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SUMMARY
Background: A number of studies have been conducted to investigate the association between serum surfactant
protein D (SP-D) concentration and chronic obstructive pulmonary disease (COPD) risk. However, the results are
inconsistent. This systematic review and meta-analysis aim to investigate whether serum SP-D concentration is a
potential biomarker for COPD diagnosis.
Methods: We searched Web of Science, PubMed, China National Knowledge Infrastructure (CNKI), and Wanfang Database from inception through July 18, 2018. The standardized mean difference (SMD) with 95% confidence interval (CI) was used to investigate the effect sizes.
Results: Seventeen eligible studies from a total of 4,639 subjects were finally included in this systematic review and
meta-analysis. The results indicated that serum SP-D levels in COPD patients were significantly higher than those
in controls (SMD = 1.01, 95% CI = 0.62 - 1.41, p < 0.001). We also found that serum SP-D concentration in acute
exacerbation of chronic obstructive pulmonary disease (AECOPD) patients was significantly higher than that in
stable COPD patients (SMD = 1.50, 95% CI = 0.92 - 2.08, p < 0.001), and serum SP-D concentration was higher in
smokers than in nonsmokers in healthy population (SMD = 1.50, 95% CI = 0.35 - 2.64, p = 0.025).
Conclusions: The current systematic review and meta-analysis indicates that serum SP-D levels may be a promising biomarker for COPD. In particular, increased serum SP-D levels appear to be associated with acute exacerbation of COPD and smoking in healthy population.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2019.190539)
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is characterized by persistent respiratory symptoms and progressive airflow limitation that is due to chronic airway
inflammation, carrying a significant and substantial socioeconomic burden on individuals and society [1].
Studies have found that COPD-related costs increase
with disease severity, and prompt and accurate diagnosis enables early intervention [2]. Therefore, there is an
increasing number of studies published on exploring
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controls (0 - 2), and exposure of subject (0 - 3). Studies
were considered as high quality if their total scores were
7 - 9. Discrepancies were resolved by consensus and
discussion.

specific and novel biomarkers for early diagnosis of
COPD, such as C-reactive protein, interleukin-8, eosinophil levels, and so on [3-5].
Surfactant protein D (SP-D) is a glycoprotein belonging
to the collectin protein family and is encoded by a gene
located on chromosome 10 [6,7]. It is synthesized mainly in type II pneumocytes in the lungs and has the
largest and most flexible collagen domain among collectins, forming networks with various bound organisms
[7]. Apart from defending against infectious agents and
allergens, SP-D unusual expression is a biomarker for
several chronic inflammatory diseases [8,9]. Many studies have reported the correlation between serum SP-D
concentration and COPD risk [10-16]. However, the results were contradictory, and all relevant studies were
performed in an individual medical center with small
sample size. Therefore, it is necessary to clarify the relationship between SP-D concentration and COPD diagnosis based on all published studies, and the aim of the
present study is to address this issue using meta-analysis.

Data extraction
Two independent reviewers extracted the detailed information and data from each primary study according to
the predesigned data-collection form. The following information and data were extracted: first author, publication year, country of origin, number of both COPD
cases and control subjects, serum SP-D concentration
and method of SP-D measurement. Discrepancies occurring during the process of data extraction were resolved by discussion with a third reviewer, and consensus on each item was achieved eventually.
Data analysis
The statistical analysis was conducted using Stata 12.0.
Pooled SMD with 95% CI was calculated and p < 0.05
was accepted as statistically significant. Heterogeneity
among studies was examined with the 2-based Q testing and I2 statistics. Meta-analysis was done using the
fixed-effects model when there was no significant heterogeneity (p < 0.10). Otherwise, the random-effects
model was used [18]. In addition, meta-regression analysis was used to investigate the sources of heterogeneity
and subgroup analysis was operated to determine the
role of disease status (exacerbation or stable) and smoking in serum SP-D concentration. The leave-one-out
sensitivity analysis was performed by removing one
study each time to check if an individual study influenced the pooled results. Publication bias was examined
with Begg's test and Egger’s test and p < 0.05 indicated
significant publication bias.

MATERIALS AND METHODS
This study was conducted according to the Preferred
Reporting Items for Systematic Reviews and MetaAnalyzes (PRISMA) guidelines [17].
Identification of eligible studies
To identify all eligible studies that investigated the association between serum SP-D concentration and
COPD risk, a systematic literature search of Web of
Science, PubMed, China National Knowledge Infrastructure (CNKI), and Wanfang Database was performed until July 18, 2018. The key search terms were as
follows: chronic obstructive pulmonary disease or
COPD or chronic airway inflammatory disease and surfactant protein D or SP-D. Furthermore, the reference
lists of reviews and retrieved articles were manually
screened for additional studies. All analyses in the current meta-analysis were based on previously published
studies and the language was restricted to English.

