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Objective: Serum surfactant protein D (SP-D) is a potential biomarker for the
non-invasive prediction of interstitial lung disease (ILD) status. However, previous
studies lacked comprehensively qualitative and quantitative pooled analysis
methods to summarize the relationship between SP-D and ILD.

Methods: We conducted a comprehensive literature search from PubMed,
Embase, Web of Science, Scopus, Ovid, and Cochrane Library, up to 16
December 2023. The Newcastle-—Ottawa Quality Assessment Scale was
employed to evaluate the quality of each included study. Pooled analyses were
primarily performed for weighted mean difference (WMD), odds ratio (OR), and
hazard ratio (HR). Sensitivity analysis was conducted by sequentially eliminating
one study at a time and reanalyzing the remaining studies. In addition, the trim-
and-fill method was applied for correcting publication bias.

Results: More than 3,561 patients with ILD from 41 articles were included for
pooled analysis. The pooled results showed that serum SP-D levels were higher
in the ILD group than the control group (WMD = 120.24 ng/mL, 95% Cl: 72.45-
168.03, p<0.001). Additionally, SP-D levels among patients with ILD were
significantly elevated in the acute exacerbation (AE) group compared with the
non-AE group (WMD = 9.88 ng/mL, 95% ClI: 2.64-17.12, p=0.008), and in the
death group compared with the survival group (WMD = 32.98 ng/mL, 95% ClI:
2.11-63.84, p=0.036). However, no significant difference was observed between
the progression group and the stable group (WMD = 13.54 ng/mL, 95% CI:
-23.68-50.76, p=0.227). In addition, pooled results demonstrated that serum
SP-D was a reliable predictive factor for various outcomes associated with ILD:
occurrence (OR=4.66, 95%CI| = 2.46, 8.86, p<0.001), progression (OR=1.003,
95%Cl= 1.001, 1.006, p=0.033), and mortality (HR=1.002, 95%Cl= 1.001, 1.003,
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p=0.023) of ILD. In contrast, there was no significant difference for predicting AE
(HR = 1.004, 95% Cl = 0.997, 1.011, p=0.240).

Conclusion: Serum SP-D is a significant biomarker associated with ILD
occurrence, progression, acute exacerbation, and mortality. It remains
essential to clarify the predictive value of serum SP-D levels concerning the
disease status in patients with different ILD subtypes. Moreover, it may be
beneficial to conduct a combined analysis of SP-D with other potential
biomarkers to further enhance its diagnostic capability regarding the disease
status in patients with ILD.

Systematic Review Registration: https://inplasy.com/inplasy-2024-5-0050/,
identifier INPLASY 202450050.

surfactant protein D, interstitial lung disease, occurrence, progression, acute

exacerbation, mortality

Introduction

Interstitial lung disease (ILD) is a broad term that encompasses
a heterogeneous group of diseases, including idiopathic interstitial
pneumonitis, connective tissue disease-associated interstitial lung
disease (CTD-ILD), sarcoidosis, and some pulmonary rare diseases.
The pathologic manifestations of ILD are characterized by
inflammation and fibrosis, leading to patients experiencing
varying degrees of cough and dyspnea. Some studies have shown
that the incidence of ILD ranges from 1 to 31.5 cases per 100,000
individuals annually, and its prevalence varies between 6.3 and 71
cases per 100,000 people (1). Approximately 34% patients with ILD
exhibit progressive fibrosing features (2). During a 5-year follow-up
period, acute exacerbation (AE) occurs in approximately 20% of
ILD cases; additionally, a mortality rate of 23.2% has been observed
over an 11-year follow-up period (3, 4). However, there is a lack of
effective prediction methods for assessing risk events associated
with ILD. It is important to identify potential biomarkers that can
facilitate the recognition of state changes in patients with ILD.

As a glycoprotein, surfactant protein D (SP-D) is primarily
synthesized and secreted by alveolar type II epithelial cells,
exhibiting anti-infectious and immunomodulatory functions (5).
During persistent lung injury, serum SP-D levels are significantly
elevated (6). SP-D plays a crucial role in modulating the number of
macrophages and fibroblasts within the lung, influencing the
expression of profibrotic cytokines, and contributing to
pulmonary fibrosis remodeling (7). It has been established that
SP-D is an important member in the process of lung inflammation
and fibrosis (8, 9), serving as a non-invasive biomarker for
evaluating the pulmonary pathological status in ILD (10).

Although serum SP-D has been widely used in the evaluation
for diagnosis, treatment, and prognosis across different types of
ILD, there still remains controversy about its predictive ability in
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patients with ILD. Therefore, we conducted this meta-analysis to
provide reliable evidence for elucidating the clinical significance of
serum SP-D in patients with ILD.

Materials and methods

The study was in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(11) and registered with INPLASY (http://INPLASY.com) under
registration number INPLASY 202450050.

Search strategy

A systematic literature search was performed across multiple
databases, including PubMed, Embase, Web of Science, Scopus,
Ovid, and Cochrane Library, up to December 16, 2023. The primary
search terms were “surfactant protein D,” “SP-D,” “interstitial lung
disease,” and “ILD” (Supplementary Table 1).

Eligibility criteria

The inclusion criteria were as follows: (1) cohort studies
(prospective or retrospective) and cross-sectional studies; (2) ILD
was diagnosed principally according to established clinical
guidelines (12-15), clinical features and high-resolution computed
tomography (HRCT); a pathological confirmation was required
when necessary. AE was defined as a deterioration of respiratory
symptoms accompanied by new bilateral ground-glass opacification
or consolidation, which could not be attributed to infection, heart
failure, or other identifiable causes (16-18); progression was defined
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as a decline in forced vital capacity (FVC) >5% predicted and/or
diffusing lung capacity for carbon monoxide (DLCO) >10%
predicted within 1 year of follow-up; (3) availability of
quantitative continuous variable data or the ability to convert the
data by algorithms; (4) hazard ratio (HR) was calculated by the Cox
proportional hazard model, and odds ratio (OR) was analyzed by
the logistic regression model; (5) serum SP-D was included as a
study parameter; (6) English literature.

The exclusion criteria were as follows: (1) review/meta-analysis,
case report, letter, comment, conference abstract, and animal/cell
study; (2) ILD patients with lung cancer; (3) laboratory test results
for SP-D were not from serum samples; (4) lack of extracted effect
sizes for pooled analysis.

Quality assessment (risk of bias) and
data extraction

Two investigators (XH, JJ) independently reviewed all literature
that met the inclusion criteria, whereas ZL and LL evaluated the
quality of studies through Newcastle-Ottawa Quality Assessment
Scale (NOS) (19). The NOS is a widely utilized tool for assessing the
quality of case-control and cohort studies. It evaluates study quality
through three major modules comprising a total of eight items.
These items specifically address the study population selection,
comparability, and assessment of exposure/outcome. The total
score of NOS ranges from 0 to 9 “stars,” with higher scores
indicating higher quality of included studies: 7-9 “stars”
signifying high quality, 4-6 “stars” indicating moderate quality,
0-3 “stars” reflecting low quality. The extracted data included the
following variables: the first author, year of publication, country,
study type, ILD type, comparative group, age, gender, smoking
status, KL-6 level, FVC%, DLCO%, detection method of SP-D,
sample size or effect size, mean + standard deviation (SD), odds
ratio (OR), hazard ratio (HR), and 95% CI for OR and HR
respectively. Study events encompassed occurrence, AE,
progression, and mortality associated with ILD. If any disputation
in the process, it could be discussed with the arbitrator (LG).

Data synthesis

The weighted mean difference (WMD) was calculated from
extraction data (mean + SD) for pooled analysis, whereas OR (95%
CI) and HR (95% CI) of extraction data were pooled for analysis
following log transformation. All studies that performed pooled
analysis were initially tested for heterogeneity using Cochran’s Q
statistic and inconsistency value (I%). If a p-value of <0.05 or I*
>50% indicated remarkable heterogeneity, a random-effect model
and the DerSimonian-Laird (DL) method were ultimately
employed to synthesize the data. Meta-regression analysis was
conducted to identify potential sources of heterogeneity, and
subgroup analysis was applied for further elucidation. For groups
without significant heterogeneity, a fixed-effect model and inverse-
variance (IV) method were utilized. Subgroup analysis regarding
ILD occurrence was performed according to the type of control
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group. Excluding one category of literature at a time method was
implemented for sensitivity analysis; if the exclusion of any category
did not significantly affect the results, it suggested that our findings
were stable and reliable. Publication bias was judged by Egger’s test;
if p<0.05, the trim-and-fill method would be employed for bias
correction. Stata software (package meta, version 16.0) was used for
statistical analysis, with p<0.05 indicating statistically significant.

