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Abstract
Background Cobalt (Co) is a metal which is widely used in the industrial production. The previous studies found the 
toxic effects of environmental Co exposure on multiple organs. However, the correlation of blood Co concentration 
with lung function was inconsistent in patients with chronic obstructive pulmonary disease (COPD).

Methods All 771 stable COPD patients were recruited. Peripheral blood and clinical information were collected. The 
levels of blood Co and serum CC16 were measured.

Results Cross-sectional study suggested that the level of blood Co was inversely and dose-dependently related to 
lung function parameters. Each 1 ppm elevation of blood Co was related to 0.598 L decline in FVC, 0.465 L decline in 
FEV1, 6.540% decline in FEV1/FVC%, and 14.013% decline in FEV1%, respectively. Moreover, higher age, enrolled in 
winter, current-smoking, higher smoking amount, and inhaled corticosteroids prominently exacerbated the negative 
correlation between blood Co and lung function. Besides, serum CC16 content was gradually reduced with blood Co 
elevation in COPD patients. Besides, serum CC16 was positively correlated with lung function, and inversely related to 
blood Co. Additionally, decreased CC16 substantially mediated 11.45% and 6.37% Co-triggered downregulations in 
FEV1 and FEV1%, respectively.

Conclusion Blood Co elevation is closely related to the reductions of pulmonary function and serum CC16. CC16 
exerts a significantly mediating role of Co-related to pulmonary function decrease among COPD patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is 
the third prominent disease for mortality all over the 
world. Due to obstructive bronchiolitis, emphysema, 
and chronic inflammation in lungs, COPD is mainly 
characterized by irreversible airflow limitation and per-
sistent respiratory symptoms [1, 2]. Shortness of breath 
or breathing difficulties restrict daily physical activity of 
COPD patients. Moreover, COPD patients often accom-
pany with anxiety, depression, cardiovascular diseases, as 
well as affect overall health and the quality of life perpet-
ually [3]. COPD has become an importantly healthy bur-
den affecting nearly 200 million populations, and evoked 
millions of deaths globally every year [4]. Cigarette smok-
ing is still the central risk factor in the pathogenesis of 
COPD [5]. Additionally, environmental exposure to bio-
fuel emissions, inhaled toxic gases, particles and air pol-
lution also leads to the initiation and development for 
COPD [6–8]. However, the associations between heavy 
metals exposure and COPD are not fully expounded.

Although COPD is a chronically respiratory disease, 
reducing environmental hazards exposure can decrease 
the risk of COPD. Previous studies have suggested that 
COPD is linked with heavy metals exposure [9, 10]. 
Cobalt (Co) and several of its compounds are widely used 
for industrial applications, mainly included the manu-
facture of batteries and alloys, medicinal products, wear-
resistant cobalt alloys, and hard metal industries [11]. 
Not only that, Co also exerts important role in the normal 
biological function, such as vitamin B12 synthesis, hema-
topoiesis, nervous system, and bone marrow erythropoi-
esis [12]. A longitudinal study indicated that pulmonary 
function is continuously declined in workers exposed to 
Co compounds [13]. The former investigation hinted that 
the concentration of toenail Co is inversely related to the 
level of pulmonary function in children with asthma in 
Chicago [14]. However, a longitudinal study indicated 
no obvious correlation of urinary Co with COPD in the 
American adult population [15]. Though previous sur-
veys have explored the influence of environmental Co on 
COPD, the conclusions are inconsistent. Therefore, we 
think that it is necessary for us to clarify whether envi-
ronmental Co affect the progression of COPD.

Over the past decade, an increasing body of evidence 
has revealed that the cellular and molecular mechanisms 
of COPD including oxidative stress response, inflam-
matory cells, inflammatory cytokines, the imbalance of 
proteases and elastases, senescence, and aging, as well 
as epigenetic modifications [16–19]. The Club cell secre-
tory protein (CC16) is a highly conserved and circulat-
ing homodimeric protein, which is primarily secreted by 
airway club cells into epithelial airway and spread every-
where in the body [20, 21]. The former investigations 
have demonstrated that CC16 play the anti-inflammatory 

and anti-oxidant roles [22, 23]. Moreover, increasing data 
have confirmed that CC16 is involved in many respira-
tory diseases, such as COPD, asthma, lung cancer, pul-
monary infectious diseases [24–27]. As we all known, Co 
nanoparticles can cause oxidative stress and DNA dam-
age in hematopoietic stem cells [28]. Additionally, there 
is an exposure-response relationship between blood Co 
and CC16 in the workers from Swedish hard metal indus-
try [29]. Therefore, we thought that environmental Co 
exposure is a risk for COPD progression through evoking 
CC16 decrease.

