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ABSTRACT The effect of systemic inflammation and comorbidities on treatment and outcome of adult-
onset asthma remains unknown and is the objective of this study.

As part of the Seinäjoki Adult Asthma Study (SAAS) with a 12-year follow-up, serum interleukin (IL)-6,
high-sensitivity C-reactive protein (hsCRP) and lung function were measured and clinical information on
comorbidities and medication collected from 170 patients with adult-onset asthma without chronic
obstructive pulmonary disease.

At follow-up visit, 54% of the patients had systemic inflammation as indicated by elevated IL-6 or
hsCRP, 58% had at least one comorbidity and 30% at least two comorbidities (other than asthma related).
Patients with systemic inflammation were treated with higher dose of inhaled corticosteroid (ICS) and they
had lower lung function and higher blood neutrophils compared with patients without. Patients having ⩾2
comorbidities had lower Asthma Control Test score and this association remained significant in adjusted
analysis. Patients with both systemic inflammation and comorbidities showed poorest outcome of asthma.
In multivariate regression analysis, high ICS dose was predicted by elevated IL-6, elevated blood
neutrophils and eosinophils and poorer lung function at baseline and follow-up.

Altogether, in patients with adult-onset asthma, elevated IL-6 was associated with use of high-dose ICS
while multi-morbidity was linked to worse symptoms of asthma.
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Introduction
Asthma with onset during adulthood has been suggested to be a distinctive phenotype of asthma.
Adult-onset disease differs from childhood-onset asthma in many aspects. Childhood-onset asthma is
characterised by male-predominance, familial atopy, T-helper 2 (Th2) cell predominant inflammation, good
responsiveness to glucocorticoids and good prognosis [1, 2]. In contrast, patients with adult-onset asthma
are most often non-atopic females with poor prognosis and without a family history of asthma/atopy [2–5].

Patients with asthma often suffer from conditions such as allergic or non-allergic rhinitis, respiratory
infections and gastro-oesophageal reflux. Chronic obstructive pulmonary disease (COPD) is recognised as
a common comorbidity of asthma often developing in smoking asthmatics. In addition, adult patients with
asthma have higher rates of comorbidities such as psychiatric diseases, diabetes mellitus and cardiovascular
disease compared with the general population, and often have more than one comorbidity [6, 7].
Asthmatics with comorbidities have high non-asthma-related healthcare use, being highest in those with
active asthma [6] suggesting a link between asthma and comorbidities. Asthma with more than one
comorbidity has been shown to result in decreased asthma-related quality of life [8] and a concomitant
depressive disorder has been associated with poorer asthma control [9, 10].

Systemic inflammation, characterised by elevated levels of interleukin (IL)-6 and C-reactive protein (CRP),
possesses a possible link between asthma and comorbidities. It is associated with diseases such as diabetes,
cardiovascular disease, systemic rheumatic diseases and mental disorders in addition to asthma [11–13]. Even
though obesity is the best known inducer of low-grade systemic inflammation, systemic inflammation has
wider aetiology than obesity: it is enhanced for example by ageing, depression, stress and smoking [7, 14–16].
Overspill of inflammation from one organ has also been suggested as a possible origin of systemic
inflammation [15] and is one suggested mechanism for comorbidities to affect asthma or vice versa.
Alternatively, psychological stress of multi-morbidity may have a negative impact on asthma, for example via
stress-related increase in systemic inflammation [14]. Association between elevated IL-6 and/or high
sensitivity (hs) CRP, neutrophilic inflammation and worse lung function or control of asthma has been
previously proposed [15, 16].

A patient with adult-onset asthma is typically a middle-aged woman with overweight. Therefore we
hypothesised that systemic inflammation and comorbidities are common in patients with adult-onset disease
and affect outcome and treatment of asthma in these patients. We aimed to study whether comorbidities and
systemic inflammation together and separately affect the treatment and outcome of asthma.

Methods
Study design and patients
The current study was part of Seinäjoki Adult Asthma Study (SAAS). SAAS is a prospective, single-centre
(Seinäjoki Central Hospital, Seinäjoki, Finland) 12-year follow-up study of a cohort of patients having
new-onset asthma that was diagnosed at adult age (⩾15 years). Institutional permissions (TU1114 and
LET) were obtained and the participants gave written informed consent to the study protocol approved by
the ethics committee of Tampere University Hospital, Tampere, Finland (R12122). The protocol of
SAAS-study has been published separately [17], and the inclusion and exclusion criteria are shown in table
S1. Shortly, asthma was diagnosed by a respiratory physician during 1999–2002 based on typical
symptoms and confirmed by objective lung function measurements [17]. After diagnosis, the patients were
treated and monitored by their own treating physician either in the specialised care or in primary care.
The total cohort consisted of 257 patients and 203 patients returned to the follow-up visit 12 years (mean
12.2 years, range 10.8–13.9 years) after diagnosis. At follow-up visit, asthma status and control,
comorbidities and medication were evaluated using structured questionnaires and lung function and serum
IL-6 and hsCRP were measured. Patients with suspected or co-existing COPD (post-bronchodilator forced
expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) <0.7 and >10 smoked pack years) were
excluded from the main analyses (figure 1) because the main focus was to concentrate on the effects of
less well known comorbidities. However, for some analyses, those patients who could be classified as
having asthma-COPD overlap syndrome (ACOS) [18] were included as a separate group for comparison.

