod-

ucts
SMD Standard mean difference
TNF Tumor necrosis factor
vWF von Willebrand factor

Background

Acute respiratory distress syndrome (ARDS) and acute
lung injury (ALI) are pulmonary diseases character-
ized by inflammatory pulmonary edema, acute hy-
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poxemia, and accumulation of bilateral pulmonary
infiltrates [1]. In the USA the annual number of
ARDS cases is more than 140,000 [2] and the re-
ported rates of ARDS and ALI are 59 and 79 cases
for every 100,000 individuals, respectively, with re-
ported mortality rates ranging from 22% to 41% [3].
ARDS and ALI are triggered by several factors that
are associated with either direct or indirect injury.
Direct injuries that trigger ARDS/ALI include serious
pulmonary infection, aspiration of foreign bodies,
pulmonary contusion, and oxygen poisoning. Indi-
rect injuries associated with ARDS/ALI include severe
systemic infection, severe non-pulmonary trauma,
acute pancreatitis, major blood transfusion, and dis-
seminated intravascular coagulation [4, 5]. Patients
exposed to the abovementioned factors are at high
risk for developing ARDS/ALI. Although the mech-
anisms underlying ARDS/ALI pathogenesis remain
unclear, inflammation has been considered as one of
the major inducing factors.

The pathology of ARDS is characterized by diffuse
pulmonary interstitial and alveolar edema due to cap-
illary endothelial and alveolar epithelial cell injuries
that lead to acute respiratory insufficiency or failure
[6]. In the early stages of ARDS, edema fluid is con-
centrated in the alveolar interstitial spaces, and neu-
trophils adhere to the surface of damaged vascular
endothelial cells and migrate to pulmonary intersti-
tial and alveolar cavities. Afterwards, proinflamma-
tory factors, such as inflammatory cytokines and pro-
teases, are released and promote neutrophil-mediated
lung injury [7]. In the later stage of ARDS, the injured
lung is characterized by severe fibrosis and alveolar
destruction and reconstruction [8]. The majority of
ARDS/ALI patients show rapid disease progression be-
cause of this acute inflammatory process.

Various inflammatory mediators that activate the
inflammatory cascade and induce secondary diffuse
lung parenchymal injury are the primary causes of
ARDS/ALI [9, 10]; however, even low levels of inflam-
matory factors that do not contribute to the amplifi-
cation of inflammation are associated with the onset
of ARDS/ALI, suggesting their possible role as criti-
cal drivers of the disease. Therefore, inflammation-
related factors can potentially serve as reliable pre-
dictors of ARDS/ALI risk.

A previous study systematically reviewed the rela-
tionship between plasma biomarkers and ARDS onset
and found that levels of Krebs von den Lungen-6 (KL-
6), lactate dehydrogenase (LDH), the soluble recep-
tor for advanced glycation end products (RAGE), and
von Willebrand factor (vWF) were significantly corre-
lated with ARDS incidence [11]; however, the study
did not investigate the inflammatory factors present
in the pulmonary edema fluid, and conclusions were
based on a relatively small number of studies for each
inflammatory factor. Therefore, further validation of
these putative associations is required. This study
provided update results by analyzing recently pub-

lished literature that investigated the relationships be-
tween specific inflammatory biomarkers and the on-
set of ARDS/ALI. Furthermore, these relationships
were analyzed according to different characteristics.

Methods

We conducted the meta-analysis in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [12].

Search strategy

We systematically searched the PubMed, EmBase,
and Cochrane Central Register of Controlled Tri-
als databases for publications up to July 2017 using
the keywords “acute respiratory distress syndrome,”
“acute lung injury,” “inflammation,” “C-reactive pro-
tein,” “interleukin,” “tumour necrosis factor,” “cy-
tokines,” “interferon,” “transforming growth factor,”
and “risk factor.” The search strategy used for the
PubMed database is described in Supplementary
information (searching strategy in PubMed). We re-
stricted our search to reports published in English.
We also included relevant articles cited as references
of the studies.

Data selection and extraction

Literature search and selection were independently
performed by two researchers, and any inconsisten-
cies were resolved by group discussion. A study was
eligible for inclusion if the following criteria were
met: (1) the study included patients with ARDS/ALI;
(2) participants in the control group were not diag-
nosed with ARDS/ALI; (3) the primary outcomes of
interest included Angiopoietin (ANG)-2, Interleukin
(IL)-1β, IL-6, IL-8, IL-10, Plasminogen activator in-
hibitor (PAI)-1, and Tumor necrosis factor (TNF)-α,
while the secondary outcomes included albumin,
ANG-1, Clara cell secretory protein (CC16), C-reac-
tive protein (CRP), endotoxin, granulocyte colony-
stimulating factor (G-CSF), intercellular cell adhesion
molecule (ICAM), IL-2, IL-4, IL-12, KL-6, Lactate de-
hydrogenase (LDH), myeloperoxidase (MPO), nuclear
factor (NF)-κβ, procalcitonin (PCT), protein C, RAGE,
sE-selectin, surfactant protein (SP-D), transforming
growth factor (TGF)-β1, tissue factor (TF), Tumor
necrosis factor receptor (TNFR)-1, TNFR-2, vascular
endothelial growth factor (VEGF), and vWF. Reviews,
editorials, non-human studies, letters, and conference
papers were excluded because of insufficient data.

The following parameters were extracted from the
articles: first author, country, publication year, study
design, sample size, and average age, gender, under-
lying disease of participants, patient disease status,
method of ARDS/ALI diagnosis, specimen source,
test time, and follow-up. The Newcastle-Ottawa
Scale (NOS) was used to evaluate the methodolog-
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ical quality of each study [13]. The NOS is based on
the following three subscales: selection of the study
group (four categories), comparability of the groups
(one category), and outcome assessment (three cate-
gories). Data extraction and quality assessment were
conducted independently by two authors, and re-
sults were examined and adjudicated by an additional
author who referred to the original study.

Statistical analysis

In this meta-analysis, the standard mean difference
(SMD) and 95% confidence interval (CI) were deter-
mined to evaluate the effect of sample size across
studies [14]. We pooled the SMDs for each inflam-
matory factor using a random effects model [15]. The
I2 statistic was used to assess heterogeneity of the
SMDs across multiple studies [16]. Means and vari-
ances were estimated from medians and ranges as
previously described [17]. A sensitivity analysis was
performed by sequentially removing each individual
study from the meta-analysis [16]. Meta-regression
was also conducted for ANG-2, IL-1β, IL6, IL-8, IL10,
PAI-1, and TNF-α based on sample size and mean
age. Furthermore, stratified analyses were conducted
based on sample size, mean age, patient status, and
sample origin. Visual inspection of funnel plots from
the Egger’s [18] or Begg’s test [19] was conducted to
evaluate publication bias. All tests were two-tailed,
and P-value< 0.05 was considered statistically signifi-
cant. Data analyses were performed using STATA soft-
ware (version 10.0; Stata Corporation, College Station,
TX, USA).

Fig. 1 PRISMA flowchart illustrating the process of study se-
lection in our analysis

Results

Literature search

In this study, a total of 302 articles were retrieved from
PubMed, 704 from EmBase, and 28 from the Cochrane
Library. After removing duplicates, 851 articles passed
the inclusion criteria in the meta-analysis. A total of
757 articles were excluded because they were consid-
ered irrelevant after scanning the titles and abstracts.
Furthermore, articles that were considered to be unre-
lated based on full-text assessment (n= 5), a duplicate
publication (n= 1), mortality-related studies (n= 18),
studies with undesired outcomes (n= 4), and stud-
ies with control groups without ARDS/ALI risk (n=3)
were also excluded. Finally, 63 studies that studied
a total of 6243 patients were included in our system-
atic review (Fig. 1; [20–82]).

