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Abstract

Background: Depressive symptoms worsen asthma outcomes; however, the
mechanism remains largely unexplored.
Objective: This study aimed to determine whether depressive-symptom-associated
immune-inflammation correlates with impaired bronchodilator response (BDR) and
airway inflammatory phenotypes.
Methods: Eligible adults with asthma (n=198) underwent clinical assessment, sputum
induction, and blood sampling. Depressive symptoms were defined by scores on the
depression subscale of the Hospital Anxiety and Depression Scale (HADS-D). Pre- and
post-bronchodilator spirometry was performed for BDR. Airway inflammatory
phenotypes were defined by sputum cell counts. CRP, IL-1β, IL-5, IL-6, IL-8, TNF-α,
IFN-γ, CCL17 and CCL22 in serum and sputum were detected.
Results: Compared with the non-depressive group (n=174), the depressive group (n=24)
exhibited impaired BDR (P=0.032) and increased sputum neutrophils (P=0.023), which
correlated with the HADS-D scores (P=0.027 and P=0.029). Levels of IL-1β, TNF-α
and IFN-γ in the serum and those of IL-1β and IFN-γ in the sputum were elevated in
the depressive group compared to those in the non-depressive group (all P<0.05).
Multiple regression models indicated that TNF-α in the sputum and IL-1β, IL-6 and
IFN-γ in both the serum and sputum were inversely associated with BDR; TNF-α in the
sputum and IL-1β in both the serum and sputum were positively correlated with sputum
neutrophils. Mediation analyses revealed that IL-1β and TNF-α in the sputum and IL1β in both the serum and sputum mediate the correlations of the HADS-D scores with
BDR and sputum neutrophils, respectively.
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Conclusions & Clinical Relevance: Asthma patients with depressive symptoms
present worse asthma control, which is most likely explained by impaired BDR and
neutrophilic airway inflammation. IL-1β and TNF-α, which are two key proinflammatory cytokines that mediate the correlation of depressive symptoms with
impaired BDR and neutrophilic airway inflammation, may serve as targeted biomarkers
in the neuropsychological phenotype of asthma; however, this result needs to be further
validated.

Keywords: asthma, depressive symptoms, bronchodilator response, systemic
inflammation, airway inflammation phenotype
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Introduction

Psychological dysfunction, including depressive symptoms, as a common
comorbidity, is significantly associated with uncontrolled asthma and severe, difficultto-control or glucocorticoid-resistant asthma that leads to more exacerbations,
unscheduled or emergency visits and hospitalizations1,2. Although this condition may
be explained by behaviour, dysfunctional breathing, altered symptom perception, and
biological effects induced by psychological dysfunction, the complex mechanisms are
still poorly understood3. Thus, exploring the underlying mechanisms between
psychological factors and asthma would have significant implications for reducing the
risk of adverse asthma outcomes, which has been identified as one of the 15 priorities
in the roadmap from the European Asthma Research and Innovation Partnership
(EARIP)4. The precision medicine strategy for asthma has been proposed based on the
presence of “treatable traits”5-7 to obtain a better understanding of controlling asthma.
According to the definition of precision medicine8, psychosocial characteristics
including

depression

problems

are

important

"treatable

traits"

of

the

neuropsychological phenotype of asthma, which need to be addressed for the potential
implications of asthma precision medicine therapy7.
Although, until now, identifying psychological dysfunction has been based solely
on behavioural symptomatology, increasing evidence indicates crosstalk between the
inflammatory pathways and neurocircuits in the brain, which leads to abnormal
behavioural responses9,10. A recent study has provided the first evidence that peripheral
inflammation predates the occurrence of depressive symptoms, as children aged 9 years
with high circulating levels of IL-6 were at a 10% greater risk of developing depressive
symptoms11. Furthermore, depression patients exhibit elevations in inflammation5

related genes, such as TNFA, CRP, IL1B, IL6, TBX21 (TBET) and IFNG9,10,12, which
could account for the lack of response to approved antidepressant treatments in 30-50%
of patients with depression9. Our recently published study showed that increased
expression of TBET or IFN-γ is significantly associated with the Hospital Anxiety and
Depression Scale (HADS) scores in asthma patients, which suggests an imbalance in T
helper 1 (TH1)/TH2 activity towards a predominance of TH1 response13. Furthermore,
earlier results for chronic airway diseases have indicated an elevated IFN-γ/IL-5 ratio
and IL-6 level in the psychological stress phase14,15. All of these inflammatory
alterations indicate that inflammation in asthma with depressive symptoms may be
different from the TH2 inflammatory response in classical asthma and that depressivesymptom-associated inflammatory profiles would modify the inflammatory and clinical
characteristics of asthma.
Patients suffering from depression exhibit decreased expression of glucocorticoid
receptor and β-adrenergic receptor in peripheral blood monocytes, which might
potentially contribute to difficulty in treating asthma16,17. Recently, it was found that

both adult asthma patients with depressive symptoms and asthmatic children with stress
exhibit a decreased bronchodilator response (BDR), which is associated with
depressive symptoms or stress18,19. Furthermore, different sputum cellular phenotypes
of asthma exhibit differential response to glucocorticoids, which indirectly reflects the
function of the glucocorticoid receptor in the airway20. However, the potential immune
inflammation underlying the association of depressive symptoms with impaired BDR
and airway inflammatory phenotypes in asthma remains unclear.
In this study, we hypothesized that depressive-symptom-associated inflammation
such as TNF-α, CRP, IL-1β, IL-6, and IFN-γ was elevated in asthma patients with
depressive symptoms, which would be associated with impaired BDR and modified
6

airway inflammatory phenotypes of asthma. Furthermore, we explored the possible
mediation effects of airway and systemic inflammation on the correlation between
depressive symptoms and BDR or neutrophilic airway inflammation. Some of the
results from this study have been previously presented in the form of an abstract by the
American Thoracic Society (ATS) 21.
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Materials and methods

Study design and subjects
This was a cross-sectional study based on the Australasian Severe Asthma
Network (ASAN)22. The ASAN provided the requirements of data collection and
sputum induction and performed quality control of the source data.
Adult subjects (≥18 years old) with persistent asthma, which was confirmed via
variable airflow obstruction, were recruited proactively and consecutively from the
Asthma Clinic of West China Hospital, Sichuan University from March 2014 to
February 2016. Variable airflow obstruction was defined as airway hyperresponsiveness in response to any standard challenge agent or positive bronchodilator
reversibility test with more than 12% and 200 mL increase of forced expiratory volume
in one second (FEV1) from the baseline1. Persistent asthma was required to have no
respiratory infection, asthma exacerbation, or change in maintenance therapy in the
preceding 4 weeks. The subjects were excluded if they were pregnant or breast feeding,
had respiratory diseases other than asthma or chronic diseases of other systems, ever
had cardiac or thoracic surgeries or had anxiety symptoms only or cognitive disorder.
All participants gave written informed consent, and the Clinical Trial and Biomedicine
Ethic Committee in West China Hospital of Sichuan University approved this study
(No. 2014-244).

