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A B S T R A C T   

Objective: To evaluate the effects of a home-based pulmonary rehabilitation (PR) programme on hyperventilation 
symptoms, anxiety and depressive symptoms, general fatigue, health-related quality of life (HRQoL) and exercise 
capacity in adults with severe asthma who have been exposed to psychosocial chronic stressors. 
Methods: Data on 111 non-selected consecutive adults with severe asthma who enrolled in an 8-week home-based 
PR programme (weekly supervised 90-min session) was retrospectively analysed. Chronic stressors included 
physical, sexual and psychological violence and/or a traumatic experience related to an intensive care unit stay. 
Hyperventilation symptoms (Nijmegen questionnaire), Hospital Anxiety and Depression Scale, Fatigue Assess
ment Scale, COPD Assessment Test, Six-Minute Stepper Test and Timed-Up and Go test were assessed at baseline 
and after PR. 
Results: At baseline, participants who have been exposed to chronic stressors (n = 48, 43.2%) were younger, more 
often female, more often treated for anxiety and depressive disorders, and had a higher score for anxiety 
symptoms, hyperventilation symptoms and a poorer HRQoL, compared to those who had not been exposed to 
chronic stressors (p < 0.05). All the study assessments were statistically improved after PR for both groups (p <
0.001). Anxiety and depressive symptoms, fatigue and health-related quality of life questionnaires were also 
clinically improved based on the minimal clinically important difference. 
Conclusion: A large proportion of adults with severe asthma, mainly women, have been exposed to chronic 
stressors at the time of starting a PR programme, resulting in higher anxiety symptoms and hyperventilation 
symptoms. However, it did not prevent these individuals from benefiting from PR.   

1. Introduction 

Asthma is a heterogeneous disease that affects about 270 million 
individuals globally [1]. People with asthma experience respiratory 
symptoms that vary over time and in intensity, such as wheezing, dys
pnea, chest tightness and cough, affecting health related quality of life 
(HRQoL) and exercise capacity [2,3]. Despite a high level of pharma
ceutical treatment control, these symptoms may be experienced daily for 
3%–10% of individuals suffering from severe asthma [4], which may be 
life-threatening, and increase the prevalence of anxiety and depressive 

symptoms [5,6]. People with uncontrolled severe asthma have a mark
edly higher frequency of comorbidities, medication use and number of 
yearly exacerbations and hospitalisations increasing the risk of mortality 
and asthma-related health costs [7,8]. 

Psychosocial determinants, such as post-traumatic stress disorder, 
physical, psychological and sexual violence are known to increase the 
prevalence of asthma and are predictors of worsened asthma control and 
morbidity, in both children and adults [9–17]. Large international co
horts have reported that experiencing sexual violence was associated 
with 1.4–1.73 times increased odds of self-reported asthma, even after 
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accounting for potential confounders (age, education, ethnicity, house
hold income or health insurance) [12,17]. Experiencing intimate part
ner violence has been positively associated with asthma exacerbation, 
uncontrolled asthma, nocturnal awakenings and daytime symptoms 
[13]. Suffering from post-traumatic stress disorder also increased risk for 
airflow limitation and for asthma-related symptoms [14]. Although the 
mechanisms are not well known, it was suggested that chronic stress 
leads to a pro-inflammatory state which may increase asthma preva
lence and severity [13]. 

Pulmonary rehabilitation (PR) is an evidence-based, trans
disciplinary intervention, including education, psychosocial and moti
vational support, and physical activity training, that is highly effective 
for improving exercise tolerance and HRQoL in people with chronic 
respiratory disease [18,19]. PR effectiveness was mostly reported in 
patients with chronic obstructive pulmonary disease (COPD) [18–20], 
but there is growing evidence of its positive impact in individuals with 
asthma, irrespective of the severity of the disease [21–26]. PR seems to 
be particularly important in individuals with severe asthma [27,28], in 
whom additional psychosocial factors often contribute to asthma 
severity and control [16]. However, the proportion of adults with severe 
asthma who have been exposed to chronic stressors at the time of 
starting PR and the effects of the intervention on asthma clinical out
comes, have not been reported. It is urgent to identify this specific 
population enrolling into PR programme to provide the best personal
ized care [29]. 

The objective was twofold: i) to evaluate the proportion of adults 
with severe asthma who have been exposed to chronic stressors (phys
ical, sexual and psychological violence or a traumatic experience related 
to an intensive care unit stay), when starting a home-based PR pro
gramme and describe their clinical portrait compared to those who has 
not been exposed to chronic stressors; ii) to evaluate the effects of PR on 
hyperventilation symptoms, anxiety and depressive symptoms, general 
fatigue, health-related quality of life, and exercise capacity in adults 
with severe asthma. 