Study characteristics

A total of 59 studies implemented a prospective de-
sign, while the remaining 4 studies employed a retro-
spective design. Most studies included patient groups
with an average age ranging from 40 to 60 years. All
participants enrolled in the included studies were at
risk of ARDS/ALI, and the majority of samples were
collected less than 1 day after study recruitment.
All included studies employed standardized Ameri-
can-European Consensus Conference (AECC) criteria,
Berlin definition of ARDS, lung injury score (LIS), and
oxygenation index (PaO2/FiO2) for ARDS/ALI diagno-
sis. In earlier studies, there were no general criteria
for defining ARDS, so the criteria were defined by the
authors of each study. The NOS quality analysis for
all studies returned scores ranging from 6 to 8, indi-
cating a good overall quality of the included studies
(Table 1).

Inflammatory biomarkers and ARDS/ALI

The relationship between ARDS/ALI and angiopoietin
(ANG)-2 levels is presented in Fig. 2. The overall stan-
dard mean difference (SMD) from six studies showed
that ARDS/ALI patients had higher ANG-2 levels than
those of unaffected individuals (SMD: 1.34; 95% CI:
0.59–2.10; P<0.001); however, significant heterogene-
ity was detected (I2= 97.4%; P<0.001). Sensitivity
analysis showed that the conclusion did not change
after sequential removal of each study (Supplemen-
tary information Table S1).

The relationship between ARDS/ALI and inter-
leukin (IL)-1β levels is presented in Fig. 3. The pooled
SMD from 10 studies indicated that ARDS/ALI pa-
tients exhibited significantly higher IL-1β levels than
those of the individuals without ARDS/ALI (SMD:
0.92; 95% CI: 0.20–1.64; P= 0.012). Although sub-
stantial heterogeneity was observed across all studies
(I2= 93.1%; P< 0.001), the conclusion did not change
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Fig. 2 Forest plot compar-
ing ANG-2 levels between
ARDS/ALI patients and un-
affected individuals

Fig. 3 Forest plot com-
paring IL-1β levels between
ARDS/ALI patients and un-
affected individuals

after sequential exclusion of each study (Supplemen-
tary information Table S2).

The relationship between ARDS/ALI and IL-6 lev-
els is shown in Fig. 4. Overall results showed that
ARDS/ALI patients had higher IL-6 levels than those
of individuals in the population without ARDS/ALI
(SMD: 0.66; 95% CI: 0.20 to 1.13; P= 0.005). Hetero-
geneity was observed at the same degree as the effect
across the studies (I2= 93.6%; P<0.001). Sensitivity
analysis showed that the conclusion was not affected
by the exclusion of any specific study from the pooled
analysis (Supplement information Table S3).

The relationship between ARDS/ALI and IL-8 levels
was analyzed in 14 studies, and results are shown in
Fig. 5. No significant differences in IL-8 levels were
observed between ARDS/ALI patients and individu-
als of the population without ARDS/ALI (SMD: 0.61;
95% CI: –0.24–1.46; P= 0.159). Furthermore, substan-

tial heterogeneity was detected (I2= 97.8%; P< 0.001).
Based on sensitivity analysis, we excluded the study
conducted by Calfee et al. [57], which specifically in-
cluded a large sample size of trauma patients. We
concluded that ARDS/ALI were associated with higher
IL-8 levels (SMD: 0.76; 95% CI: 0.11–1.40; P= 0.021)
(Supplement information Table S4).

The relationship between ARDS/ALI and IL-10 lev-
els was investigated in seven studies, and results are
presented in Fig. 6. We detected no significant dif-
ferences in IL-10 levels between ARDS/ALI and non-
ARDS/ALI patients (SMD: 1.10; 95% CI: –0.70–2.91;
P= 0.231). Substantial heterogeneity was observed
(I2= 98.3%; P<0.001). Sensitivity analysis indicated
that ARDS/ALI patients had higher IL-10 levels than
those of non-ARDS/ALI patients when the study con-
ducted by Roubinian et al. was excluded (Supplemen-
tary information Table S5) [82].
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Fig. 4 Forest plot com-
paring IL-6 levels between
ARDS/ALI patients and un-
affected individuals

Fig. 5 Forest plot com-
paring IL-8 levels between
ARDS/ALI patients and un-
affected individuals

The relationship between ARDS/ALI and plasmino-
gen activator inhibitor-1 (PAI-1) levels was investi-
gated in seven studies, and results are presented in
Fig. 7. We detected no significant differences in PAI-1
levels between ARDS/ALI patients and non-ARDS/ALI
individuals (SMD: 0.70; 95% CI: –0.03–1.43; P= 0.060).
Substantial heterogeneity was observed (I2= 97.1%;
P< 0.001). Sensitivity analysis showed that this re-
sult changed after excluding the study conducted by
Calfee et al. (Supplementary information Table S6)
[57].

The relationship between ARDS/ALI and tumour
necrosis factor (TNF)-α levels was investigated in
16 studies, and results are shown in Fig. 8. Pooled re-
sults showed that ARDS/ALI patients had significantly
higher TNF-α levels than those of individuals without
ARDS/ALI (SMD: 0.98; 95% CI: 0.41–1.56; P= 0.001).
Significant heterogeneity was detected across all in-

cluded studies (I2= 94.0%; P< 0.001). These results did
not change after sequential exclusion of any specific
study (Supplementary information Table S7).

The correlations between ARDS/ALI and other
inflammatory factors based on sample origin are
summarized in Table 2. Overall, ARDS/ALI pa-
tients showed higher levels of albumin (SMD: 2.15;
P= 0.010), ANG-1 (SMD: 4.60; P< 0.001), KL-6 (SMD:
2.23; P= 0.044), myeloperoxidase (MPO) (SMD: 1.75;
P< 0.001), transforming growth factor (TGF)-β1 (SMD:
0.83; P=0.013), transfer factor (TF) (SMD: 5.57;
P< 0.001), and TNF receptor-1 (SMD: 5.40; P< 0.001).
Moreover, ARDS/ALI patients had lower levels of IL-
12 (SMD: –1.47; P<0.001), surfactant protein D (SP-
D) (SMD: –1.17; P= 0.012), and vascular endothelial
growth factor (VEGF) (SMD: –4.52; P< 0.001) in the
bronchial alveolar lavage fluid (BALF). In addition,
ARDS/ALI patients had higher levels of KL-6 (SMD:
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Fig. 6 Forest plot com-
paring IL-10 levels between
ARDS/ALI patients and un-
affected individuals

Fig. 7 Forest plot com-
paring PAI-1 levels between
ARDS/ALI patients and un-
affected individuals

3.36; P<0.001), MPO (SMD: 2.58; P< 0.001), pro-
calcitonin (PCT) (SMD: 0.41; P=0.038), receptor for
advanced glycation end products (RAGE) (SMD: 1.64;
P= 0.031), sE-selectin (SMD: 0.55; P=0.011), TF (SMD:
3.55; P< 0.001), and TNF receptor-2 (SMD: 3.82;
P< 0.001) than unaffected individuals. ARDS/ALI was
associated with lower IL-12 (SMD: –0.80; P< 0.001)
levels in the blood. No other significant differences
were observed between ARDS/ALI and non-ARDS/ALI
patients.