Socio-demographic data, asthma information and sample collection
Socio-demographic data and baseline asthma information including medications
and adherence, asthma history, the Asthma Control Questionnaire (ACQ), Asthma
Quality of Life Questionnaire (AQLQ), and dyspnoea intensity (Modified Borg Scale,
8

MBS)23 were collected. Peripheral venous blood was gathered, and sputum induction
and skin-prick testing for atopy were performed as described in our previous studies22,24.

Depressive symptoms assessment
Depressive symptoms were assessed using the HADS25. This assessment contains
7 questions that are specially designed for depressive or anxiety symptoms with a total
score of 21 for each. HADS has different sensitivities and specificities in different
populations and a cut-off score of 8 could mostly achieve the optimal balance between
sensitivity and specificity as both approximate 0.90 for each subscale25. In a Chinese
population, the HADS has been validated with a sensitivity of 100% and a specificity
of 90% for screening of depressive symptoms at a cutoff point of 826. In our study,
depressive symptoms only were defined by a HADS depressive symptom (HADS-D)
score ≥8 and a HADS anxiety symptom (HADS-A) score <8.

Lung function and bronchodilator response
Spirometry was performed according to the recommendations of the American
Thoracic Society/European Respiratory Society recommendations27. Short- and longacting β2-agonists were demanded to be withheld for at least 24 hours preceding the
evaluation1. Baseline (pre) and post-salbutamol (post) FEV1 and forced vital capacity

(FVC) were measured using a standardized spirometer (MedGraphics Corp; St. Paul,
MN, USA); 400 mcg salbutamol (GSK, A vda de Extremadura, Spain) was
administered through adopting a spacer device (150 mL, Wanbo Technology Corp,
Shanghai, China). Fifteen minutes later, the post-FEV1 and post-FVC were measured,
and the BDR (change FEV1, %) was calculated as follows: Change (∆) FEV1, % =
(post-FEV1 – pre-FEV1)/pre-FEV1  100.
9

Sputum induction and processing
Sputum was induced and processed as described in our previous study28, and the
sputum supernatant and differential cell counts were obtained. Differential cell counts
were determined by two well-trained lab researchers from Australia and China. Details
are provided in the Methods section in the appendices. Sputum cellular phenotypes
were classified as eosinophilic (eosinophils ≥3% and neutrophils <61%), neutrophilic
(neutrophils ≥61% and eosinophils <3%), paucigranulocytic (neutrophils <61% and
eosinophils <3%) or mixed granulocytic asthma (eosinophils ≥3% and neutrophils
≥61%) based on the presence and absence of sputum granulocytes29.

Systemic and airway inflammatory cytokine assay
Three panels of cytokines, which were systemic or pro-inflammatory (CRP, TNFα, IL-1β and IL-6), TH1/TH2-like (IFN-γ and IL-5) and M1/M2-macrophage-like (TNFα, IL-1β, IL-6, IL-8, CCL17 and CCL-22) cytokines, were detected both in the serum
and sputum supernatant. Serum was obtained from peripheral venous blood that was
collected in the Vacutainer tubes (BD Biosciences, San Jose, CA, USA) via
centrifugation at 3000 rpm, 4°C for 10 min (H2050R, cence®, Changsha, China).
Serum CRP, IL-1β, TNF-α, IFN-γ, IL-5, IL-8, IL-6, CCL22 and CCL17 were quantified
via enzyme-linked immunosorbent assay (ELISA) reagent kits (R&D Systems Inc.,
Minneapolis, USA) following the manufacturer’s instructions. Levels of IL-1β, TNFα, IFN-γ, IL-5, IL-8, IL-6 and CCL22 in the sputum supernatant were measured using
the MILLIPLEX® MAP Human Cytokine/Chemokine Magnetic Bead Panel Kit (EMD
Millipore Corporation, Billerica, MA, USA) and analysed using the Milliplex Analyst
5.1 software. The concentration was assigned to be half the lower limit concentration
10

of detection if the cytokine concentration was below the lower limit of detection for the
assay30. The minimum detectable concentrations of the cytokines in the serum and
sputum supernatant are presented in Table E1 in the appendices.

Statistical analysis
The sample size based on BDR was estimated using G*Power version 3.1.
According to the incidence of depressive symptoms in asthma, which was
approximately 14.05% in the Chinese asthmatic population31, and the BDR data that
were presented in our pre-test study (means of 8.85 and 15.46 for asthma with and
without depressive symptoms, respectively, with a pooled standard deviation (SD) of
10.12 at ∆FEV1 % baseline), a sample size with no fewer than 22 subjects with asthma
and depressive symptoms and 132 subjects with asthma only was required for a twotailed 0.05 level of significance with 80% power32. Furthermore, for multiple
regressions, we determined the minimum sample size using the formula 50 + 8n, where
n represents the number of independent variables33. As a result, a sample size of no less
than 130 was required in the regression models with 10 independent variables. To allow
for 10% withdrawal, we planned to recruit a minimum sample size of 170 subjects,
including 25 and 145 asthma subjects with and without depressive symptoms,
respectively.
Differences between the groups were evaluated using the t test or the KruskalWallis H test and the Chi-square test or Fisher’s exact test, as appropriate. Univariate
analyses of Spearman correlation and Linear regression models were applied to explore
the relationships between HADS-D scores and BDR, the neutrophil percentage in the
sputum, and systemic or airway inflammation. Further mediation analyses were
performed according to the method of Baron and Kenny to establish the mediation
11

effects of systemic or airway inflammatory mediators on the relationship between
depressive symptoms and BDR and neutrophil percentage in the sputum34. The results
of the mediation effects were further confirmed using the Sobel test35. The details of the
statistical analysis are provided in the Methods section in the supplementary
information.
Statistical analyses were performed using SPSS version 21.0 (IBM Corp, Armonk,
NY, USA) and a two-tailed P value ≤0.05 was considered statistically significant.
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Results

Subject characteristics
Two hundred and sixteen asthma subjects were screened; 18 of them with HADSA scores ≥8 were excluded. Next, the 198 eligible asthma patients were divided into the
depressive group (n=24) and the non-depressive group (n=174) based on the cut-off of
the HADS-D scores. None of the asthma patients with depressive symptoms received
anti-depressant treatments.
Compared with the non-depressive group, the depressive group exhibited worse
asthma control as indicated by ACQ (P=0.013), worse quality of life as indicated by
AQLQ (P=0.007) and more serious dyspnoea according to the MBS scores (P=0.003)
(Table 1). No differences in age, smoking, asthma duration, asthma medications and
baseline lung function were observed between the two groups.
Multiple linear regression models indicated that the HADS-D scores were
positively associated with the ACQ (β=0.174, P=0.038) and MBS (β=0.124, P=0.025)
scores, while adversely correlated with the AQLQ scores (β=-0.238, P=0.003) after
adjusting for age, gender, BMI, smoking, asthma duration, ICS dosage and the HADSA scores.