In this project, we explored the associations of blood 
Co concentration with lung function decrease, and the 
potential mediating role of CC16 reduction in COPD 
patients. All 771 stable COPD cases were recruited. Pul-
monary function test was carried out, the concentra-
tions of Co and CC16 were detected. The role of CC16 
decrease in the association of blood Co elevation with 
lung function reduction was explored among the 711 
COPD patients.

Materials and methods
Study population
These participants were from the Anhui COPD cohort 
(AHCC). The whole of participator was recruited from 
Second Affiliated Hospital of Anhui Medical Univer-
sity and Bozhou People’s Hospital. All participants were 
resided in the current residence for five or more years, 
with the same environmental exposure condition from 
2017 to 2020, which has been described previously [30, 
31]. COPD was diagnosed and confirmed in the basis of 
GOLD criteria [32]. The first follow-up work was per-
formed after enrollment at the end of two years. Periph-
eral blood specimens and clinical data were collected. 
Questionnaire investigation was conducted, the infor-
mation of daily habits, exercise, occupational exposure, 
smoking status, and living environment were obtained. 
All cases were selected in the stable stage, without lung 
cancers, autoimmune diseases or accompanied with 
other pulmonary diseases. Ultimately, 771 eligible COPD 
patients were enrolled.

Determination of serum CC16 via enzyme linked 
immunosorbent assay (ELISA)
The content of serum CC16 was measured using ELISA. 
Human CC16 commercial ELISA kits (CSB-E08680h) 
were purchased from Cusabio, Wuhan, China (https://
www.cusabio.com/). Experimental procedures were 
referred to the previous experiments with minor adjust-
ments [33, 34].

https://www.cusabio.com/
https://www.cusabio.com/
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Determination of blood co by inductively coupled-mass 
spectrometer (ICP-MS)
The concentration of Co in the blood was detected 
through ICP-MS in accord with the other research [35]. 
Shortly, blood samples, calibration standards, and quality 
control samples were added metal-free plastic tube pre-
washed using acid. Then, the internal standard working 
solution and 0.1% HNO3 were added. All samples were 
mixed and centrifuged. The supernatant was transferred 
into the new prewashed tubes. Ultimately, all tubes were 
placed in the autosampler and detected based on pre-set 
procedure. Lastly, the standard curve was established 
with the standard template and the concentration of 
blood Co was calculated.

Statistical analysis
All statistical analyses were conducted by SPSS 19.0 and 
R studio 3.6.1 software. All data were shown as mean, 
median or frequency. The difference of continuous data 
was compared with one-way ANOVA test or Student 
t test. The difference of categorical data was compared 
by chi-square test. According to the tertiles of blood Co 
concentration, COPD patients were divided into three 
groups. The value of serum CC16 was log-transformed. 
The correlations among blood Co, serum CC16, and 
lung function indicators were assessed by univariate lin-
ear and logistic regression models. To exclude the effect 
of covariates, confounding factors, mainly including 
age, gender, BMI, season, smoking status and amount, 
cooking methods, diabetes mellitus, and inhaled drugs 
usage, were adjusted and multivariate regression mod-
els were conducted to further estimate the correlations 
among blood Co, serum CC16, and lung function indi-
cators among COPD patients. Stratified analyses were 
carried out by age, smoking status, smoking amount, 
enrolled season, and the usage of inhaled corticosteroids 
(ICS) among COPD patients. Additionally, for the sake of 
observing the dose-response correlations between blood 
Co and lung function indicators through a visualization 
method, restricted cubic splines (RCS) were conducted. 
Lastly, the mediating influence of CC16 reduction on the 
correlation between blood Co and lung function decline 
was estimated by mediation analyses. P value <0.05 was 
regarded as statistically significances. The P values were 
2-side.

