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Abstract 

Background  The receptor for advanced glycation end product (RAGE) is a transmembrane receptor accelerat-
ing a pro-inflammatory signal. RAGE signalling is promoted by decreased soluble isoform of RAGE (sRAGE), which 
is a decoy receptor for RAGE ligands, and RAGE SNP rs2070600 minor allele. In Caucasian and Japanese cohorts, low 
circulatory sRAGE levels and presence of the minor allele are associated with poor survival of idiopathic pulmonary 
fibrosis (IPF) and increased disease susceptibility to interstitial lung disease, respectively. However, whether sRAGE 
and RAGE SNP rs2070600 are associated with acute exacerbation of IPF (AE-IPF) is unclear.

Methods  This retrospective cohort study evaluated the association between the onset of AE-IPF and serum sRAGE 
levels in 69 German and 102 Japanese patients with IPF. The association of AE-IPF with RAGE SNP rs2070600 in 51 Ger-
man and 84 Japanese patients, whose DNA samples were stored, was also investigated.

Results  In each cohort, the incidence of AE-IPF was significantly and reproducibly higher in the patients 
with sRAGE < 467.1 pg/mL. In a pooled exploratory analysis, the incidence of AE-IPF was lowest in the patients 
with higher sRAGE levels and rs2070600 minor allele, although no significant difference in the incidence 
was observed between the patients with and without the rs2070600 minor allele.

Conclusions  Low sRAGE levels were associated with increased incidence of AE-IPF in two independent cohorts 
of different ethnicities. The combination of rs2070600 and sRAGE levels may stratify patients with IPF for the risk of AE.
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Background
Idiopathic pulmonary fibrosis (IPF) is a progressive 
and irreversible fibrotic lung disease of unknown aeti-
ology. “Acute exacerbation” is an acute complication of 
IPF (AE-IPF) and leads to death in approximately 40% 
of patients [1, 2]. However, the pathogenesis of AE-IPF 
remains unclear, and reproducible predictive biomark-
ers have not been validated.

The receptor for advanced glycation end prod-
uct (RAGE) is a transmembrane receptor abundantly 
expressed in the healthy lung, especially in type 1 
pneumocytes [3]. In RAGE knockout mice, pulmo-
nary fibrosis develops with aging, and therefore, RAGE 
contributes to lung homeostasis and differentiation of 
pneumocytes [4]. Meanwhile, the interaction between 
RAGE and its ligands, including high mobility group 
box  1 (HMGB1) and S100 proteins, activates inflam-
matory signalling and exacerbates lung injury [5–7]. 
In patients with IPF, higher serum HMGB1 levels 
at diagnosis are associated with earlier onset of AE-
IPF [8]. Additionally, circulatory levels of HMGB1, 
S100A8, and S100A9 at the onset of AE-IPF are sig-
nificantly increased compared to those at diagnosis of 
IPF. Moreover, high levels also resulted in poor sur-
vival in patients with AE-IPF [8, 9]. Therefore, excessive 
RAGE signalling may be involved in the pathogenesis of 
AE-IPF.

RAGE signalling is aggravated by reduced solu-
ble RAGE (sRAGE). sRAGE is a soluble isoform of 
RAGE without an intracellular signalling domain that 
circulates in the blood [10]. sRAGE is produced by 
enzymatic cleavage of membrane-bound RAGE and 
alternative splicing of the RAGE gene. sRAGE can 
inhibit the interaction between RAGE and ligands, 
thereby suppressing intracellular signal transduction 
and thus demonstrating its anti-inflammatory effects 
[11, 12]. In both Caucasian and Japanese cohorts, sev-
eral reports have demonstrated that sRAGE levels in 
the blood are lower in patients with IPF than in healthy 
participants, and its low levels are associated with poor 
prognosis in patients with IPF [13–15]. Moreover, 
RAGE signalling is activated by RAGE SNP rs2070600 
minor allele that increases the affinity of the ligand 
binding domain of RAGE [16]. In Caucasian and Japa-
nese cohorts, the minor allele increases the disease sus-
ceptibility of interstitial lung disease including IPF [13, 
14, 17]. However, whether circulatory levels of sRAGE 
and RAGE SNP rs2070600 are associated with the 
development of AE-IPF is unclear.

This study aimed to explore whether serum levels of 
sRAGE and RAGE SNP rs2070600 could predict AE in 
German and Japanese patients with IPF.