Meta-regression and subgroup analyses

A relatively large heterogeneity was observed among
the studies included in our meta-analysis. We there-
fore performed a meta-regression analysis for ANG-2,
IL-1β, IL-6, IL-8, IL-10, PAI-1, and TNF-α; results
are presented in Supplementary information Fig-
ures S1–S14. Overall, sample size was determined to
influence the association between PAI-1 levels and

ARDS/ALI (P=0.025); no other significant associa-
tions were observed. Subgroup analyses were also
conducted based on sample size, mean age, patient
status, and sample source (Table 3). First, ARDS/ALI
did not show a significant influence on ANG-2 levels
when the mean age was <60.0 years, and patients with
ALI. Second, ARDS/ALI was not associated with IL-1β
levels if the study sample size was ≥100, patients with
ALI, or samples were collected from the BALF. Third,
no significant associations were detected between
ARDS/ALI and IL-6 levels when the study sample size
was ≥100, the mean age was <60.0 years, patients
with ALI, and samples were collected from the blood.
Fourth, ARDS/ALI were associated with higher IL-8
levels if the study sample size was <100, patients had
ARDS, or samples were collected from BALF. Fifth,
ARDS/ALI were significantly associated with higher
IL-10 levels when the study sample size was <100,
patients with ARDS, and samples were collected from
the BALF. Sixth, ARDS/ALI patients showed signifi-
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Fig. 8 Forest plot compar-
ing TNF-α levels between
ARDS/ALI patients and un-
affected individuals

cantly higher PAI-1 levels when the study sample size
was <100, patients with ARDS or ARDS/ALI, and sam-
ples were collected from the BALF. Finally, ARDS/ALI
were not associated with TNF-α levels if the study
sample size was ≥100, patients with ALI or ARDS/ALI.

Publication bias

Funnel plots of inflammatory factors and ARDS/ALI
incidence are presented in Supplementary informa-
tion Figures S15–S21. No significant publication bi-
ases were detected between ARDS/ALI and IL-1β (P-
value for Egger’s test (PEgger): 0.148; P-value for Begg’s
test (PBegg): 0.283), IL-6 (PEgger: 0.330; PBegg: 0.161),
IL-10 (PEgger: 0.874; PEgger: 1.000), PAI-1 (PEgger: 0.184;
PBegg: 0.548), and TNF-α (PEgger: 0.111; PBegg: 0.224).
Although results of the Begg’s tests showed no evi-
dence of publication bias for ANG-2 (P=0.707) and
IL-8 (P=0.827), results of Egger’s test showed potential
publication bias (P-value for ANG-2: 0.048; P-value for
IL-8: 0.013). Conclusions did not change after correc-
tion using the trim and fill method [83].

Discussion

In our study, ARDS/ALI were found to be associated
with higher levels of ANG-2, IL-1β, IL-6, and TNF-α,
whereas no significant associations were detected
between ARDS/ALI and IL-8, IL-10, and PAI-1 levels.
Furthermore, serum levels of KL-6, MPO, RAGE, sE-
selectin, TF, and TNF receptor-2 were significantly
higher in ARDS/ALI patients than in unaffected indi-
viduals; however, ARDS/ALI patients had lower IL-12
levels. The BALF concentrations of albumin, ANG-1,
KL-6, MPO, TGF-β1, TF, and TNF receptor-1, were
significantly higher in ARDS/ALI patients than in in-
dividuals without ARDS/ALI. In addition, ARDS/ALI

were associated with lower levels of IL-12 and VEGF;
however, heterogeneity among studies was substan-
tial, and the amount of data available was insufficient.
Therefore, more research is needed to verify the re-
sults of our meta-analysis.

Current treatment for ARDS/ALI consists of respira-
tory support and immunological treatment. Evidence
suggests that the dynamic balance between proin-
flammatory and anti-inflammatory factors plays a key
role in the pathogenesis and prognosis of ARDS/ALI
[84]; however, cytokine interactions are highly com-
plex and difficult to study. When proinflammatory
and anti-inflammatory factors are unbalanced, ex-
cess inflammatory cytokines are released, which in
turn damage the lung tissues or even whole body
tissues. Therefore, studies that investigate inflamma-
tory factors present during the onset of ARDS/ALI can
help elucidate the mechanisms underlying ARDS/ALI
pathogenesis and serve as the basis for the develop-
ment of new treatment approaches for ARDS/ALI.

ANG-2 is a proinflammatory cytokine and a mem-
ber of the vascular growth factor family. ANG-2mainly
promotes cell apoptosis and disrupts vascularization
and can also act in conjunction with VEGF to pro-
mote neovascularization [85, 86]. The findings of the
present study indicated that serum levels of ANG-2
were significantly higher in ARDS/ALI patients than
in unaffected individuals. Similar to our current find-
ings, serum levels of ANG-2 have been associated with
other diseases, such as sepsis and pulmonary hyper-
tension [87]. In particular, ANG-2 serum levels were
associated with the onset of septic shock, and ANG-2
blood concentrations have been observed to increase
during endothelial cell inflammation. Furthermore,
elevated ANG-2 levels in the blood are known to pro-
mote vascular permeability and leakage; however,
only a small number of studies have explored the re-
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Table 2 Summary of results of the association of other inflammatory factors with ARDS/ALI based on specimen source
Factors No. of studies Groups SMD 95% CI P value Heterogeneity (%) P for heterogeneity