Results
Study selection and characteristics

A comprehensive search identified a total of 2,399 studies from
the following databases: PubMed (n=366), Embase (n=883), Web of
Science (n=365), Scopus (n=532), Ovid (n=198), and Cochrane
Library (n=55). After removing 1,341 duplicate records, 1,058
studies remained for title and abstract screening. Of these, 99
studies were excluded as case reports or letters, 166 as conference
abstracts, 21 as reviews or meta-analyses, and 141 as studies
involving animals or cells. The full texts of the remaining 435
articles were reviewed; among them, 163 studies were unrelated to
ILD, 61 studies did not focus on SP-D, 151 studies were irrelevant to
the observation events of our research, and 19 studies were unable
to extract original data. Ultimately, after rigorous full-text screening
in accordance with the PRISMA guidelines (Figure 1), a total of 41
studies encompassing more than 3,561 patients with ILD were
finally included for pooled analysis. The ILD population in this
research originated from various countries, including Japan (n= 29),
Greece (n=2), South Korea (n=2), Poland (n=1), Ireland (n=1),
China (n=1), America (n=1), Netherlands (n=1), Australia (n=1),
India (n=1), and France/Japan/Switzerland (n=1). A total of 12
studies revealed the relationship between serum SP-D levels and the
occurrence of ILD (20-31), five studies investigated the significance
of serum SP-D in ILD progression (32-36), nine studies explored
the clinical value of SP-D in AE-ILD (37-45), and 17 studies
reported the serum SP-D levels in patients with ILD between the
survival and death groups (32, 44, 46-60). The NOS score showed
that 39 studies were considered high quality; two studies were
classified as being of moderate quality, primarily due to
uncertainties regarding intergroup comparability and unspecified
non-response rates (Supplementary Table 2). More detailed
information about each included study is provided in
Supplementary Tables 3-10.

Pooled analysis for occurrence of ILD

There was significant heterogeneity among the 10 included
studies (pooled WMD, ? = 97.3%, p<0.001), so the DL method
and a random-effect model were used for pooled analysis. Pooled
results indicated that serum SP-D levels were significantly higher in
the ILD group compared with the control groups (WMD = 120.24
ng/mL, 95% CI: 72.45-168.03, p<0.001) (Figure 2). To identify the
source of heterogeneity, we conducted meta-regression analyses,
suggesting that variations in control groups may contribute to this
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Pooled analysis of WMD (95% Cl) in serum SP-D levels between ILD and HC and non-ILD (X-axis).
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heterogeneity (p < 0.001)(Supplementary Figure 2). Subsequently,
we further performed subgroup analyses based on the type of
control groups. Subgroup analyses showed that serum SP-D levels
in the ILD group were significantly higher than in the non-ILD
group (WMD= 21.02 ng/mL, 95% CI: 11.68-30.37, p<0.001),
whereas serum SP-D levels in the ILD group were remarkably
higher compared with the healthy control (HC) group (WMD=
263.78 ng/mL, 95% CI: 215.98-311.58, p<0.001) (Figure 2). No
heterogeneity was observed in two studies assessing the pooled OR
of ILD occurrence (pooled OR, % = 0%, p=0.606), so the IV method
and a fixed-effect model were utilized for the analysis; the results
demonstrated that serum SP-D was a potential risk factor for ILD
occurrence (OR=4.66, 95%CI= 2.46, 8.86, p<0.001) (Figure 3).

In studies assessing the occurrence of SP-D and ILD, we
conducted a subgroup analysis based on the type of control
groups included in each study. This was categorized as follows:
(1) non-ILD vs. ILD: comparing disease control groups without ILD
to those with ILD (e.g., CTD versus CTD-ILD); (2) HC vs. ILD:
contrasting healthy populations against those with ILD (e.g., HC
versus hypersensitivity pneumonia).

ILD, interstitial lung disease; CTD, connective tissue disease;
HC, healthy control; SP-D, surfactant protein D; WMD, weighted
mean difference; CI, confidence interval; DL, DerSimonian—
Laird method.

Pooled analysis for progression of ILD

There was no heterogeneity among the four included studies
(pooled WMD, I? = 30.9%, p=0.227), so the IV method and a fixed-
effect model were used for pooled analysis. The pooled result indicated
that there was no difference in serum SP-D levels between the
progression group and stable group (WMD = 13.54 ng/mL, 95% CI:
—23.68-50.76, p=0.476) (Figure 4). Two studies included in pooled
analysis (pooled OR, I’ = 71.9%, p=0.029) exhibited significant
heterogeneity, prompting the use of the DL method and a random-
effect model for subsequent analyses. Results suggested that serum SP-
D may serve as a potential risk factor for ILD progression (OR=1.003,
95%CI= 1.001, 1.006, p=0.033) (Figure 5).

10.3389/fimmu.2025.1450798

Pooled analysis for acute exacerbation
of ILD

Heterogeneity results revealed no heterogeneity among seven
studies (pooled WMD, 2 = 34.2%, p=0.167), so the IV method and
a fixed-effect model were applied for pooled analysis. Pooled results
showed that serum SP-D levels were significantly higher in the AE
group compared with the non-AE group (WMD = 9.88 ng/mL, 95%
CL: 2.64-17.12, p=0.008) (Figure 6). Three studies concerning AE-
ILD displayed heterogeneity (pooled HR, I? = 60.9%, p=0.078), so
the DL method and a random-effect model were selected for pooled
analysis. There was no significant difference in serum SP-D for
predicting AE (HR=1.004, 95%CI= 0.997, 1.011,
p=0.240) (Figure 7).

Pooled analysis for mortality of ILD

The results of heterogeneity tests indicated that both 7 studies
(pooled WMD, I? = 52.9%, p=0.047) and 12 studies (pooled HR, ?
= 58.1%, p=0.006) showed remarkably heterogeneity; thus, the DL
method and a random-effect model were employed for pooled
analysis. Pooled results demonstrated that death group showed
higher serum SP-D levels compared with the survival group (WMD
32.98 ng/mL, 95% CI: 2.11-63.84, p=0.036) (Figure 8).
Furthermore, serum SP-D could serve as a potential predictor for
mortality (HR=1.002, 95%CI= 1.001, 1.003, p=0.023) (Figure 9). To
explore the source of heterogeneity, we conducted a meta-

regression analysis on the pooled WMD of all included studies.
The findings suggested that different subtypes of ILD may be
potential contributors to the heterogeneity (p=0.025)
(Supplementary Figure 9). Subgroup analyses reported that serum
SP-D levels in the death group were significantly higher than those
in the survival group (WMD = 66.20 ng/mL, 95% CI: 35.72-96.68,
p<0.001). However, no statistically significant differences in serum
SP-D levels were observed between the death and survival groups
for idiopathic pulmonary fibrosis (IPF) (WMD = 27.08 ng/mL, 95%
CL: —14.49-68.65, p=0.202) and dermatomyositis-associated ILD
(WMD = -18.28 ng/mL, 95% CI: —74.25-37.68, p=0.522) (Figure 8).

Weight

Study OR (95% Cl) (%)
|

Jee AS et al, 2023 —_— 4.21(1.99, 8.92) 73.11
1

Avouac J et al, 2020 : + 6.16 (1.79, 21.24) 26.89

Overall (p < 0.001), IV (I = 0.0%, p = 0.606) <> 4.66 (2.46, 8.86) 100.00

T
.0625

FIGURE 3

Pooled analysis of the OR for serum SP-D predicting the occurrence of ILD (X-axis). The OR was calculated using multivariate logistic regression
analysis, with adjustments made for age and sex. ILD, interstitial lung disease; SP-D, surfactant protein D; OR, odds ratio; IV, inverse-variance

method; Cl, confidence interval.
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Pooled analysis of WMD (95% Cl) in serum SP-D levels between progression group and stable group (X-axis). SP-D, surfactant protein D; WMD,
weighted mean difference; IV, inverse-variance; Cl, confidence interval.