2. Methods 

2.1. Study design and participants 

This was a retrospective study conducted on prospectively non- 
selected and consecutive collected data, from June 2017 to September 
2022. Eligible individuals, aged 18 years or above, were referred to the 
home-based PR programme by their respiratory specialist who was 
responsible for providing the clinical assessment and certifying the 
presence of severe asthma according to the Global Initiative for Asthma 
(GINA) classification (step 4–5) [30]. Participants fulfilling the criteria 
of asthma-chronic obstructive pulmonary disease overlap (ACO) were 
not excluded from the cohort to be representative of the real-life patients 
in clinic. Participants were divided into two groups based on their 
exposure to chronic stressors. An individual was classified in the chronic 
stressors group when he/she freely mentioned during one of the 8-week 
PR session, having experienced (during childhood or adulthood) or 
currently experiencing one of the following: sexual, physical and/or 
psychological violence, or a post-traumatic stress disorder related to an 
intensive care unit stay for asthma exacerbation. No specific question
naire was used to assess chronic stressors exposure. However, PR ses
sions were one-to-one (could also include the caregiver) and team 
members received training in psycho-social and motivational ap
proaches, both helping the patient to open up about their traumatic 
experience. 

The study was approved by the observational research protocol 
evaluation committee of the Société de pneumologie de langue Française 
(CEPRO, number 2021–054). All participants signed a written informed 
consent prior to the start of the programme which included their 
approval to use the collected data for research purposes. 

2.2. Home-based PR programme 

All participants performed an 8-week home-based PR programme, 
consisting of a weekly supervised 90-min home session, during which 
education and self-management strategies and physical training were 
implemented as previously described [31]. Prior to starting the pro
gramme, an evaluation of the patient’s needs and expectations was 
performed for designing a personalized intervention. This was done 
through a collaborative process between the PR team, the participant 
and his/her caregiver (if present). The healthcare team received the 
same standardized therapeutic education training from a licensed 
instructor. Apart from the weekly visit of the team member who su
pervised the sessions, participants were expected to perform, on their 
own, personalized physical training (at least 5 sessions/week) and 
self-management plan the rest of the week. 

Education and self-management interventions were adapted to 
respond to individual’s needs, barriers and personal goals. The core 
education topics included pathophysiology of asthma and comorbid
ities, medication and its use, prevention and recognition of exacerba
tions and allergic factors, physical exercise, breathing strategies, stress 
management and emotional responses related to the disease. According 
to individual needs, other interventions could be added: nutritional 
counselling, smoking cessation strategies, airway clearance techniques, 
relaxation techniques such as yoga, cardiac coherence (using biofeed
back during breathing technique to control heart rate variability) [32], 
mindfulness meditation, and hypnosis. 

Each participant received a cycle ergometer (Domyos 120, 
Decathlon, Villeneuve-d’Ascq, France) and/or a stepper (Go Sport, 
Grenoble, France), and other muscle strengthening equipment such as 
dumbbells, elastic bands, swissball or foam balls. Regarding the 
cardiorespiratory training, the goal was to achieve a total of 30–45 min 
of daily exercise, (performed by 10-min sequences or shorter according 
to their respective physical capacity) at least 5 sessions/week. Exercise 
intensity was progressively adjusted to reach a dyspnea score between 3 
and 4 on the modified Borg 0–10 scale or to reach a perceived exertion 
score between 11 and 13 on the Borg 6–20 scale [33]. Detailed about the 
physical training can be found elsewhere [34]. 

2.3. Assessments 

Lung function, assessed by spirometry according to standard guide
lines (post bronchodilator) [35], medication and comorbidity data were 
collected from the individual’s medical record provided by the respi
ratory specialist. Epices multidimensional questionnaire was used to 
assess social deprivation on a quantitative and continuous scale ranging 
from 0 (no deprivation) to 100 (maximum deprivation). A cut-off score 
of >30.17 suggests social deprivation [36]. Participants were entirely 
evaluated at home at the beginning (M0) and at the end of PR (two 
months later, M2). 

The following self-rating questionnaires were given to the partici
pants at the first home diagnostic visit and at the penultimate visit. 
Participants were instructed to complete the questionnaires on the day 
before the first assessment visit (M0) and on the day before the last 
assessment visit (M2). The questionnaires’ order completion was not 
controlled. 

