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Background: Chronic obstructive pulmonary disease (COPD) has become a major public-health problem
in China. Surfactant protein D (SP-D) is a very promising biomarker and therapeutic target for COPD. To
assess whether baseline serum SP-D is associated with lung function decline and incident COPD.
Methods: This longitudinal study was initiated in 2009 in a community in Beijing. Data were collected on
spirometry, and the baseline level of serum SP-D was measured in 772 non-COPD subjects aged 40-70 years
old. In 2012, spirometry was repeated in 364 individuals, 37 of whom subjects had incident COPD.
Results: From 2009 to 2012, subjects with incident COPD had a more rapid decline in FEV1 (MD 98.27
vs. MD 43.41 mL) compared with those without COPD. There was no association between baseline serum
SP-D and the COPD incidence. Smoking (OR =2.72; P=0.002) and age (OR =1.06; P=0.000) were risk
factors for COPD. The rate of FEV1 decline varies widely in the general population, and the univariate
analysis showed that baseline serum SP-D levels (R=-0.169; P=0.003), income level, home-road distance, and
statin use were inversely correlated with the decline in FEV1. After multivariable analyses, only smoking was
consistently associated with the decline in FEVI1.

Conclusions: There was no correlation between baseline serum SP-D levels and incident COPD in a
general population. Smoking and age were major risk factors for COPD. The effect of serum SP-D levels on
the decline in FEV1 needs further investigation.
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Introduction prevalence has ranged from 8.2% to 13.6% among adults
Chronic obstructive pulmonary disease (COPD) is aged 40 years or older (2,3). The pathobiology of COPD is
associated with significant economic burden worldwide. It characterized by impaired lung growth, accelerated decline
was the fourth leading cause of death worldwide in 2010, in lung function, lung and systemic inflammation and lung

and it is predicted to be the third by 2020 (1). In China, the injury (GOLD 2019). Establishing a causal link between the
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Figure 1 Flow chart of participant selection.

levels of selected proteins and the development of COPD
is a promising step toward their development as both
biomarkers and treatment targets.

Surfactant protein D (SP-D) is synthesized in the
endoplasmic reticulum of lung type II epithelial cells and
is secreted into the extracellular space by exocytosis (4).
SP-D can be reliably assayed in blood, bronchoalveolar
lavage (BAL) fluid and lung tissue, and it is a very promising
biomarker and therapeutic target for COPD (5). Some
clinical studies in COPD patients have shown that the level
of SP-D is elevated in those with a diagnosis of COPD and
is inversely associated with lung function (6,7). The level of
SP-D correlates well with disease severity and exacerbation
and is responsive to steroid treatment (6).

However, most of the risk factors for COPD in
China come from cross-sectional studies, which identify
associations rather than causal relationships (2,8,9). In this
study, we used data from a 3-year longitudinal community-
based cohort study in a general population without COPD
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loss of follow-up in 3 years

in Beijing, to determine whether the baseline serum SP-D
level is associated with a rapid decline in FEV1 and incident
COPD.

Methods
Study design

The study cohort was sourced from a previous
epidemiological study of COPD in 2009, as previously
reported (10). In 2009, 1,270 subjects aged 40-75 years
were recruited from the Shichahai community in Beijing.
In total, 1,261 participants completed the questionnaires
and spirometry tests. Serum SP-D level detection was
completed in 1,020 subjects, and 773 subjects with normal
lung function were included in the cross-sectional analysis.
In 2012, 364 subjects completed the second visit and were
included in the final analysis (Figure 1). This study was
conducted in accordance with the amended Declaration of
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Helsinki. The Ethics Committee of Peking University First
Hospital approved the protocol (approval number 2009-
168), and written informed consent was obtained from all
subjects.

Data collection

Demographic data, medical and medication histories, St.
George’s Respiratory Questionnaire (SGRQ) data, income
level, education level, smoking history, occupational
exposure, and family history were collected. There are six
major roads across the Shichahai community. Home-road
distance was defined as the distance from the home address
to the nearest major road, measured using AMAP 2.0
(AutoNavi Software Co., Ltd., Beijing, China). We divided
the distance into three categories: 1, <100 m; 2, 100-200 m;
and 3, >200 m, as previously reported (10).

SP-D measurement

Blood samples were collected and centrifuged (3,000 r/min,
r=15 cm, 10 min). Serum samples were stored at -80 °C.
SP-D levels were tested by enzyme-linked immunosorbent
assay (ELISA) (Hycult Biotech, HK335). Blood collection
from participants with acute respiratory infections was
postponed until 2 weeks after recovery.