Additionally, subgroup analyses indicated that serum SP-D
could act as a predictive factor for mortality among patients with
ILD (HR=1.001, 95%CI= 1.000, 1.002, p=0.030) and idiopathic
interstitial pneumonia (HR=1.011, 95%CI= 1.002, 1.020, p=0.016),
but not for poor prognosis in IPF (HR=1.003, 95%CI= 1.000, 1.006,

FIGURE 5

Weight
Study OR (95% Cl) (%)
Sakamoto S et al, 2023 -50— 1.01(1.00, 1.01) 14.72
lkeda K et al, 2023(Pirfenidone) :O 1.00 (1.00, 1.01) 40.50
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Overall (p = 0.033), DL (I’ = 71.9%, p = 0.029) o 1.00 (1.00,1.01)  100.00

T
9

[N

T
11111

p=0.087) (Figure 9). Moreover, significant heterogeneity was noted
within the IPF group. A further meta-regression analysis revealed
that factors such as age, sample size, male gender, FVC%, and
DLCO% did not emerge as statistically significant sources of
heterogeneity within the group (Supplementary Table 11).

Pooled analysis of the OR for serum SP-D predicting the progression of ILD (X-axis). The OR was calculated using univariate logistic regression
analysis. ILD, interstitial lung disease; SP-D, surfactant protein D; OR, odds ratio; DL, DerSimonian-Laird; Cl, confidence interval.

FIGURE 6
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Overall ( p = 0.008), IV (I’ = 34.2%, p = 0.167) Q 9.88 (2.64, 17.12) 100.00

T T
-200 0 200

Pooled analysis of WMD (95% Cl) in serum SP-D levels between the non-AE group and the AE group (X-axis). SP-D, surfactant protein D; AE, acute
exacerbation; WMD, weighted mean difference; IV, inverse-variance; Cl, confidence interval.
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FIGURE 7

10.3389/fimmu.2025.1450798
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Pooled analysis of the HR for serum SP-D predicting AE in patients with ILD (X-axis). The HR was calculated using univariate Cox proportional hazard
regression. ILD, interstitial lung disease; SP-D, surfactant protein D; AE, acute exacerbation; HR, hazard ratio; DL, DerSimonian-Laird; ClI,
confidence interval.

Sensitivity analysis and publication bias

The results of sensitivity analyses demonstrated that our

results were stable (Supplementary Figures 1-8). Egger’s test

showed potential publication bias between non-ILD and ILD

groups (p < 0.05) (Table 1). Considering the limitations of

FIGURE 8

Egger’s test when the number of studies being pooled was small,
we subsequently performed a trim-and-fill method for
adjustment, which did not alter the statistical results. When
some studies were respectively added to the pooled analyses of
included groups, no publication bias was observed in these
categories (Figure 10) (Table 1).

WMD Weight
Subgroup and Study (95% ClI) (%)
ILD*
Rai M et al, 2023 H— 65.20 (33.75, 96.65) 27.87
Murohashi K et al, 2019 : —- 102.10 (-89.14, 293.34) 244
Usui Y et al, 2013 — - 67.00 (-95.01, 229.01) 3.32
Subgroup ( p < 0.001), DL (I = 0.0%, p = 0.933) :<> 66.20 (35.72, 96.68) 3364
i
|
IPF |
Domvri K et al, 2023 #E 16.30 (5.86, 26.74) 37.54
Song JW et al, 2013 4— 68.80 (-10.87, 148.47) 10.85
Subgroup ( p = 0.202), DL (I = 39.0%, p = 0.200) < 27.08 (-14.49, 68.65) 48.40

DM-ILD

Okabayashi H et al, 2017
lkeda S et al, 2015
Subgroup ( p = 0.522), DL (I2 =0.0%, p=0.755)

Heterogeneity between groups: p = 0.025
Overall (p = 0.036), DL (I2 =52.9%, p=0.047)

O]
A Y

-60.60 (-331.66,210.46)  1.25

-16.40 (-73.59, 40.79) 16.71
-18.28 (-74.25, 37.68) 17.97
32.98 (2.11, 63.84) 100.00

T
-200

T
200

Pooled analysis of WMD (95% Cl) in serum SP-D levels between survival group and death group (X-axis). *The included studies did not distinguish
the precise subtype of ILD. ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; DM-ILD, dermatomyositis-associated interstitial lung
disease; SP-D, surfactant protein D; WMD, weighted mean difference; DL, DerSimonian—Laird; Cl, confidence interval.
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Weight
Subgroup and Study HR (95% CI) (%)
ILD*
Suzuki Y et al, 2023 1.00 (1.00, 1.00) 21.88
Fujisawa T et al, 2019 1.00 (0.99, 1.02) 0.71
Nobashi T et al, 2016 1.00 (1.00, 1.01) 5.73
Hozumi H et al, 2016 1.00 (0.99, 1.00) 7.85
Usui Y et al, 2013 1.00 (1.00, 1.00) 19.05
Subgroup ( p = 0.030), DL (I’ = 0.0%, p = 0.901) 1.00 (1.00, 1.00) 55.22
:
IPF :
Arai T et al, 2022 E —_— 1.02 (1.00, 1.04) 0.77
Sokai K et al, 2017 - 1.01 (0.99, 1.02) 0.80
Kohashi Y et al, 2016 | 1.02 (1.00, 1.04) 0.55
Hamai K et al, 2016 1.00 (1.00, 1.00) 16.13
Song JW et al, 2013 1.00 (1.00, 1.00) 21.88
Subgroup ( p = 0.087), DL (I’ = 71.4%, p = 0.007) 1.00 (1.00, 1.01) 40.14

U
U
1P :
Arai T et al, 2020 —— 1.02 (1.00, 1.03) 0.88
Arai T et al, 2017 |- 1.01 (1.00, 1.01) 3.76
Subgroup ( p = 0.016), DL (I’ = 34.6%, p = 0.216) < 1.01 (1.00, 1.02) 4.64
U
U
U
U

Heterogeneity between groups: p = 0.047
Overall ( p = 0.023), DL (I2 =58.1%, p = 0.006) 1.00 (1.00, 1.00)  100.00

T T
9 1 111111

FIGURE 9

Pooled analysis of the HR for serum SP-D predicting the mortality in patients with ILD (X-axis). The HR was calculated using univariate Cox
proportional hazard regression. The included studies did not distinguish the precise subtype of ILD. *The included studies did not distinguish the
precise subtype of ILD. ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; IIP, idiopathic interstitial pneumonitis; SP-D, surfactant protein
D; HR, hazard ratio; DL, DerSimonian-Laird; Cl, confidence interval.

TABLE 1 Egger’s test, Metatrim-filled study, and publication bias test for included studies on serum SP-D predicting occurrence, progression, AE, and
mortality in patients with ILD.

Egger’s test

Metatrim-filled study Publication bias
P

Non-ILD vs. ILD (WMD) 6 3.04 0.029 3 No
HC vs. ILD (WMD) 4 0.23 0.837 0 No
Non-ILD + HC vs. ILD (WMD) 10 2.11 0.064 NA* No
Occurrence (OR, multivariable) 2 NA NA 1 No
Stable vs. progression (WMD) 4 132 0.317 0 No
Progression (OR, univariable) 2 NA NA 2 No
Non-AE vs. AE (WMD) 7 1.73 0.144 3 No
AE (HR, univariable) 3 NA NA 2 No
Survival vs. death (WMD) 7 0.83 0.445 1 No
Mortality (HR, univariable) 12 2.01 0.072 2 No

“Due to the heterogeneity, we do not show the trim-and-fill method analysis; NA, not acquire; ILD, interstitial lung disease; SP-D, surfactant protein D; AE, acute exacerbation; WMD, weighted
mean difference; HC, healthy control; OR, odds ratio; HR, hazard ratio.
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FIGURE 10

Funnel plots for the symmetry and publication bias of comparative meta-analyses regarding the relationship between serum SP-D and the
occurrence, progression, AE, and mortality of ILD. (A) non-ILD vs. ILD (pooled WMD); (B) HC vs. ILD (pooled WMD); (C) occurrence (pooled OR);
(D) stable vs. progression (pooled WMD); (E) progression (pooled OR); (F) non-AE vs. AE (pooled WMD); (G) AE (pooled HR); (H) survival vs. death
(pooled WMD); (I) AE (pooled HR). ILD, interstitial lung disease; SP-D, surfactant protein D; AE, acute exacerbation.