Bronchodilator response
Airway obstruction, presented as pre- and post-FEV1, FVC and FEV1/FVC,
exhibited no differences between the depressive and non-depressive groups (Table 2).
However, subjects in the depressive group exhibited a significantly decreased BDR in
∆FEV1 (P=0.032 for % and P=0.029 for absolute change) in comparison to those in the
non-depressive group (Table 2 and Figure 1).
13

Univariate analyses did not indicate a statistical correlation of the HADS-D scores
with ∆FEV1 (Figure 1); however, it indicated a negative association (β=-0.841, P=0.027
for % and β=-0.264, P=0.008 for absolute change) with the adjustment of pre-FEV1%
predicted, gender, BMI, smoking, asthma duration, ICS dosage and the HDAS-A scores.

Cellular inflammatory phenotype in sputum
Sputum induction was successfully undertaken in 157 subjects with a median
sputum quality score of 14.0 (12.0, 17.0), and 145 of them exhibited better sputum
quality (scored >11) to gain sputum cell differential count. In comparison with the nondepressive group, the depressive group exhibited a larger number (P=0.014) and a
higher percentage (P=0.023) of neutrophils, while presenting a lower percentage of
macrophages (P=0.028) in the sputum (Table 2 and Figure 1). A greater proportion of
neutrophilic asthma existed in the depressive group than in the non-depressive group
(47.4% vs. 10.2%, P<0.001).
The HADS-D scores correlated to the number (r=0.177, P=0.038) and the
percentage of sputum neutrophils (r=0.204, P=0.017) but not that of sputum eosinophils
(Figure 1). The multiple regression models also indicated that the HADS-D scores were
similarly associated with the sputum neutrophil percentage (β=1.838, P=0.029) and the
sputum macrophage percentage (β=-2.318, P=0.005) after the adjustment for age,
gender, BMI, smoking, asthma duration, ICS dosage, asthma exacerbations in the
previous year and the HADS-A scores.

Systemic inflammatory cytokines
Serum IL-1β (P=0.035), TNF-α (P<0.001) and IFN-γ (P<0.001) in the depressive
group were significantly higher, while the CCL17 concentration (P=0.027) was lower
14

than that in the non-depressive group (Table 3). Serum IL-6 in the depressive group
exhibited an elevated trend compared with the non-depressive group (P=0.069). No
differences were observed in the CRP, IL-5, IL-8 and CCL22 levels between the two
groups.
Serum TNF-α (r=0.259, P=0.021), IFN-γ (r=0.183, P=0.036) and IL-6 (r=0.336,
P<0.001) but not CRP (r=0.002, P=0.552) and IL-1β (r=0.165, P=0.094) correlated to
the HADS-D scores. After adjusting for age, gender, BMI, smoking, asthma duration,
ICS dosage, asthma exacerbations in the previous year and HADS-A scores, our
multiple regression models also indicated a positive association of the HADS-D scores
with serum IL-1β (β=0.328, P=0.007), TNF-α (β=11.931, P=0.045), IFN-γ (β=6.627,
P=0.049) and IL-6 (β=0.377, P=0.046) and a negative association with CCL22 (β=46.242, P=0.022) and CCL17 (β=-5.932, P=0.047).

Airway inflammatory cytokines
Similar to the systemic inflammation, the depressive group exhibited higher levels
of IL-1β (P=0.032) and IFN-γ (P=0.037) in the sputum than the non-depressive group.
TNF-α level in the depressive group revealed a tendency of elevation (P=0.063).
However, sputum IL-5, IL-8 and CCL22 levels showed no differences between the two
groups.
Sputum IL-1β (r=0.195, P=0.020), TNF-α (r=0.181, P=0.031), IFN-γ (r=0.221,
P=0.008), but not IL-6 (r=-0.011, P=0.893), were positively associated with HADS-D
scores. After adjusting for confounding factors, such as age, gender, BMI, smoking,
asthma duration, ICS dosage, asthma exacerbations in the previous year and HADS-A
scores, the sputum IL-1β (β=8.407, P=0.044), TNF-α (β=1.988, P=0.015), IFN-γ
(β=0.181, P=0.046) and CCL22 (β=-5.401, P=0.026) levels were all associated with
15

the HADS-D scores. Surprisingly, we found a negative correlation between IL-6 and
the HADS-D scores (β=-6.523, P=0.006).

Mediation effects of systemic and local inflammation
We performed mediation analyses of systemic and local inflammation in the
association of depressive symptoms with BDR and sputum neutrophil percentage.
Details are provided in the Methods section in the appendices. Our mediation analyses
indicated that sputum IL-1β (β=-0.218, P<0.001; Sobel Test: z=-1.970, P=0.048) and
TNF-α (β=-0.164, P=0.003; Sobel Test: z=-1.998, P=0.045) were observed to mediate
the association between the HADS-D scores and BDR; IL-1β both in the serum
(β=51.908, P=0.012; Sobel Test: z=1.965, P=0.049) and sputum (β=0.382, P<0.001;
Sobel Test: z=1.962, P=0.049) mediated the association of the HADS-D scores with the
sputum neutrophil percentage (Table 4).
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Discussion

To the best of our knowledge, this is the first study conducted to explore the neuroimmune inflammatory mechanism underlying the relationship of depressive symptoms
with BDR and airway cellular inflammatory phenotypes in asthma. This pilot study
indicated that asthma patients with depressive symptoms were characterized by worse
asthma control and quality of life and more serious dyspnoea that could be explained
by impaired BDR and neutrophilic airway inflammation, both of which significantly
correlated with depressive symptoms. Furthermore, asthma with depressive symptoms
exhibited elevated TNF-α, IL-1β, and IFN-γ, which indicated imbalance of M1/M2 and
TH1/TH2 activities towards a predominance of M1 and TH1 response. In addition,
mediation analyses indicated that IL-1β and TNF-α, as two important pro-inflammatory
cytokines, mediated the association of depressive symptoms with impaired BDR and
neutrophilic airway inflammation; these cytokines may serve as targeted biomarkers in
the neuropsychological phenotype of asthma.
Consistent with previous studies, asthmatic subjects with depressive symptoms
presented worse asthma control in our study13,36, which could be explained by impaired
BDR and neutrophilic airway inflammation. As a heterogeneous disease, asthma is
characterized by chronic airway inflammation and bronchodilator reversibility, which
were expressed as airway inflammation cell phenotypes and BDR, respectively.
Impaired BDR well predicted worse survival advantage in a large population cohort
study37 and correlated with severe exacerbation of asthma in the future38. Our study
confirmed that depressive symptoms were associated with a 6.52% reduction in BDR,
which has also been reported in recently published studies18. Furthermore, we found
that depressive symptoms were associated with a 13.38% elevation in neutrophils in
17