Lung function, inflammatory parameters and other clinical measurements
Lung function measurements were performed with a spirometer according to international recommendations
[19]. More detailed information can be found in the online supplement. Fraction of exhaled nitric oxide
(FeNO) was measured with a portable rapid-response chemiluminescent analyser according to American
Thoracic Society standards [20] (flow rate 50 mL·s−1; NIOX System, Aerocrine, Solna, Sweden). Venous
blood was collected and white blood cells differential counts were determined. Total immunoglobulin (Ig)E
levels were measured by using ImmunoCAP (Thermo Scientific, Uppsala, Sweden). Laboratory assays were
performed in an accredited laboratory (SFS-EN ISO/IEC 17025:2005 and ISO 15189:2007) of Seinäjoki
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Central Hospital. Patients completed Airways Questionnaire 20 (AQ20) [21] and Asthma Control Test
(ACT). Assessment of asthma control was performed according to the Global Initiative for Asthma (GINA)
2010 report [22].

Comorbidities
Definition of comorbidities and their classification was based on a previous study [23]. Comorbidities were
self-reported or based on self-reported medication. Unclear cases were confirmed from patient records.
The conditions included as comorbidities are listed in the online supplement.

Systemic inflammation
Serum levels of IL-6 were determined by ELISA (R & D Systems, Minneapolis, MN, USA) and hsCRP was
measured using particle-enhanced immunoturbidometric method on Roche Cobas 8000 automated clinical
chemistry analyser (Roche Diagnostics, Basel, Switzerland). The lower limits of detection were 0.7 pg·mL−1

for IL-6 and 0.3 mg·L−1 for the hsCRP assay. Cut-off values used to define systemic inflammation (IL-6
level >1.55 pg·mL−1 and/or hsCRP >4.12 mg·L−1) were set based on upper quartile of healthy subjects [15].

Statistical analysis
Continuous data are expressed as mean±SD or median (interquartile range). Comparison between two
groups was performed by using a t-test, Mann–Whitney rank sum test or Chi-squared–test. To analyse
differences between more than two groups, a one-way ANOVA with Tukey’s post hoc test, Kruskal–Wallis
test or Chi-squared–test was carried out.

A multinomial logistic regression was performed when analysing predictors of ICS dose and binary logistic
regression to predict poor ACT score. The correlation matrix was analysed and the explanatory variables
not strongly correlated (R<0.7) were included in the analysis. In the model predicting high ICS dose, the
predictors were selected based on univariate analysis and the combination of variables giving the best
pseudo-R2 (Nagelkerke) chosen by using the enter method. Also forward and backward methods were
carried out to aid selection of the best model. Statistical analyses were performed using SPSS software,
version 22 (IBM SPSS, Chigaco, IL, USA). A p-value <0.05 was regarded as statistically significant.

Results
Patient characteristics
Characteristics of patients with adult-onset asthma at follow-up are shown in table 1. In this cohort, 57.6%
had at least one comorbidity, 30% had at least two comorbidities, 52.4% showed elevated level of IL-6
(>1.55 pg·mL−1) and 15.3% of the patients showed elevated level of hsCRP (>4.12 mg·L−1). In total, 54.1%

Baseline visit: 1999–2002

n=260

Patients with new diagnosis of asthma

(age≥15 years) were included

Follow-up visit: 2012-2013

n=203

Response rate=79%

Patients excluded

1 consent withdrawn

2 childhood asthma

Patients lost to follow-up

22 dead

9 could not be reached

5 significant comorbidities

18 other reasons

Patients excluded

2 COPD suspicion

(post-FEV1/FVC <0.7 but 

missing pack-years data)

1 missing IL-6 and hsCRP data

Study population

n=170

Patients included in one analysis 

30 co-existing COPD

FIGURE 1 Flow chart of the study. COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity; CRP: C-reactive protein.
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had systemic inflammation (IL-6 and/or hsCRP elevated). Specific comorbidities of the patients are shown
in figure 2.

Outcome of asthma in patients with or without systemic inflammation and comorbidity
We divided patients into four groups based on whether they had comorbidities, systemic inflammation or
both. The largest group composed of patients with overlap of systemic inflammation and at least one
comorbidity (38.2%). The patients with comorbidities and systemic inflammation were older, had higher
body mass index (BMI) and higher amount of smoked pack–years (table 2). They were also treated with
higher dose of ICS, had worse lung function, higher AQ20 score, lower ACT score and higher blood
neutrophils (table 2). Patients with systemic inflammation but no comorbidity used higher doses of ICS,
whereas patients having ⩾1 comorbidity without systemic inflammation showed higher AQ20 score
compared with the group lacking both.