Discussion

Exploring noninvasive methods to assess the condition and
prognosis of patients with ILD has emerged as a prominent topic in
ILD-related research. ILD encompasses a variety of lung diseases
with different etiologies, making the identification of predictive
markers for ILD status a challenging endeavor. Serum SP-D has
been confirmed to be a potential biomarker for ILD, as reported in
numerous studies (36, 61, 62). However, there is a lack of pooled
analysis to provide more reliable evidence. Our study
comprehensively summarized the clinical significance of serum
SP-D in assessing ILD status through both quantitative and
qualitative pooled analyses.

SP-D is an active protein involved in modulating pulmonary
inflammatory responses (63), and its serum levels are significantly
increased in patients with acute and chronic lung injury (64).
Notably, serum SP-D levels increase progressively with the
exacerbation of ILD (61). Previous studies had suggested that SP-
D could serve as a valuable marker for diagnosing and
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prognosticating IPF (61), as well as monitoring the activity and
severity of myositis-associated ILD (65). Nevertheless, some studies
have yielded results that contradict this perspective. For example,
Kondoh et al. found that serum SP-D levels were higher in stable
IPF than AE-IPF (42). Additionally, another meta-analysis
conducted by Hannah et al. pointed out that serum SP-D could
not reliably predict mortality risk in idiopathic inflammatory
myopathy-associated ILD (IIM-ILD) (66). Therefore, our study
provided credible evidence for clarifying the relationship between
SP-D and various statuses within ILD.

As demonstrated by our pooled analysis, serum SP-D levels
were higher in patients with ILD compared with those with non-
ILD or healthy populations. Furthermore, serum SP-D could serve
as an early predicting marker for the occurrence of ILD. Doylel
et al. confirmed a significant correlation between serum SP-D levels
and the diagnosis of rheumatoid arthritis-associated ILD (21),
whereas Okamoto et al. reported that SP-D played an important
role in diagnosing hypersensitivity pneumonitis (67); their findings
align with ours. It is noteworthy that in our study, the mean serum

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1450798
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

SP-D levels in IPF and systemic sclerosis-associated ILD (SSc-ILD)
were higher than those observed in SSc or healthy controls (20, 23,
26, 28). Kennedy et al. discovered that elevated serum SP-D levels
correlated with more severe lung damage in patients with IPF and
SSc-ILD (23), suggesting potential similarities in pulmonary
pathophysiology between SSc-ILD and IPF (68). However, it is
necessary to acknowledge the inherent heterogeneity among
different ILD subtypes in included studies, as well as the limited
number of representative studies; these factors may influence our
pooled results. Additionally, there is a lack of data concerning ILD
occurrence from other ILD subtypes such as drug-induced ILD,
primary Sjogren’s syndrome-associated ILD, and sarcoidosis within
the pooled studies concerning ILD occurrence. Although data are
limited, this meta-analysis encompasses most common ILD as
representatives, thereby not significantly affecting the generalizability
and reliability.

In addition, pooled results indicated no significant difference in
serum SP-D levels between the stable and progressive ILD groups.
Considering that the criteria for defining ILD progression have not
been standardized in previous studies, a limited number of studies
available for pooled analysis during the screening stage may affect
the results. The pooling of binary regression analysis demonstrated
an association between serum SP-D levels and ILD progression.
Zhu et al. highlighted that serum SP-D showed good predictive
ability for IPF progression (69), and Gyorfi et al. identified serum
SP-D as a biomarker to detect SSc-ILD progression (70), which
were consistent with our results. However, due to the scarcity of
studies on SP-D levels and disease progression across other ILD
subtypes, further confirmation through more prospective studies
utilizing the same definition of ILD progression is necessary.

As a sensitive biomarker reflecting the degree of lung injury, the
SP-D level has been used to evaluate AE in chronic lung diseases.
Giinaydin et al. pointed out higher serum SP-D levels in patients
experiencing AE compared with those in stable conditions among the
chronic obstructive pulmonary disease (COPD) population (71). In
addition, Lomas et al. demonstrated that elevated serum SP-D levels
increased the risk of AECOPD (72). Our pooled results showed that
AE-ILD patients exhibited higher serum SP-D levels than stable
controls; however, the pooled HR results could not support using
serum SP-D as a marker for predicting AE-ILD. This limitation may be
attributed to the sample size and statistical methodologies employed by
included studies; thus, larger prospective studies are needed for further
support. Moreover, Kondoha et al. noted no statistically significant
differences in serum SP-D levels between AE and non-AE groups in
IPF (42). This may stem from retrospective study designs which
cannot adequately control the sampling time or detection methods
for measuring serum SP-D. Additionally, elevated serum SP-D is
recognized as an indicative marker of type II alveolar epithelial
injury. A study by Greene et al. found that SP-D levels were
significantly elevated during lung injury, peaking on the 7th day
(73). Consequently, for patients with AE-ILD, the timing of serum
SP-D sampling may also directly influence the outcomes of final
statistical analyses. The study by Takeshita presented that combining
serum SP-D with thrombin-antithrombin III complex, D-dimer, and
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plasmin-alpha2 plasmin inhibitor complex can enhance the diagnostic
accuracy for AE-ILD (74). These findings speculated that a combined
approach utilizing serum SP-D with other biomarkers could provide
valuable insights into improving the diagnostic value for AE-ILD.

Finally, our results revealed that serum SP-D levels were
significantly higher in the death group compared with the survival
group and could predict mortality risk for ILD. Previous studies have
identified SP-D as a risk factor for predicting mortality in patients with
cardiovascular disease, community-acquired pneumonia, and COPD
(75-77). Our findings supported the importance of SP-D in
prognostic assessment. Through subgroup analysis and meta-
regression, we found that different disease subtypes were significant
sources of heterogeneity in the pooled analysis addressing ILD
mortality. Although this is consistent with the inherent
characteristics of ILD itself, future studies should consider
conducting pooled analyses on more refined ILD subtypes and their
relationship with SP-D. Additionally, within the IPF subgroup (pooled
HR), we observed some intragroup heterogeneity; however, meta-
regression analysis showed no significant association between sources
of heterogeneity and factors such as age, sample size, male gender, or
lung function. We proposed that it might also be related to factors like
the timing of SP-D blood sampling, severity of IPF, study design, and
other multifactorial aspects in included studies. Hannah et al.
mentioned in their pooled analysis that SP-D was not a predictor
for IIM-ILD mortality. It is important to highlight that their pooled
data only included OR for analysis without exploring HR or WMD
regarding IIM-ILD-related mortality (66), which may limit the validity
of their conclusions.

SP-D is a key member involved in the regulation of pulmonary
inflammation and fibrosis (9, 78), and its serum level can reflect ILD
status. While the evaluative value of SP-D across various ILD
conditions has been widely recognized, the predictive power of a
single marker remains limited. Therefore, combining SP-D with
other biomarkers can improve the diagnostic efficiency of ILD
status (32, 79), thereby enhancing the predictive capability of SP-D
in ILD. Nevertheless, several issues concerning the clinical application
of SP-D still need to be addressed, including assessments of
antifibrotic efficacy, identification of pulmonary infections, and
establishment of reliable cutoff values among different ILD states.