the sputum, which indicated a greater incidence of neutrophilic asthma within these
patients. It has been shown that neutrophilic inflammation in the airway was responsible
for corticosteroid resistance39 and was mostly associated with severe or refractory
asthma40. In addition, Shaw et al. found that sputum total neutrophil counts were
associated with lower post-bronchodilator FEV1 in asthma41 perhaps because of the
reduced number of mast cells, especially in the MCT/CPA3 subtype in the putum28.
Our study indicated a correlation of elevated IL-1β, TNF-α and IFN-γ, both in the
serum and sputum, with the HADS-D scores. In asthmatic populations, IL-1β, TNF-α
and IFN-γ are significantly associated with glucocorticoid treatment response and
uncontrolled or severe asthma42-44. Our previous study also indicated that overproduction of IFN-γ would induce MyD88-dependent steroid-resistance in refractory
asthma45. As an inflammatory disease, in which neuro-immune inflammation and cellmedicated immune activation are involved9,16,46, major depressive disorder is
accompanied by elevated IL-1β, TNF-α and IFN-γ; the subgroup of major depressive
disorder patients with increased levels of these cytokines might benefit from an antiinflammation intervention47,48. Psychological stress could induce the activation of proinflammatory monocytes in the peripheral blood and lead to an imbalance in the
monocyte/macrophage system16. Pro-inflammatory cytokines IL-1β, TNF-α, and IFNγ can be secreted by M1 macrophages, and these cytokines can promote the polarization
of TH1 inflammation49. Meanwhile, as a TH1 inflammatory mediator, IFN-γ can
promote M1 differentiation50 and induce M1 macrophages to produce a considerably
higher level of IFN-γ via an autocrine feedback mechanism49. Thus, M1 macrophages
and TH1 inflammation may mutually promote to constitute a vicious cycle in the
immune inflammatory mechanism of depression. M2-macrophage-like biomarkers such
as CCL22 and CCL1749, which were inversely associated with the HADS-D scores,
18

also indicated that M1 macrophages, as pro-inflammatory cells, may be predominant in
this neuropsychological phenotype of asthma51.
Our further mediation analyses indicated that IL-1β and TNF-α, as two proinflammatory cytokines, could play key roles in depressive-symptom-associated
impaired BDR and neutrophilic airway inflammation. IL-1β and TNF-α were
associated with decreased glucocorticoid expression along with impaired nuclear
translocation52,

53

desensitization55,

, glucocorticoid receptor phosphorylation54 and β2-adrenergic
56

. Therefore, these results suggest that depressive-symptom-

associated activation of systemic M1 macrophages could produce an over-expression of
pro-inflammatory cytokines and promote TH1 differentiation. These inflammatory
mediators may then infiltrate the airway from the peripheral blood and modify the BDR
and airway inflammatory phenotype, which could contribute to the development of
difficult-to-treat asthma (Figure 2). However, this presumption needs to be further
validated in future studies. Additionally, it remains unclear whether there would be an
interaction effect of airway and depressive-symptom-associated systemic inflammation.
In this study, we did not observe a significant difference in IL-6 in neither the
serum nor the sputum between the depressive and non-depressive subjects with asthma.
Interestingly, in our study, serum IL-6 was positively associated with the HADS-D
scores, while an opposite association was observed between sputum IL-6 and the
HADS-D scores. Reasons for these unexpected findings may be two-fold. Firstly, no
significant difference in IL-6 would result from underpowered statistics of biological
samples or the depressive symptom as defined by HADS that is used in this study rather
than depression diagnosed by Diagnostic and Statistical Manual of Mental Disorder 4th
Edition (DSM-IV)57 that could reduce the internal validity. Secondly, the sources and
functions of IL-6 are very complex. As a multifunctional interleukin with both pro- and
19

anti-inflammatory properties, IL-6 can be produced from diverse cells: it is involved in
practically all aspects of the immune system58, and it plays active roles in the
pathogenesis of both asthma and depression11,48,59,60. Accordingly, when asthma is
present with comorbid depressive symptoms, the status of IL-6 may become much more
complex. Until now, few studies have been published to explore the correlation of IL6 in induced sputum with depressive symptoms. The level of IL-6 in the airway at a
local site did not reflect systemic or peripheral regions, which would modify the
direction of correlation of sputum IL-6 with depressive symptoms.
Our study has considerable strengths; it exhibited a higher comparability between
asthmatics with and without depressive symptoms because of the consecutive
recruitment of asthma participants from a real-world setting, in which methods of
assessment including lung-function testing and sputum induction and processing were
operated via standard procedures by the ASAN programme22. In addition, sputum
differential cell counts were performed by two well-trained laboratory researchers, and
the results exhibited an almost perfect agreement. However, there were still several
limitations that have to be addressed. Firstly, the cross-sectional design, paths in the
regression models and mediation analyses essentially represented the correlation of
depressive symptoms with local and systemic inflammatory biomarkers, BDR, and
neutrophilic airway inflammation, which did not indicate the causality. The correlation
between asthma and depression is complicated and remains a proverbial “chicken-egg”
question until now3; however, it may be likely that the presence of pro-inflammatory
M1-like cytokines such as IL-1β and TNF-α appropriately explains this correlation.
Secondly, the consecutive sampling method, as one of the non-probability sampling
techniques used in our study, is hardly randomized and lacks generalization to some
degree; however, a sufficiently large sample size to guarantee statistical power was
20

adopted in this study to ensure that our resulting sample was more likely to represent
the target population than one resulting from simple convenience sampling. Thirdly,
the HADS was not a diagnostic tool but only a screening tool for states of depression61,
and further clinical diagnosis of depression was not performed in this study for the
patients who screened positively for depressive symptoms, which could strengthen our
findings. Importantly, however, the HADS exhibits more than 90% of sensitivity and
specificity for diagnosing depression in the Chinese population26, and it is widely used
in the world. . Fourthly, we did not accurately identify which cells produced IL-1β,
TNF-α and IFN-γ using flow cytometry, which needs to be explored further.
Conclusions