Methods
Patients and study design
This multicentre retrospective cohort study included 
77 German and 157 Japanese patients with IPF (Fig. 1). 
German patients with IPF were diagnosed at Ruhrland-
klinik, and Japanese patients with IPF were diagnosed 
at Hiroshima University Hospital. Fifty patients with-
out informed consent or serum samples and 13 patients 
whose serum samples were collected during or after 
AE-IPF occurrence or infection were excluded. There-
fore, the association between AE-IPF and serum levels 
of sRAGE was analysed in 69 German and 102 Japanese 
patients with IPF. Additionally, 36 patients did not have 
DNA samples. Thus, the association between AE-IPF 
and RAGE SNP rs2070600 was analysed in 51 German 
and 84 Japanese patients with IPF. IPF was diagnosed 
according to the criteria of the American Thoracic 
Society/European Respiratory Society [18]. AE-IPF 
was diagnosed according to an International Working 
Group Report [1]. This study was approved by the Eth-
ics Committees of Ruhrlandklinik (IRB 06-3170) and 
Hiroshima University Hospital (IRB33 and M326) and 
conducted in accordance with the Declaration of Hel-
sinki. All the patients provided written informed con-
sent and permitted the use of their samples.

Data collection
Patient clinical records were reviewed retrospectively. 
We obtained information regarding the patients’ char-
acteristics, such as age, sex, smoking history, and pul-
monary function test results. Serum and DNA samples 
were collected at the first visit or before treatment. 
Patients were censored at the date of death, at the time 
they were lost to follow-up, or after completing 3 years 
of follow-up.

Measurement of serum sRAGE levels
Serum samples were stored at − 80  °C. Serum sRAGE 
levels were measured using a RAGE Quantikine ELISA 
kit (R&D systems, Minneapolis, Minnesota, United 
States).

DNA preparation and genotype analyses of rs2070600
Peripheral whole venous blood samples were stored 
at − 80  °C. Genomic DNA was extracted using the 
phenol–chloroform extraction and ethanol precipita-
tion methods, as previously described [19]. We used 
TaqMan® SNP Genotyping Assay (Thermo Fisher Sci-
entific, Minato-ku, Tokyo, Japan) and the Applied Bio-
systems 7500 Fast RT-PCR System (Thermo Fisher 
Scientific, Minato-ku, Tokyo, Japan) for SNP typing.
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Statistical analysis
Data are shown as medians (interquartile ranges). 
When differences among groups were examined, the 
Mann–Whitney U test was used to compare continuous 
variables, and the chi-square test was used to compare 
nominal variables. The chi-square test was also used 
to test for deviation from Hardy–Weinberg equilib-
rium. The associations of AE-IPF with sRAGE, RAGE 
SNP rs2070600, and their combination were evaluated 
in a pooled cohort comprising German and Japanese 
patients with IPF. If significant associations were deter-
mined, reproducibility was confirmed in each cohort. 
The onset of AE-IPF was evaluated using the Kaplan–
Meier approach and log-rank test. Cox proportional 
hazards analysis was performed to identify significant 
predictors of AE-IPF over 3  years. Receiver operating 
characteristic (ROC) curve analysis was performed to 
determine the optimal cut-off value of serum sRAGE 
for predicting 3-year AE-IPF. Correlations between 
variables were ascertained using Spearman correlation 
coefficients. All statistical analyses were performed 

using the JMP Pro 16.2.0 software (SAS Institute Japan 
Co., Ltd., Tokyo, Japan). Significance was set at P < 0.05.

Results
Clinical characteristics
This study included 171 patients with IPF (69 German 
and 102 Japanese patients). The median follow-up time 
was 29.9 months (12.0–44.8 months). The main charac-
teristics of the patients are shown in Table 1. The median 
age was 68  years, and 139 of 171 patients (81.2%) were 
men. The Japanese cohort comprised more male patients 
with IPF than the German cohort. No significant differ-
ences in age, vital capacity (VC), and diffusing capacity 
for carbon monoxide (DLco) were observed between 
the German and Japanese patients with IPF. The Ger-
man patients with IPF had significantly higher BMI 
and lower pack-year smoking history than the Japanese 
patients with IPF. Additionally, no patients had malignant 
tumours when serum samples were obtained, and no can-
cer-related deaths were recorded during the study period. 
No significant differences in serum sRAGE levels were 