Results
Baseline characteristics
All participants were divided into three groups in the 
accordance with the tertiles of blood Co concentration. 
Among all COPD patients, the average age was 74.0 
years, with 73.54% men. Additionally, 22.83% patients 
were enrolled from spring, 15.43% cases were from 
summer, 29.57% subjects were from winter, and 32.04% 

participants were from winter (Table  1). In addition, 
there were 26.37% current smokers, 78.04% self-cooking, 
and 31.78% drinkers (Table  1). The numbers of COPD 
patients enrolled from winter, current smokers, self-
cooking, and smoking amount were obviously increased 
with the elevated blood Co concentration. Moreover, no 
difference of hypertension, coronary disease, and cere-
brovascular diseases was found in COPD subgroups. 
However, the number of diabetes mellitus was most in 
the COPD patients with the highest blood Co (Table 1). 
Across the whole participants, the size of SABA usage 
was gradually elevated in parallel with the increas-
ing blood Co concentration (Table  1). Moreover, serum 
CC16 and pulmonary function levels were prominently 
downregulated with the increasing blood Co concentra-
tion among COPD patients (Table 1).

Correlations between blood co and pulmonary function 
parameters
RCS analyses found that there were inverse and non-
linear relationships between blood Co and FVC, FEV1, 
FEV1/FVC%, and FEV1% among COPD patients 
(Fig.  1A-D). Univariate logistic regression analyses sug-
gested the odd ratios of the reductions in FVC, FEV1, and 
FEV1% were obviously elevated in COPD patients with 
highest tertile of blood Co (Fig. 2A-D). Moreover, to fur-
ther confirm this correlation, multivariate linear regres-
sion analyses were conducted. Age, gender, enrolled 
season, smoking status and amount, cooking methods, 
hypertension, coronary disease, and ICS usage were 
simultaneously controlled. As represented in Table  2, 
each 1 ppm elevation of blood Co was related to 0.598 L 
decline in FVC, 0.465 L decline in FEV1, 6.540% decline 
in FEV1/FVC%, and 14.013% decline in FEV1%, respec-
tively. Moreover, COPD patients were divided into three 
groups. Multivariate logistic regression models indicated 
that blood Co elevation increased the risks of declines in 
FVC, FEV1, and FEV1% (Table 2). In addition, stratified 
analyses were carried out. As represented in Supplemen-
tal Table 1, age, enrolled season, smoking status, smoking 
amount, hypertension, coronary disease, and ICS usage 
prominently affected the correlation of Co concentra-
tion with pulmonary function. However, no dramatically 
influence of gender, cooking methods, diabetes mellitus, 
cerebrovascular diseases, the usages of SABA, SAMA, 
LABA, and LAMA on this correlation among all partici-
pants (Supplemental Table 1).

Correlation between blood co and serum CC16
The correlation between blood Co and serum CC16 
was estimated. As represented in Table  3, each 1-unit 
upregulation of blood Co was linked to 0.340 ng/mL 
decrease in serum CC16. Furthermore, blood Co was 
significantly associated with serum CC16 content in 
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tertile 2 (β=-0.177) and tertile 3 (β=-0.277) (Table 3). In 
addition, the correlation of blood Co with serum CC16 
was estimated in the whole participators with potential 
confounding factors. Stratified analyses revealed that 
self-cooking, diabetes mellitus, and the usage of ICS 
didn’t affect the correlation between blood Co and serum 
CC16. Interestingly, smoking status, smoking amount, 
and enrolled season affected the relationship of blood Co 
level with serum CC16 content in all subjects (Table 3). 
Current smoking obviously aggravated the inverse asso-
ciation between blood Co and serum CC16 in COPD 
patients (Table 3).

Correlations between serum CC16 and pulmonary function 
parameters
Linear regression analyses were used to determine the 
positive dose-response correlations between serum CC16 
and pulmonary function parameters (Table  4). Further, 
logistic regression analyses demonstrated that pulmo-
nary function levels were substantially upregulated with 
elevated serum CC16 content (Table 4). Besides, the cor-
relations between serum CC16 and pulmonary function 
parameters were also estimated in patients with different 
clinical characteristics. As represented in Table 4, smok-
ing status, smoking amount, and the usage of ICS sensi-
bly modified these correlations.