In conclusion, our study revealed that asthma patients with depressive symptoms
were characterized by worse asthma control and quality of life and more serious
dyspnoea that could be explained by depressive-symptom-associated impaired BDR
and neutrophilic airway inflammation. Asthma patients with depressive symptoms
exhibited an elevation of TNF-α, IL-1β, and IFN-γ, which indicated an imbalance of
M1/M2 and TH1/TH2 activities towards a predominance of M1 and TH1 response. IL-1β
and TNF-α, as two key pro-inflammatory cytokines, mediated the correlation of
depressive symptoms with impaired BDR or neutrophilic airway inflammation; these
cytokines may be targeted biomarkers in the neuropsychological phenotype of asthma.
Our study provides a further understanding of the distinct immune inflammation
response in asthma with comorbid depressive symptoms. The neuropsychological
phenotype of asthma is unclear and necessitates more studies to explore the complex
causalities among depressive symptoms, neuro-immune-mediated inflammation and
worse asthma control or severe asthma.
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Table 1. Characteristics of asthma participants with depressive and non-depressive symptoms.
Variables
Non-depressive group
Depressive group
n
174
24
Age
47.28±13.79
44.45±9.71
Gender, male/female
70/104
11/13
BMI
23.71±3.91
24.19±4.37
Smoking status
Current/ex-/non-smoker
21/29/124
5/6/13
0.00 (0.00, 3.71)
0.00 (0.00, 9.32)
Pack years
Atopy, n (%)
95 (54.6)
17 (70.8)
HADS-D scores
1.0 (0.0, 3.0)
9.0 (8.0, 10.0)
HADS-A scores
2.0 (0.0, 3.0)
5.5 (4.0, 6.0)
Asthma duration, years
7.66 (2.65, 22.44)
8.65 (2.48, 16.48)
0
(0,
0)
0 (0, 1)
Asthma exacerbations in the previous year
ACQ
0.67 (0.17, 1.33)
1.33 (0.50, 2.12)
AQLQ
6.11 (5.47, 6.53)
5.55 (4.72, 6.28)
Modified Borg Scale scores
1.0 (0.0, 3.0)
2.00 (2.00, 4.00)
Asthma medications
ICS and LABA, n (%)
72 (41.4)
9 (37.5)
ICS dosage (BPD), µg
400 (400, 1000)
400 (400, 400)
40 (23.0)
7 (29.2)
Leukotriene modifier, n (%)
Theophylline, n (%)
33 (19.0)
6 (25.0)
LAMA, n (%)
4 (2.3)
1 (4.2)
Adherence to ICS, %
88.9
73.6
GINA treatment steps, steps 1-3/4-5
116/58
16/8
Baseline lung function (pre β2 agonist)
FEV1, L
2.15±0.78
2.26±0.75
FEV1, % predicted
74.03±19.75
75.84±21.52
FEV1/FVC, %
67.08±13.84
68.32±13.28
32

P
0.214
0.601
0.574
0.228
0.370
0.133
<0.001
<0.001
0.789
0.225
0.013
0.007
0.003
0.717
0.310
0.505
0.486
0.585
0.440
1.000
0.526
0.678
0.680

ACQ: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; BMI: body mass index; BPD: beclomethasone dipropionate; GINA: Global Initiative for
Asthma; HADS-D: depressive symptoms of the Hospital Anxiety and Depression Scale; HADS-A: anxiety symptoms of the Hospital Anxiety and Depression Scale; ICS:
inhaled corticosteroid; LABA: long-acting beta2-agonist; LAMA: long-acting anticholinergic drugs.
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Table 2. Bronchodilator response and sputum cellularity of asthma patients grouped by depressive symptoms.
Variables
Non-depressive group
Depressive group
n
174
24
Lung function, pre β2 agonist
FEV1, L
2.15±0.78
2.26±0.75
FEV1, % predicted
74.03±19.75
75.84±21.52
FVC, L
3.19±0.93
3.301±1.04
FVC, % predicted
91.59±16.58
91.72±18.42
FEV1/FVC, %
67.08±13.84
68.32±13.28
Lung function, post β2 agonist
FEV1, L
2.36±0.82
2.43±0.66
FEV1, % predicted
81.07±17.91
79.00±18.45
FVC, L
3.38±0.93
3.43±0.66
FVC, % predicted
96.88±14.44
92.99±16.87
FEV1/FVC, %
69.41±13.06
71.38±12.91
∆ FEV1, L
0.30±0.21
0.20±0.14
∆ FEV1, %
16.72±10.77
10.20±7.28
Sputum cell differential count
n
126
19
Total cell count, ×106/L
2.49 (1.30, 4.21)
4.05 (1.58, 7.34)
Neutrophils, ×106/L
0.70 (0.18, 1.58)
0.87 (0.22, 2.83)
Neutrophil, %
32.38 (11.88, 46.56)
45.50 (9.50, 80.50)
Eosinophils, ×106/L
0.00 (0.00, 0.03)
0.00 (0.00, 0.01)
Eosinophil, %
0.00 (0.00, 1.00)
0.00 (0.00, 0.50)
6
Macrophages, ×10 /L
1.46 (0.84, 2.65)
0.86 (0.51, 2.72)
Macrophage, %
62.75 (45.94, 84.63)
34.00 (18.75, 81.50)
Lymphocytes, ×106/L
0.02 (0.01, 0.06)
0.02 (0.01, 0.07)
Lymphocyte, %
1.00 (0.50, 2.00)
0.75 (0.50, 2.00)
34

P

0.526
0.678
0.576
0.973
0.680
0.719
0.656
0.806
0.307
0.558
0.029
0.032

0.166
0.014
0.023
0.356
0.289
0.330
0.028
0.963
0.747

∆: change from the baseline.
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Table 3. Systemic and airway inflammatory cytokines in asthma patients with and without depressive symptoms.
Variables
Serum

Non-depressive group

Depressive group

174

24

CRP, pg/mL

1.18 (1.00, 3.84)

1.00 (1.00, 2.87)

0.570

IL-1β, pg/mL

0.50 (0.50, 0.50)

0.50 (0.50, 0.67)

0.035

TNF-α, pg/mL

15.00 (15.00, 15.00)

15.00 (15.00, 225.54)

<0.001

IFN-γ, pg/mL

19.69 (3.62, 57.88)

21.73 (3.25, 243.24)

<0.001

IL-5, pg/mL

2.92 (0.15, 16.29)

12.94 (4.26, 22.16)

0.183

IL-6, pg/mL

1.62 (1.50, 4.55)

3.84 (1.50, 7.29)

0.069

IL-8, pg/mL

20.81 (13.92, 25.34)

17.97 (11.55, 25.96)

0.688

CCL22, pg/mL

87.15 (60.87, 492.90)

68.90 (49.31, 130.32)

0.203

CCL17, pg/mL

120.00 (64.51, 231.80)

65.94 (35.20, 151.23)

0.027

135

22

IL-1β, pg/mL

18.01 (8.45, 39.25)

39.29 (13.54, 130.65)

0.032

TNF-α, pg/mL

12.49 (4.45, 28.27)

20.46 (5.49, 68.07)

0.063

IFN-γ, pg/mL

1.12 (0.40, 1.68)

1.52 (1.10, 2.10)

0.037

n

P values

Sputum
n

IL-5, pg/mL

1.40 (0.91, 2.23)

0.95 (0.79, 2.02)

0.149

IL-6, pg/mL

20.75 (8.38, 52.83)

41.61 (16.52, 77.91)

0.156

IL-8, pg/mL

1791.00 (802.53, 3521.75)

2531.00 (980.58, 3949.00)

0.360

49.98 (23.33, 97.96)

33.92 (20.85, 72.06)

