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ABSTRACT
Objectives: Several studies have investigated the
prognostic value of soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1) in patients
with infection. However, the result was controversial.
Thus, the purpose of the present meta-analysis was to
determine the prognostic value of the sTREM-1 level in
predicting mortality at the initial stage of infection.
Methods: The literature was searched in the PubMed,
EMBASE, Web of Knowledge and Cochrane databases.
A 2×2 contingency table was constructed on the basis
of mortality and sTREM-1 levels in patients with
infection. 2 authors independently judged study
eligibility and extracted data. The prognostic value of
sTREM-1 in predicting mortality was determined using
a bivariate meta-analysis model. Q-test and I2 index
were used to test heterogeneity.
Results: 9 studies were selected from 803 studies.
An elevated sTREM-1 level was associated with a
higher risk of death in infection, with pooled risk ratio
(RR) was 2.54 (95% CI 1.77 to 3.65) using a randomeffects model (I2=53.8%). With the bivariate randomeffects regression model, the pooled sensitivity and
specificity of sTREM-1 to predict mortality in infection
were 0.75 (95% CI 0.61 to 0.86) and 0.66 (95% CI
0.54 to 0.75), respectively. The diagnostic OR was 6
(95% CI 3 to 10). The overall area under the summary
receiver operator characteristic (SROC) curve was 0.76
(95% CI 0.72 to 0.79). When we calculated the sepsis
subgroup, the pooled RR was 2.98 (95% CI 2.19 to
4.40). The pooled sensitivity and specificity were 0.74
(95% CI 0.58 to 0.85) and 0.72 (95% CI 0.62 to 0.80),
respectively. The overall area under the SROC curve
was 0.78 (95% CI 0.74 to 0.81).
Conclusions: Elevated sTREM-1 concentrations had a
moderate prognostic significance in assessing the
mortality of infection in adult patients. However,
sTREM-1 alone is insufficient to predict mortality as a
biomarker.

INTRODUCTION
Sepsis is the most common cause of death in
critically ill patients.1 2 With the ageing of the
global population, growth of invasive monitoring and treatment, emergence of the drug
resistance problem of antibiotic abuse, and
increasing usage of immunosuppressants,

Strengths and limitations of this study
▪ This is the first systematic review and meta-analysis of the role of soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1) in predicting prognosis of infection.
▪ sTREM-1 had a moderate diagnostic significance
in assessing mortality of infection in adult
patients.
▪ sTREM-1 alone is insufficient to predict mortality
as a biomarker, while a panel of biomarkers including sTREM-1 is recommended to predict prognosis of an infection.
▪ The major limitation was a relatively small
number of studies included in this meta-analysis,
which may not fully evaluate the prognostic
potential of sTREM-1.

sepsis morbidity and mortality continuously
increased year by year.3–5 Pathogenesis of
sepsis is extremely complicated, which leads
to greater difﬁculty in the treatment and
prognosis of sepsis. Even with the most
advanced treatment and monitoring equipment, the sepsis mortality rate, which has
exceeded the acute myocardial infarction,
remains high and the mortality increased to
30–50%, or even as high as 80–90% when
septic shock and multiple organ failure
occurred.2 6 It will be accompanied by huge
treatment costs in the course of treatment for
individuals, families and society.7 Therefore,
early screening of high-risk groups for early
diagnosis, assessment and treatment of sepsis
is very important. However, there is yet a lack
of indicators to assess prognosis of the
patients with infection or sepsis.
Bouchon et al8 reported that triggering
receptor expressed on myeloid cells-1
(TREM-1) is an inﬂammatory immunoglobulin superfamily member, which is expressed in
neutrophils, monocytes and macrophages.
They also ﬁrst reported that TREM-1 triggered
and expanded the inﬂammatory response,
which promoted production of inﬂammatory
mediators, inhibited expression of anti-
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METHODS
Search strategy and selection criteria
We systematically searched studies using PubMed,
EMBASE, Web of Knowledge and the Cochrane Library.
Search terms were as follows: (‘triggering receptor
expressed on myeloid cells-1’ or ‘soluble triggering
receptor expressed on myeloid cells-1’ or TREM-1 or
sTREM-1) and (infection or sepsis or septicemia or
septicaemia or septic). An example of search details
using PubMed was shown in online supplementary ﬁle
1. No public date or language restrictions were applied
for searching. We then further reviewed the references
of selected articles to obtain potentially relevant articles.
The date for the research strategies was 1 July 2015.
Studies that reported a prognostic value of sTREM-1
for short-term or long-term mortality in adult patients
(>18 years old) with bacterial infection were eligible for
this systematic review. Furthermore, a 2×2 contingency
table was constructed on the basis of results. Bacterial
infection was either conﬁrmed by microbiological test or
diagnosed by clinical manifestation. Diagnosis of sepsis
met the criteria of the American College of Chest
Physicians/Society of Critical Care Medicine.25 26 The
most recently published article or the most informative
article was selected in case of duplicated articles using
the same data from the same author group.
Reviews, letters, commentaries, correspondence, case
reports, conference abstracts, expert opinions, editorials
and animal experiments were excluded. Articles involving paediatric patients were excluded. Two investigators
(LS and DL) independently performed a search and
selection of articles. Any disagreement was resolved by a
third opinion (WC and YL).
2