RESULTS
Characteristics of eligible studies
A total of 922 papers were obtained after the initial
search of databases. After screening, 17 case-control/
cohort studies with a total of 4,639 participants (3,052
cases and 1,587 controls) were finally identified in the
current meta-analysis. The flow chart for selection of
studies and reasons of exclusion are presented in Figure
1. The 17 included studies were published between
2006 and 2017. A total of 3,052 COPD patients (2,114
males and 938 females) as well as 1,587 healthy controls (906 males and 681 females) were evaluated. The
detail characteristics of these studies were shown in Table 1.

Inclusion and exclusion criteria
Studies identified from the above mentioned databases
were screened by two independent authors according to
the following predesigned inclusion criteria: (1) a cohort study or case-control study; (2) evaluating the relationship between serum SP-D concentration and COPD;
(3) providing sufficient data to calculate the standardized mean difference (SMD) with a 95% confidence interval (CI); (4) not republished data.

Overall meta-analysis
The forest plot for serum SP-D levels in COPD patients
compared with controls is shown in Figure 2. The results indicated that serum SP-D concentration in COPD
patients was significantly higher than that in controls
(SMD = 1.01, 95% CI = 0.62 - 1.41, p < 0.001). A non-

Qualitative assessment
The qualities of the included studies were accessed by
two investigators according to the Newcastle-Ottawa
Scale (NOS). The NOS contains three main aspects: selection of subject (0 - 4), comparability of cases and
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Table 1. Characteristics of studies involving in the relationship between serum SP-D levels and COPD.
Study

Country

Fakih
et al. (2017)

Lebanon

Akiki et al.
(2016)

Lebanon

Alaabden
et al.
(2015)

Syria

Ou et al.
(2015)

China

Wei et al.
(2015)

China

Ambade
et al. (2015)

India

Ito et al.
(2015)

Japan

Güzel et al.
(2014)

Turkey

Gagnon
et al. (2014)

Canada

Liu et al.
(2014)

China

Ozyurek
et al. (2013)

Turkey

Deek et al.
(2013)

Egypt

Ju et al.
(2012)

China

Ishii et al.
(2012)

Japan

Lomas
et al. (2009)

UK

Shakoori
et al.
(2009)

Pakistan

Mutti et al.
(2006)

Italy

Group

N

Age

Gender
(M/F)

Smoking
(pack-years)