0.191

CCL22, pg/mL
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Table 4. Mediation effects validated by Sobel tests.
Inflammatory mediators
Correlation between HADS-D scores and BDR
z value

SE

P

Correlation between HADS-D scores and sputum
neutrophils (%)
z value
SE
P

Cytokines in serum
CRP, pg/mL
-0.076
0.008
0.938
0.078
0.045
0.937
IL-1β, pg/mL
-1.187
1.811
0.235
1.965
8.663
0.049
TNF-α, pg/mL
-1.034
0.138
0.300
-1.138
0.503
0.255
IFN-γ, pg/mL
-1.072
0.086
0.283
-0.999
0.245
0.317
IL-5, pg/mL
-0.443
0.203
0.657
-0.557
0.343
0.576
IL-6, pg/mL
-1.042
0.100
0.297
1.250
0.244
0.211
IL-8, pg/mL
-0.070
0.007
0.943
0.070
0.050
0.943
CCL22, pg/mL
1.516
0.121
0.129
0.682
0.338
0.494
CCL17, pg/mL
0.110
0.053
0.911
0.581
0.173
0.561
Cytokines in sputum
IL-1β, pg/mL
-1.970
0.930
0.048
1.962
1.636
0.049
TNF-α, pg/mL
-1.998
0.163
0.045
1.525
0.177
0.127
IFN-γ, pg/mL
-1.195
0.176
0.231
-1.308
0.436
0.190
IL-5, pg/mL
0.119
0.010
0.904
-0.144
0.058
0.885
IL-6, pg/mL
1.355
0.081
0.175
0.038
0.169
0.969
IL-8, pg/mL
0.000
0.002
1.000
-0.821
0.002
0.411
CCL22, pg/mL
0.453
0.070
0.878
-0.032
0.167
0.974
FEV1: forced expiratory volume in 1 second; HADS-D: depressive symptom of the Hospital Anxiety and Depression Scale; ∆: change from the baseline.
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Figure legends

Figure 1. Bronchodilator response (A) and sputum eosinophils (B) and neutrophils (C)
in asthma patients with and without depressive symptoms, and the correlations of
depressive symptoms in HADS-D scores with bronchodilator response (D) and sputum
neutrophils (E). HADS-D: depressive symptom of the Hospital Anxiety and Depression
Scale; ∆: change from the baseline. Data are expressed as the median (quartile) with 595 percentile.

38

Figure 2. Hypothetic schematic diagram for the mechanism underlying the correlation
of depressive symptoms with impaired bronchodilator response and neutrophilic airway
inflammation in asthma with depressive symptoms.
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810

Materials and methods

811

Sputum induction and processing

812

Sputum was induced after pretreatment with 400 mcg salbutamol (GSK, Avda de

813

Extremadura, Spain) using 4.5% saline that was atomized using an ultrasonic nebulizer

814

(Cumulus, HEYER Medical AG, German). If the pre- or post-FEV1 was ≤40% of the

815

predicted value, the sputum was induced with 0.9% saline after it was deemed safe by

816

the supervising physician.

817

The volume of the selected sputum plugs was determined. A volume of 1%

818

dithiothreitol (SPUTOLYSIN Reagent, Calbiochem®, USA) was added equal to 4

819

times the sputum volume. The sputum sample was gently mixed using a rotating mixer

820

and placed in a shaking water bath at room temperature for approximately 30 min to

821

ensure complete homogenization. The homogenized sample, with the addition of a

822

volume of PBS as sputolysin, was mixed with a disposable pipette and shaken for

823

further 5 min, filtered through the wet nylon filter apparatus, and centrifuged at 1500
44

824

rpm for 10 min (H2050R, cence®, Changsha, China). Finally, the sputum supernatant

825

was aspirated and frozen immediately at -80°C for further analysis. PBS was added to

826

the cell pellets that were obtained after centrifugation, and the cells were suspended.

827

Total and differential cell counts were obtained via centrifugation-smear (CYTOPRO

828

7620, WESCOR®, INC., Logan, USA) and staining (Giemsa, SIGMA-ALDRICHTM,

829

Inc., Louis, USA) preparation. To achieve better differential cell counts, the sputum

830

quality was assessed using the cytospin quality scale from Hunter Medial Research

831

Institute, Australia (Table E2). In addition, differential cell counts in our study were

832

determined by two well-trained laboratory researchers, Michelle Gleeson in Hunter

833

Medical Research Institute, Australia and Xiao Fei Liu at West China Hospital, China.

834

The agreement analysis between the observers showed a high agreement from 80.33%

835

to 100.00% for the overall data (Kappa=0.901, P<0.001) and different cell types in

836

neutrophils with an agreement of 96.24% (Kappa=0.921, P<0.001), eosinophils with

837

an agreement of 100.00% (Kappa=1.000, P<0.001), macrophages with an agreement

838

of 94.81% (Kappa=0.891, P<0.001), and lymphocytes with an agreement of 97.50%

839

(Kappa=0.728, P<0.001) (Table E3).

840
841

Statistical analysis

842

Continuous variables were expressed as the means and SD for normal distribution

843

or as the medians and interquartile range (IQR) for abnormal distribution respectively.

844

Categorical variables were expressed as the percentages. The t test or the Kruskal-

845

Wallis H test was performed for continuous data, and the Chi-square test or Fisher’s
45

846

exact test was used for categorical data analysis.

847

Linear regression models were applied to explore the relationships between the

848

HADS-D scores and BDR or neutrophil percent in the sputum and the systemic or

849

airway inflammation. Univariate analyses were initially conducted using the Spearman

850

correlation; any variable significant at P <0.20 without collinearity to each other was

851

entered into the multiple regression models. In addition, potential variables affecting

852

BDR, sputum cellular phenotypes or systemic and airway inflammation, including age,

853

gender, body mass index (BMI), smoking, FEV1 % predicted, asthma duration, inhaled

854

corticosteroids (ICS) dosage and HADS-A scores were also included in the models as

855

priori covariates regardless of P-value. The results of the models were presented as beta

856

coefficients (β), standard error (SE) and 95% confidence interval (CI).