1 Blood –0.82 –1.79 to 0.14 0.095 – –Albumin

2 BALF 2.15 0.51 to 3.79 0.010 82.2 0.018

1 Blood 0.80 0.28 to 2.30 0.676 – –ANG-1

1 BALF 4.60 3.09 to 6.12 <0.001 – –

3 Blood –0.31 –2.7 to 2.08 0.799 96.8 <0.001CC16

4 BALF –0.44 –3.06 to 2.18 0.742 96.1 <0.001

CRP 3 Blood 1.64 –0.31 to 3.59 0.100 92.2 <0.001

Endotoxin 2 BALF 0.30 –0.15 to 0.75 0.191 0.0 0.887

G-CSF 2 Blood –0.49 –1.47 to 0.49 0.326 93.9 <0.001

4 Blood –0.14 –2.47 to 2.20 0.909 99.4 <0.001ICAM

2 BALF 0.79 –1.61 to 3.18 0.520 96.3 <0.001

2 Blood 0.01 –0.26 to 0.28 0.934 0.0 0.817IL-2

1 BALF –0.36 –1.16 to 0.44 0.380 – –

2 Blood 0.69 –0.16 to 1.54 0.111 81.1 0.022IL-4

1 BALF 0.30 –0.38 to 0.99 0.387 – –

1 Blood –0.8 –1.09 to –0.50 <0.001 – –IL-12

1 BALF –1.47 –2.18 to –0.75 <0.001 – –

3 Blood 3.36 2.50 to 4.21 <0.001 49.5 0.138KL-6

3 BALF 2.23 0.06 to 4.41 0.044 93.0 <0.001

LDH 2 Blood 1.82 –0.23 to 3.87 0.082 85.9 <0.001

1 Blood 2.58 2.20 to 2.97 <0.001 – –MPO

1 BALF 1.75 0.90 to 2.60 <0.001 – –

NF-κβ 2 BALF 0.86 –0.45 to 2.17 0.198 67.1 0.081

PCT 2 Blood 0.41 0.02 to 0.80 0.038 23.7 0.252

Protein C 2 Blood –2.00 –7.15 to 3.16 0.447 99.9 <0.001

4 Blood 1.64 0.15 to 3.14 0.031 96.3 <0.001RAGE

1 BALF 0.16 –0.68 to 1.00 0.704 – –

sE-selectin 3 Blood 0.55 0.13 to 0.97 0.011 15.2 0.307

4 Blood –0.05 –1.65 to 1.55 0.950 98.5 <0.001SP-D

1 BALF –1.17 –2.08 to –0.25 0.012 – –

TGF-β1 4 BALF 0.83 0.17 to 1.49 0.013 81.2 <0.001

1 Blood 3.55 2.71 to 4.39 <0.001 – –TF

1 BALF 5.57 3.55 to 7.60 <0.001 – –

2 Blood 1.61 –4.42 to 7.64 0.601 98.9 <0.001TNFR-1

1 BALF 5.40 4.22 to 6.58 <0.001 – –

1 Blood 3.82 2.80 to 4.83 <0.001 – –TNFR-2

2 BALF 3.22 –2.62 to 9.05 0.280 98.4 <0.001

1 Blood 0.49 –0.23 to 1.04 0.063 – –VEGF

1 BALF –4.52 –5.43 to –3.61 <0.001 – –

vWF 6 Blood 0.81 –0.94 to 2.54 0.365 99.2 <0.001

ANG-1 Angiopoietin-1, CC16 Clara cell secretory protein, CRP C-reactive protein, G-CSF granulocyte colony-stimulating factor, ICAM intercellular cell adhesion
molecule, IL-2 interleukin-2, LDH Lactate dehydrogenase,MPO myeloperoxidase, NF-κβ nuclear factor-κβ, PCT procalcitonin, RAGE receptor for advanced gly-
cation end products, SP-D surfactant protein, TGF-β1 transforming growth factor-β1, TF tissue factor, TNFR-1 Tumor necrosis factor receptor-1, TNFR-2 Tumor
necrosis factor receptor-2, VEGF vascular endothelial growth factor, vWF von Willebrand factor

lationship between ANG-2 and ARDS/ALI incidence,
and the overall results might have been altered by
more recent findings from subsequent studies.

Our current results demonstrated that ARDS/ALI
patients had significantly higher serum levels of IL-
1β than individuals without ARDS/ALI. IL-1β is syn-
thesized and released by mononuclear macrophages.
It is recognized as the primary proinflammatory cy-
tokine that triggers inflammation and is known to ex-

ert multiple biological functions, such as promoting
the activity of natural killer cells, increasing chemo-
taxis of macrophages and neutrophils, and regulating
the immune response as an endogenous heat source
[88, 89]. During infection or sepsis, IL-1β can de-
stroy the blood-brain barrier and increase the risk
of patient mortality. IL-1β has an inherent antago-
nist in the human body, IL-1ra, which can inhibit IL-
1β activity by competitively binding to its receptor.
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Table 3 Subgroup analysis of inflammatory related fac-
tors and incidence of ARDS/ALI
Inflam-
matory
factors

Groups No. of
stud-
ies

SMD 95%CI P value Hetero-
geneity
(%)

P for
hetero-
geneity

Sample size

≥100 5 1.30 0.47 to 2.13 0.002 97.8 <0.001

<100 1 1.59 0.97 to 2.20 <0.001 – –

Mean age (years)

≥60.0 3 1.74 1.30 to 2.18 <0.001 51.1 0.129

<60.0 3 0.98 –0.02 to 1.98 0.055 98.4 <0.001

Patients’ status

ARDS 1 2.15 1.65 to 2.64 <0.001 – –

ALI 3 1.38 –0.19 to 2.93 0.085 98.3 <0.001

ARDS/ALI 2 0.91 –0.34 to 2.16 0.152 93.7 <0.001

Specimen source

Blood 6 1.34 0.59 to 2.10 <0.001 97.4 <0.001

ANG-2

BALF 0 – – – – –

Sample size

≥100 2 –0.33 –1.05 to 0.40 0.379 79.7 0.026

<100 8 1.26 0.48 to 2.04 0.002 89.9 <0.001

Mean age (years)

≥60.0 1 –0.75 –1.34 to
–0.15

0.014 – –

<60.0 7 1.33 0.43 to 2.23 0.004 94.4 <0.001

Patients’ status

ARDS 6 1.39 0.41 to 2.37 0.005 91.8 <0.001

ALI 4 0.22 –0.59 to 1.04 0.590 88.0 <0.001

Specimen source

Blood 5 1.39 0.15 to 2.62 0.028 95.3 <0.001

IL-1β

BALF 6 0.73 –0.19 to 1.66 0.121 90.2 <0.001

Sample size

≥100 5 0.45 –0.26 to 1.16 0.215 96.1 <0.001

<100 8 0.83 0.11 to 1.55 0.024 91.6 <0.001

Mean age (years)

≥60.0 3 1.49 0.37 to 2.61 0.009 92.1 <0.001

<60.0 10 0.43 –0.06 to 0.92 0.088 93.1 <0.001

Patients’ status

ARDS 7 0.80 0.03 to 1.57 0.043 92.6 <0.001

ALI 6 0.54 –0.12 to 1.20 0.108 95.3 <0.001

Specimen source

Blood 11 0.37 –0.04 to 0.77 0.074 88.8 <0.001

IL-6

BALF 7 1.33 0.24 to 2.42 0.016 93.2 <0.001

Sample size

≥100 4 0.06 –1.84 to 1.95 0.953 99.2 <0.001

<100 10 0.74 0.15 to 1.33 0.014 87.7 <0.001

Mean age (years)

≥60.0 2 2.87 –1.95 to 7.70 0.243 96.6 <0.001

<60.0 9 0.52 –0.61 to 1.65 0.364 98.5 <0.001

Patients’ status

ARDS 6 1.28 0.34 to 2.21 0.007 90.4 <0.001

ALI 7 0.13 –1.13 to 1.40 0.834 98.6 <0.001

ARDS/ALI 1 –0.37 –0.93 to 0.20 0.201 – –

Specimen source

Blood 9 0.67 –0.50 to 1.85 0.262 98.3 <0.001

IL-8

BALF 8 0.78 0.08 to 1.48 0.029 86.1 <0.001

Table 3 (Continued)
Inflam-
matory
factors

Groups No. of
stud-
ies

SMD 95%CI P value Hetero-
geneity
(%)

P for
hetero-
geneity

Sample size

≥100 2 –0.90 –7.01 to 5.21 0.772 99.6 <0.001

<100 5 1.89 0.59 to 3.19 0.004 93.4 <0.001

Mean age (years)

≥60.0 0 – – – – –

<60.0 6 1.29 –0.75 to 3.32 0.216 98.6 <0.001

Patients’ status

ARDS 3 1.62 0.05 to 3.19 0.043 91.7 <0.001

ALI 4 0.73 –2.15 to 3.61 0.618 99.0 <0.001

Specimen source

Blood 4 0.18 –2.64 to 3.00 0.899 99.0 <0.001

IL-10

BALF 4 1.90 0.12 to 3.68 0.037 94.3 <0.001

Sample size

≥100 3 0.42 –0.78 to 1.61 0.497 98.8 <0.001

<100 4 0.89 0.52 to 1.27 <0.001 42.1 0.159

Mean age (years)

≥60.0 1 0.31 –0.35 to 0.96 0.363 – –

<60.0 6 0.77 –0.04 to 1.57 0.063 97.6 <0.001

Patients’ status

ARDS 2 0.68 0.06 to 1.29 0.030 61.1 0.109

ALI 4 0.77 –0.54 to 2.08 0.250 98.1 <0.001

ARDS/ALI 1 0.66 0.45 to 0.87 <0.001 – –

Specimen source

Blood 6 0.44 –0.34 to 1.22 0.267 97.2 <0.001

PAI-1

BALF 3 1.57 0.77 to 2.36 <0.001 69.6 0.037

Sample size

≥100 4 1.66 –0.10 to 3.43 0.065 98.3 <0.001

<100 12 0.76 0.27 to 1.24 0.002 85.5 <0.001

Mean age (years)

≥60.0 3 0.51 0.17 to 0.84 0.003 0.0 0.482

<60.0 10 1.36 0.52 to 2.20 0.002 96.0 <0.001

Patients’ status

ARDS 9 1.05 0.11 to 1.99 0.028 94.7 <0.001

ALI 5 0.90 –0.14 to 1.95 0.090 95.1 <0.001

ARDS/ALI 2 0.92 –0.14 to 1.97 0.089 86.5 0.007

Specimen source

Blood 9 1.00 0.12 to 1.89 0.026 95.7 <0.001

TNF-α

BALF 10 0.91 0.26 to 1.57 0.006 87.6 <0.001

One study included in this analysis showed that IL-
1ra is significantly upregulated in ARDS patients [41].
Anakinra is an IL-1β antagonist approved by the U.S.
Food and Drug Administration (FDA) for the treat-
ment of rheumatoid arthritis and other autoimmune
diseases to reduce clinical symptoms and suppress
joint destruction [90]. Determining whether this an-
tagonistic effect can also be observed in ARDS patients
is an interesting topic for future research.