Sample

Assay
method

NR

Serum

ELISA

NR

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

NR

Serum

ELISA

NR

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

Serum

ELISA

COPD

90

62.0 ± 5.3

52/38

Control

223

36.0 ± 6.5

89/134

COPD

90

62.0 ± 3.5

52/38

Control

180

55.0 ± 2.2

65/115

COPD

56

61.6 ± 8.3

45/11

48.2 ± 28.0

Control

28

58.7 ± 7.6

23/5

30.5 ± 27.6

COPD

192

68.6 ± 11.4

100/92

44.8 ± 32.7

Control

128

58.3 ± 12.8

100/28

37.3 ± 25.6

COPD

8

70.0 ± 6.1

6/2

Control

8

67.0 ± 4.3

6/2

COPD

96

67.7 ± 8.9

73/23

531.1 ± 583.4

Control

96

59.8 ± 12.2

73/23

555.2 ± 321.3

COPD

20

74.3 ± 7.5

18/2

Control

33

70.5 ± 7.0

22/11

NR

NR

COPD

30

68.5 ± 10.5

30/0

54.9 ± 40.1

Control

27

42.5 ± 12.6

18/9

13.2 ± 20.4

COPD

37

65.0 ± 6.0

25/12

44.0 ± 21.0

Control

19

62.0 ± 8.0

13/6

36.0 ± 17.0

COPD

65

66.6 ± 8.1

61/4

41.7 ± 19.7

Control

26

66.7 ± 10

22/4

22.5 ± 2.8

COPD

40

62.1 ± 9.1

37/3

51.0 ± 31.0

Control

20

44.9 ± 5.8

12/8

23.0 ± 13.0

COPD

64

59.1 ± 8.5

64/0

Control

26

58.0 ± 7.1

26/0

COPD

111

65.5 ± 6.5

92/19

Control

60

64.0 ± 5.8

21/39

COPD

188

70.2 ± 7.7

174/14

73.1 ± 45.6

Control

82

64.3 ± 12.0

69/13

55.5 ± 46.4

COPD

1,888

63.4 ± 7.2

1,222/666

49.2 ± 27.3

Control

497

54.1 ± 8.8

235/262

19.2 ± 17.1

COPD

27

61.0 ± 12.2

27/0

64.4 ± 34.3

Control

54

36.0 ± 11.0

54/0

16.0 ± 20.0

COPD

50

65.6 ± 2.1

36/14

28.9 ± 4.3

Control

80

50.7 ± 2.0

58/22

6.6 ± 1.4

SP-D (ng/mL)
1,510.0 ± 198.0
1,122.0 ± 175.8
1,510.0 ± 198.0
1,269.0 ± 203.0
425.7 ± 126.3
177.3 ± 47.0
63.7 ± 43.8
69.3 ± 52.2
13.1 ± 2.2
10.3 ± 2.6
149.6 ± 53.5
74.8 ± 30.3
47.1 ± 33.6
54.3 ± 39.0
118.6 ± 102.4
7.8 ± 5.2
15.8 ± 14.6
12.1 ± 7.5
45.5 ± 37.8
31.7 ± 12.0
119.0 ± 69.0
86.2 ± 49.0
314.8 ± 103.0
122.8 ± 31.9
182.9 ± 46.5
103.1 ± 25.0
74.6 ± 58.0
78.8 ± 74.7
121.1 ± 14.9
101.3 ± 13.0
187.6 ± 104.6
127.0 ± 65.0
126.0 ± 77.0
101.3 ± 68.6

NOS
(Stars)
7
7
9
8
8
8
7
7
8
8
7
8
7
7
7
7
8

Abbreviations: N - sample size, M - male, F - female, ELISA - enzyme-linked immunosorbent assay, NR - not reported.

ignorable heterogeneity among studies was observed (I2
= 95.9%) and random-effects model was used in this
meta-analysis. To reveal possible sources of the heterogeneity, we further performed a multivariate meta-regression analysis. The results demonstrated that publi-

Clin. Lab. 12/2019

cation year, as well as the sample size ratio of controls
and case groups as confounding factors did not substantially affect the heterogeneity (adjusted p-values were
0.602 and 0.995, respectively, for COPD).
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Table 2. Characteristics of studies involving in the comparison of serum SP-D levels in AECOPD and stable COPD.
Study

Group

N

Age

Gender (M/F)

SP-D (ng/mL)

Alaabden et al.
(2015)

SCOPD

28

58.8 ± 8.3

22/6

337.9 ± 86.3

AECOPD

28

64.5 ± 8.2

23/5

508.7 ± 102.8

Ju et al.
(2012)

SCOPD

71

65.2 ± 6.8

54/17

153.5 ± 45.2

AECOPD

40

66.1 ± 5.7

38/2

235.2 ± 48.3

SCOPD

14

62.0 ± 11.0

14/0

151.0 ± 83.0

AECOPD

13

60.0 ± 13.0

13/0

227.0 ± 120.0

Shakoori et al.
(2009)

Abbreviations: N - sample size, M - male, F - female, SCOPD - stable COPD, AECOPD - acute exacerbation of COPD.

Table 3. Characteristics of studies involving in the comparison of serum SP-D levels in smokers and nonsmokers in healthy
population.
Study

Group

N

Age

Gender (M/F)

SP-D (ng/mL)

Ito et al.
(2015)

Smokers

15

68.8 ± 7.3

10/5

68.2 ± 49.1

Nonsmokers

18

72.0 ± 6.6

12/6

42.7 ± 26.5

Smokers

14

58.0 ± 7.1

14/0

144.4 ± 26.1

Nonsmokers

12

58.0 ± 7.1

12/0

97.5 ± 14.2

Lomas et al.
(2009)

Smokers

296

54.7 ± 8.9

161/135

114.3 ± 14.5

Nonsmokers

201

53.2 ± 8.6

74/127

82.2 ± 10.3

Mutti et al.
(2006)

Smokers

30

43.6 ± 1.8

20/10

130.0 ± 65.0

Nonsmokers

50

54.9 ± 2.1

38/12

84.0 ± 70.0

Deek et al.
(2013)

Abbreviations: N - sample size, M - male, F - female.

Figure 1. Flowchart shows study selection procedure.
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Figure 2. Forest plot for serum SP-D levels in COPD patients compared with those in controls.
SMD - standardized mean difference, CI - confidence interval.

Figure 3. Funnel plot for serum SP-D levels in COPD patients compared with those in controls.

was also performed to explore the potential influence of
each individual study on the overall results by deleting
one single study each time from the pooled analysis. As
shown in Figure 4, no substantial change was demon-

Publication bias and sensitivity analysis
The results of Begg's test (p = 0.902) and Egger’s test
(p = 0.628) showed no presence of publication bias. The
funnel plot is presented in Figure 3. Sensitivity analysis
Clin. Lab. 12/2019
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Figure 4. Sensitivity analysis for serum SP-D levels in COPD patients compared with those in controls.