857

Mediation analyses were performed step by step following the methods by Baron

858

and Kenny, which contains four steps of multiple regression to explore the mediation

859

effects of systemic or airway inflammatory mediators on the relationships between

860

depressive symptom and BDR or neutrophil percentage in sputum1,2. For example, as

861

described in Figure E1, BDR was correlated with depressive symptoms (path c in

862

Figure E1 A). The association between depressive symptoms and BDR (path c′) was

863

mediated by an increase in inflammatory mediators which was associated with

864

depressive symptoms (path a) and was responsible for BDR (path b', when the

865

depressive symptoms were also a predictor of the BDR) (Figure E1 B). Separate

866

coefficients (β) for each equation should be estimated and tested; β1, β2, and β3 were

867

path coefficients. We also confirmed the mediation results using the Sobel test3.
46
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869

Results

870

Mediation effects of systemic and local inflammation

871

Mediation analysis was performed step by step to explore the possible mediation

872

effects of local and systemic inflammatory mediators on the correlations between

873

depressive symptoms, which were represented by HADS-D scores, and BDR or the

874

percentage of sputum neutrophils. First, we examined the correlations between the

875

HADS-D scores and BDR or the percentage of sputum neutrophils and local or systemic

876

inflammation mediators. As described in the main document, the HADS-D scores were

877

significantly associated with BDR (β=-0.841, P=0.027) and the percentage of sputum

878

neutrophils (β=1.838, P=0.029) (Table E4). In term of the associations between HADS-

879

D scores and local and systemic inflammation, HADS-D scores correlated with serum

880

IL-1β (β=0.328, P=0.007), TNF-α (β=11.931, P=0.045), IFN-γ (β=6.627, P=0.049), IL-

881

6 (β=0.377, P=0.046), CCL22 (β=-46.242, P=0.022), CCL17 (β=-5.932, P=0.047) and

882

sputum IL-1β (β=8.407, P=0.044), TNF-α (β=1.988, P=0.015), IFN-γ (β=0.181,

883

P=0.046), IL-6 (β=-6.523, P=0.006), CCL22 (β=-5.401, P=0.026) (Table E4). It further

884

indicated that serum IL-1β (β=-9.627, P=0.041), IFN-γ (β=-0.164, P=0.050) and IL-6

885

(β=-0.423, P=0.040) and sputum IL-1β (β=-0.231, P=0.006), TNF-α (β=-0.158,

886

P=0.046), IFN-γ (β=-1.464, P=0.048), and IL-6 (β=-0.162, P=0.036) were all

887

significantly associated with BDR; serum IL-1β (β=30.508, P=0.032) and IL-6

888

(β=1.225, P=0.016) and sputum IL-1β (β=0.412, P<0.001) and TNF-α (β=0.151,

48

889

P=0.028) were significantly correlated with the percentage of sputum neutrophils

890

(Table E5).

891

Second, we sought to explore the combined effects of depressive symptom scores

892

and inflammatory mediators on BDR or the percentage of sputum neutrophils to

893

determine the potential mediation effects of systemic or local inflammation on the

894

correlations between depressive symptoms and BDR or asthma inflammatory

895

phenotypes (Table E6). The Sobel test was further performed to confirm these

896

mediation effects. As a result, sputum IL-1β (β=-0.218, P<0.001) and TNF-α (β=-0.164,

897

P=0.003) were observed to mediate the associations between the HADS-D scores and

898

BDR, and IL-1β both in the serum (β=51.908, P=0.012) and sputum (β=0.382, P<0.001)

899

was observed to be a mediator of the correlation between the HADS-D scores and the

900

percentage of sputum neutrophils (Table E6). Finally, the following Sobel test also

901

confirmed the significant mediation effects of serum IL-1β (z=1.965, P=0.049 for the

902

percentage of sputum neutrophils), sputum IL-1β (z=-1.970, P=0.048 for BDR and

903

z=1.962, P=0.049 for the percentage of sputum neutrophils) and sputum TNF-α (z=-

904

1.998, P=0.045 for BDR).

905
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917

Table E1. Minimum detectable concentrations of the cytokines.
Minimum detectable concentration, pg/mL
ELISA for serum
MILLIPLEX for SP
CRP
2.0
IL-1β
1.0
1.2
TNF-α
15.6
0.7
IFN-γ
8.0
0.8
IL-5
0.29
0.5
IL-8
7.5
0.4
IL-6
0.7
0.9
CCL22
62.5
3.6
CCL17
7.0
ELISA: enzyme-linked immunosorbent assay; SP: sputum supernatant.
Cytokines

918
919

51

920

Table E2. Items of sputum cytospin quality.
Items

Descriptors and scores

Debris

nil (4); scant (3); moderate (2); excessive (1)

Cell outline

preserved (4); isolated cell damage (3); many cells damaged
(2); most cells damaged (1)

Nuclear morphology

preserved (4); isolated nuclei damage (3); many nuclei
damaged (2); most nuclei damaged (1)

Squamous

< 20% (4); 21–60% (3); 61–85% (2); > 85% (1)

Overall impression

good (4); acceptable (3); just acceptable (2); bad (1)

Slide macrophages present

yes (1); no (0)

Number of cells on each
slide

≥ 400 (2); 200-399 (1); ≤ 200 (0)

Total scores

921
922
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Scoring

923

Table E3. Agreement analysis for sputum cell-count data between observers from Australia and China.
Batches

Agreement (%)

Kappa

P

1

80.33

0.722

< 0.001

2

95.24

0.924

< 0.001

3

100.00

1.00

< 0.001

4

83.13

0.700

< 0.001

5

95.71

0.933

< 0.001

6

98.89

0.983

< 0.001

7

96.67

0.950

< 0.001

8

96.08

0.929

< 0.001

Total

93.38

0.901

< 0.001

Neutrophils

96.24

0.921

< 0.001

Eosinophils

100.00

1.000

< 0.001

Macrophages

94.81

0.891

< 0.001

Lymphocytes

97.50

0.728

< 0.001

Cell types

924
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Table E4. Associations between depressive symptoms scores and bronchodilator response, sputum
neutrophil percentage or inflammatory mediators.
Variables

HADS-D scores
β2

SE2

P

-0.841

0.375

0.027

1.838

0.829

0.029

β1

SE1

P

CRP, pg/mL

0.038

0.482

0.937

IL-1β, pg/mL

0.328

0.117

0.007

TNF-α, pg/mL

11.931

5.849

0.045

IFN-γ, pg/mL

6.627

3.328

0.049

IL-5, pg/mL

0.026

3.151

0.883

IL-6, pg/mL

0.377

0.187

0.046

IL-8, pg/mL

0.040

0.562

0.944

-46.242

19.876

0.022

-5.932

2.961

0.047

IL-1β, pg/mL

8.407

4.128

0.044

TNF-α, pg/mL

1.988

0.807

0.015

IFN-γ, pg/mL

0.181

0.091

0.046

IL-5, pg/mL

3.623

0.177

0.258

IL-6, pg/mL

-6.523

2.309

0.006

IL-8, pg/mL

-2.234

1.551

0.973

 FEV1, % #
Sputum neutrophils, %

*

Cytokines in serum *

CCL22, pg/mL
CCL17, pg/mL
Cytokines in sputum supernatant

927
928
929
930
931
932
933
934

*

CCL22, pg/mL
-5.401
2.396
0.026
HADS-D: depressive symptoms of the Hospital Anxiety and Depression Scale; SE: standard error.
#: This model was adjusted for pre-FEV1, % predicted; gender; body mass index; smoking; asthma
duration; inhaled corticosteroid daily dosage; asthma exacerbations in the previous year; and anxiety
symptom scores of the Hospital Anxiety and Depression Scale.
*: All models were adjusted for age, gender, body mass index, smoking, asthma duration, inhaled
corticosteroid dosage, asthma exacerbations in the previous year and anxiety symptom scores on the
Hospital Anxiety and Depression Scale.
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935
936