Table 1 Demographic characteristics of participators at baseline
Characteristic All participators Tertile of blood Co (ppm) P

Tertile 1 (<0.635) Tertile 2 (0.635 ~ 1.230) Tertile 3 (>1.230)
N 771 257 257 257
Age, years 74.0 ± 0.32 74.15 ± 0.54 74.19 ± 0.56 73.67 ± 0.54 0.756
Male, n (%) 567 (73.54) 193 (75.10) 193 (73.10) 181 (70.43) 0.383
BMI (kg/m2) 22.19 ± 0.33 23.06 ± 0.33 22.68 ± 0.46 22.13 ± 0.16 0.095
Enrolled season, n (%) 0.002
Spring 176 (22.83) 58 (22.57) 70 (27.24) 48 (18.68)
Summer 119 (15.43) 45 (17.51) 39 (15.18) 35 (13.62)
Autumn 228 (29.57) 63 (24.51) 63 (24.51) 102 (39.69)
Winter 247 (32.04) 90 (35.02) 85 (33.07) 72 (28.02)
Smoking status, n (%) 0.019
None 330 (42.80) 118 (52.85) 109 (41.06) 103 (39.93)
Former 230 (29.83) 87 (28.14) 75 (24.34) 68 (34.60)
Current 211 (26.37) 52 (19.01) 73 (34.60) 86 (25.47)
Smoking amount, pack-year 41.38 ± 0.58 35.26 ± 0.91 43.07 ± 0.85 46.36 ± 1.11 0.001
Self-cooking, n (%) 594 (78.04) 180 (70.04) 203 (78.99) 211 (82.10) 0.003
Drinkers, n (%) 245 (31.78) 81 (31.52) 80 (31.13) 84 (32.68) 0.925
Comorbidities, n (%)
Hypertension 280 (36.32) 88 (34.34) 94 (36.58) 98 (38.13) 0.653
Diabetes mellitus 78 (9.86) 26 (10.12) 16 (6.23) 36 (14.01) 0.014
Coronary disease 119 (15.43) 35 (13.62) 45 (17.51) 49 (19.07) 0.227
Cerebrovascular diseases 90 (11.67) 24 (9.34) 26 (10.12) 40 (15.560) 0.065
Inhaled drug for COPD, n (%)
SABA 426 (55.25) 116 (45.14) 117 (45.53) 193 (75.10) <0.001
SAMA 75 (9.73) 21 (8.17) 22 (8.26) 32 (12.45) 0.228
LABA 321 (41.63) 104 (40.47) 104 (40.47) 113 (43.97) 0.649
LAMA 132 (17.12) 47 (18.29) 47 (18.29) 38 (14.79) 0.493
ICS 626 (81.19) 202 (78.60) 207 (80.54) 217 (84.44) 0.226
CC16 (pg/mL) 0.55 (0.29, 1.04) 0.98 (0.62, 1.35) 0.50 (0.26, 0.89) 0.34 (0.18, 0.54) <0.001
Pulmonary function
FVC (L) 2.29 ± 0.05 2.71 ± 0.07 2.36 ± 0.07 1.82 ± 0.07 <0.001
FEV1 (L) 1.80 ± 0.04 2.23 ± 0.08 1.73 ± 0.08 1.47 ± 0.06 <0.001
FEV1/FVC (%) 59.55 ± 0.82 65.67 ± 1.59 59.78 ± 1.43 54.37 ± 1.07 <0.001
FEV1 (%) 61.99 ± 1.74 79.29 ± 2.63 62.71 ± 2.40 43.50 ± 2.77 <0.001
Bold values indicate statistical significance