Data extraction and quality assessment
The following descriptive data were extracted from original studies: name of the ﬁrst author, publication year,
country of origin, study design, clinical setting, outcome,
assay manufacturer, sample size, gender, age, patient
population, follow-up period, mortality, cut-off points to
predict mortality, true positive (TP), false positive (FP),
false negative (FN), true negative (TN), sensitivity
(SEN) and speciﬁcity (SPE) of the data. We contacted
the corresponding author(s) if the data were not presented or needed clariﬁcation. Referring to the original
Quality Assessment of Diagnostic Accuracy Studies
(QUADAS) checklist for diagnostic studies,27 we revised
some items to make the criteria more useful in our
meta-analysis. We particularly evaluated (1) information
bias: whether the spectrum of included patients was representative of the patients who would receive a test of
sTREM-1 in practice or not; whether blood sampling was
conducted within 24h after diagnosis of infection or not;
whether criteria of infection was clearly described or
not; (2) selection bias: if the study included consecutive
patients; if withdrawals from the study were explained;
(3) confusion bias: if the blind method was adopted
(the professionals who inﬂuenced patients’ prognosis
were blinded to the sTREM-1 level).
Statistical and meta-analysis
Statistical analyses were performed by the MIDAS
module for STATA software, V.12.0 (Stata Corporation,
College Station, Texas, USA) and Meta-Disc for
Windows. A p value <0.05 was considered statistically signiﬁcant. We tabulated TP, FP, TN and FN on sTREM-1
levels and mortality in infection. Relative risk (RR) was
used to assess the predictive value of sTREM-1, which
was pooled by ﬁxed-effect or random-effect models
based on the DerSimonian and Laird’s method.28 Q-test
and I2 index were calculated to assess interstudy heterogeneity.29 30 Values of 25%, 50% and 75% for the I2 test
were considered to represent low, medium and high heterogeneity, respectively.31 If I2 was <50%, the ﬁxed-effect
model was chosen. Otherwise, the random-effect model
was used.
A threshold effect on the prognostic accuracy of
sTREM-1 in infection was evaluated by the Spearman
correlation coefﬁcient between the logits of SEN and
SPE. If no threshold effect existed, the bivariate
random-effects regression model was used to calculate
pooled SEN, SPE, diagnostic OR (DOR), positive likelihood ratio (PLR) and negative likelihood ratio (NLR),
respectively.27 32 We also constructed the summary
receiver operator characteristic (SROC) curve by plotting individual and summary points of SEN and SPE to
assess overall diagnostic accuracy.33 Publication bias was
tested by Deek’s funnel plot.
Univariate metaregression analysis and sensitivity analysis were performed to explore sources of potential heterogeneity in SEN and SPE. We also performed
subgroup analysis restricted to patients with sepsis.
Su L, et al. BMJ Open 2016;6:e010314. doi:10.1136/bmjopen-2015-010314
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inﬂammatory mediators, and activated and ampliﬁed
inﬂammatory cascade.9 Soluble TREM-1 (sTREM-1) is a
subtype of secreted TREM-1. A large number of studies
have shown that sTREM-1 could be released into the
blood or body ﬂuids during infection, and thus it could be
used to identify infection and determine the severity of
inﬂammation.10 11 Recently, several systematic reviews and
meta-analyses demonstrated the diagnostic value of
plasma, bronchoalveolar lavage ﬂuid or pleural ﬂuid
sTREM-1 for infection.12–16 However, the prognostic value
of sTREM-1 for sepsis remains to be deﬁned, although
studies have suggested the prognostic value of sTREM-1 in
patients with sepsis.17–22 In this regard, a prospective
study23 found that sTREM-1 altered when ﬂuid resuscitation was applied in patients with sepsis, and that sTREM-1
was the only inﬂammatory marker associated with mortality. In contrast, Jeong and colleagues reported that the
serum sTREM-1 level was not signiﬁcantly different
between survivors and non-survivors in the early stages of
sepsis.24 Owing to the controversy among the previous
studies, the aim of this meta-analysis was to evaluate all
available publications that assessed accuracy of sTREM-1 in
early prognosis of mortality in adult patients with sepsis.