Figure 5. Forest plot for serum SP-D levels in AECOPD patients compared with those in stable COPD patients.
SMD - standardized mean difference, CI - confidence interval.
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Figure 6. Forest plot for serum SP-D levels in healthy smokers compared with those in healthy nonsmokers.
SMD - standardized mean difference, CI - confidence interval.

than those in controls [19,21]. However, Gagnon et al.
pointed out that there was no significant difference in
serum SP-D concentration between COPD patients and
controls [20]. Therefore, it is critical to systematically
evaluate all studies and quantify the overall association
between serum SP-D concentration and COPD. The
main findings of this meta-analysis were as follows: (1)
serum SP-D concentration in COPD patients was significantly higher than that in controls; (2) serum SP-D concentration was significantly higher in patients with
AECOPD than that in patients with stable COPD; (3)
serum SP-D concentration was higher in smokers than
that in nonsmokers in healthy population.
SP-D plays an important role in regulating innate immunity through two ways: direct killing of specific bacteria and fungi, and binding pathogens and facilitating
phagocytosis [26,27]. Studies have demonstrated that
the elevation of serum SP-D levels is associated with
chronic inflammatory conditions such as asthma, interstitial pulmonary fibrosis, acute respiratory distress syndrome, and COPD [8,9]. SP-D has been thought to protect the lung against oxidative and inflammatory stress
in the pathogenesis of COPD as part of the host’s innate
immune system [12]. To some extent, these findings are
consistent with the increased serum SP-D levels in
COPD patients and suggest that serum SP-D is a promising biomarker for COPD.
The precise mechanism leading to higher serum SP-D
levels in AECOPD compared with stable COPD is still

strated in the overall studies, indicating that no individual study could affect the pooled SMD significantly.
Subgroup meta-analysis
To explore the source of heterogeneity, we further conducted a subgroup analysis. There were three studies involving in the effects of disease status on serum SP-D
levels. The serum SP-D concentration in AECOPD patients and stable COPD patients is shown in Table 2.
The results of the forest plot showed that serum SP-D
concentration in AECOPD patients was significantly
higher than that in stable COPD patients (SMD = 1.50,
95% CI = 0.92 - 2.08, p < 0.001), as presented in Figure
5. In addition, we investigated the effects of smoking on
serum SP-D concentration in the control group. As
shown in Table 3, four studies stratified for smoking
status in healthy population: smokers and nonsmokers.
Figure 6 found that serum SP-D concentration was
higher in smokers than that in nonsmokers in healthy
population (SMD = 1.50, 95% CI = 0.35 - 2.64, p =
0.025).
DISCUSSION
A number of studies have been conducted to investigate
the association between serum SP-D concentration and
COPD risk [19-25]. Güzel et al. indicated that serum
SP-D levels in COPD patients were significantly higher
Clin. Lab. 12/2019
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lyzed and interpreted the data; Degang Zhang and Tianming Zhang organized the results; Fangwei Li wrote the
manuscript.

unclear. Studies have demonstrated that the severity of
AECOPD correlates with airway inflammation, and increased intrapulmonary inflammation during AECOPD
contributes to elevation of serum SP-D levels; another
explanation for elevated serum SP-D levels during
AECOPD is that intrapulmonary SP-D expression may
increase to protect the lung against pathogens and regulate the inflammatory response in airways, where serum
SP-D levels may respond to the raised lung expression
[24,27]. In addition, higher serum SP-D levels were
found in smokers compared with nonsmokers in healthy
population. The underlying mechanism may be that
smoking increases the alveolar-capillary permeability,
causing SP-D to leak from lung compartments into systemic circulation [28].
A non-ignorable heterogeneity among studies should be
noted in the present meta-analysis, which may be attributed to many factors: First, different disease status (exacerbation or stable) and smoking history (smokers or
nonsmokers) were included in the study. Second, the
participants included had different baseline characteristics, such as age, gender, body mass index in each
study. Third, available data was accessed through statistics transformation but not direct provision in several
studies. Based on the results of sensitivity analysis, meta-regression analysis and subgroup analysis, we speculated that the heterogeneity might be derived from different disease status and smoking history to some extent
in this present meta-analysis.
Several limitations should be considered when interpreting the results. First, only published studies with sufficient data were included, thus publication bias may
have occurred even though the results of Begg’s test or
Egger’s test did not detect it. Second, due to lack of sufficient data in several primary studies, we failed to further investigate the effects of other factors (gender, age,
body mass index) on serum SP-D levels, which may
have affected our results. Third, heterogeneity was not
resolved after sensitivity analysis and meta-regression
analysis.
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