TABLE 1 Patient characteristics at follow-up visit

Total cohort

Patients 170
Male sex 63 (37.1)
Age years 57.2±14.0
BMI kg·m−2 28.7±5.8
Current/ex-smokers 21 (12.4)/53 (31.2)
Pack years of smokers 10 (4–20)
Uncontrolled asthma 41 (24.1)
Daily ICS users 132 (77.6)
ICS daily dose µg budesonide equivalents 800 (400–1000)
Daily LABA 78 (45.9)
Daily LTRA 24 (14.1)
Daily theophylline 4 (2.4)
Pre-bronchodilator FEV1 % pred 88±16
Pre-bronchodilator FVC % pred 97±15
Pre-bronchodilator FEV1/FVC ratio 0.74±0.09
Post-bronchodilator FEV1 % pred 92±16
Post-bronchodilator FVC % pred 98±15
Post-bronchodilator FEV1/FVC ratio 0.76±0.08
Pre-bronchodilator FEV1 L 2.78±0.79
Pre-bronchodilator FVC L 3.78±1.00
Post-bronchodilator FEV1 L 2.88±0.81
Post-bronchodilator FVC L 3.80±1.00
IL-6 pg·mL−1 1.71 (1.12–2.70)
hsCRP mg·L−1 1.23 (0.53–2.53)
AQ20 score 4 (2–7)
ACT score 22 (19–24)

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. BMI: body
mass index; ICS: inhaled corticosteroid; LABA: long-acting β2-agonist; LTRA: leukotriene receptor antagonist;
FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; IL: interleukin; hsCRP: high-sensitivity
C-reactive protein; AQ20: airways questionnaire 20; ACT: asthma control test.

Thyroid disorder

Treated dyspepsia

Depression

Painful condition

Coronary heart disease

Metabolic syndrome

Type 2 diabetes

Any psychiatric disease

Hypertension

0 5 10

Prevalence of comorbidities %

15 20 25 30 35 FIGURE 2 Prevalence of
comorbidities.
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Outcome of asthma in patients with or without systemic inflammation
To better characterise asthma in patients with systemic inflammation, we divided the cohort into two groups:
1) patients with low level of both hsCRP and IL-6 (no systemic inflammation); and 2) patients with elevated
level of IL-6, hsCRP or both (systemic inflammation). Patients with systemic inflammation showed higher
count of blood neutrophils, lower lung function, used higher ICS dose and had higher AQ20 score and lower
ACT score compared with patients without systemic inflammation (table 3). Even after removal of all smokers
from the analysis, the dose of ICS remained higher in patients with systemic inflammation (table S2).

In the whole patient cohort (n=170), Spearman’s correlation coefficient between IL-6 and hsCRP was
0.495 (p<0.001). Serum IL-6 level showed weak negative correlation to pre- and post-bronchodilator
FEV1 (% predicted) (ρ=−0.218, p=0.006 and ρ=−0.244, p=0.001) and positive correlation to ICS dose
(ρ=0.327, p<0.001). Serum IL-6 showed no correlation to pre- (ρ=−0.013, p=0.865) or post-bronchodilator
FEV1/FVC (ρ=−0.076, p=0.325).

Outcome of asthma in patients with or without comorbidities
To see the effect of comorbidity and multi-morbidity on asthma outcome, we divided the cohort into
three groups: patients without comorbidities, with one comorbidity and with ⩾2 comorbidities (table 4).
Patients with ⩾2 comorbidities showed poorer AQ20 and ACT scores, increased level of blood neutrophils
and systemic inflammation in comparison to patients without comorbidities. Patients with one
comorbidity or ⩾2 comorbidities differed from each other by age and use of drugs not related to treatment
of asthma or allergy (table 4). Comorbidities in these patients are shown in table S3.

When adjusted for age, BMI, pack years and sex, having ⩾2 comorbidities was associated with lower
ACT-score (<21) (OR 2.477, CI 1.005–6.107; p=0.049). The association between ACT score and ⩾2
comorbidity still showed borderline significance when adjusted for IL-6 in addition to age, pack–years, sex
and BMI (OR 2.425, CI 0.979–6.005; p=0.056), suggesting that it may not be primarily mediated by IL-6.
Having one comorbidity or level of IL-6 were not predictors of poor ACT-score in adjusted analysis (data
not shown). A negative correlation was found between the number of drugs to treat other diseases than
allergy or asthma and ACT score (Spearman ρ=−0.311, p<0.001).

TABLE 2 Characteristics of patients with adult-onset asthma with and without systemic inflammation and comorbidities