Fig. 1  Trial profile. This study enrolled 234 patients with idiopathic pulmonary fibrosis (IPF). Sixty-three patients who did not provide informed 
consent or serum samples and whose serum was collected at the time of acute exacerbation of IPF (AE-IPF) or infection were excluded. Finally, 171 
patients were analysed to elucidate the association between serum soluble receptor for advanced glycation end product (sRAGE) and AE-IPF. After 
excluding 36 patients whose DNA samples were not stored, the association between RAGE SNP and AE-IPF was analysed in 135 patients
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observed between the German and Japanese patients 
with IPF [512.3  pg/mL (397.2–677.4) and 561.3  pg/mL 
(385.3–758.9), respectively; P = 0.27]. No patients were 
treated with corticosteroids when the serum samples 
were obtained.

Association of AE‑IPF with sRAGE
Twenty-eight patients (16.3%) developed AE-IPF over 
3  years (8 German and 20 Japanese patients). Apparent 
triggers of AE were not identified in the 28 patients with 
AE-IPF. For example, bacterial infection was assessed by 
sputum cultures and/or urine antigen tests for Strepto-
coccus pneumonia/Legionella pneumonia. Hence, bacte-
ria commonly causing pneumonia were not detected at 
time of AE-IPF.

In the pooled cohort of German and Japanese patients 
with IPF, univariate Cox proportional hazards analysis 

showed that sRAGE (per 10 pg/mL) and VC were signifi-
cantly associated with AE-IPF [hazard risk (HR) = 0.97, 
95% confidential interval (CI) = 0.95–0.99, P = 0.0010, 
and HR = 0.97, 95% CI = 0.95–0.99, P = 0.038, respec-
tively] (Table 2). In the multivariate analysis adjusted for 
VC, sRAGE (per 10 pg/mL) was significantly associated 
with AE-IPF (HR = 0.98, 95% CI = 0.96–0.99, P = 0.0067).

The significant association between low sRAGE levels 
and high incidence of AE-IPF was also confirmed in the 
German and Japanese cohorts analysed using univari-
ate and multivariate Cox proportional hazards models 
(Table  2). In the Japanese cohort, the optimal cut-off 
level of sRAGE for predicting AE-IPF was 467.1  pg/mL 
(sensitivity, 60.0%; specificity, 72.0%), which was identi-
fied by ROC curve analysis (area under the curve = 0.672) 
(Supplemental Figure S1). Kaplan–Meier curve analysis 
and log-rank test revealed that sRAGE levels < 467.1 pg/

Table 1  Clinical characteristics of the study participants

Data are shown as medians (interquartile ranges)

BMI body mass index, DLco diffusing capacity for carbon monoxide, sRAGE soluble receptor for advanced glycation end product, VC vital capacity

*Compared between Japanese and German patients
a The German and Japanese cohorts had 13 and 12 missing data, respectively

All patients with IPF (n = 171) German patients with IPF 
(n = 69)

Japanese patients with 
IPF (n = 102)

P-value*

Age, years 68 (62.0–74.0) 69 (63.0–75.0) 68 (60.8–74.0) 0.51

Sex, male/female 139/32 49/20 90/12 0.0046

BMI, kg/m2 24.9 (22.5–27.8) 27.7 (24.9–29.5) 23.6 (21.3–25.8) < 0.0001

Smoking history, pack years 25.0 (0–45.0) 0.0 (0–30.0) 32.5 (15.0–48.0) < 0.0001

VC, %predicted 71.0 (59.0–83.0) 60.0 (58.3–78.0) 72.0 (61.7–87.2) 0.10

DLco, %predicteda 47.2 (38.4–59.6) 44.5 (35.3–54.5) 48.4 (39.6–62.4) 0.054

sRAGE, pg/mL 524.4 (391.7–718.4) 512.3 (397.2–677.4) 561.3 (385.3–758.9) 0.27

Table 2  Cox proportional hazards analysis for predicting acute exacerbation of idiopathic pulmonary fibrosis

BMI body mass index, CI confidence interval, DLco diffusing capacity for carbon monoxide, HR hazard risk, NA not available, sRAGE soluble receptor for advanced 
glycation end product, VC vital capacity