Our study has certain limitations: (1) Due to the strict inclusion
and exclusion criteria, as well as challenges in extracting effect sizes
from some studies, our pooled analyses were based on a limited
number of studies with retrospective design, which may affect our
result. It is recommended that high-quality prospective studies be
prioritized in the future. Furthermore, the literature should undergo
rigorous quality assessment to ensure more reliable results in pooled
analyses. Assessment by sensitivity analyses, Egger’s test, and the trim-
and-fill method were employed to ensure our results reliable. (2)
Given that ILD encompasses a diverse range of pulmonary disorders,
our pooled analyses inevitably exhibit varying degrees of
heterogeneity. Although our results indicate that SP-D is a potential
biomarker for assessing disease status in patients with ILD, the
restricted number of included studies hinders us from delineating
the role of SP-D in different types of ILD through subgroup analyses,
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such as CTD-ILD, granulomatous pneumonia, sarcoidosis, and
hypersensitivity pneumonitis. As a result, we were unable to
thoroughly investigate the differences in SP-D levels among various
types of ILD. Future studies should focus on further elucidating the
cutoff value for SP-D when predicting different disease states—
including occurrence, progression, AE, and mortality—in ILD and
its subtypes. This will enhance our understanding concerning the role
of SP-D across diverse pathological conditions. (3) The sampling times
and detection methods for serum SP-D were not comprehensively
detailed in some included studies; this may introduce bias into pooled
analyses due to variations in measurement techniques and sampling
times. In the future, more research should emphasize the
standardization of SP-D sampling times and detection methods.
This includes clearly defining specific procedures and methods for
SP-D level (e.g., enzyme-linked immunosorbent assay) and
establishing reference ranges for normal values. Additionally, it is
essential to clarify the optimal timing for serum SP-D sampling—
whether before or after drug intervention, during a stable phase, or in
the context of an acute exacerbation—to minimize potential impacts
on objective results. (4) Two studies included in this study were of
moderate quality, which may cause some publication bias. It is worth
noting that if the publication bias is substantial, it becomes essential to
consider the exclusion of low-quality literature and the screening of
studies with negative results in order to mitigate this bias. The results
obtained by sensitivity analysis, Egger’s test, and trim-and-fill method
support the reliability of our findings.

Conclusion

Serum SP-D emerges as a promising candidate marker for
evaluating the occurrence, progression, AE, and mortality
associated with ILD. While our understanding of the relationship
between SP-D and ILD has improved significantly, future research
based on prospective designs and standardized outcome measures is
warranted to elucidate the predictive value of serum SP-D levels
concerning disease status in patients with various ILD subtypes.
Concurrently, future research should prioritize the standardization
of detection methods and sampling times for SP-D, as well as
propose the establishment of reference ranges for normal values.
Future investigations could explore joint analyses involving SP-D
with other potential biomarkers such as KL-6, CA-125, and CA19-
9, members of the matrix metalloproteinase family, and chemokine
family members, to further enhance the ability of SP-D in assessing
disease status among patients with ILD.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Frontiers in Immunology

10.3389/fimmu.2025.1450798

Author contributions

XH: Conceptualization, Data curation, Formal analysis,
Methodology, Validation, Software, Visualization, Writing-
original draft, Writing- review & editing. JJ: Data curation,
Methodology, Writing- original draft. DZ: Formal analysis,
Software, Visualization, Writing— original draft. ZL: Data
curation, Methodology, Writing- review & editing. LL: Data
curation, Methodology, Writing- review & editing. LG:
Conceptualization, Data curation, Methodology, Supervision,
Funding acquisition, Writing— review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Clinical Research and Transformation Fund
from Sichuan Provincial People’s Hospital (No. 2018LY07), the
Provincial Scientific Research Project of Sichuan Medical and Health
Care Promotion Institute (No. KY2022S5]J0116), and the Major Science
and Technology Application Demonstration Project of Chengdu
Science and Technology Bureau (No. 2022-YF09-00003-SN).

Acknowledgments

Thanks are given for the effort of all research group members of
Sichuan Provincial People’s Hospital, Chengdu, China.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1450798/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1450798/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1450798/full#supplementary-material
https://doi.org/10.3389/fimmu.2025.1450798
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

References

1. Kaul B, Cottin V, Collard HR, Valenzuela C. Variability in global prevalence of interstitial
lung disease. Front Med (Lausanne). (2021) 8:751181. doi: 10.3389/fmed.2021.751181

2. Kwon BS, Choe J, Chae EJ, Hwang HS, Kim YG, Song JW. Progressive fibrosing
interstitial lung disease: prevalence and clinical outcome. Respir Res. (2021) 22:282.
doi: 10.1186/s12931-021-01879-6

3. Tsubouchi K, Hamada N, Tokunaga S, Ichiki K, Takata S, Ishii H. Survival and
acute exacerbation for patients with idiopathic pulmonary fibrosis (IPF) or non-IPF
idiopathic interstitial pneumonias: 5-year follow-up analysis of a prospective multi-
institutional patient registry. BMJ Open Respir Res. (2023) 10:¢001864. doi: 10.1136/
bmjresp-2023-001864

4. Choi WI, Park SH, Dauti S, Park BJ, Lee CW. Interstitial lung disease and risk of
mortality: 11-year nationwide population-based study. Int J Tuberc Lung Dis. (2018)
22:100-5. doi: 10.5588/ijtld.17.0167

5. Watson A, Madsen ], Clark HW. SP-A and SP-D: dual functioning immune
molecules with antiviral and immunomodulatory properties. Front Immunol. (2020)
11:622598. doi: 10.3389/fimmu.2020.622598

6. Gaunsbaek MQ, Rasmussen KJ, Beers MF, Atochina-Vasserman EN, Hansen S.
Lung surfactant protein D (SP-D) response and regulation during acute and chronic
lung injury. Lung. (2013) 191:295-303. doi: 10.1007/s00408-013-9452-x

7. Aono Y, Ledford JG, Mukherjee S, Ogawa H, Nishioka Y, Sone S. Surfactant
protein-D regulates effector cell function and fibrotic lung remodeling in response to
bleomycin injury. Am ] Respir Crit Care Med. (2012) 185:525-36. doi: 10.1164/
rcem.201103-05610C

8. Malaviya R, Gow AJ, Francis M, Abramova EV, Laskin JD, Laskin DL. Radiation-
induced lung injury and inflammation in mice: role of inducible nitric oxide synthase
and surfactant protein D. Toxicol Sci. (2015) 144:27-38. doi: 10.1093/toxsci/kfu255

9. Ogawa H, Ledford JG, Mukherjee S, Aono Y, Nishioka Y, Lee JJ. Surfactant
protein D attenuates sub-epithelial fibrosis in allergic airways disease through TGF-
beta. Respir Res. (2014) 15:143. doi: 10.1186/s12931-014-0143-9

10. Takahashi H, Sano H, Chiba H, Kuroki Y. Pulmonary surfactant proteins A and
D: innate immune functions and biomarkers for lung diseases. Curr Pharm Des. (2006)
12:589-98. doi: 10.2174/138161206775474387

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
(2021) 372:n71. doi: 10.1136/bmj.n71

12. Kondoh Y, Makino S, Ogura T, Suda T, Tomioka H, Amano H. 2020 guide for
the diagnosis and treatment of interstitial lung disease associated with connective tissue
disease. Respir Investig. (2021) 59:709-40. doi: 10.1016/j.resinv.2021.04.011

13. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ.
Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/ALAT clinical
practice guideline. Am J Respir Crit Care Med. (2018) 198:e44-68. doi: 10.1164/
rcem.201807-1255ST

14. Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, Nicholson AG. An
official American Thoracic Society/European Respiratory Society statement: Update of
the international multidisciplinary classification of the idiopathic interstitial
pneumonias. Am ] Respir Crit Care Med. (2013) 188:733-48. doi: 10.1164/
rccm.201308-1483ST

15. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based guidelines
for diagnosis and management. Am ] Respir Crit Care Med. (2011) 183:788-824.
doi: 10.1164/rccm.2009-040GL

16. Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner R], King TE Jr. Acute
exacerbations of idiopathic pulmonary fibrosis. Am ] Respir Crit Care Med. (2007)
176:636-43. doi: 10.1164/rccm.200703-463PP

17. Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ. Acute
exacerbation of idiopathic pulmonary fibrosis. An international working group report.
Am ] Respir Crit Care Med. (2016) 194:265-75. doi: 10.1164/rccm.201604-0801CI

18. Park IN, Kim DS, Shim TS, Lim CM, Lee SD, Koh Y. Acute exacerbation of
interstitial pneumonia other than idiopathic pulmonary fibrosis. Chest. (2007)
132:214-20. doi: 10.1378/chest.07-0323

19. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol. (2010) 25:603—
5. doi: 10.1007/s10654-010-9491-z

20. Barlo NP, van Moorsel CH, Ruven HJ, Zanen P, van den Bosch JM, Grutters JC.
Surfactant protein-D predicts survival in patients with idiopathic pulmonary fibrosis.
Sarcoidosis Vasc Diffuse Lung Dis. (2009) 26:155-61.