No comorbidity and no
systemic inflammation

⩾1 comorbidity no
systemic inflammation

No comorbidity and
systemic inflammation

⩾1 comorbidity and
systemic inflammation

p-value

Patients n 45 33 27 65
Male sex 19 (42.2) 10 (30.3) 8 (29.6) 26 (40.0) 0.564
Age years 49.26±14.76 58.05±10.59* 54.77±12.79 63.19±12.56***,¶ <0.001
BMI kg·m−2 25.38±3.50 27.96±4.03* 28.41±4.65 31.44±6.87*** <0.001
ΔBMI during follow-up kg·m−2 +1.00±2.20 +0.66±2.70 +1.64±3.62 +1.15±3.28 0.646
Current/ex-smokers 5 (11)/15 (33) 4 (12)/7 (21) 3 (11)/7 (26) 9 (14)/24 (37) 0.721
Pack years of smokers 3 (1–14) 11 (7–33) 5 (4–18) 17 (7–27)** 0.005
Other drugs in use# 0 2 (1–5) 0 (0–0) 3 (2–6) <0.001
Uncontrolled asthma 8 (17.8) 8 (24.2) 4 (14.8) 21 (32.3) 0.186
AQ20 score 2 (1–4) 4 (2–10)* 3 (1–6) 5 (2–8)** 0.003
ACT score 23 (22–25) 22 (19–24) 23 (19–25) 21 (19–23)** 0.001
Daily ICS users 33 (73.3) 25 (75.8) 22 (81.5) 52 (80.0) 0.805
ICS daily dose µg budesonide equivalents 400 (400–800) 600 (400–1000) 1000 (800–1000)* 1000 (800–1500)**,+ <0.001
OCS during follow-up 12 (26.7) 13 (40.6) 7 (25.9) 26 (40.6) 0.297
Pre-bronchodilator FEV1 % pred 92±13 92±11 88±15 84±20 0.037
Pre-bronchodilator FVC % pred 102±14 101±10 96±14 93±18* 0.012
Pre-bronchodilator FEV1/FVC ratio 0.74±0.07 0.74±0.07 0.74±0.07 0.73±0.10 0.428
Post-bronchodilator FEV1 % pred 95±13 95±10 92±14 87±20* 0.027
Post-bronchodilator FVC % pred 101±15 102±10 97±14 95±18 0.060
Post-bronchodilator FEV1/FVC ratio 0.77±0.06 0.76±0.06 0.77±0.08 0.74±0.11 0.181
Blood neutrophils ×109·L−1 3.3 (2.6–4.2) 3.3 (2.5–3.9) 4.0 (2.6–5.1) 4.4 (3.4–5.1)**,++ <0.001
Blood eosinophils ×109·L−1 0.19 (0.12–0.28) 0.13 (0.06–0.28) 0.18 (0.11–0.31) 0.15 (0.10–0.25) 0.245
FeNO ppb 14 (7–21) 12 (6–17) 6 (3–20) 11 (5–19) 0.133
Total IgE kU·L−1 69 (29–186) 45 (21–151) 76 (30–134) 49 (24–173) 0.618

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. Systemic inflammation was defined as interleukin
-6 >1.55 pg·mL−1 or high-sensitivity C-reactive protein >4.12 mg·L−1 or both. BMI: body mass index; AQ20: airways questionnaire 20; ACT: asthma
control test; ICS: inhaled corticosteroid; OCS: oral corticosteroid; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; FeNO: fraction of
exhaled nitric oxide. #: number of drugs used for other indication than asthma/allergy. *: p<0.05; **: p<0.01; and ***: p<0.001 versus no
comorbidity, no systemic inflammation. ¶: p<0.05 versus no comorbidity, systemic inflammation. +: p<0.05; and ++: p<0.01 versus ⩾1 comorbidity,
no systemic inflammation.
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To evaluate whether number of comorbidities associates with specific type of symptoms in patients with
asthma, we investigated association between the number of comorbidities and specific questions in AQ20
and ACT. In adjusted analysis, patients with asthma and ⩾2 comorbidities had more often answered
having breathlessness when walking upstairs and doing housework due to their chest trouble (Q12 and
Q13 in AQ20) compared with patients without comorbidities (table 5).

Similarly, asthma kept from getting as much done in work, school or at home more often in patients with
⩾2 comorbidities (Q1 in ACT) (table 5).

For interest, in comparing the outcome of asthma in patients with ⩾2 comorbidities (without COPD) and
patients with ACOS, we included the ACOS group for one analysis. In comparison with the ACOS group,
patients with ⩾2 comorbidities were more often females and non-smokers, showed better lung function,
had higher number of other than asthma- or allergy-related drugs in use (table 4) and had more often any
psychiatric disease (table S3). Both groups showed systemic inflammation and elevated neutrophils,
representing common features for ACOS and multi-morbidity without ACOS.

Predictors of high ICS dose
Higher use of ICS to treat asthma was evident in patients with systemic inflammation. We carried out
multivariate logistic regression analyses to find out predictors of high ICS dose (>800 µg budesonide
equivalent) at follow-up. Predictors of high ICS dose were IL-6 level >1.55 pg·mL−1, blood neutrophil level
>3.9×109/L, blood eosinophils >0.2×109/L, FEV1/FVC post <0.75 at follow-up and FEV1 <80% predicted at
diagnosis, while older age of asthma onset (>40 years) was a borderline predictor (table 6). Comorbidity
(1 or ⩾2) was not a predictor of high ICS dose in the multivariate model and was removed from the
model (data not shown). Predictors of medium ICS dose are shown in table S4.

Discussion
We showed that above half of patients with adult-onset asthma have systemic inflammation as defined by
elevated level of IL-6, majority suffer from at least one comorbidity and one-third of several comorbidities.
Elevated IL-6 was associated with higher ICS dose to treat asthma and multi-morbidity (two or more
comorbidities in addition to asthma) associated with increased symptoms of asthma. The patients with
both systemic inflammation and comorbidity had the poorest outcome of asthma.