Lung function

FEV1 and FEV6 were measured using the portable
spirometer COPD 6 (Vitalograph Ltd., County Clare,
Ireland), as previously reported (10). When the FEV1/
FEVG6 ratio was <0.7, a bronchodilator test was performed.
COPD was diagnosed when the FEV1/FEV6 was <0.7 after
the bronchodilator test (11).

Changes in pre-bronchodilator FEV1 were based on the
slope defined by the first and last data points. Annualized
FEV1 was classified into three categories based on an extreme
definition of rapid decline (annualized absolute loss of FEV1
>40, 2040, and <20 mL/y), as previously reported (12).

Data analysis

IBM SPSS Statistics for Windows, Version 21.0 (IBM
Corp., Armonk, USA) was used for the statistical analyses.
Summary statistics, including the mean + standard deviation
(SD), median (interquartile range, IQR), and number of
cases (percentage) for categorical variables, were obtained.
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Initially, for the 2009 datasets, we compared the
differences in serum SP-D levels based on smoking habits.
We analysed the cross-sectional association between serum
SP-D levels and FEVI in a multiple linear regression
with adjustment for the a priori confounding factors of
age, sex, height, smoking status, and cigarette pack-years
smoked. Potential confounding factors, including body
mass index (BMI), statin use, and respiratory symptoms,
were investigated by univariate analysis for their effect on
the association between SP-D and FEV1, and if a potential
confounding effect was identified, it was added to the a
priori model.

The longitudinal analysis used both the 2009 and
2012 datasets. The primary outcome was the incidence
of COPD, and the secondary outcome was the rate of the
decline in FEV1. Baseline data and the decline in FEV1
were compared between the subjects with incident COPD
(COPD group) and those without (non-COPD group)
with T tests, Kruskal-Wallis H tests or chi-square tests.
Binary logistic regression analysis was used to assess the
incidence of COPD. Univariate analysis was adopted for
correlation analyses between the rate of decline in FEV1,
baseline serum SP-D level and other potential confounding
factors. If a potential association was identified, the variable
was added to the multivariate linear regression to assess the
association between serum SP-D levels and the decline in
FEVI. P<0.05 was considered statistically significant.

Results

From the total cohort of 772 eligible non-COPD subjects,
364 completed the second visit, 37 of whom had developed
COPD after 3 years. The median baseline serum level of
SP-D was 44.1 ng/mL (IQR, 34.4-70.6). There were no
differences in serum SP-D level, sex, BMI, FEV1/Pred%,
or smoking status between subjects who were followed up
and those who were lost to follow-up. Compared with the
subjects who were followed up, the subjects lost to follow-
up were younger (56.9£9.2 and 58.3+8.6 y, respectively,
P=0.027) and had higher FEV1/FEV6 ratios (0.83+0.06 and
0.84= 0.07, respectively, P=0.015) at baseline.

Cross-sectional analysis of SP-D and lung function

The baseline characteristics of the cross-sectional population
in 2009 are shown in Table 1. Current and ex-smokers had
a higher proportion of males than nonsmokers. Current

smokers had a lower FEV1, FEV1/FEV6 ratio and FEV6
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Table 1 Baseline characteristic of cross-sectional population 2009

95

Characteristic ALL (n=772) Non-smokers (n=582) Current-smokers (n=144) Ex-smokers (n=46)
Age, y 57.3+9.1 57.4+9.1 55.4+8.5* 62.6+8.6*
Male sex, % 27.1 12.0 69.4* 84.8*
Height, cm 159.5+7.7 157.8+6.9 165.6+7.3* 165.4+6.9*
Weight, kg 64.9+11.2 63.1£10.3 70.5+£12.0* 71.6+£10.9*
BMI, kg/m® 25.4+3.6 25.3+3.6 25.7+3.7 26.2+3.5
SP-D, ng/mL 44.4 (34.4-70.6) 45.3 (34.7-72.9) 42.38 (34.3-57.5) 42.4 (33.6-61.8)
Hypertension, % 32.6 31.1 34.7 45.7*
Diabetes mellitus, % 13.0 12.4 14.6 15.4
FEV1, %pred 99.7+£13.5 100.6+13.7 95.8+11.5* 100+15.4
FEV6, %pred 99.2+13.6 100.2+13.7 95.5+11.7* 97.8+16.5
FEV1/FEV6 0.84+0.07 0.84+0.07 0.82+0.06* 0.83+0.07