Open Access
ventilator-associated pneumonia,38 acute respiratory distress syndrome (ARDS),39 tuberculosis40 and suspected
infection.36 In seven studies,17 20 34 35 37–39 patients were
in the intensive care unit (ICU), and patients in the
remaining two studies36 40 were in the hospital ward.
Follow-up periods differed across studies, that was, 28
days,17 20 34 35 37 39 30 days,36 ICU mortality38 or
6-month mortality.40

Characteristics of included studies
The included studies were published from 2005 to 2014,
and characteristics of the included studies were listed in
table 1. Three studies34–36 were from Europe and
six17 20 37–40 were from Asia. Seven studies were published in English.17 20 34 36 38–40 One was published in
Chinese.37 The other one37 was published in Spanish.
The average age of the patients varied from 48.65 to
72 years and the male proportion ranged from 55 to 74.
Five studies included patients suffering from
sepsis.17 20 34 35 37 Other patients’ population included

Study quality and publication bias
All studies sampled the blood within 24 h of admission
to the hospital. Eight17 20 34 35 37–40 studies clearly
described the criteria of infection. Two studies36 39
detected consecutive sTREM-1 concentration at multiple
time points. None of the studies mentioned the blinding
of professionals who might inﬂuence prognosis by the
sTREM-1 level. Deek’s Funnel plot showed that no publication bias existed ( p=0.19; see online supplementary
ﬁle 2).

Figure 1 Flow chart of study selection.
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RESULTS
A total of 803 articles were retrieved. Of them, 739 were
eliminated for various reasons based on the title and
abstract, leaving 64 studies scrutinised for a full-text
review. Nine studies fulﬁlled our eligibility criteria and
were ﬁnally included (ﬁgure 1). We did not identify any
more relevant articles in the bibliographies of original
articles.

Open Access
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Table 1 Characteristics of studies included in this systematic review

Author

Study
Year Country design

Clinical
setting Outcome

Source
Measured Sample of
timing
size (n) sample

Male
Patient
(%) Age (years) population

Mortality
(%)

Cut-off
(pg/mL) TP FP FN TN

Su17

2012 China

ICU

D1

80

Serum

65

62±19

Sepsis

51.3

449

26

D1

102

Serum

48

63±21

Sepsis

41.2

252.05

36 15

D0

63

Serum

59

61±14

Sepsis

33

180

18 13

D1

121

Serum

43

55–78

Sepsis

24.8

90

D1

151

Serum

48.3

56 (20–94)

6

9000

D1

50

Serum

60

66±17

Suspected
infection
Sepsis

32

50

13

D1

27

BAL fluid

74.1

72.52±8.16

VAP

63

44

7

D1

88

Serum

87.5

74.6±12.0

ARDS

61.4

D1

243

Serum

68

62.1±17.9

Tuberculosis 16

Li20
Gibot34
LatourPerez35
Kofoed36

Wu38
Chen39
Huang40

28-day
mortality
2014 China
PR
ICU
28-day
mortality
2005 France
PR
Medical 28-day
ICU
mortality
2010 Spanish PR
ICU
28-day
mortality
2008 Denmark PR+CR HW
30-day
mortality
2011 China
PR
ICU
28-day
mortality
2011 Taiwan
PR
ICU
ICU
mortality
2009 Taiwan
PR+CR ICU
28-day
mortality
2014 Taiwan
PR
HW
6-month
mortality

6 15

32

64.3

84.2

6

15

85.7

71.4

3

29

85.7

90.6

14 20 16

71

47

78

0

51 100

36

9

3

25

83.8

86.3

5

3

12

70

70.6

42

34 14 20

20

63

58.8

129

31 69

79.5

66.2

9 85

8 135

ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar lavage; CR, mean consecutive recruitment; FN, false negative; FP, false positive; HW, hospital ward; ICU, intensive care unit;
PR, mean prospective recruitment; SEN, sensitivity; SPE, specificity; TN, true negative; TP, true positive; VAP, ventilator-associated pneumonia.
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Metaregression analysis
A univariate metaregression analysis was performed to
explore the sources of potential heterogeneity between
studies. The year of publication, sample size, mortality,
clinical setting and source of sample were included in the
analysis. None of these factors contributed signiﬁcantly
to heterogeneity (see online supplementary ﬁle 4).
Sensitivity analysis
A sensitivity analysis for included studies was performed
(see online supplementary ﬁle 5). It was found that
Chen et al39 accounted for the most heterogeneous.
When this study was excluded, the I2 was 0.0%. The
pooled RR was 3.10 (95% CI 2.30 to 4.17). The pooled
SEN and SPE were 0.79 (95% CI 0.62 to 0.89) and 0.66
(95% CI 0.54 to 0.77), respectively. The overall area
under the SROC curve was 0.78 (95% CI 0.74 to 0.81).
Subgroup analysis
When the subgroup of sepsis only was analysed, heterogeneity of the studies was acceptable (I2=9.4%), and
thus a ﬁxed-effects model was used. The pooled RR was
2.98 (95% CI 2.19 to 4.40; ﬁgure 4). The pooled SEN
and SPE were 0.74 (95% CI 0.58 to 0.85) and 0.72 (95%
CI 0.62 to 0.80), respectively. The overall area under the
SROC curve was 0.78 (95% CI 0.74 to 0.81; ﬁgure 5).