21. Doyle TJ, Patel AS, Hatabu H, Nishino M, Wu G, Osorio JC. Detection of

rheumatoid arthritis-interstitial lung disease is enhanced by serum biomarkers. Am |
Respir Crit Care Med. (2015) 191:1403-12. doi: 10.1164/rccm.201411-19500C

22. Thn H, Asano Y, Kubo M, Yamane K, Jinnin M, Yazawa N. Clinical significance
of serum surfactant protein D (SP-D) in patients with polymyositis/dermatomyositis:
correlation with interstitial lung disease. Rheumatol (Oxford). (2002) 41:1268-72.
doi: 10.1093/rheumatology/41.11.1268

Frontiers in Immunology

10.3389/fimmu.2025.1450798

23. Kennedy B, Branagan P, Moloney F, Haroon M, O'Connell OJ, O'Connor TM.
Biomarkers to identify ILD and predict lung function decline in scleroderma lung
disease or idiopathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse Lung Dis. (2015)
32:228-36.

24. Kono M, Fujita Y, Takeda K, Miyashita K, Tsutsumi A, Kobayashi T. Clinical
significance of lower-lobe interstitial lung disease on high-resolution computed
tomography in patients with idiopathic pleuroparenchymal fibroelastosis. Respir
Med. (2019) 154:122-6. doi: 10.1016/j.rmed.2019.06.018

25. Lv C, Zhang Q, Tang P, Guo L, Ding Q. Serum MMP-9, SP-D, and VEGF levels
reflect the severity of connective tissue disease-associated interstitial lung diseases. Adv
Rheumatol. (2022) 62:37. doi: 10.1186/s42358-022-00269-w

26. Majewski S, Szewczyk K, Zal A, Bialas AJ, Mitkowska-Dymanowska J,
Piotrowski WJ. Serial measurements of circulating kl-6, sp-d, mmp-7, cal9-9, ca-
125, ccl18, and periostin in patients with idiopathic pulmonary fibrosis receiving
antifibrotic therapy: An exploratory study. J Clin Med. (2021) 10:3864. doi: 10.3390/
jem10173864

27. Matama G, Okamoto M, Fujimoto K, Johkoh T, Tominaga M, Mukae H.
Periostin is a biomarker of rheumatoid arthritis-associated interstitial lung disease. J
Clin Med. (2023) 12:7100. doi: 10.3390/jcm12227100

28. Papaioannou Al, Kostikas K, Manali ED, Papadaki G, Roussou A, Spathis A.
Serum levels of surfactant proteins in patients with combined pulmonary fibrosis and
emphysema (CPEE). PloS One. (2016) 11:¢157789. doi: 10.1371/journal.pone.0157789

29. Yoshikawa S, Tsushima K, Yasuo M, Fujimoto K, Kubo K, Kumagai T.
Hypersensitivity pneumonitis caused by Penicillium citrinum, not Enoki spores. Am
J Ind Med. (2007) 50:1010-7. doi: 10.1002/ajim.v50:12

30. Avouac J, Cauvet A, Steelandt A, Shirai Y, Elhai M, Kuwana M. Improving risk-
stratification of rheumatoid arthritis patients for interstitial lung disease. PloS One.
(2020) 15:€232978. doi: 10.1371/journal.pone.0232978

31. Jee AS, Stewart I, Youssef P, Adelstein S, Lai D, Hua S. A composite serum
biomarker index for the diagnosis of systemic sclerosis-associated interstitial lung
disease: A multicenter, observational cohort study. Arthritis Rheumatol. (2023)
75:1424-33. doi: 10.1002/art.42491

32. Rai M, Parthasarathi A, Beeraka NM, Kaleem Ullah M, Malamardi S, Padukudru
S. Circulatory serum krebs von den lungen-6 and surfactant protein-D concentrations
predict interstitial lung disease progression and mortality. Cells. (2023) 12:1281.
doi: 10.3390/cells12091281

33. Sakamoto S, Suzuki A, Homma S, Usui Y, Shimizu H, Sekiya M. Outcomes and
prognosis of progressive pulmonary fibrosis in patients with antineutrophil
cytoplasmic antibody-positive interstitial lung disease. Sci Rep. (2023) 13:17616.
doi: 10.1038/s41598-023-45027-0

34. Yamakawa H, Hagiwara E, Ikeda S, Iwasawa T, Otoshi R, Tabata E. Evaluation of
changes in the serum levels of Krebs von den Lungen-6 and surfactant protein-D over
time as important biomarkers in idiopathic fibrotic nonspecific interstitial pneumonia.
Respir Investig. (2019) 57:422-9. doi: 10.1016/j.resinv.2019.03.006

35. Yoshikawa T, Otsuka M, Chiba H, Ikeda K, Mori Y, Umeda Y. Surfactant
protein A as a biomarker of outcomes of anti-fibrotic drug therapy in patients with
idiopathic pulmonary fibrosis. BMC Pulm Med. (2020) 20:27. doi: 10.1186/s12890-
020-1060-y

36. Ikeda K, Chiba H, Nishikiori H, Azuma A, Kondoh Y, Ogura T. Serum
surfactant protein D as a predictive biomarker for the efficacy of pirfenidone in
patients with idiopathic pulmonary fibrosis: a post-hoc analysis of the phase 3 trial in
Japan. Respir Res. (2020) 21:316. doi: 10.1186/s12931-020-01582-y

37. Collard HR, Calfee CS, Wolters PJ, Song JW, Hong SB, Brady S. Plasma
biomarker profiles in acute exacerbation of idiopathic pulmonary fibrosis. Am J
Physiol Lung Cell Mol Physiol. (2010) 299:L3-7. doi: 10.1152/ajplung.90637.2008

38. Isobe K, Kaburaki K, Kobayashi H, Sano G, Sakamoto S, Takai Y. New risk
scoring system for predicting acute exacerbation of interstitial pneumonia after
chemotherapy for lung cancer associated with interstitial pneumonia. Lung Cancer.
(2018) 125:253-7. doi: 10.1016/j.lungcan.2018.10.008

39. Kakugawa T, Sakamoto N, Sato S, Yura H, Harada T, Nakashima S. Risk factors for
an acute exacerbation of idiopathic pulmonary fibrosis. Respir Res. (2016) 17:79.
doi: 10.1186/s12931-016-0400-1

40. Kata Y, Hara Y, Tagami Y, Yabe A, Murohashi K, Nagasawa R. Assessment of
diagnostic utility of serum hemeoxygenase-1 measurement for acute exacerbation of
interstitial pneumonias. Sci Rep. (2022) 12:12935. doi: 10.1038/541598-022-17290-0

41. Koda K, Enomoto Y, Aoshima Y, Amano Y, Kato S, Hasegawa H. Chemotherapy
for patients with advanced lung cancer with interstitial lung disease: a prospective
observational study. Ther Adv Chronic Dis. (2022) 13:20406223221108395.
doi: 10.1177/20406223221108395