Data are presented as mean + SD, median (interquartile range) or No. (%). *, P<0.05 comparing with non-smokers; ¥, P<0.05 comparing
with current-smokers. BMI, body mass index; SP-D, serum surfactant protein D; FEV1, forced expiratory volume in 1 s; FEV6, forced

expiratory volume in 6 s.

than nonsmokers and ex-smokers. There was no association
between SP-D and FEV1 after the univariate analysis (P=0.82)
and multivariate linear regression (P=0.69). No correlations
were found between SP-D levels and other parameters, such
as age, sex, BMI, smoking status, comorbidities, statin use and
respiratory symptoms. In the subgroup analysis, there were no
differences in SP-D levels among current smokers, ex-smokers

and nonsmokers (Figure 2A).

Longitudinal analysis of SP-D and incident COPD

There were no differences in the baseline level of SP-D
between subjects with incident COPD (MD, 45 ng/mL)
and those without incident COPD (MD, 40 ng/mL)
(Tuble 2 and Figure 2B). Subjects with incident COPD
had an older baseline age, more smoking pack-years, and
a lower baseline FEV1/FEV6 ratio than those without
COPD (1able 2). No significant differences were observed
in income level, education level, chronic cough, home road
distance, comorbidities, statin use, and lower respiratory
tract infections in childhood between the two groups.
FEV1 decline in subjects with incident COPD was
approximately two-fold greater than that in subjects without
COPD (Table 3). The multivariate analysis revealed no effect
of baseline serum SP-D on incident COPD (7able 4). Age (OR
=1.06 per one-year increase; 95% CI, 1.02-1.1; P=0.000)
and smoking status (OR =2.72; 95% CI, 1.24-5.94; P=0.002)
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were significant predictors of incident COPD among middle-
and old-aged subjects without COPD (Table 4).

Longitudinal analysis of SP-D and decline in FEV'1

Univariate analysis showed that baseline serum SP-D levels
(R=-0.169, P=0.003), income level (R=-0.168, P=0.001),
home-road distance (R=-0.294, P=0.00), and statin use
(R=-0.168, P=0.001) were inversely correlated with the
decline in FEV1. Baseline serum SP-D levels were higher
in subjects with an annualized absolute loss of FEV1
<20 mL/y than in those with a more rapid decline in FEV1
(Figure 2C). After multivariable analyses, only smoking was
consistently associated with an accelerated decline in lung
function, and the rate of decline in FEV1 in smokers was
32.6 mL/y (95% CI, 1.5-63.8; P=0.04) greater than that in

nonsmokers.

Discussion

This prospective cohort study presents three major
findings. First, we failed to identify a predictive value of
baseline SP-D level for incident COPD among middle-
and old-aged subjects without prevalent lung disease. Aging
and smoking were observed to be risk factors for COPD.
Second, the accelerated decline in FEV1 was the core
feature of the development of COPD. Smoking was the
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A Baseline SP-D levels in subjects divided by smoking status
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B Baseline SP-D levels in subjects divided by incident COPD
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Figure 2 Baseline serum SP-D levels in subjects based on smoking status, incident COPD and rate of FEV1 decline. (A) Baseline

serum SP-D level of cross-sectional population 2009 (n=772), there were no differences between non-smokers, current smokers

and ex-smokers. (B) Baseline serum SP-D level of Longitudinal population from 2009-2012 (n=364), there were no differences

between subjects with or without incident COPD. (C) Baseline serum SP-D level in higher in subjects with FEV1 decline

<20 mL/y than those with more rapid decline in FEV1.

leading cause of an accelerated decline in FEV1, and there
was a potential protective effect of baseline serum SP-D
against a rapid decline in FEV1. Third, lower income and
higher traffic air pollution exposure were potential risk
factors for an accelerated decline in FEV1, and statin use
may play a protective role against the decline in FEV1.

To the best of our knowledge, this is the first study
to explore the predictive value of serum SP-D in the
occurrence of COPD in a general population with normal
lung function. Previous studies suggested that levels
of serum SP-D were associated with disease severity,
progression, and treatment response of COPD (6,7,13).

© Journal of Thoracic Disease. All rights reserved.