*P < 0.05, Cox proportional hazards analysis

German + Japanese German Japanese

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Univariate analysis

 Age, years 0.99 0.96–1.0 0.73 1.0 0.93–1.1 0.83 0.99 0.94–1.0 0.61

 Sex, male 2.5 0.58–10 0.16 2.5 0.30–20 0.34 2.5 0.34–19 0.30

 BMI, kg/m2 1.1 0.98–1.2 0.13 1.2 0.98–1.4 0.089 1.0 0.93–1.2 0.44

 Smoking history, pack years 1.0 0.99–1.0 0.35 1.0 0.99–1.1 0.20 1.0 0.99–1.0 0.68

 sRAGE, per 10 pg/mL 0.97 0.95–0.99 0.0010* 0.94 0.90–0.99 0.011* 0.98 0.96–0.99 0.012*

 VC, %predicted 0.97 0.95–0.99 0.038* 0.93 0.88–0.98 0.0026* 0.99 0.96–1.0 0.49

 Antifibrotic agent, + 1.1 0.54–2.4 0.73 NA NA 0.66 1.1 0.44–2.6 0.88

Multivariate analysis

 sRAGE, per 10 pg/mL 0.98 0.96–0.99 0.0067* 0.95 0.91–0.99 0.011* 0.98 0.96–1.0 0.044*

 VC, %predicted 0.98 0.95–1.0 0.087 0.92 0.87–0.97 0.0028* 0.99 0.96–1.0 0.65
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mL were associated with a higher incidence of AE-IPF in 
the pooled cohort (P = 0.0023) (Fig. 2A), that was repro-
ducibly confirmed in the German and Japanese cohorts 
(P = 0.048 and P = 0.015, respectively) (Fig. 2B, C).

Additionally, the association between sRAGE level and 
AE-IPF severity was explored in the pooled cohort. The 
Kaplan–Meier curve analysis and log-rank test revealed 
no significant difference in the prognosis between AE-
IPF patients with sRAGE levels < 467.1  pg/mL (n = 17) 
and those without (n = 11) (Supplemental Figure S2).

Association between baseline characteristics and serum 
sRAGE levels
Spearman correlation coefficients revealed that higher 
BMI was weakly correlated with low sRAGE levels in the 
pooled and Japanese cohorts (Table  3). DLco data were 
missing; therefore, the correlation between DLco and 
sRAGE levels was analysed in the pooled (n = 146), Ger-
man (n = 56), and Japanese cohorts (n = 90). A positive 
correlation was identified between DLco and sRAGE lev-
els in the pooled and Japanese cohorts. No factors corre-
lated with sRAGE levels in the German cohort.

Association of AE‑IPF with RAGE SNP and the combination 
of sRAGE and RAGE SNP
DNA samples were preserved in 135 of 171 patients with 
IPF (51 of 69 German patients and 84 of 102 Japanese 
patients). The prevalence of the rs2070600 minor T allele 
was 3.9% (n = 2) and 41.7% (n = 35) in the German and 
Japanese cohorts, respectively (Supplemental Table  S1). 
Although not significant, serum sRAGE levels were lower 
in the patients with the minor allele than those without in 
the pooled cohort [498.8 (300.5–680.0) and 529.5 (398.3–
733.0), P = 0.085, respectively] (Supplemental Figure S3).

The patients were divided into three groups accord-
ing to RAGE SNP and sRAGE level as follows: group A 
included the patients with sRAGE level < 467.1  pg/mL 
and no rs2070600 minor T allele; group B included those 
with either the minor allele or sRAGE higher level; and 
group C included those with the minor allele and higher 
sRAGE level (Supplemental Table  S2). Although the 
Kaplan–Meier curve analysis and log rank test revealed 
no significant difference in the AE-IPF incidence between 
patients with and without the rs2070600 minor T allele 
(P = 0.40) (Fig. 3A), the incidence of AE-IPF in group C 
was the lowest among all the groups (Fig. 3B). The sub-
group analyses in German and Japanese cohorts are pre-
sented in Fig. 3C, D, respectively. A significant difference 
was not observed in the German cohort owing to the low 
frequency of the rs2070600 minor T allele in German 
patients with IPF as the minor allele frequency may be 
generally rare in Caucasians (Fig. 3C).