TABLE 3 Characteristics of patients with and without systemic inflammation

Without systemic inflammation With systemic inflammation p-value

Patients n 78 92
Age years 53.0±13.8 60.7±13.1 <0.001
BMI kg·m−2 26.5±3.9 30.5±6.4 <0.001
ΔBMI during follow-up kg·m−2 +0.9±2.4 +1.3±3.4 0.330
Male sex 29 (37.2) 34 (37.0) 0.999
Current/ex-smokers 31 (39.7) 43 (46.7) 0.438
Pack years of smokers 7 (1–16) 13 (6–26) 0.027
⩾1 comorbidity n (%) 33 (42.3) 65 (70.7) <0.001
Other drugs in use# 1 (0–2) 2 (0–4) <0.001
Blood neutrophils ×109·L−1 3.3 (2.5–3.9) 4.3 (3.2–5.1) <0.001
Blood eosinophils ×109·L−1 0.16 (0.09–0.28) 0.15 (0.10–0.27) 0.941
FeNO ppb 12 (7–19) 9 (5–19) 0.126
Total IgE kU·L−1 59 (23–179) 57 (25–146) 0.882
Pre-bronchodilator FEV1 % pred 92±12 85±19 0.005
Post-bronchodilator FEV1 % pred 95±12 88±19 0.004
Post-bronchodilator FEV1/FVC ratio 0.77±0.06 0.75±0.10 0.119
AQ20 score 3 (1–6) 4 (2–7) 0.043
ACT score 23 (21–25) 21 (19–24) 0.008
Uncontrolled asthma 16 (20.5) 25 (27.2) 0.191
Daily ICS users 58 (74.4) 74 (80.4) 0.362
ICS daily dose µg budesonide equivalents 450 (400–1000) 1000 (800–1425) <0.001
⩾2 OCS bursts in 2 years 11 (14.3) 14 (15.4) 0.999

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. Systemic inflammation was defined as interleukin
-6 >1.55 pg·mL−1 or high-sensitivity C-reactive protein >4.12 mg·L−1 or both. BMI: body mass index; FeNO: fraction of exhaled nitric oxide; FEV1:
forced expiratory volume in 1 s; FVC: forced vital capacity; AQ20: airways questionnaire 20; ACT: asthma control test; ICS: inhaled corticosteroid;
OCS: oral corticosteroid. #: number of drugs used for other indication than asthma/allergy.
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In our study, above half of patients with adult-onset asthma had elevated level of IL-6, indicative of systemic
inflammation. As there exists no widely accepted limits for the presence of systemic inflammation, our
definition was based on upper quartiles of IL-6 and hsCRP reported in healthy subjects [15]. Our study
suggests that hsCRP is not linked to lung function in asthmatic patients, as was also proposed by a previous
study [15]. IL-6 has been associated with reduced lung function in patients with asthma [15, 24] and may be
a more significant biomarker of systemic inflammation associated with outcome of asthma. In concordance
with the previous studies, we found decreased lung function and elevated neutrophils in patients with
elevated IL-6, as well as negative correlation between IL-6 and FEV1 [15, 24].

IL-6 is a pleiotropic cytokine [25] being produced by multiple cells including inflammatory cells and airway
epithelial cells upon damage or activation. It has been previously considered as a non-specific marker of
inflammation in a variety of diseases, even though large body of evidence suggests a more functional role.
Elevated IL-6 has been regarded as a marker of frailty in older age and is associated with increased risk of
mortality and morbidity [26]. Of the various mechanisms it may contribute to asthma, best characterised is
its stimulatory effect on Th2 differentiation and IL-13 production [27]. In support of this pathway being
operational, in younger adults with mild-to-moderate allergic asthma, IL-6 and IL-13 were correlated [28].
IL-6 has also been reported to stimulate Th17 differentiation in the presence of transforming growth factor
(TGF)-β suggesting that IL-6 may promote Th17-mediated neutrophil-predominant severe asthma [27, 28].
In addition, via activating TGF-β [29], IL-6 is able to induce fibrosis, airway remodelling and loss of
post-bronchodilator lung function [28]. Elevated blood neutrophils in our patients with systemic
inflammation support involvement of Th17 rather than Th2 pathway. For further support, Th17 cells have
been reported as steroid-resistant [30], which could account for the higher ICS dose used by the patients
with elevated IL-6. However, we cannot rule out the possibility that ICS treatment has resulted in reduced
eosinophilia but increased neutrophilia in our patients as has been suggested by studies showing promotion
of neutrophil survival by ICS [31–33]. In normal physiological situation glucocorticoids reduce production
of IL-6 but its high levels in patients with adult-onset asthma suggests that this capacity of glucocorticoids
may be disturbed. For example chronic psychological stress has been shown to reduce capacity of
glucocorticoids to suppress production of IL-6 [34].

TABLE 4 Characteristics of patients with and without one or more comorbidities or asthma-COPD overlap syndrome (ACOS)