Lomas and coworkers evaluated serum SP-D levels and
the response of those levels to the anti-inflammatory agent
prednisolone in 1,888 COPD individuals, and showed that
serum SP-D was significantly elevated in COPD patients
compared with current and former smokers without airflow
obstruction and nonsmokers. COPD patients with high
serum SP-D concentrations showed an increased risk of
exacerbation over the following 12 months, and treatment
with prednisolone resulted in a decrease in serum SP-D
levels (6). Sin and coworkers showed that inhaled fluticasone
alone or in combination with salmeterol over 4 weeks
significantly reduced serum SP-D levels and improved
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Table 2 The characteristics of subjects with incident COPD and those without

Characteristic All (n=364) COPD?(n=37) Non-COPD (n=327)

Baseline
Age, y 58.3+8.7 61.9+8.8 57.9+8.6*
Male sex, % 25.2 37.8 23.8
Height, cm 159+7.8 161+9.2 159+7.7
Weight, kg 65.4+10.8 64.7+9.9 65.4+10.9
Current and ex-smoker, % 22.5 35.1 21.1
Smoking, Pack-y 4.4+11.7 7.8£14.9 4.0+11.3*
Home-road distance of <100 m, n (%) 147/320 (46.0) 17/31 (54.0) 130/289 (44.0)
Chronic cough, % 2.7 5.4 2.4
Diabetes mellitus, % 12.9 5.4 13.8
Hypertension, % 35.2 37.8 34.9
Infection in childhood, % 9.9 8.1 10.1
Statin use, % 12.8 5.4 12.2
SP-D, ng/mL 40 (17.0) 45 (18.0) 40 (17.0)
FEV1/FEV6 0.83+0.06 0.79+0.07 0.83+0.06
FEV1, L 2.29+0.5 2.25+0.57 2.29+0.54
FEV1, %pred 98.2+14 95.7+13 98.5+14

3 years later
FEV1/FEV6 0.81+0.08 0.65+0.05 0.82+0.06"
FEV1, L 2.16+0.5 1.99+0.60 2.18+0.53*
FEV1, %pred 93.4+13.3 87.5+13.6 95.2+15.5

Data are presented as mean + SD, median (Interquartile range) or No. (%). COPD was defined by postbronchodilator FEV,/FEV,<0.7 at the
second visit. Chronic cough was defined as cough lasting for more than 8 weeks in the past year. Infection in childhood was defined low
respiratory tract infection below 12 years old. *, P<0.05 for comparison between COPD and non-COPD group; *, P<0.01 for comparison
between COPD and non-COPD group. COPD, chronic obstructive pulmonary disease; SP-D, serum surfactant protein D; FEV1, forced
expiratory volume in 1 s; FEV6, forced expiratory volume in 6 s.

Table 3 Decline in FEV1 of COPD and non-COPD

Category of FEV1 decline ALL (n=364) COPD (n=37) Non-COPD (n=327)
Decline in FEV1, mL/y 46.4 (107.5) 98.3 (118.14) 43.4 (98.65)"
Ratio of decline in FEV1, %/y 1.9 (4.6) 4.4 (6.0) 1.7 4.9

Category of FEV1 decline rate*

>40 mLYy, % 53.8 67.6 51.7
20-40 mlYy, % 11.0 10.8 11.3
<20 mLYy, % 35.4 21.6 37.0

Data are presented as mean + SD, median (interquartile range) or No. (%). *, P<0.01 for comparison between COPD and non-COPD group; ¥,
P=0.054 for comparison between COPD and non-COPD group. COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volumein 1s.
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Table 4 Binary logistic regression for the predictors for incidence of COPD

Predictors for incidence of COPD OR 95% ClI P value
Category of FEV1 decline 1.42 0.90-2.24 0.135
Baseline serum SP-D 0.99 0.98-1.00 0.235
Age 1.06 1.02-1.10 0.000
Smoking 2.72 1.24-5.94 0.002
Category of Home-Road distance 0.79 0.64-1.41 0.791

Categories of FEV, decline were defined by an annualized absolute decline of >40, 20-40, and <20 mL/y, respectively (12). Categories
of Home-Road distance were defined by <100 (grade 0), 100-200 (grade 1), and >200 m (grade 2), respectively (10). COPD, chronic

obstructive pulmonary disease; SP-D, Serum surfactant protein D.