IL-6 is an acute inflammatory mediator that is re-
leased by various cell types. IL-6 is not expressed un-
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der normal physiological conditions but is secreted
upon stimulation by inflammatory factors [91]. Our
study showed that IL-6 concentrations in the BALF
were significantly higher in ARDS/ALI patients than in
unaffected individuals. Consistent with these results,
IL-6 is recognized as a reliable and objective indicator
of local lung tissue damage.

IL-8 is a member of the C-X-C subfamily of chemo-
kines and is produced by various cell types [92]. IL-8
plays a significant role in neutrophil chemotaxis and
also inhibits neutrophil apoptosis. In response to local
lung tissue injury, IL-8 specifically binds to its recep-
tor, which in turn induces neutrophil aggregation and
triggers the release of proteolytic enzymes that medi-
ate inflammation and severe tissue damage. Our find-
ings suggested that IL-8 concentrations are associated
with ARDS/ALI incidence.

IL-10 is an anti-inflammatory cytokine that inhibits
the secretion of TNF-α, IL-1, and IL-6 [93]. IL-10 can
also suppress NF-κβ activity and regulate the Janus ki-
nase-signal transducer and activator of transcription
(JAK-STAT) pathway. Our analysis suggested that IL-10
levels are correlated with ARDS/ALI incidence; how-
ever, the elevated IL-10 levels could have been caused
by inflammation in the lungs.

PAI-1 is mainly secreted by vascular endothelial
cells, and its production is a risk factor for thrombosis
and atherosclerosis [94]. During ARDS pathogene-
sis, the coagulation fibrinolysis system is impaired,
leading to disseminated intravascular coagulation.
Increased PAI-1 levels may lead to local fibrin deposi-
tion in lungs. Our results support the idea that PAI-1
plays an important role in the development of ARDS.
In addition, PAI-1 has been demonstrated to promote
local formation of diseased connective tissue and
has been used as an indicator of prognosis of ARDS
patients.

The results of our study suggested a strong correla-
tion between TNF-α concentrations in the BALF and
ARDS incidence. TNF-α is considered as one of the
most important proinflammatory factors in ARDS/ALI
[95]. TNF-α is a multifunctional proinflammatory fac-
tor that stimulates the secretion of endothelin and ni-
tric oxide by endothelial cells, promotes the expres-
sion of adhesion molecules by endothelial cells and
leukocytes, and contributes to the progression of se-
vere microcirculatory disorder. Therefore, TNF-α inhi-
bition can potentially serve as an important approach
for ARDS prevention and treatment.

The general objective of this study was to iden-
tify inflammatory factors that can serve as drug tar-
gets to reduce the incidence of ARDS/ALI. Multiple
lines of evidence have suggested that proinflamma-
tory cytokines participate in or trigger the inflamma-
tory response in the lungs; however, currently avail-
able clinical data are insufficient to verify the corre-
lations between the levels of proinflammatory factors
and ARDS/ALI incidence.

Our current meta-analysis has several limitations
First, results were based on other studies but not
at the individual level. Second, the included studies
showed significant heterogeneity, making it difficult to
eliminate alternative explanations for the results, such
as differences in the definition of ARDS/ALI, sever-
ity of disease, underlying diseases, sample collection
times, and treatment strategies. Third, unpublished
articles and articles written in other languages were
not searched, which could have skewed the obtained
results.

Conclusion

The results of our study indicated that ARDS/ALI are
associated with elevated levels of ANG-2, IL-1β, IL-6,
and TNF-α, but do not significantly affect IL-8, IL-10,
and PAI-1 levels. Furthermore, ARDS/ALI incidence
was also determined to be significantly associated
with several other inflammatory factors; however,
further studies using large sample sizes are required
to verify our conclusions. Future studies should also
measure the levels of inflammatory factors over time.
Log transformation of the measures of inflammatory
factors is recommended to obtain a normally dis-
tributed data, especially in studies with small sample
sizes.

Acknowledgements This work was supported by grant of
a special fund project of science and technology cooperation
of Guizhou province (Provinces division [2015] 39) and the
healthof thefamilyplanningcommissionofGuizhouprovince
(Gzwjki2016-1-019).

Funding This publication was supported by grant of a spe-
cial fund project of science and technology cooperation
of Guizhou province (Provinces division [2015] 39) and
the health of the family planning commission of Guizhou
province (Gzwjki2016-1-019).

Author Contribution Daishun Liu conceived and designed
the experiments. Zhenfeng Liu, Guoqi Zhou, Yugang Zou,
Haixia Wang, Xiao Li and DeliangZheng performed the ex-
periments. Zhenfeng Liu analyzed the data and wrote the
paper. Daishun Liu contributed reagents/materials/analysis
tools. All authors have read and approved the final version
of this manuscript.

Declarations

Conflict of interest Z. Liu, D. Liu, Z. Wang, Y. Zou, H. Wang,
X. Li, D. Zheng and G. Zhou declare that they have no com-
peting interests.

Ethical standards For this article no studies with human
participants or animalswereperformedby any of the authors.
All studies citedwere in accordancewith theethical standards
indicated in each case. No ethical approval was required.
Consent for publication: not applicable.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to

K Meta-analysis 35



original article

the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gotts JE, Matthay MA. Mesenchymal stem cells and acute
lunginjury. CritCareClin. 2011;27:719–33.

2. RubenfeldGD, Caldwell E, Peabody E,Weaver J,MartinDP,
NeffM.Incidenceandoutcomesofacutelunginjury.NEngl
JMed. 2005;353:1685–93.

3. BrodieD,BacchettaM.Extracorporealmembraneoxygena-
tionforARDSinadults. NEngl JMed. 2011;365:1905–14.

4. Calfee CS, Janz DR, Bernard GR, May AK, Kangelaris KN,
Matthay MA. Distinct molecular phenotypes of direct vs
indirect ARDS in single-center and multicenter studies.
Chest. 2015;147:1539–48.

5. Morisawa K, Fujitani S, Taira Y, Kushimoto S, Kitazawa Y,
Okuchi K. Difference in pulmonary permeability between
indirect and direct acute respiratory distress syndrome as-
sessed by the transpulmonary thermodilution technique:
aprospective,observational,multi-institutionalstudy. J In-
tensiveCare. 2014;2:24.

6. Yuan SM. Postperfusion lung syndrome: respiratory me-
chanics, respiratory indices and biomarkers. Ann Thorac
Med. 2015;10:151–7.

7. Andreoli SP, McAteer JA. Reactive oxygen molecule-medi-
ated injury in endothelial and renal tubular epithelial cells
invitro. KidneyInt. 1990;38:785–94.

8. Rockx B, Baas T, Zornetzer GA, Haagmans B, Sheahan T,
FriemanM.Earlyupregulationof acute respiratorydistress
syndrome-associated cytokines promotes lethal disease in
anaged-mousemodelofsevereacuterespiratorysyndrome
coronavirus infection. JVirol. 2009;83:7062–74.