BMI: body mass index; SABA: short-acting beta agonist; SAMA: short-acting muscarinic antagonist; LABA: long-acting beta agonist; LAMA: long-acting muscarinic 
antagonist; ICS: inhaled corticosteroids; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second
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Mediation effects of CC16 on the correlation between Co 
exposure and pulmonary function decline
The combined effects of blood Co increase and serum 
CC16 decrease on pulmonary function decline were 
further explored in COPD patients. COPD cases were 
divided into three subgroups according to the tertiles 
of serum CC16 concentration, and then stratified by 
enrolled season, smoking status, and smoking amount. 
As shown in Supplemental Table 2, multivariate linear 
regression analyses revealed that blood Co was inversely 
associated with pulmonary function indicators. And, with 
the decreasing serum CC16 concentration, the negative 
relationships between blood Co and pulmonary function 
parameters were gradually elevated, and were strongest 
in the subgroup with the lowest serum CC16 (Supple-
mental Table 2). These results suggested that blood Co 
elevation was an independent risk factor for pulmonary 
function damage among COPD patients. Then, mediat-
ing influence of CC16 downregulation was analyzed on 
this correlation of blood Co elevation with pulmonary 
function decline. As shown in Table 5, CC16 decline dra-
matically mediated 11.45% and 6.37% of Co-triggered the 
downregulations in FEV1 and FEV1%, respectively. There 
was no obviously mediating effect of the relationships 
between Co exposure and the decreases of FVC and 
FEV1/FVC% among COPD patients (Table 5).

Discussion
This investigation primarily explored the correlation 
of blood Co concentration with pulmonary function 
change, and the effect modification mechanism in COPD 

patients. Our results shown that there were substantially 
inverse dose-response correlations of blood Co with the 
levels of pulmonary function and serum CC16. CC16 
reduction dramatically mediated environmental Co-
trigged pulmonary function decline in COPD patients. 
These data hinted that CC16 reduction is implicated in 
the progress of environmental Co-caused pulmonary 
function decline in COPD patients.

Mounting evidence have implied that environmental 
heavy metals exposure is closely related to pulmonary 
function injury among COPD patients [30, 36]. Co is 
a metal which is widely used in the industrial produc-
tion including the manufacturing of hard metals [12]. 
It is known that Co exposure has detrimental effect on 
the heart, lung, and skin. The previous studies have con-
firmed that environmental Co exposure is the hazard 
factor of occupational asthma and interstitial lung dis-
ease [37, 38]. In recent years, many researchers have con-
cerned the implication of Co exposure on lung function 
in general population and COPD cases [13–15]. How-
ever, the conclusions are inconsistent in COPD patients. 
Consequently, the correlation was further analyzed via a 
multicenter and large sample cross-sectional study. We 
found that higher blood Co concentration was correlated 
with lower lung function. Not only that, age, enrolled 
season, smoking status, smoking amount, hypertension, 
coronary disease, and ICS usage prominently affected 
the correlations between blood Co and lung function. 
The stronger correlation of blood Co concentration with 
lung function level was observed in COPD patients with 
higher ager, enrolled in winter, current-smoking, higher 

Fig. 1 Linear correlations of blood Co with lung function indicators in COPD patients. The correlations between blood Co and lung function indicators 
were explored by restricted cubic splines (RCS). (A) Blood Co and FVC. (B) Blood Co and FEV1. (C) Blood Co and FEV1/FVC%. (D) Blood Co and FEV1%.
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smoking amount, combined with hypertension and cor-
onary disease, and without ICS usage. Thus, blood Co 
concentration is negatively correlated with lung function 
among COPD cases.

The former research confirmed that inflammation 
and oxidative stress are the vital pathogenesis of COPD 
development process [16–18]. CC16 has multiple func-
tions of anti-inflammation and anti-oxidation functions, 

aberrant inflammation and oxidation stress always 
induce CC16 reduction in the body [22, 23]. Additionally, 
recent research found that exposure to Co nanoparticles 
induce oxidative stress in hematopoietic stem cells [28]. 
In our study, we found that blood Co concentration was 
significantly and inversely related to serum CC16 level in 
COPD patients. Meanwhile, stratified analysis suggested 
that the correlation between blood Co concentration and 

Table 2 Associations between blood co and pulmonary function parameters in COPD patients
Variables Continues blood Co (ppm) Tertiles of blood Co (ppm) P trend