Table E5. Associations of inflammatory mediators with bronchodilator response and sputum neutrophil
percentage.
 FEV1, % *

Variables

Sputum neutrophils, % #

β3

SE3

P

β3

SE3

P

CRP, pg/mL

-0.019

0.054

0.723

0.119

0.166

0.475

IL-1β, pg/mL

-9.627

4.609

0.041

30.508

13.946

0.032

TNF-α, pg/mL

-0.017

0.009

0.074

-0.021

0.030

0.482

IFN-γ, pg/mL

-0.164

0.082

0.050

-0.031

0.029

0.286

IL-5, pg/mL

-0.046

0.054

0.392

0.015

0.069

0.825

IL-6, pg/mL

-0.423

0.203

0.040

1.225

0.496

0.016

IL-8, pg/mL

-0.016

0.026

0.525

0.082

0.084

0.335

CCL22, pg/mL

-0.004

0.002

0.077

-0.004

0.007

0.556

CCL17, pg/mL

0.001

0.009

0.947

-0.025

0.029

0.378

IL-1β, pg/mL

-0.231

0.087

0.006

0.412

0.090

<0.001

TNF-α, pg/mL

-0.158

0.078

0.046

0.151

0.068

0.028

IFN-γ, pg/mL

-1.464

0.730

0.048

-2.796

1.832

0.130

IL-5, pg/mL

0.044

0.235

0.852

-0.369

0.418

0.379

IL-6, pg/mL

-0.162

0.072

0.036

-0.002

0.027

0.953

IL-8, pg/mL

0.00

0.001

0.766

0.001

0.001

0.306

Cytokines in serum

Cytokines in sputum supernatant

937
938
939
940
941
942
943

CCL22, pg/mL
0.001
0.013
0.958
0.002
0.029
0.938
HADS-D: depressive symptoms of the Hospital Anxiety and Depression Scale; β: regression coefficient;
SE: standard error.
*: All models were adjusted for pre-FEV1, % predicted; gender; body mass index; smoking; asthma
duration; and inhaled corticosteroid daily dosage.
#: All models were adjusted for age, gender, body mass index, smoking, asthma duration and inhaled
corticosteroid dosage.
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945
946
947
948
949
950

Table E6. The effects of depressive symptoms on bronchodilator response and neutrophil percentage in sputum mediated by inflammatory mediators.
Path b': Inflammatory mediators
Path c': HADS-D scores
*
#
 FEV1, %
Sputum neutrophils, %
 FEV1, % *
Sputum neutrophils, % #
Variables
β3'
SE3'
P
β3'
SE3'
P
β2'
s2'
P
β2'
s2'
P
Cytokines in serum
CRP, pg/mL
-0.018
0.052
0.733
0.093
0.166
0.578
-0.060
0.411
0.884
1.333
1.103
0.231
IL-1β, pg/mL
-6.599
5.003
0.192
51.908
18.837
0.012
-0.296
0.486
0.544
-1.030
1.125
0.364
TNF-α, pg/mL
-0.012
0.010
0.274
-0.048
0.035
0.180
-0.422
0.656
0.524
3.151
1.803
0.089
IFN-γ, pg/mL
-0.014
0.011
0.207
-0.037
0.032
0.242
-0.225
0.477
0.638
1.588
1.045
0.133
IL-5, pg/mL
-0.025
0.052
0.641
-0.053
0.083
0.530
-0.338
0.685
0.625
3.008
1.993
0.140
IL-6, pg/mL
-0.279
0.229
0.226
0.811
0.509
0.115
0.108
0.380
0.778
1.147
1.047
0.277
IL-8, pg/mL
-0.013
0.028
0.651
0.089
0.090
0.331
-0.177
0.604
0.771
1.423
1.525
0.356
CCL22, pg/mL
-0.004
0.002
0.125
-0.005
0.007
0.482
-0.469
0.522
0.371
1.943
1.139
0.092
CCL17, pg/mL
-0.001
0.009
0.883
-0.017
0.028
0.542
-0.354
0.375
0.347
2.166
0.992
0.032
Cytokines in sputum supernatant
IL-1β, pg/mL
-0.218
0.028
<0.001
0.382
0.052
<0.001
-0.298
0.418
0.478
1.631
0.779
0.039
TNF-α, pg/mL
-0.164
0.048
0.003
0.136
0.070
0.053
-0.487
0.423
0.253
1.748
0.833
0.038
IFN-γ, pg/mL
-1.167
0.780
0.138
-3.155
1.815
0.085
-0.481
0.420
0.256
1.946
0.836
0.289
IL-5, pg/mL
0.049
0.237
0.837
-0.323
0.408
0.430
-0.522
0.425
0.222
1.835
0.844
0.032
IL-6, pg/mL
-0.017
0.011
0.121
-0.001
0.026
0.966
-0.573
0.420
0.176
1.852
0.847
0.031
IL-8, pg/mL
0.000
0.001
0.725
0.001
0.001
0.438
-0.526
0.425
0.219
1.845
0.843
0.031
CCL22, pg/mL
-0.002
0.013
0.898
0.001
0.031
0.967
-0.529
0.432
0.222
1.862
0.872
0.035
FEV1: forced expiratory volume in 1 second; : change from the baseline.
*: All models were adjusted for pre-FEV1, % predicted; gender; body mass index; smoking; asthma duration; inhaled corticosteroid daily dosage; and anxiety symptom scores
of the Hospital Anxiety and Depression Scale.
#: All models were adjusted for age, gender, body mass index, smoking, asthma duration, inhaled corticosteroid dosage and anxiety symptom of the Hospital Anxiety and
Depression Scale.
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951

Figure legend

952
953

Figure E1. Baron and Kenny mediational model of the conceptual relationship among

954

depressive symptoms, inflammatory mediator and bronchodilator response (BDR).

955

Values in parentheses are standard errors of those path coefficients; β1=raw

956

(unstandardized) regression coefficient for the association between depressive

957

symptoms and inflammatory mediator; SE1=standard error of β1; β2 =raw

958

(unstandardized) regression coefficient for the association between depressive

959

symptoms and BDR in the absence of inflammatory mediators; SE2=standard error of

960

β2; β3=raw (unstandardized) regression coefficient for the association between

961

inflammatory mediator and BDR in the absence of depressive symptoms; SE3=standard

962

error of β3; β'2=raw coefficient for the association between depressive symptoms and

963

BDR when an inflammatory mediator was also a predictor of the BDR; SE'2=standard

964

error of β'2; β'3=raw coefficient for the association between the inflammatory mediator

965

and the BDR when the depressive symptoms were also a predictor of the BDR;
57

966

SE'3=standard error of β'3.
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