9. GroeneveldAB.Vascularpharmacologyofacutelunginjury
and acute respiratory distress syndrome. Vascul Pharma-
col. 2002;39:247–56.

10. Bhargava M, Wendt CH. Biomarkers in acute lung injury.
TranslRes. 2012;159:205–17.

11. Terpstra ML, Aman J, van Nieuw Amerongen GP, Groen-
eveld AB. Plasma biomarkers for acute respiratory distress
syndrome: asystematicreviewandmeta-analysis. CritCare
Med. 2014;42:691–700.

12. MoherD,LiberatiA,TetzlaffJ,AltmanDG,GroupP.Preferred
reporting items for systematic reviews andmeta-analyses:
thePRISMAstatement. JClinEpidemiol. 2009;62:1006–12.

13. Stang A. Critical evaluation of the Newcastle-Ottawa scale
for theassessmentof thequalityofnonrandomizedstudies
inmeta-analyses. EurJEpidemiol. 2010;25:603–5.

14. DiSipioT,RyeS,NewmanB,HayesS. Incidenceofunilateral
armlymphoedemaafterbreast cancer: a systematic review
andmeta-analysis. LancetOncol. 2013;14:500–15.

15. Ades AE, Lu G, Higgins JP. The interpretation of random-
effects meta-analysis in decision models. Med Decis
Making. 2005;25:646–54.

16. Deeks JJ, Higgins JPT, Altman DG. Analysing data and
undertaking meta-analyses. In: Higgins JPT, Green S,
editors. Cochrane handbook for systematic reviews of
interventions. Version 5.1.0. London: The Cochrane
Collaboration; 2008. Part2: Generalmethods forCochrane
reviews.

17. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from themedian, range, and the size of a sample.
BMCMedResMethodol. 2005;5:13.

18. Egger M, Smith GD, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ.
1997;315:629–34.

19. Begg CB, Mazumdar M. Operating characteristics of
a rank correlation test for publication bias. Biometrics.
1994;50:1088–101.

20. Moalli R, Doyle JM, Tahhan HR, Hasan FM, Braman SS,
Saldeen T. Fibrinolysis in critically ill patients. Am Rev
RespirDis. 1989;140:287–93.

21. RubinDB,Wiener-KronishJP,MurrayJF,GreenDR,TurnerJ,
Luce JM.Elevated vonWillebrand factor antigen is anearly
plasma predictor of acute lung injury in nonpulmonary
sepsissyndrome. JClinInvest. 1990;86:474–80.

22. Roten R, Markert M, Feihl F, Schaller MD, Tagan MC,
Perret C. Plasma levels of tumor necrosis factor in the
adult respiratory distress syndrome. Am Rev Respir Dis.
1991;143:590–2.

23. Parsons PE, Moore FA, Moore EE, Ikle DN, Henson PM,
Worthen GS. Studies on the role of tumor necrosis factor
in adult respiratory distress syndrome. AmRev RespirDis.
1992;146:694–700.

24. Leff JA, Parsons PE, Day CE, Taniguchi N, Jochum M,
Fritz H. Serum antioxidants as predictors of adult respi-
ratory distress syndrome in patients with sepsis. Lancet.
1993;341:777–80.

25. Donnelly SC, Haslett C, Dransfield I, Robertson CE,
CarterDC,RossJA.Roleofselectins indevelopmentofadult
respiratorydistresssyndrome. Lancet. 1994;344:215–9.

26. Jorens PG, Sibille Y, Goulding NJ, van Overveld FJ, Her-
man AG, Bossaert L. Potential role of Clara cell protein,
an endogenous phospholipase A2 inhibitor, in acute lung
injury. EurRespir J.1995;8:1647–53.

27. Sakamaki F, Ishizaka A, Handa M, Fujishima S, Urano T,
Sayama K. Soluble form of P-selectin in plasma is ele-
vated in acute lung injury. Am J Respir Crit Care Med.
1995;151:1821–6.

28. Chollet-Martin S, Jourdain B, Gibert C, Elbim C, Chastre J,
Gougerot-Pocidalo MA. Interactions between neutrophils
and cytokines in blood and alveolar spaces during ARDS.
AmJRespirCritCareMed. 1996;154:594–601.

29. Fuchs-Buder T, deMoerloose P, Ricou B, Reber G, Vifian C,
Nicod L. Time course of procoagulant activity andDdimer
inbronchoalveolar fluid of patients at risk for orwith acute
respiratory distress syndrome. Am J Respir Crit Care Med.
1996;153:163–7.

30. RicouB,NicodL, Lacraz S,WelgusHG, Suter PM,Dayer JM.
Matrix metalloproteinases and TIMP in acute respira-
tory distress syndrome. Am J Respir Crit Care Med.
1996;154:346–52.

31. Schütte H, Lohmeyer J, Rosseau S, Ziegler S, Siebert C,
KielischH.Bronchoalveolar andsystemic cytokineprofiles
in patients with ARDS, severe pneumonia and cardiogenic
pulmonaryoedema. EurRespir J.1996;9:1858–67.

32. Schwartz MD, Moore EE, Moore FA, Shenkar R, Moine P,
Haenel JB. Nuclear factor-kappa B is activated in alveolar
macrophages frompatients with acute respiratory distress
syndrome. CritCareMed. 1996;24:1285–92.

33. Parsons PE, Moss M, Vannice JL, Moore EE, Moore FA,
Repine JE. Circulating IL-1ra and IL-10 levels are increased
but do not predict the development of acute respiratory
distress syndrome inat-riskpatients. Am JRespirCritCare
Med. 1997;155:1469–73.

36 Meta-analysis K

http://creativecommons.org/licenses/by/4.0/


original article

34. Donnelly SC, Bucala R, Metz CN, Grant IS, Robertson CR,
Haslett C. Macrophage migration inhibitory factor and
acutelunginjury. Chest. 1999;116:111S.

35. GandoS,NanzakiS,MorimotoY,KobayashiS,KemmotsuO.
Systemicactivationof tissue-factordependentcoagulation
pathway in evolving acute respiratorydistress syndrome in
patientswithtraumaandsepsis. JTrauma. 1999;47:719–23.

36. ArmstrongL, ThickettDR,Christie SJ, KendallH,Millar AB.
Increased expression of functionally activemembrane-as-
sociated tumor necrosis factor in acute respiratory distress
syndrome. AmJRespirCellMolBiol. 2000;22:68–74.

37. BauerTT,MontonC,TorresA,CabelloH, FillelaX,Maldon-
ado A. Comparison of systemic cytokine levels in patients
with acute respiratory distress syndrome, severe pneumo-
nia,andcontrols. Thorax. 2000;55:46–52.

38. Siemiatkowski A, Kloczko J, Galar M, Czaban S. von Wille-
brand factor antigen as a prognostic marker in posttrau-
maticacutelunginjury.Haemostasis. 2000;30:189–95.

39. Geerts L, Jorens PG, Willems J, De Ley M, Slegers H. Nat-
ural inhibitors of neutrophil function in acute respiratory
distresssyndrome. CritCareMed. 2001;29:1920–4.

40. Hirani N, Antonicelli F, Strieter RM, Wiesener MS, Rat-
cliffe PJ, Haslett C. The regulation of interleukin-8 by
hypoxia in human macrophages—a potential role in the
pathogenesis of the acute respiratory distress syndrome
(ARDS).MolMed. 2001;7:685–97.