P Tertile 1 (<0.635) Tertile 2 (0.635 ~ 1.230) Tertile 3 (>1.230)
N 771 257 257 257
FVC (L) -0.598 (-0.771, -0.425) 0.001 0 (Ref ) 0.228 (-0.102, 0.559) -0.637 (-0.845, -0.328) 0.013
FEV1 (L) -0.465 (-0.627, -0.303) 0.001 0 (Ref ) 0.446 (0.106, 0.786) -0.143 (-0.460, 0.175) 0.021
FEV1/FVC (%) -6.540 (-9.598, -3.481) 0.001 0 (Ref ) 7.268 (1.405, 13.132) -1.235 (-6.642, 4.172) 0.625
FEV1 (%) -14.013 (-19.770, -8.257) 0.011 0(Ref ) -13.768 (-24.795, -2.740) -19.282 (-29.527, -9.038) 0.002
Models were adjusted for age, gender, enrolled season, smoking status, smoking amount, self-coking, hypertension, coronary disease, and ICS usage

Bold values indicate statistical significance

Fig. 2 Estimated percent changes (mean and 95% confidence intervals) by tertiles of blood Co in COPD patients. The correlations between blood tertile 
of blood Co and lung function indicators were assessed via logistic regression analyses. (A) Tertiles of blood Co and FVC. (B) Tertiles of blood Co and FEV1. 
(C) Tertiles of blood Co and FEV1/FVC%. (D) Tertiles of blood Co and FEV1%.
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serum CC16 content was stronger in the current-smok-
ing patients than these in none- and former-smoking 
subjects. Therefore, these results indicated that environ-
mental Co exposure induces CC16 reduction in COPD 
patients which could be exacerbated by current-smoking 
status.

CC16 is almost entirely secreted by Club cells and 
non-ciliated airway epithelial cells [20, 21]. CC16 trans-
fers from the airway to the circulatory system when the 
epithelial cells are damaged by inhaled toxins such as 
environmental pollutants and cigarette smoke [39, 40]. 
Chronic exposure to polycyclic aromatic hydrocarbons 
and cigarette smoke obviously decreases the level of cir-
culating CC16 level [39, 40]. Epidemiological study found 
that circulating CC16 level is reduced in COPD patients 
compared with smokers and nonsmokers [41]. More-
over, serum CC16 is decreased and negatively linked to 
the severity classification in COPD cases [42]. Animal 
experiment declared that CC16 deficiency aggravates 
lung inflammation and lung injury in mice model of 
inflamm-aging [20]. Therefore, we thought environmen-
tal Co exposure may evoke COPD progression through 
inducing Club cells and epithelial cells injury, and finally 

lead to CC16 reduction. In our study, there was an 
inverse correlation between serum CC16 and lung func-
tion. Besides, mediating analyses hinted that circulating 
CC16 conspicuously mediated the increase of blood Co-
correlated with the declines in FEV1 and FEV1% among 
COPD patients, hinting that environmental Co exposure 
may evoke lung function reduction via the damaged Club 
cells and epithelial cells in COPD patients. Interestingly, 
serum CC16 decline just mediated partial lung func-
tion injury. Actually, multiple stressors, such as oxidative 
stress, nitrative stress, and endoplasmic reticulum stress, 
or cellular damage all can mediate the pathophysiologi-
cal process of COPD [43–45]. Not only that, Co toxicity 
always activates oxidative stress, inflammation, and epi-
thelial damage [29, 46, 47]. Co exposure promotes the 
initiation and development of COPD through not only 
evoking epithelial damage and CC16 decrease, but also 
causing inflammation and oxidative stress. Therefore, 
it was well explained why CC16 decrease just partially 
mediated Co-related to pulmonary function decline. So, 
we can’t exclude the other mechanisms in Co-incurred 
COPD progression via the current epidemiological 
research. To sum up, these results suggested that there 

Table 3 Association of blood co with serum CC16 in COPD patients
Variables Continues blood Co 

(ppm)
P modification Tertiles of blood Co (ppm) P 

trendTertile 1 
(<0.635)

Tertile 2 (0.635 ~ 1.230) Tertile 3 (>1.230)

All participators -0.340 (-0.475, -0.205) <0.001 0 (Ref ) -0.177 (-0.261, -0.094) -0.277 (-0.355, -0.199) 0.001
Smoking status 0.031

None -0.219 (-0.972, -0.116) 0 (Ref ) -0.125 (-0.432, -0.025) -0.312 (-0.439, -0.102) 0.012
Former -0.284 (-0.859, -0.106) 0 (Ref ) -0.241 (-0.367, -0.115) -0.382 (-0.512, -0.252) 0.006
Current -0.471 (-0.624, -0.355) 0 (Ref ) -0.290 (-0.387, -0.193) -0.500 (-0.599, -0.400) 0.001