No comorbidities 1 comorbidity ⩾2 comorbidity ACOS p-value

Patients n 72 47 51 30
Age years 51.33±14.22 57.8±11.9* 64.9±11.5***,+ 63.9±10.3*** <0.001
BMI kg·m−2 26.5±4.2 30.1±7.3** 30.4±5.2** 28.0±4.6 <0.001
ΔBMI during follow-up kg·m−2 +1.2±2.8 +1.4±3.0 +0.6±3.1 +1.0±3.1 0.527
Male sex 27 (37.5) 19 (40.4) 17 (33.3) 20 (66.7)*,¶ 0.021
Current/ex-smokers 20 (41.7) 23 (48.9) 21 (41.2) 30 (100)***,+++,¶¶¶ <0.001
Current smokers 8 (11.1) 6 (12.8) 7 (13.7) 9 (30) 0.094
Pack years of smokers 4 (1–14) 10 (7–27)* 18 (8–29)** 30 (18–35)***,++,¶ <0.001
Blood neutrophils ×109·L−1 3.5 (2.6–4.7) 3.6 (2.8–4.4) 4.2 (3.1–5.0)*,+ 4.3 (3.5–5.5)**,+ 0.007
Blood eosinophils ×109·L−1 0.18 (0.12–0.28) 0.15 (0.08–0.26) 0.14 (0.08–0.27) 0.20 (0.11–0.29) 0.216
FeNO ppb 12 (5–20) 11.5 (7–19) 10 (5–18) 8.5 (5–15) 0.312
Total IgE kU·L−1 71 (30–165) 47 (21–111) 52 (24–204) 62 (20–165) 0.615
Pre-bronchodilator FEV1 % pred 90±14 87 ±20 87±15 69±17***,+++,¶¶¶ <0.001
Post-bronchodilator FEV1 % pred 94±13 90±20 90±15 73±17***,+++,¶¶¶ <0.001
Post-bronchodilator FEV1/FVC ratio 0.78 (0.72–0.83) 0.76 (0.68–0.80) 0.78 (0.72–0.81) 0.62 (0.54–0.67)***,+++,¶¶¶ <0.001
AQ20 score 2.5 (1–5) 4 (2–9)** 5 (2–8)** 4 (2–8)* 0.005
ACT test score 23 (21–25) 22 (19–24)* 21 (18–24)** 21 (16–23)** 0.001
Uncontrolled asthma 12 (16.7) 13 (27.7) 16 (31.4) 17 (56.7)** 0.001
Daily ICS users 55 (76.4) 32 (68.1) 45 (88.2) 23 (76.7) 0.121
ICS daily dose µg budesonide equivalents 775 (400–1000) 800 (400–1000) 800 (500–1500) 800 (800–1200) 0.162
⩾2 OCS bursts in 2 years 7 (9.7) 9 (20.0) 9 (17.6) 3 (10.3) 0.351
Other drugs in use# 0 2 (1–2)*** 5 (4–7)***,+++ 3 (1–7)***,¶¶ <0.001
hsCRP mg·L−1 0.98 (0.36–1.70) 1.47 (0.49–2.79) 1.45 (0.81–4.15)** 0.96 (0.67–3.04) 0.027
IL-6 pg·mL−1 1.23 (0.89–1.96) 1.72 (1.22–2.91)** 2.27 (1.45–4.84)*** 3.17 (1.85–5.24)***,+ <0.001

Data are presented as n (%), mean±SD or median (interquartile range), unless otherwise stated. BMI: body mass index; FeNO: fraction of
exhaled nitric oxide; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; AQ20: airways questionnaire 20; ACT: asthma control test;
ICS: inhaled corticosteroid; OCS: oral corticosteroid; hsCRP: high-sensitivity C-reactive protein; IL: interleukin. #: number of drugs used for
other indication than asthma/allergy. *: p<0.05; **: p<0.01; and ***: p<0.001 versus no comorbidities. +: p<0.05; ++: p<0.01; and +++: p<0.001
versus one comorbidity. ¶: p<0.05; ¶¶: p<0.01; and ¶¶¶: p<0.001 versus ⩾2 comorbidities, respectively.
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Because patients with systemic inflammation used higher dose of ICS in unadjusted analysis, we
constructed a multivariate model to elucidate predictors of high ICS dose. To our knowledge, this is the
first study to identify predictors of high ICS dose in a follow-up study of adult asthma. Our results
suggests that the patients with post-bronchodilator FEV1 <80% at diagnosis (mostly untreated) were users
of medium to high ICS dose 12 years after diagnosis. In support of this, in a follow-up study, lower FEV1

TABLE 5 Specific questions in airways questionnaire 20 (AQ20) and asthma control test in patients with or without
comorbidities

No
comorbidities

1
comorbidity

⩾2
comorbidity

Unadjusted
overall
p-value

Adjusted
p-values#

Patients n 72 47 51
AQ20; n (%) answering “yes”
Q1. Do you suffer from coughing attacks during the day? 28 (39.4) 18 (41.9) 29 (56.9) 0.140
Q2. Because of your chest trouble do you often feel restless? 3 (4.3) 13 (30.2) 7 (14.0) 0.001 0.003/0.324
Q3. Because of your chest trouble do you feel breathless

when maintaining the garden?
8 (11.4) 8 (18.2) 18 (36) 0.004 0.439/0.247

Q4. Do you worry when going to a friend’s house that there
might be something there that will set off an attack of
chest trouble?

19 (27.9) 17 (39.5) 11 (21.6) 0.156

Q5. Do you suffer from chest symptoms as a result of
exposure to strong smells, cigarette smoke or
perfume?

48 (68.6) 34 (75.6) 40 (76.9) 0.534

Q6. Is your partner bothered by your chest problems? 3 (4.2) 6 (13.6) 6 (11.8) 0.166
Q7. Do you feel breathless while trying to sleep? 6 (8.3) 11 (25) 6 (11.5) 0.044 0.055/0.860
Q8. Do you worry about the long term effects on your health

of the drugs that you have to take because of your
chest trouble?