patients’ health status. We did not find any differences in
the levels of baseline serum SP-D between non-COPD and
incident COPD subjects. This may be because our subjects
were healthy without lung injury at baseline, and the level
of SP-D may have been within the normal physiological
level. If we re-examined the levels of SP-D three years later,
there may be some differences between the two groups.
Our study showed that higher baseline serum SP-D
may be associated with a slower FEV1 decline in non-
COPD subjects, as a recent large-scale study demonstrated
a significant protective relationship between serum SP-D
and FEV1 decline (7). In that study, Ma’en Obeidat
and coworkers analysed SP-D protein quantitative trait
loci (pQTLs) and used Mendelian randomization to
demonstrate a causal relationship between serum SP-D
levels and COPD risk in 11,157 patients with COPD and
36,699 control subjects. Four SNPs (rs34406153, rs726014,
rs144420336, rs12358676) in the SPTPD region, the SNP
rs12660817 in the HLA locus and the SNP rs9927461 in
the ATP2C2 gene region were found to be associated with
SP-D blood levels, SNPs associated with increased serum
SP-D levels decreased the risk of COPD, and variants with
increased serum SP-D levels had slower declines in lung
function. As SP-D plays an important role in controlling
chronic inflammation, reducing oxidative radical formation,
facilitating phagocytosis and agglutination, reducing cell
death and enhancing apoptotic and necrotic cell clearance (4),
we speculate that the higher level of SP-D in the
physiological state may have a protective effect on the lung.
However, because the levels of serum SP-D fluctuate during
transient lung injury, it is more reliable to detect the gene
polymorphism associated with increased SP-D serum levels
rather than serum SP-D. Further large-scale studies in the

© Journal of Thoracic Disease. All rights reserved.

general population, including SP-D gene polymorphisms,
are needed to confirm the causal relationship between SP-D
and COPD risk.

This study showed that cigarette smoking and age are
significant risk factors for COPD, smoking is the leading
cause of accelerated decline in FEV1, and FEV1 in smokers
was 32.6 mL/y greater than that of nonsmokers, similar
to previous studies (14~16). In addition, individuals with
incident COPD had a lower baseline FEVI/FEV6 and
accelerated decline in FEV1, and the average rate of FEV1
decline in subjects with incident COPD was approximately
two-fold greater than that of subjects without COPD,
suggesting that lung-function trajectories lead to COPD
(17,18). Previous studies have documented that the rate of
FEV1 decline varies widely among smokers and patients
with COPD (12,19). In the current study, we demonstrated
a similar phenomenon. In our study, approximately 50% of
the subjects had a rapid FEV1 decline (>40 mL/y), whereas
one-third had a slow FEV1 decline and may actually have
had improved lung function over time (<20 mL/y). Thus,
identifying the risk factors for accelerated decline in lung
function is important for COPD prevention.

In addition, our study showed traffic exposure and
low income may lead to a rapid decline in lung function,
while statin use may play a protective role. A previous
large-scale cohort study in Taiwan showed that every
5 mug/m increment in PM2.5 was associated with a
1.18% decrease in forced vital capacity (FVC) and 1.46%
decrease in FEV1 (20). Low socioeconomic status was
associated with increased lung function decline in males,
with men in manual social classes in both childhood and
adulthood exhibiting the greatest decline in lung function
compared with those in non-manual groups in childhood
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and adulthood (21,22). A previous 10-year study in 803
elderly men showed that statin use attenuates the decline in
lung function in the elderly population, with the size of the
beneficial effect modified by smoking status (23).

The value of the present study includes its prospective
nature, longitudinal study design, and first assessment
of the predictive value of SP-D for incident COPD in
a non-COPD population. The current study also has
several limitations. First, the participants in this study
were recruited from the community through posters and
telephone calls. More women were willing to participate in
the study cohort, which may therefore not be representative
of the general middle-aged and elderly aged population in
China. Second, the dropout rate in our study was relatively
high, as some participants moved or refused to continue,
leading to a decrease in the strength of our study. The
subjects who were lost to follow-up were younger and had
higher FEV1/FEV6 ratios than those with followed ups,
which may be the reason for the high rate of participants
who developed COPD after 3 years of follow-up. Third,
SP-D was detected in serum using ELISA, which cannot
differentiate between intact (dodecameric) and monomeric
or trimeric forms of SP-D.

Conclusions

In summary, this study shows that there is no association
between baseline serum SP-D levels and the development
of COPD. Age and smoking status are leading risk factors
for COPD. Accelerated FEV1 decline is a core feature of
COPD, and serum SP-D levels may be associated with
slower FEV1 decline in non-COPD subjects. Traffic
exposure and low income may lead to a rapid decline in
lung function, whereas statin use may play a protective role
against lung function decline. Furthermore, a large-scale
cohort prospective study is needed to test the associations
between serum SP-D, its associated genetic variations,
the development of incident COPD and the decline in
lung function in the general population. A predictive
model including SP-D levels, a rapid decline in FEV1 and
exposure history needs to be established to screen for high-
risk groups in communities in China.
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