Smoking amount (pack-year) 0.011
≤ 47.0 -0.220 (-0.865, -0.205) 0 (Ref ) -0.283 (-0.389, -0.176) -0.463 (-0.559, -0.366) 0.011
>47.0 -0.244 (-0.373, -0.072) 0 (Ref ) -0.259 (-0.392, -0.125) -0.448 (-0.607, -0.289) 0.008

Enrolled season 0.008
Spring -0.630 (-1.004, -0.255) 0 (Ref ) -0.152 (-0.307, 0.002) -0.237 (-0.408, 0.065) 0.025
Summer -0.769 (-1.288, -0.250) 0 (Ref ) -0.256 (-0.463, -0.050) -0.329 (-0.526, -0.132) 0.002
Autumn -0.561 (-0.850, -0.273) 0 (Ref ) -0.318 (-0.461, -0.176) -0.737 (-0.940, -0.534) 0.003
Winter -0.216 (-0.488, 0.053) 0 (Ref ) -0.165 (-0.328, 0.001) -0.439 (-0.610, 0.269) 0.044

Self-cooking 0.112
Yes -0.216 (-0.568, 0.254) 0 (Ref ) -0.332 (-0.879, -0.012) -0.452 (-1.128, -0.120) 0.055
No -0.205 (-0.428, 0.373) 0 (Ref ) -0.215 (-0.659, 0.124) -0.336 (-0.689, -0.021) 0.078

Hypertension 0.085
Yes -0.269 (-0.321, 0.216) 0 (Ref ) -0.281 (-0.403, -0.158) -0.517 (-0.641, -0.394) 0.021
No -0.308 (-0.347, -0.025) 0 (Ref ) 0.276 (0.173, 0.379) -0.141 (-0.252, -0.031) 0.071

Coronary disease 0.135
Yes -0.303 (-0.365, -0.240) 0 (Ref ) -0.174 (-0.330, -0.018) -0.395 (-0.531, 0.259) 0.006
No -0.292 (-0.527, -0.014) 0 (Ref ) -0.165 (-0.264, 0.066) -0.432 (-0.523, -0.341) 0.017

ICS 0.066
Yes -0.344 (-0.494, -0.195) 0 (Ref ) -0.325 (-0.726, 0.104) -0.444 (-0.956, 0.032) 0.021
No -0.399 (-0.807, 0.008) 0 (Ref ) -0.128 (-0.483, 0.227) -0.482 (-0.767, -0.197) 0.076

Models were adjusted for age, gender, enrolled season, smoking status, smoking amount, self-coking, hypertension, coronary disease, and ICS usage

Bold values indicated statistical significance
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are other pathophysiological mechanisms implicated in 
Co-evoked COPD progression at the same time.

The current research mainly analyzed the effect of Co 
exposure on lung function, and the potentially mediat-
ing mechanism among COPD patients. Our study pro-
vided important clue about this association and explored 
the possible pathological mechanisms. However, it also 
had many deficiencies. First, this investigation was only 
a cross-sectional study, the specific mechanism by Co-
evoked lung function reduction was unclear among 
COPD patients. Co exposure can evoke inflammation 
and oxidative stress. However, other mechanisms, such as 
oxidative stress and inflammation, can’t be eliminated in 
the current cross-sectional study. Whether the relation-
ship between oxidative stress and Co exposure is syner-
gistic, causal, or others can’t be determined. More animal 

and cellular experiments would be conducted in the lab-
oratory and are helpful for elucidating the associations. 
Second, the source of Co exposure was not analyzed and 
explored in this project. More information about occupa-
tional exposure and living environment should be inves-
tigated during the epidemiological analysis. Third, the 
concentration of Co was detected in the blood samples at 
same point in time among the whole COPD cases. Never-
theless, the concentration of blood Co at one time point 
may noy fully reflect the true level of Co exposure in 
body. Therefore, more biological samples, such as urine 
sample and bronchoalveolar lavage fluid from different 
time points should be collected in the future. Fourth, the 
exact time and dosage of ICS were unknown. The influ-
ence of ICS dosage on the relationship between blood Co 
and pulmonary function can’t be explored in the current 