42. Kondoh Y, Taniguchi H, Ebina M, Azuma A, Ogura T, Taguchi Y. Risk factors
for acute exacerbation of idiopathic pulmonary fibrosis—-Extended analysis of
pirfenidone trial in Japan. Respir Investig. (2015) 53:271-8. doi: 10.1016/
j.resinv.2015.04.005

frontiersin.org


https://doi.org/10.3389/fmed.2021.751181
https://doi.org/10.1186/s12931-021-01879-6
https://doi.org/10.1136/bmjresp-2023-001864
https://doi.org/10.1136/bmjresp-2023-001864
https://doi.org/10.5588/ijtld.17.0167
https://doi.org/10.3389/fimmu.2020.622598
https://doi.org/10.1007/s00408-013-9452-x
https://doi.org/10.1164/rccm.201103-0561OC
https://doi.org/10.1164/rccm.201103-0561OC
https://doi.org/10.1093/toxsci/kfu255
https://doi.org/10.1186/s12931-014-0143-9
https://doi.org/10.2174/138161206775474387
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.resinv.2021.04.011
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201308-1483ST
https://doi.org/10.1164/rccm.201308-1483ST
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1164/rccm.200703-463PP
https://doi.org/10.1164/rccm.201604-0801CI
https://doi.org/10.1378/chest.07-0323
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1164/rccm.201411-1950OC
https://doi.org/10.1093/rheumatology/41.11.1268
https://doi.org/10.1016/j.rmed.2019.06.018
https://doi.org/10.1186/s42358-022-00269-w
https://doi.org/10.3390/jcm10173864
https://doi.org/10.3390/jcm10173864
https://doi.org/10.3390/jcm12227100
https://doi.org/10.1371/journal.pone.0157789
https://doi.org/10.1002/ajim.v50:12
https://doi.org/10.1371/journal.pone.0232978
https://doi.org/10.1002/art.42491
https://doi.org/10.3390/cells12091281
https://doi.org/10.1038/s41598-023-45027-0
https://doi.org/10.1016/j.resinv.2019.03.006
https://doi.org/10.1186/s12890-020-1060-y
https://doi.org/10.1186/s12890-020-1060-y
https://doi.org/10.1186/s12931-020-01582-y
https://doi.org/10.1152/ajplung.90637.2008
https://doi.org/10.1016/j.lungcan.2018.10.008
https://doi.org/10.1186/s12931-016-0400-1
https://doi.org/10.1038/s41598-022-17290-0
https://doi.org/10.1177/20406223221108395
https://doi.org/10.1016/j.resinv.2015.04.005
https://doi.org/10.1016/j.resinv.2015.04.005
https://doi.org/10.3389/fimmu.2025.1450798
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

He et al.

43. Murohashi K, Hara Y, Shinada K, Nagai K, Shinkai M, Kawana A. Clinical
significance of serum hemeoxygenase-1 as a new biomarker for the patients with
interstitial pneumonia. Can Respir J. (2018) 2018:7260178. doi: 10.1155/2018/7260178

44. Arai T, Hirose M, Hamano Y, Kagawa T, Murakami A, Kida H. Anti-myxovirus
resistance protein-1 immunoglobulin A autoantibody in idiopathic pulmonary fibrosis.
Can Respir J. (2022) 2022:1107673. doi: 10.1155/2022/1107673

45. Arai T, Kagawa T, Sasaki Y, Sugawara R, Sugimoto C, Tachibana K.
Hemosiderin-laden macrophages in bronchoalveolar lavage: predictive role for acute
exacerbation of idiopathic interstitial pneumonias. Can Respir J. (2021) 2021:4595019.
doi: 10.1155/2021/4595019

46. Domvri K, Organtzis I, Apostolopoulos A, Fouka E, Kontakiotis T, Papakosta D.
Prognostic value of serum biomarkers in patients with idiopathic pulmonary fibrosis in
relation to disease progression. J Personalized Med. (2023) 13:1307. doi: 10.3390/
ipm13091307

47. Tkeda S, Arita M, Morita M, Tkeo S, Tto A, Tokioka F. Interstitial lung disease in
clinically amyopathic dermatomyositis with and without anti-MDA-5 antibody: to lump or
split? BMC Pulm Med. (2015) 15:159. doi: 10.1186/s12890-015-0154-4

48. Murohashi K, Hara Y, Saigusa Y, Kobayashi N, Sato T, Yamamoto M. Clinical
significance of Charlson Comorbidity Index as a prognostic parameter for patients with
acute exacerbation of interstitial pneumonia. Respirology. (2021) 26:470. doi: 10.1111/
resp.14150_961

49. Okabayashi H, Ichiyasu H, Hirooka S, Akaike K, Kojima K, Jodai T. Clinical
effects of direct hemoperfusion using a polymyxin B-immobilized fiber column in
clinically amyopathic dermatomyositis-associated rapidly progressive interstitial
pneumonias. BMC Pulm Med. (2017) 17:134. doi: 10.1186/s12890-017-0479-2

50. Song JW, Do KH, Jang SJ, Colby TV, Han S, Kim DS. Blood biomarkers MMP-7
and SP-A: predictors of outcome in idiopathic pulmonary fibrosis. Chest. (2013)
143:1422-9. doi: 10.1378/chest.11-2735

51. Usui Y, Kaga A, Sakai F, Shiono A, Komiyama K, Hagiwara K. A cohort study of
mortality predictors in patients with acute exacerbation of chronic fibrosing interstitial
pneumonia. BMJ Open. (2013) 3:e002971. doi: 10.1136/bmjopen-2013-002971

52. Arai T, Akira M, Sugimoto C, Tachibana K, Inoue Y, Shintani S. Seroradiologic
prognostic evaluation of acute exacerbation in patients with idiopathic interstitial
pneumonia: a retrospective observational study. J Thorac Dis. (2020) 12:4132-47.
doi: 10.21037/jtd-20-911

53. Arai T, Tachibana K, Sugimoto C, Inoue Y, Tokura S, Okuma T. High-dose
prednisolone after intravenous methylprednisolone improves prognosis of acute
exacerbation in idiopathic interstitial pneumonias. Respirology. (2017) 22:1363-70.
doi: 10.1111/resp.2017.22.issue-7

54. Fujisawa T, Hozumi H, Yasui H, Suzuki Y, Karayama M, Furuhashi K. Clinical
significance of serum chitotriosidase level in Anti-MDAS5 antibody-positive
dermatomyositis-associated interstitial lung disease. ] Rheumatol. (2019) 46:935-42.
doi: 10.3899/jrheum.180825

55. Hamai K, Iwamoto H, Ishikawa N, Horimasu Y, Masuda T, Miyamoto S.
Comparative study of circulating MMP-7, CCL18, KL-6, SP-A, and SP-D as disease
markers of idiopathic pulmonary fibrosis. Dis Markers. (2016) 2016:4759040.
doi: 10.1155/2016/4759040

56. Hozumi H, Fujisawa T, Nakashima R, Johkoh T, Sumikawa H, Murakami A.
Comprehensive assessment of myositis-specific autoantibodies in polymyositis/
dermatomyositis-associated interstitial lung disease. Respir Med. (2016) 121:91-9.
doi: 10.1016/j.rmed.2016.10.019

57. Kohashi Y, Arai T, Sugimoto C, Tachibana K, Akira M, Kitaichi M. Clinical
impact of emphysema evaluated by high-resolution computed tomography on
idiopathic pulmonary fibrosis diagnosed by surgical lung biopsy. Respiration. (2016)
92:220-8. doi: 10.1159/000448118

58. Nobashi T, Kubo T, Nakamoto Y, Handa T, Koyasu S, Ishimori T. 18F-FDG
uptake in less affected lung field provides prognostic stratification in patients with
interstitial lung disease. ] Nucl Med. (2016) 57:1899-904. doi: 10.2967/
jnumed.116.174946

59. Sokai A, Tanizawa K, Handa T, Kanatani K, Kubo T, Ikezoe K. Importance of
serial changes in biomarkers in idiopathic pulmonary fibrosis. ER] Open Res. (2017)
3:00019-2016. doi: 10.1183/23120541.00019-2016

60. Suzuki Y, Fukada A, Mori K, Kono M, Hasegawa H, Hashimoto D. Assessment
of malnutrition-related risk in patients with idiopathic pleuroparenchymal
fibroelastosis. ER] Open Res. (2023) 9:00749-2022. doi: 10.1183/23120541.00749-2022

Frontiers in Immunology

13

10.3389/fimmu.2025.1450798

61. Grosicka A, Manasar A, Kucharz EJ, Kotyla PJ. Serum concentration of
surfactant protein D in patients with systemic sclerosis: The potential marker of the
interstitial lung disease severity. Best Pract Res Clin Rheumatol. (2018) 32:541-9.
doi: 10.1016/j.berh.2019.01.005