16 (22.9) 16 (36.4) 9 (18.4) 0.115

Q9. Does getting emotionally upset make your chest
trouble worse?

15 (21.4) 16 (35.6) 15 (30) 0.261

Q10. Because of your chest trouble are there times
when you have difficulty getting around the house?

0 5 (11.6) 7 (13.5) 0.008 ND

Q11. Because of your chest trouble do you suffer from
breathlessness carrying out activities at work?

7 (10) 9 (20.6) 12 (24) 0.100

Q12. Do you feel breathless walking upstairs because of
your chest trouble?

13 (18.3) 16 (36.4) 29 (60.4) <0.001 0.482/0.015

Q13. Because of your chest trouble do you suffer from
breathlessness doing housework?

2 (2.8) 5 (11.4) 16 (32) <0.001 0.306/0.007

Q14. Because of your chest trouble do you go home sooner
than others after a night out?

1 (1.5) 7 (17.1) 4 (9.3) 0.013 0.023/0.146

Q15. Because of your chest trouble do you suffer from
breathlessness when you laugh?

11 (15.7) 6 (13.6) 11 (22.4) 0.484

Q16. Because of your chest trouble do you often feel
impatient?

6 (8.6) 9 (20.5) 5 (10.2) 0.148

Q17. Because of your chest trouble do you feel that you
cannot enjoy a full life?

4 (5.7) 14 (32.6) 9 (18.4) 0.001 0.002/0.090

Q18. Do you feel drained after a cold because of your
chest trouble?

23 (34.3) 21 (47.7) 25 (51) 0.154

Q19. Do you have a feeling of chest heaviness? 14 (19.7) 14 (31.1) 21 (40.4) 0.042 0.383/0.172
Q20. Do you bother much about your chest trouble? 6 (8.6) 10 (22.2) 10 (19.2) 0.098

Asthma control test; n (%) scoring ⩽3
Q1. Asthma kept the patient from getting as much done at

work, school or at home all, most or some of the time
7 (9.7) 9 (20) 15 (28.8) 0.024 0.066/0.033

Q2. Patient had shortness of breath at least 3–6 times/week 7 (9.7) 8 (17.8) 14 (26.9) 0.043 0.431/0.148
Q3. Asthma symptoms woke the patients up at night or

earlier than usual in the morning at least once a week
8 (11.2) 8 (17.7) 8 (15.4) 0.578

Q4. The patient has used rescue inhaler or nebuliser
medication at least 2–3 times per week

14 (19.5) 15 (33.3) 17 (32.6) 0.147

Q5. Patient rated his/her asthma as somewhat controlled,
poorly controlled or not at all contolled

8 (11.1) 14 (31.1) 16 (30.8) 0.010 0.037/0.463

#: adjusted for body mass index, age, pack–years and sex. The first adjusted p-value shown is for comparison between groups of 1 comorbidity
versus no comorbidities and the second for comparison between ⩾2 comorbidities versus no comorbidities. ND: not determined.
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within 1 year from diagnosis was found to predict more severe asthma 5.8 years later in adult-onset
asthma [35]. Also increased bronchial obstruction at follow-up (<0.75) predicted a high dose of ICS. In
agreement, in a recent cluster analysis of patients with and without fixed airflow obstruction, the patients
with persistent obstruction were often users of high ICS [36]. In addition, patients with elevated markers
of inflammation in their blood (eosinophils >0.2×109/L and neutrophils >3.9×109/L) despite of
anti-inflammatory treatment were more likely users of high ICS dose, suggesting more steroid-resistant
inflammation. Obesity has been previously associated with steroid resistance, high-dose ICS and use of
several controllers but, in adjusted analysis, neither BMI nor waist circumference explained high ICS dose.
IL-6 is elevated in obese subjects but functions beyond obesity and may present a more precise marker of
the systemic inflammation and/or metabolic changes that affect treatment and outcome of asthma
compared with obesity. Surprisingly, smoked pack–years >10 did not predict use of high ICS dose. ICS has
been proven less effective in smoking patients with asthma [37] which may have led to preferring
combination treatment with lower ICS and long-acting β2-agonist instead of high ICS. According to our
result, bronchial obstruction that is often developed to smokers is a better predictor of high ICS dose than
smoking. Altogether, lung function and inflammatory parameters including elevated IL-6 were found to
associate with high dose ICS therapy.

In most studies with asthma, patients having significant comorbidities are excluded. SAAS is a real-life
follow-up study where patients with comorbid conditions are included. As no standard approach is available
to measure comorbidity or multi-morbidity, we utilised criteria used in a large evaluation of medical practice
patients to ensure wide engagement of comorbid conditions [23]. In this cohort with carefully characterised
patients with adult-onset asthma, 58% of the patients suffered from one comorbidity and 30% suffered from
several comorbidities. The most prevalent comorbidities were hypertension, any psychiatric disease and type
2 diabetes. In another study of patients with asthma from general practice (aged 40–75 years), 53% were
reported to suffer from at least one comorbidity, and 20% of ⩾2 comorbidities [8]. Another study including
only patients with adult-onset asthma (mean age 52 years) found 50.5% prevalence of comorbid conditions
but e.g. rhinitis and sinusitis were included as comorbid conditions in contrast to our study [38]. Our study,
together with the previous ones supports the view that comorbidities and multi-morbidity are common in
adult or late-onset asthma and confirms the recent population-based studies [6, 39, 40], indicating a high
burden of comorbidities in patients with asthma.