Fig. 2  Incidence of acute exacerbation of idiopathic pulmonary 
fibrosis (AE-IPF) based on serum levels of serum soluble receptor 
for advanced glycation end product (sRAGE). The red solid line 
indicates the patients with low serum sRAGE levels (< 467.1 pg/
mL), and the blue solid line indicates the patients with higher serum 
sRAGE levels (≥ 467.1 pg/mL). Patients with low serum sRAGE levels 
(< 467.1 pg/mL) showed a significantly higher incidence of AE-IPF 
than patients with higher serum sRAGE levels in the German 
and Japanese cohorts (A), German cohort (B), and Japanese cohort 
(C) with IPF
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Discussion
Low serum sRAGE levels were associated with an 
increased incidence of AE-IPF as confirmed in two inde-
pendent cohorts of German and Japanese patients with 
IPF. To the best of our knowledge, this is the first study 
reporting on a predictive blood marker for AE-IPF vali-
dated in different ethnicities. In addition, the combi-
nation of RAGE SNP rs2070600 genotype and sRAGE 
might help stratify patients with IPF for the risk of AE.

The association between low serum sRAGE levels and 
increased incidence of AE-IPF may be explained by the 
anti-inflammatory effect of sRAGE. sRAGE is mainly 
produced by enzymatic cleavage of membrane-bound 
RAGE and suppresses intracellular signalling by inhib-
iting the interactions between RAGE and ligands [11, 
12]. HMGB1 is a RAGE ligand, and its higher serum 
level is a risk factor for developing AE-IPF [8]. In addi-
tion, HMGB1 is elevated in bronchoalveolar lavage fluid 
(BALF) of a rat model of lipopolysaccharide-induced 
lung injury, and intratracheal administration of sRAGE 
can attenuate lung injury [5]. Interestingly, circulatory 
levels of sRAGE are associated with sRAGE expression in 
the lung tissue and BALF [20, 21]. Based on these find-
ings, low serum sRAGE levels might induce inflamma-
tion owing to increased RAGE signalling in the lung of 
patients with IPF, thereby increasing the onset of AE-IPF 
which is acute lung injury superimposed on pulmonary 
fibrosis.

Another possible explanation for the increased inci-
dence of AE-IPF due to decreased circulatory sRAGE 
levels is that its low levels are correlated with decreased 
pulmonary function [22]. Previous reports have indi-
cated that low plasma sRAGE levels are associated 
with low forced vital capacity (FVC) in a Caucasian 
cohort with IPF [14]. A study conducted in Spain has 
also revealed an association between decreased sRAGE 
levels and deterioration of FVC, DLco, and total lung 
capacity over time [15]. In line with these reports, this 
study also identified a significant correlation between 

sRAGE and DLco in the pooled and Japanese cohorts, 
although this correlation was not significant in the Ger-
man cohort. Importantly, decreased pulmonary func-
tion parameters are risk factors for AE-IPF [1, 23–25]. 
Additionally, as pulmonary fibrosis progresses, RAGE 
expression in the lung decreases with decreasing levels 
of circulatory sRAGE [26]. Taken these data together, 
low serum sRAGE levels may reflect the progression 
of pulmonary fibrosis thereby being correlated with 
decreased pulmonary function which in turn is associ-
ated with a higher AE-IPF incidence.

This study showed that the incidence of AE-IPF 
could not be stratified by rs2070600 minor T allele, 
but the combination of the minor T allele and sRAGE 
may stratify the risk of AE-IPF; the incidence of AE-
IPF was the lowest in the patients with the rs2070600 
minor T allele and higher sRAGE levels, indicating 
a protective role of the minor allele only when com-
bined with sRAGE. By contrast, the rs2070600 minor 
T allele, which increases the affinity of the ligand bind-
ing domain of RAGE, may promote the development 
of interstitial lung disease because the minor T allele is 
more frequent in Japanese and Caucasian patients with 
interstitial lung disease including IPF than in healthy 
participants [13, 14]. These paradoxical effects on dis-
ease susceptibility and disease progression of IPF have 
been also reported for several SNPs of other genes. For 
example, the MUC5B SNP rs35705950 minor T allele is 
involved in the onset of IPF, although it is involved in 
improving survival [27]. In addition, the FAM13A SNP 
rs2609255 T allele is associated with decreased dis-
ease susceptibility of IPF, although it is associated with 
decreased lung function and poor prognosis [28]. The 
protective effect of the rs2070600 minor T allele for dis-
ease progression in pulmonary diseases other than IPF 
has been reported; the minor allele is associated with 
higher FEV1/FVC in patients with chronic obstruc-
tive pulmonary disease (COPD) [29, 30]. These data 
support that the rs2070600 minor T allele can protect 