62. Takahashi H, Shiratori M, Kanai A, Chiba H, Kuroki Y, Abe S. Monitoring
markers of disease activity for interstitial lung diseases with serum surfactant proteins
A and D. Respirology. (2006) 11 Suppl:S51-4. doi: 10.1111/j.1440-1843.2006.00809.x

63. Wright JR. Immunoregulatory functions of surfactant proteins. Nat Rev
Immunol. (2005) 5:58-68. doi: 10.1038/nri1528

64. Fujita M, Shannon JM, Ouchi H, Voelker DR, Nakanishi Y, Mason R]. Serum
surfactant protein D is increased in acute and chronic inflammation in mice. Cytokine.
(2005) 31:25-33. doi: 10.1016/j.cyt0.2005.02.006

65. Mimori T, Nakashima R, Hosono Y. Interstitial lung disease in myositis: clinical
subsets, biomarkers, and treatment. Curr Rheumatol Rep. (2012) 14:264-74.
doi: 10.1007/s11926-012-0246-6

66. Hannah JR, Law HE, Gordon T, Rooney M, Buazon A, Adas M. A systematic
review and metaanalysis of predictors of mortality in idiopathic inflammatory
myopathy-associated interstitial lung disease. J Rheumatol. (2023) 50:373-83.
doi: 10.3899/jrheum.220383

67. Okamoto T, Fujii M, Furusawa H, Tsuchiya K, Miyazaki Y, Inase N. The
usefulness of KL-6 and SP-D for the diagnosis and management of chronic
hypersensitivity pneumonitis. Respir Med. (2015) 109:1576-81. doi: 10.1016/
j.rmed.2015.10.005

68. Highland KB, Silver RM. Clinical aspects of lung involvement: lessons from
idiopathic pulmonary fibrosis and the scleroderma lung study. Curr Rheumatol Rep.
(2005) 7:135-41. doi: 10.1007/s11926-005-0066-z

69. Zhu W, Liu C, Tan C, Zhang J. Predictive biomarkers of disease progression in
idiopathic pulmonary fibrosis. Heliyon. (2024) 10:e23543. doi: 10.1016/
j-heliyon.2023.e23543

70. Gyorfi AH, Filla T, Dickel N, Méller F, Li YN, Bergmann C. Performance of
serum biomarkers reflective of different pathogenic processes in systemic sclerosis-
associated interstitial lung disease. Rheumatol (Oxford). (2023) 63(4):962-9.
doi: 10.1093/rheumatology/kead332

71. Gunaydin FE, Gunluoglu G, Kalkan N, Aktepe EN, Demirkol B, Altin S. The
relationship between serum levels of surfactant protein D in COPD exacerbation
severity and mortality. Turk ] Med Sci. (2019) 49:888-93. doi: 10.3906/sag-1809-6

72. Lomas DA, Silverman EK, Edwards LD, Locantore NW, Miller BE, Horstman
DH. Serum surfactant protein D is steroid sensitive and associated with exacerbations
of COPD. Eur Respir J. (2009) 34:95-102. doi: 10.1183/09031936.00156508

73. Greene KE, Wright JR, Steinberg KP, Ruzinski JT, Caldwell E, Wong WB. Serial
changes in surfactant-associated proteins in lung and serum before and after onset of
ARDS. Am ] Respir Crit Care Med. (1999) 160:1843-50. doi: 10.1164/
ajrccm.160.6.9901117

74. Takeshita Y, To M, Kurosawa Y, Furusho N, Kinouchi T, Tsushima K.
Usefulness of combined measurement of surfactant protein D, thrombin-
antithrombin IIT complex, D-dimer, and plasmin-alpha2 plasmin inhibitor complex
in acute exacerbation of interstitial lung disease: A retrospective cohort study. J Clin
Med. (2024) 13:2427. doi: 10.3390/jcm13082427

75. Zemans RL, Jacobson S, Keene J, Kechris K, Miller BE, Tal-Singer R. Multiple
biomarkers predict disease severity, progression and mortality in COPD. Respir Res.
(2017) 18:117. doi: 10.1186/s12931-017-0597-7

76. Spoorenberg SM, Vestjens SM, Rijkers GT, Meek B, van Moorsel CH, Grutters JC.
YKL-40, CCL18 and SP-D predict mortality in patients hospitalized with community-
acquired pneumonia. Respirology. (2017) 22:542-50. doi: 10.1111/resp.2017.22.issue-3

77. Hill ], Heslop C, Man SF, Frohlich J, Connett JE, Anthonisen NR. Circulating
surfactant protein-D and the risk of cardiovascular morbidity and mortality. Eur Heart
J. (2011) 32:1918-25. doi: 10.1093/eurheartj/ehr124

78. Peukert K, Sauer A, Seeliger B, Feuerborn C, Fox M, Schulz S. Increased alveolar
epithelial damage markers and inflammasome-regulated cytokines are associated with
pulmonary superinfection in ARDS. J Clin Med. (2023) 12:3649. doi: 10.3390/jcm12113649

79. White ES, Xia M, Murray S, Dyal R, Flaherty CM, Flaherty KR. Plasma
surfactant protein-D, matrix metalloproteinase-7, and osteopontin index
distinguishes idiopathic pulmonary fibrosis from other idiopathic interstitial
pneumonias. Am ] Respir Crit Care Med. (2016) 194:1242-51. doi: 10.1164/
rcem.201505-08620C

frontiersin.org


https://doi.org/10.1155/2018/7260178
https://doi.org/10.1155/2022/1107673
https://doi.org/10.1155/2021/4595019
https://doi.org/10.3390/jpm13091307
https://doi.org/10.3390/jpm13091307
https://doi.org/10.1186/s12890-015-0154-4
https://doi.org/10.1111/resp.14150_961
https://doi.org/10.1111/resp.14150_961
https://doi.org/10.1186/s12890-017-0479-2
https://doi.org/10.1378/chest.11-2735
https://doi.org/10.1136/bmjopen-2013-002971
https://doi.org/10.21037/jtd-20-911
https://doi.org/10.1111/resp.2017.22.issue-7
https://doi.org/10.3899/jrheum.180825
https://doi.org/10.1155/2016/4759040
https://doi.org/10.1016/j.rmed.2016.10.019
https://doi.org/10.1159/000448118
https://doi.org/10.2967/jnumed.116.174946
https://doi.org/10.2967/jnumed.116.174946
https://doi.org/10.1183/23120541.00019-2016
https://doi.org/10.1183/23120541.00749-2022
https://doi.org/10.1016/j.berh.2019.01.005
https://doi.org/10.1111/j.1440-1843.2006.00809.x
https://doi.org/10.1038/nri1528
https://doi.org/10.1016/j.cyto.2005.02.006
https://doi.org/10.1007/s11926-012-0246-6
https://doi.org/10.3899/jrheum.220383
https://doi.org/10.1016/j.rmed.2015.10.005
https://doi.org/10.1016/j.rmed.2015.10.005
https://doi.org/10.1007/s11926-005-0066-z
https://doi.org/10.1016/j.heliyon.2023.e23543
https://doi.org/10.1016/j.heliyon.2023.e23543
https://doi.org/10.1093/rheumatology/kead332
https://doi.org/10.3906/sag-1809-6
https://doi.org/10.1183/09031936.00156508
https://doi.org/10.1164/ajrccm.160.6.9901117
https://doi.org/10.1164/ajrccm.160.6.9901117
https://doi.org/10.3390/jcm13082427
https://doi.org/10.1186/s12931-017-0597-7
https://doi.org/10.1111/resp.2017.22.issue-3
https://doi.org/10.1093/eurheartj/ehr124
https://doi.org/10.3390/jcm12113649
https://doi.org/10.1164/rccm.201505-0862OC
https://doi.org/10.1164/rccm.201505-0862OC
https://doi.org/10.3389/fimmu.2025.1450798
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Serum surfactant protein D as a significant biomarker for predicting occurrence, progression, acute exacerbation, and mortality in interstitial lung disease: a systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria
	Quality assessment (risk of bias) and data extraction
	Data synthesis

	Results
	Study selection and characteristics
	Pooled analysis for occurrence of ILD
	Pooled analysis for progression of ILD
	Pooled analysis for acute exacerbation of ILD
	Pooled analysis for mortality of ILD
	Sensitivity analysis and publication bias

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