The Nijmegen questionnaire was used to assess hyperventilation 
symptoms (16 items: evaluates shortness of breath, peripheral tetany 
and central tetany) [37]. It is a five-point ordinal with a total score 
ranging from 0 to 64, and a cut-off score of ≥23 suggests the presence of 
a hyperventilation syndrome [37]. 

The Hospital Anxiety and Depression (HAD) scale (14 items: seven 
each for anxiety and depression with minimum and maximum subscores 
of 0 and 21; lower is better) [38], and the Fatigue Assessment Scale 
(FAS) (10 items: five reflecting physical fatigue and 5 reflecting mental 
fatigue with a test score ranging from 10 to 50; lower is better) were 
assessed [39]. An anxiety or depressive symptoms score >11 indicates a 
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probable clinical diagnosis of anxiety or depression, and a FAS score 
≥22 suggests abnormal fatigue [39]. The minimal clinically important 
difference (MCID) of the HAD and FAS have not been documented in 
asthma, but is considered to be a change of 1.5 units [40] and 4 points 
[41], respectively, in patients with other chronic respiratory disease. 

The EQ visual analogue scale (EQ VAS) was used as a quantitative 
measure of general health outcome. This is a vertical visual analogue 
scale where the endpoints are labelled ‘Best imaginable health state 
(100%)” and “Worst imaginable health state” (0%). The COPD assess
ment test (CAT) was also used to evaluate the impact of asthma symp
toms on daily life activities (8 items with a total test score ranging from 
0 to 40, lower is better) [42]. In COPD a change of 2 points was deter
mined as a MCID [43]. 

The 6-min stepper test (6MST) and the timed-up and go (TUG) test 
were used to evaluate exercise capacity at home, as previously described 
[44,45]. The MCID of the 6MST is considered to be a change of 40 steps 
in COPD [46] and a change of 0.9–1.4 s in TUG performance was 
identified as clinically important [45]. A cut off of 1 s was selected for 
the present study. 

2.4. Statistical analyses 

Statistical analyses were performed using SPSS 28.0 (IBM Corp, 
Chicago, USA) and significance threshold was considered at 0.05. 
Quantitative variables are expressed as means (standard deviation, SD) 
in the case of normal distribution or medians (interquartile range, IQR) 
otherwise. Categorical variables are expressed as numbers (percentage). 
Normality of distributions was assessed using histograms and 
Kolmogorov-Smirnov tests. The missing data were imputed using a 
regression-switching approach. Estimates obtained in the different 
imputed data sets were combined using the Rubin’s rules. 

Baseline characteristics and assessments were compared between 
participants who had been exposed to a chronic stress and those who 
had not using Student t tests in the case of normal distribution or Mann- 
Whitney tests otherwise. 

As the study assessment variables were not normally distributed, 
changes between M0 (baseline) and M2 (end of PR) were evaluated 
using Wilcoxon tests for the total group and Friedman ANOVA when 
comparing between individuals who have been exposed to a chronic 
stress and those who had not. 

3. Results 

3.1. Baseline characteristics 

From June 2017 to September 2022, 127 people with asthma were 
enrolled into PR. Among them, 16 participants did not meet the inclu
sion criteria of severe asthma (Supplementary material, Table S1) and 
were retrospectively excluded from the analysis (Fig. 1). The majority of 
the 111 included participants were females (61.8%), living with a 
partner (79.3%), overweighed (BMI>25 kg/m2, 68.5%), had airflow 
limitation (mean FEV1, 61.1 ± 21.6% of predicted value, mean FEV1/ 
FVC, 66.6 ± 16.1), used inhaled corticosteroids (97.3%), and/or oral 
corticosteroids (52.3%) (Table 1). Almost half of the participants were 
receiving a treatment with biologicals (42.3%) and 17% had asthma- 
chronic obstructive pulmonary disease overlap (Table 1). 

PR, pulmonary rehabilitation. 
Amongst the 111 included participants, 48 (43.2%) had been 

exposed to chronic stressors. Physical, sexual and psychological violence 
were the most (26.5%) reported chronic stressors (33.3%, 29.2% and 
25%, respectively). For 12.5% of them the violence occurred during 
childhood. Moreover, 16.7% reported a traumatic experience related to 
an intensive care unit stay. At baseline, those individuals were younger, 
more often women, more often treated for anxiety and depressive dis
orders (Table 1), and had a higher score for anxiety, hyperventilation 
symptoms and HRQoL compared to those who had not been exposed to 
chronic stressors (Table 2). 