41. ParkWY,Goodman RB, Steinberg KP,Ruzinski JT, Radella F
2nd,ParkDR.Cytokinebalancein the lungsofpatientswith
acute respiratory distress syndrome. Am J Respir Crit Care
Med. 2001;164:1896–903.

42. Agouridakis P, KyriakouD, AlexandrakisMG, PerisinakisK,
Karkavitsas N, Bouros D. Association between increased
levels of IL-2 and IL-15 and outcome in patients with early
acute respiratory distress syndrome. Eur J Clin Invest.
2002;32:862–7.

43. Agouridakis P, Kyriakou D, Alexandrakis MG, Prekates A,
Perisinakis K, Karkavitsas N. The predictive role of serum
and bronchoalveolar lavage cytokines and adhesion
moleculesforacuterespiratorydistresssyndromedevelop-
mentandoutcome. RespirRes. 2002;3:25.

44. Endo S, Sato N, Nakae H, Yamada Y, Makabe H, Abe H.
Surfactant protein A and D (SP-A, AP-D) levels in patients
with septic ARDS. Res Commun Mol Pathol Pharmacol.
2002;111:245–51.

45. Hamacher J, Lucas R, Lijnen HR, Buschke S, Dunant Y,
Wendel A. Tumornecrosis factor-alphaandangiostatin are
mediators of endothelial cytotoxicity in bronchoalveolar
lavages of patients with acute respiratory distress syn-
drome. AmJRespirCritCareMed. 2002;166:651–6.

46. Takala A, Jousela I, Takkunen O, Kautiainen H, Jansson SE,
Orpana A. A prospective study of inflammation markers
in patients at risk of indirect acute lung injury. Shock.
2002;17:252–7.

47. Thickett DR, Armstrong L, Millar AB. A role for vascular
endothelialgrowthfactor inacuteandresolvinglunginjury.
AmJRespirCritCareMed. 2002;166:1332–7.

48. Gessner C, Hammerschmidt S, Kuhn H, Lange T, Engel-
mann L, Schauer J. Exhaled breath condensate nitrite and
its relation to tidal volume in acute lung injury. Chest.
2003;124:1046–52.

49. Grissom CK, Orme JF Jr, Richer LD, McIntyre TM, Zim-
merman GA, Elstad MR. Platelet-activating factor acetyl-
hydrolase is increased in lung lavage fluid from patients
with acute respiratory distress syndrome. Crit Care Med.
2003;31:770–5.

50. Nys M, Deby-Dupont G, Habraken Y, Legrand-Poels S,
Kohnen S, Ledoux D. Bronchoalveolar lavage fluids of

ventilated patients with acute lung injury activate NF-
kappaB in alveolar epithelial cell line: role of reactive
oxygen/nitrogen species and cytokines. Nitric Oxide.
2003;9:33–43.

51. Prabhakaran P,Ware LB,White KE, CrossMT,MatthayMA,
Olman MA. Elevated levels of plasminogen activator
inhibitor-1 in pulmonary edema fluid are associated with
mortality in acute lung injury. Am J Physiol Lung Cell Mol
Physiol. 2003;285:L20–L8.

52. Bouros D, Alexandrakis MG, Antoniou KM, Agouridakis P,
Pneumatikos I, Anevlavis S. The clinical significance of
serumandbronchoalveolarlavageinflammatorycytokines
in patients at risk for acute respiratory distress syndrome.
BMCPulmMed. 2004;4:6.

53. Ishizaka A, Matsuda T, Albertine KH, Koh H, Tasaka S,
HasegawaN.ElevationofKL-6,a lungepithelialcellmarker,
in plasma and epithelial lining fluid in acute respiratory
distress syndrome. Am J Physiol Lung Cell Mol Physiol.
2004;286:L1088–L94.

54. Sato H, Callister ME, Mumby S, Quinlan GJ, Welsh KI,
duBoisRM.KL-6 levelsareelevatedinplasmafrompatients
with acute respiratory distress syndrome. Eur Respir J.
2004;23:142–5.

55. Parsons PE, Matthay MA, Ware LB, Eisner MD, National
Heart, Lung, Blood Institute Acute Respiratory Distress
Syndrome Clinical Trials Network. Elevated plasma levels
of solubleTNF receptorsareassociatedwithmorbidityand
mortality in patients with acute lung injury. Am J Physiol
LungCellMolPhysiol. 2005;288(3):L426–L31.

56. El Solh AA, Bhora M, Pineda L, Aquilina A, Abbetessa L,
Berbary E. Alveolar plasminogen activator inhibitor-1 pre-
dictsARDS inaspirationpneumonitis. IntensiveCareMed.
2006;32:110–5.

57. Calfee CS, EisnerMD,Ware LB, Thompson BT, Parsons PE,
WheelerAP.Trauma-associatedlunginjurydiffersclinically
andbiologically fromacute lung injurydue toother clinical
disorders. CritCareMed. 2007;35:2243–50.

58. Perkins GD, Nathani N, McAuley DF, Gao F, Thickett DR.
In vitro and in vivo effects of salbutamol on neutrophil
functioninacutelunginjury. Thorax. 2007;62:36–42.

59. WareLB,MatthayMA,ParsonsPE,ThompsonBT,JanuzziJL,
EisnerMD. Pathogenetic and prognostic significanceof al-
tered coagulation and fibrinolysis in acute lung injury/
acute respiratory distress syndrome. Crit Care Med.
2007;35:1821–8.

60. Gallagher DC, Parikh SM, Balonov K, Miller A, Gautam S,
Talmor D. Circulating angiopoietin 2 correlates with mor-
tality in a surgical population with acute lung injury/adult
respiratorydistresssyndrome. Shock. 2008;29:656–61.

61. Ganter MT, Cohen MJ, Brohi K, Chesebro BB, Stauden-
mayer KL, Rahn P. Angiopoietin-2, marker and mediator
of endothelial activationwithprognostic significanceearly
after trauma? AnnSurg. 2008;247:320–6.

62. Kurzius-SpencerM, Foster K, Littau S, RicheyKJ, ClarkBM,
Sherrill D. Tracheobronchial markers of lung injury in
smokeinhalationvictims. JBurnCareRes. 2008;29:311–8.

63. Nathani N, PerkinsGD, TunnicliffeW,MurphyN,ManjiM,
Thickett DR. Kerbs von Lungren 6 antigen is a marker of
alveolar inflammation but not of infection in patients with
acuterespiratorydistresssyndrome.CritCare. 2008;12:R12.

64. van der Heijden M, van Nieuw Amerongen GP, Koolwijk P,
van Hinsbergh VW, Groeneveld AB. Angiopoietin-2, per-
meability oedema, occurrence and severity of ALI/ARDS
in septic and non-septic critically ill patients. Thorax.
2008;63:903–9.

65. CalfeeCS,EisnerMD,ParsonsPE,ThompsonBT,ConnerER
Jr, MatthayMA. Soluble intercellular adhesionmolecule-1

K Meta-analysis 37



original article

and clinical outcomes in patients with acute lung injury.
IntensiveCareMed. 2009;35:248–57.

66. Chi XJ, Cai J, Luo CF, Cheng N, Hei ZQ, Li SR. Relationship
between the expression of Toll-like receptor 2 and 4 in
mononuclear cells and postoperative acute lung injury
in orthotopic liver transplantation. Chin Med J (Engl).
2009;122:895–9.

67. Determann RM, Millo JL, Waddy S, Lutter R, Garrard CS,
Schultz MJ. Plasma CC16 levels are associated with devel-
opmentofALI/ARDSinpatientswithventilator-associated
pneumonia: a retrospective observational study. BMC
PulmMed. 2009;9:49.

68. Kropski JA, FremontRD, Calfee CS,Ware LB. Clara cell pro-
tein (CC16), amarker of lung epithelial injury, is decreased
in plasma and pulmonary edema fluid from patients with
acutelunginjury. Chest. 2009;135:1440–7.