We found that patients with at least two comorbidities showed increased symptoms of asthma as
determined by poorer score in AQ20 and ACT compared with patients without comorbidities. Increased
symptoms in multi-morbid patients were mostly related to breathlessness during daily activities. Obesity
has been shown to lower asthma control and complicate asthma [41] but the effect of multi-morbidity on
symptoms was independent from BMI. According to our data, IL-6 may partially account for the
aggravated symptoms but because of involvement of several comorbidities, it is more likely explained by a
multifactorial mechanism including variety of mediators [7]. Mechanisms may include overspill of
inflammation as well as stress of multi-morbidity. Multi-morbid patients showed elevated blood

TABLE 6 Multivariate predictors of high inhaled corticosteroid dose# at follow-up in patients
with adult-onset asthma

Variable+ OR 95% CI p-value¶

Age at onset >40 years 3.28 0.97–11.04 0.056
Male sex 0.47 0.14–1.62 0.233
FEV1 post-bronchodilator at diagnosis <80% pred 4.50 1.01–19.98 0.048
Waist circumference > 80/94 cm (female/male) at follow-up 0.48 0.12–1.98 0.312
FEV1/FVC post <0.75 at follow-up 3.84 1.29–11.40 0.015
Every 10 pack–years smoked at follow-up 1.34 0.68–2.64 0.396
IL-6 >1.55 pg·mL−1 at follow-up 3.49 1.08–11.29 0.037
Blood neutrophils >3.9×109·L−1 at follow-up 5.91 1.85–18.89 0.003
Blood eosinophils >0.2×109·L−1 at follow-up 7.25 2.25–23.40 0.001
ACT score at follow-up
16–20 2.12 0.55–8.18 0.275
5–15 3.18 0.50–20.92 0.221

FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; ACT: asthma control test. Bold indicates
significance. #: >800 µg daily dose of budesonide equivalent. ¶: versus patients with 0–400 µg budesonide
equivalent in use. +: all factors adjusted for in the final model are shown; also other factors, such as body
mass index were tested but excluded from the final analysis because of lower predictive value compared
with the factors included (e.g. body mass index versus waist circumference).
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neutrophils but whether neutrophilic airway inflammation explains the higher symptoms remains obscure.
Accumulation of several diseases may also end up in worsening patients’ perception of symptoms. Our
results are well in line with the results of the population-based studies [6, 39, 40] showing that asthmatic
patients with comorbidities have increased number of health claims and unscheduled health care visit.
Logically, asthma with comorbidities has been shown to result in decreased asthma-related and general
quality of life [8], and this was most pronounced in patients with many comorbidities. Of the specific
comorbidities, hypertension (72% in our multi-morbid group) has been linked to slightly increased use of
short-acting β2-agonist, more frequent emergency department visit/hospitalisation and oral corticosteroid
dispensings in patients with asthma [42]. Our patients with comorbidities were using on average three
drugs for treatment of their comorbidities, and the possibility remains that polypharmacy or use of certain
drugs is responsible for the effects seen rather than comorbidities. In support of this, in a geriatric Korean
population, fewer number of medication for comorbidities but not fewer number of comorbidities
predicted improved asthma control after 6 months of follow-up [43].

Given the recent interest on ACOS, we compared multi-morbid asthma patients (without ACOS) to
patients with ACOS. The only difference found in parameters related to asthma outcome was poorer lung
function in patients with ACOS, being in line with a previous study [44], which however lacked
comparison between asthma control and symptoms. Higher level of IL-6 and sputum neutrophils in ACOS
was also previously reported, with similar comorbidity index between the groups [44]. In our study,
systemic inflammation and neutrophils were similarly elevated in both ACOS and patients with ⩾2
comorbidities, which may be at least partially explained by the higher load of comorbidities, and especially
psychiatric diseases in the latter group. Psychiatric diseases have been associated with systemic
inflammation, worse asthma control and asthma-related quality of life [9, 11].

Altogether, we showed that comorbidities and elevated IL-6 are common among patients with adult-onset
asthma and are associated with worse outcome of asthma. Whether the origin of IL-6 in patients with
adult-onset asthma is obesity, smoking, stress, asthma or another chronic disease is not revealed by our data
but plenty of evidence suggests that elevated levels of IL-6 contribute to development of multi-morbidity
[26], and participate in pathophysiology of asthma [27, 28]. Our findings add by suggesting that IL-6 also
complicates treatment of asthma. Multi-morbid patients with asthma were more symptomatic when
compared to asthma without comorbidities, a phenomenon that is proposed to be multifactorial rather than
mediated solely by IL-6. In clinics, IL-6 could be useful in identifying patients with poor response to ICS
treatment, and in identifying those patients, who could benefit from life-style changes as part of their
treatment programme, as exercise has been shown to reduce systemic inflammation and improve outcome of
asthma [45]. Additionally, anti-IL-6 therapies deserve to be investigated as an alternative treatment strategy.
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