Table 3  Association between baseline characteristics and serum soluble receptor for advanced glycation end product levels

BMI body mass index, VC vital capacity, DLco diffusing capacity for carbon monoxide, VC vital capacity
a The German and Japanese cohorts had 13 and 12 missing data, respectively

German + Japanese German Japanese

ρ P-value ρ P-value ρ P-value

Age 0.022 0.78 0.040 0.75 0.015 0.88

BMI − 0.22 0.0049 0.0007 0.99 -0.27 0.0069

Pack years 0.040 0.62 0.026 0.84 -0.044 0.66

VC 0.11 0.15 0.11 0.36 0.10 0.32

DLcoa 0.22 0.0064 0.15 0.27 0.25 0.016
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against IPF progression, although this protective effect 
was observed only when the rs2070600 minor T allele 
was combined with sRAGE.

The mechanism underlying the protective effect of 
the rs2070600 minor T allele on the development of 
AE-IPF despite the pro-inflammatory effect of the 
minor allele by increasing the affinity of the ligand 
binding domain of membrane-bound RAGE is unclear. 
One potential mechanism is that rs2070600 minor T 
allele elevates ligand binding affinity of sRAGE as well 

as membrane-bound RAGE. The rs2070600 minor T 
allele is associated with decreased circulatory sRAGE 
levels in various conditions including COPD and IPF 
[13, 14, 31]. This study also showed that serum sRAGE 
levels were lower in the patients with the minor T allele 
than in those without. Additionally, AE-IPF incidence 
was the lowest in the patients with the minor T allele 
and higher sRAGE levels. Thus, the rs2070600 minor T 
allele enhances the anti-inflammatory effect of sRAGE 
via elevating the ligand binding affinity of sRAGE, 

Fig. 3  Incidence of acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) based on receptor for advanced glycation end product (RAGE) 
SNP rs2070600 and serum levels of serum soluble RAGE (sRAGE). In A, the red solid line indicates the patients without the RAGE SNP rs2070600 
minor allele, and the blue solid line indicates the patients with the RAGE SNP rs2070600 minor allele. No significant difference in AE-IPF incidence 
was observed between the patients with and without the RAGE SNP rs2070600 minor allele. In B–D, three patient groups were defined based 
on sRAGE and RAGE SNP; group A (red solid line), the patients with soluble receptor for advanced glycation end product (sRAGE) levels < 467.1 pg/
mL and no rs2070600 minor T allele; group B (green solid line), the patients with either the minor allele or sRAGE higher level; and group C (blue 
solid line), the patients with the minor allele and higher sRAGE level. In B, the incidence of AE-IPF in group C was the lowest among all groups. C 
and D presents the subset analyses of the German and Japanese cohorts, respectively



Page 8 of 9Kitadai et al. Respiratory Research          (2024) 25:405 

thereby increasing sRAGE consumption followed by 
decreasing sRAGE levels in the circulation. Therefore, 
in patients with the rs2070600 minor T allele and high 
sRAGE levels, the abundance of sRAGE with a high 
ability to capture RAGE ligands might highly prevent 
inflammation, resulting in a lower incidence and risk of 
AE.

This study has several limitations. First, owing to the 
retrospective study design, the baseline characteristics, 
especially sex, BMI, and smoking history, had some dif-
ferences between the Japanese and German patients. 
Second, the frequency of the rs2070600 minor allele in 
the German cohort with IPF was lower than that of the 
Japanese cohort because the minor allele frequency is 
generally lower in Caucasians than in Japanese individ-
uals [13, 14]. Third, the number of patients included in 
this study was relatively small, hence underpowered for 
subgroups analyses evaluating the predictive value of 
the combination of RAGE SNP and sRAGE for AE-IPF. 
Lastly, because no apparent triggers of AE were iden-
tified, this study consequently analysed the association 
between idiopathic AE and sRAGE. Further prospec-
tive studies with a larger sample size are needed to con-
firm the clinical utility of sRAGE for evaluating the risk 
of AE, including idiopathic- and triggered-AE.

Conclusions
sRAGE can be a predictive marker for AE-IPF. Addition-
ally, the combination of RAGE SNP rs2070600 and serum 
sRAGE levels may support risk stratification of AE-IPF, 
although further confirmative study is necessary.
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