69. DetermannRM,RoyakkersA,WolthuisEK,VlaarAP,ChoiG,
Paulus F. Ventilationwith lower tidal volumes as compared
with conventional tidal volumes for patients without acute
lung injury: a preventive randomized controlled trial. Crit
Care. 2010;14:R1.

70. Determann RM, Royakkers AA, Haitsma JJ, Zhang H, Slut-
sky AS, Ranieri VM. Plasma levels of surfactant protein D
and KL-6 for evaluation of lung injury in critically ill me-
chanicallyventilatedpatients. BMCPulmMed. 2010;10:6.

71. Fremont RD, Koyama T, Calfee CS, Wu W, Dossett LA,
Bossert FR. Acute lung injury in patients with traumatic
injuries: utility of a panel of biomarkers for diagnosis and
pathogenesis. JTrauma. 2010;68:1121–7.

72. Aman J, van der Heijden M, van Lingen A, Girbes AR, van
Nieuw Amerongen GP, van Hinsbergh VW. Plasma protein
levels aremarkers of pulmonary vascular permeability and
degreeoflunginjuryincriticallyillpatientswithoratriskfor
acute lung injury/acute respiratorydistress syndrome. Crit
CareMed. 2011;39:89–97.

73. Guervilly C, Lacroix R, Forel JM, Roch A, Camoin-Jau L,
PapazianL.High levelsof circulating leukocytemicroparti-
clesareassociatedwithbetteroutcomeinacuterespiratory
distresssyndrome. CritCare. 2011;15:R31.

74. JabaudonM, Futier E, Roszyk L, Chalus E, GuerinR, Petit A.
Soluble form of the receptor for advanced glycation end
products is a marker of acute lung injury but not of severe
sepsis incritically illpatients. CritCareMed. 2011;39:480–8.

75. Kohno T, Anzai T, Shimizu H, Kaneko H, Sugano Y, Ya-
madaS. Impactof serumhigh-mobilitygroupbox1protein
elevation on oxygenation impairment after thoracic aortic
aneurysmrepair. HeartVessels. 2011;26:306–12.

76. Osaka D, Shibata Y, Kanouchi K, Nishiwaki M, Kimura T,
Kishi H. Soluble endothelial selectin in acute lung in-
jury complicated by severe pneumonia. Int J Med Sci.
2011;8:302–8.

77. QuesnelC,PiednoirP,GellyJ,NardelliL,GarnierM,LeconV.
Alveolar fibrocyte percentage is an independent predictor
ofpooroutcomeinpatientswithacutelunginjury. CritCare
Med. 2012;40:21–8.

78. Schultz MJ, Determann RM, Royakkers AA, Wolthuis EK,
Korevaar JC, LeviMM. Bronchoalveolar activation of coag-
ulation and inhibition of fibrinolysis during ventilator-as-
sociatedlunginjury. CritCareResPract. 2012;2012:961784.

79. Agrawal A, Matthay MA, Kangelaris KN, Stein J, Chu JC,
ImpBM. Plasmaangiopoietin-2 predicts the onset of acute
lung injury in critically ill patients. Am J Respir Crit Care
Med. 2013;187:736–42.

80. Jones SW, Zhou H, Ortiz-Pujols SM, Maile R, Herbst M,
JoynerBLJr. Bronchoscopy-derivedcorrelatesoflunginjury

followinginhalational injuries:aprospectiveobservational
study. PLoSONE. 2013;8:e64250.

81. Hoeboer SH, Groeneveld AB, van der Heijden M, Oude-
mans-vanStraatenHM.Serial inflammatorybiomarkersof
the severity, course and outcome of late onset acute respi-
ratory distress syndrome in critically ill patients with or at
risk for the syndromeafter new-onset fever. BiomarkMed.
2015;9:605–16.

82. Roubinian NH, Looney MR, Kor DJ, Lowell CA, Gajic O,
Hubmayr RD. Cytokines and clinical predictors in distin-
guishing pulmonary transfusion reactions. Transfusion.
2015;55:1838–46.

83. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-
basedmethod of testing and adjusting for publication bias
inmeta-analysis. Biometrics. 2000;56:455–63.

84. Meduri GU, Yates CR. Systemic inflammation-associated
glucocorticoid resistance and outcome of ARDS. Ann N Y
AcadSci. 2004;1024:24–53.

85. CalfeeCS,GallagherD,AbbottJ,ThompsonBT,MatthayMA,
Network NA. Plasma angiopoietin-2 in clinical acute lung
injury: prognosticandpathogenetic significance. CritCare
Med. 2012;40:1731–7.

86. Zhong M, Zhang L, Wang F, Peng S, Zhang J, Xuan G. The
levels of angiopoietin-2 in patients with acute respiratory
distress syndrome and its value on prognosis. Zhonghua
WeiZhongBingJi JiuYiXue. 2014;26:804–9.

87. Stiehl T, Thamm K, Kaufmann J, Schaeper U, Kirsch T,
Haller H. Lung-targeted RNA interference against angio-
poietin-2 ameliorates multiple organ dysfunction and
deathinsepsis. CritCareMed. 2014;42:e654–e62.

88. Bhatia M, Moochhala S. Role of inflammatory mediators
in the pathophysiology of acute respiratory distress syn-
drome. JPathol. 2004;202:145–56.

89. Butt Y, Kurdowska A, Allen TC. Acute lung injury: a
clinical and molecular review. Arch Pathol Lab Med.
2016;140:345–50.

90. BaskarS,KleinAL,ZeftA.TheuseofIL-1receptorantagonist
(anakinra) in idiopathic recurrent pericarditis: a narrative
review. CardiolResPract. 2016;2016:7840724.

91. Galani V, Tatsaki E, Bai M, Kitsoulis P, Lekka M, Nakos G.
The role of apoptosis in the pathophysiology of acute
respiratory distress syndrome (ARDS): an up-to-date cell-
specificreview. PatholResPract. 2010;206:145–50.

92. Gu Y, Hu X, Liu C, Qv X, Xu C. Interleukin (IL)-17 pro-
motes macrophages to produce IL-8, IL-6 and tumour
necrosis factor-alpha in aplastic anaemia. Br J Haematol.
2008;142:109–14.

93. Strle K, McCusker RH, Tran L, King A, Johnson RW, Fre-
und GG. Novel activity of an anti-inflammatory cytokine:
IL-10 prevents TNFalpha-induced resistance to IGF-I in
myoblasts. JNeuroimmunol. 2007;188:48–55.

94. Daniel AE, Timmerman I, Kovacevic I, Hordijk PL, Adri-
aanse L, Paatero I. Plasminogen activator inhibitor-1 con-
trols vascular integrity by regulating VE-cadherin traffick-
ing. PLoSONE. 2015;10:e145684.

95. AzevedoZM,MooreDB, LimaFC,CardosoCC,BougleuxR,
Matos GI. Tumor necrosis factor (TNF) and lymphotoxin-
alpha (LTA) singlenucleotidepolymorphisms: importance
in ARDS in septic pediatric critically ill patients. Hum
Immunol. 2012;73:661–7.

Publisher’sNote SpringerNature remainsneutralwith regard
to jurisdictional claims in published maps and institutional
affiliations.

38 Meta-analysis K


	Association between inflammatory biomarkers and acute respiratory distress syndrome or acute lung injury risk
	Summary
	Background
	Methods
	Search strategy
	Data selection and extraction
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Inflammatory biomarkers and ARDS/ALI
	Meta-regression and subgroup analyses
	Publication bias

	Discussion
	Conclusion
	Supplementary Information
	References