Table 4 Association of serum CC16 with pulmonary function in COPD patients
Variables FEV1 (L) P modification FVC (L) P modification FEV1/FVC% P modification FEV1% P modi-

fication
All 
participators

0.669 (0.480, 
0.859)

0.001 0.749 (0.523, 
0.974)

0.002 9.044 (5.211, 
12.878)

0.032 20.841 (14.540, 
27.143)

0.012

Season 0.012 0.235 0.138 0.025
Spring -1.336 (-3.108, 

0.435)
-0.260 (-2.362, 
1.843)

5.541 (-13.158, 
10.207)

14.375 (-24.219, 
55.470

Summer 0.497 (0.102, 
2.345)

0.368 (-0.115, 
2.365)

13.577 (2.365, 
45.259)

20.336 (-15.999, 
40.251)

Autumn 0.636 (0.062, 
2.210)

-1.363 (-2.344, 
-0.383)

11.976 (-45.431, 
69.384)

23.572 (-2.633, 
69.375)

Winter 3.227 (-1.821, 
23.875)

0.078 (-2.844, 
3.000)

7.130 (1.732, 
23.471)

20.229 (-19.691, 
56.933)

Smoking 
status

0.012 0.023 0.015 0.005

None 0.223 (0.058, 
0.872)

0.213 (0.023, 
0.879)

2.328 (0.087, 
10.657)

8.334 (2.018, 
20.582)

Former 0.443 (0.080, 
0.807)

0.324 (0.110, 
0.511)

11.075 (4.344, 
17.806)

24.690 (12.499, 
36.881)

Current 0.826 (0.594, 
1.058)

0.953 (0.673, 
1.234)

6.133 (0.518, 
11.748)

17.800 (9.61, 
25.985)

Smoking 
amount 
(pack-year)

0.025 0.032 0.005 0.008

≤ 47.0 1.021 (0.793, 
1.249)

1.165 (0.853, 
1.477)

11.968 (7.715, 
16.221)

30.744 (22.427, 
39.060)

>47.0 0.409 (0.126, 
0.692)

0.404 (0.108, 
0.700)

7.277 (1.082, 
13.472)

15.482 (6.983, 
23.981)

Models were adjusted for age, gender, enrolled season, smoking status, smoking amount, self-coking, hypertension, coronary disease, and ICS usage

Bold values indicated statistical significance

Table 5 Mediating effects of CC16 on the association between blood Co elevation and pulmonary function reduction
Variables Total effects β (95% CI) Direct effects β (95% CI) Mediated effects β (95% CI) Proportion mediated by CC16 P
FVC (L) -0.359 (-0.635, -0.081) -0.130 (-0.386, -0.127) -0.092 (-0.183, 0.121) - 0.308
FEV1 (L) -0.262 (-0.503, -0.021) -0.201 (-0.879, 0.233) -0.030 (-0.120, 0.146) 11.45% 0.028
FEV1/FVC (%) -2.071 (-6.927, 2.784) -0.773 (-3.829, 5.374) -0.365 (-0.258, 1.301) - 0.222
FEV1 (%) -14.083 (-23.178, -4.988) -9.172 (-16.938, -1.407) -0.897 (-3.564, 1.258) 6.37% 0.011
Models were adjusted for age, gender, enrolled season, smoking status, smoking amount, self-coking, hypertension, coronary disease, and ICS usage

Bold values indicated statistical significance
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research. A prospective cohort study will help to resolve 
this puzzle.

Conclusions
In total, this investigation primarily reveals that blood Co 
concentration is dose-dependently and negatively related 
to lung function parameters and serum CC16 level in 
COPD patients. The current investigation first provides 
evidence that Co exposure incurs lung function reduc-
tion partially through CC16 decline in COPD patients. 
Moreover, higher age, winter, current-smoking, higher 
smoking amount, and ICS usage prominently exacerbate 
the negative correlation of blood Co content with lung 
function. This investigation has vital public healthy sig-
nificance and is helpful for implementing new policies in 
daily protection and clinical therapy for COPD patients. 
Our findings highlight the importance to guard against 
lung function decline of COPD patients by environmen-
tal Co exposure.
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