Figure 2 Forest plot of soluble triggering receptor expressed on myeloid cells-1 concentration to predict mortality in infection.
The overall pooled RR was 2.54 (95% CI 1.77 to 3.65). RR, risk ratio.
Su L, et al. BMJ Open 2016;6:e010314. doi:10.1136/bmjopen-2015-010314
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Predictive value of sTREM-1 on short-term mortality in
patients with infection
Huang et al40 analysed 6-month mortality of patients
with tuberculosis, while other investigators analysed
30 days mortality. Thus, Hung’s paper was excluded
when the data were synthesised. All included studies
showed that an elevated sTREM-1 level was associated
with a higher risk of death in infection, with risk
ratio (RR) ranging from 1.42 to 10.40. Owing to the
substantial heterogeneity between studies (I2=53.8%),
a random-effects model was used to pool RR
estimates. The pooled RR was 2.54 (95% CI 1.77 to
3.65; ﬁgure 2).
No signiﬁcant difference in threshold effect was
observed (Spearman correlation coefﬁcient=0.671;
p=0.069). Thus, the bivariate random-effects regression
model was used to perform the diagnostic test accuracy
meta-analysis and to evaluate the overall SEN and SPE
of sTREM-1 in predicting mortality of infection. The
pooled SEN and SPE were 0.75 (95% CI 0.61 to 0.86)
and 0.66 (95% CI 0.54 to 0.75), respectively (see online
supplementary ﬁle 3). The PLR and NLR were 2.2
(95% CI 1.7 to 2.8) and 0.38 (95% CI 0.25 to 0.58),
respectively. The DOR was 6 (95% CI 3 to 10). The
overall area under the SROC curve was 0.76 (95% CI
0.72 to 0.79; ﬁgure 3), indicating a moderate diagnostic
accuracy.

Open Access

DISCUSSION
In this meta-analysis, we ﬁrst determined that an elevated sTREM-1 level was associated with moderate prognosis in patients with infection. This ﬁnding suggests
that sTREM-1 may be used for diagnosis, as well as prognosis of an infection.
Gibot et al34 monitored change of the sTREM-1 level
in 63 patients with sepsis who were divided into survivors
and non-survivors within 28 days of observation. They

Figure 5 SROC graph of the included studies for patients
with sepsis. The overall AUC was 0.78 (95% CI 0.74 to 0.81).
The pooled SENS and SPEC were 0.74 (95% CI 0.58 to 0.85)
and 0.72 (95% CI 0.62 to 0.80), respectively. AUC, area
under the SROC curve; SENS, sensitivity; SPEC, specificity;
SROC, Summary receiver operating characteristic.

found that the sTREM-1 level of the non-survivor group
remained unchanged or gradually increased during the
28-day observation, while the level of survival group
gradually decreased and severity of sepsis gradually
improved. Consistently, our previous studies also showed
that the dynamic change of sTREM-1 could reﬂect sepsis
outcome, that is, a decrease in the sTREM-1 level indicated less inﬂammation and better prognosis.17 19 Li

Figure 4 Forest plot of soluble triggering receptor expressed on myeloid cells-1 concentration to predict mortality in sepsis. The
overall pooled RR was 2.98 (95% CI 2.19 to 4.40). RR, risk ratio.
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Figure 3 SROC graph of the included studies for all patients
with an infection. The overall AUC was 0.76 (95% CI 0.72 to
0.79). AUC, area under the SROC curve; SENS, sensitivity;
SPEC, specificity; SROC, Summary receiver operating
characteristic.
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infection remains to be deﬁned by clinical studies with
larger sample sizes.
There were several limitations in the current analysis.
First, association of sTREM-1 and mortality was not
observed in every study that was included in the current
analysis. Thus, we could not perform subgroup analyses.
Second, we could not determine the optimised cut-off
value because we could not obtain the raw data
(sTREM-1 concentration in each patient) from each original article to map out the SROC curve. Third, the specimens containing sTREM-1 were both blood samples and
bronchoalveolar lavage ﬂuid.38 Fourth, in one of the
selected studies, patients with sepsis were admitted to a
regular ﬂoor, instead of to an ICU. This was included in
this study and it might inﬂuence the conclusion.
In summary, sTREM-1 had a moderate diagnostic signiﬁcance in assessing mortality of infection in adult
patients. Soluble TREM-1 is not a signiﬁcant biomarker
to predict mortality of infection, and thus a panel of biomarkers including sTREM-1 is recommended to predict
prognosis of an infection.
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