The prevalence of social deprivation according to the Epices score in 
individuals who have been exposed to chronic stressors and those who 
had not was 54.2% and 49.2%, respectively (p = 0.346). Regarding the 
socio-professional categories, 22.9% and 19.1% of the individuals had 
what is considered high-levl professional employment (craftsman, 
trader, entrepreneurs, company managers, and higher intellectual pro
fessions), respectively (p = 0.612). The number of unemployed in
dividuals was higher in people who suffered from chronic stressors 
(20.8% vs 4.8% p < 0.01). At baseline, 68.7%, 60.4%, 31.2% and 79.2% 
of the individuals who have been exposed to chronic stressors had hy
perventilation symptoms, anxiety symptoms, depressive symptoms and 
abnormal fatigue respectively (Fig. 2). The prevalence of hyperventila
tion symptoms and anxiety symptoms was different between groups (p 
< 0.05). 

Fig. 1. Flow chart of participants.  
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3.2. Changes after pulmonary rehabilitation 

All the study assessments were significantly improved after PR for 
both groups (p < 0.001) (Table 3). Changes in the total group are pre
sented in supplements (Table S2). After PR, 43.7%, 37.5%, 10.4% and 
58.3% of the individuals who have been exposed to chronic stressors had 
hyperventilation symptoms, anxiety and depressive symptoms and 
abnormal fatigue, respectively. In the other group, the prevalence was 
36.5%, 22.2%, 6.3% and 54.0% respectively (Fig. 2). The numbers of 
individuals reaching the MCID of the clinical assessments are reported in 
Table 4. Overall, more than a half of the participants had a clinical 
improvement of the anxiety and depressive symptoms, HRQoL and 
timed-up and go test, while 95% of the participants clinically improved 
their fatigue. The clinical improvement of the exercise tolerance was 

lower especially in individuals who reported chronic stressors. However, 
these changes were not significantly different between groups. 

4. Discussion 

Despite that negative effects of chronic stressors on asthma severity 
have been reported, this topic is poorly addressed in clinical care. Yet the 
novel findings of this real-life study are as follows: i) a large proportion 
(43.2%) of individuals with severe asthma had experienced physical, 
sexual and/or psychological violence (26.5%), or a traumatic experience 
related to an intensive care unit stay (16.7%) at the time of starting PR. 
These individuals were mostly women (90%), who reported a twofold 
increase in the frequency of anxiety symptoms, an increase of 20% in the 
frequency of hyperventilation symptoms and a poorer HRQoL compared 
to those who had not been exposed to chronic stressors; ii) having 
experienced violence and/or a traumatic experience did not prevent 
these participants from benefiting from PR by improving hyperventila
tion symptoms, anxiety and depressive symptoms, general fatigue, 
HRQoL and exercise capacity to the same extent than individuals who 
were not exposed to chronic stressors. 

The participants with severe asthma (GINA 4–5) were diagnosed by 
their respiratory specialist before enrolling PR, who was also responsible 
for prescribing the appropriate medication. Among the 111 participants, 
97%, 52% and 42% were using inhaled corticosteroids, oral cortico
steroids and biologicals, respectively. Compared to a previous cohort 
[7], the lower proportion of adults on oral corticosteroids might be 
explained by the large proportion of patients using biologics. Biologicals 
may have a positive impact on asthma control and HRQoL. However, 
none of the participants started biologic treatment during PR and the 
number of participants using biologicals was not different between 
groups. 

According to our results, the clinical portrait of adults with severe 
asthma who report having experienced chronic stressors is as follow: 
younger women [39–60 years], more often unemployed and treated 
with anxiolytics, who reported hyperventilation and anxiety symptoms 
and poor HRQoL. The relationships between anxiety/depressive disor
ders, hyperventilation syndrome and asthma has long been observed in 
clinical practice and especially in adults with poor asthma control [47, 
48]. Dafauce et al. demonstrated that 68% and 34% of adults with severe 
asthma reported anxiety/depressive symptoms and a hyperventilation 
syndrome, respectively [48]. Experiencing physical, sexual or psycho
logical violence is closely associated with mental health [12,16]. 

Table 1 
Baseline characteristics of participants.  

Baseline characteristics Total 
group (n 
= 111) 

Chronic 
Stressors (n 
= 48) 

NO chronic 
stressors (n =
63) 

p 

Age, years 54.6 ±
12.9 

49.7 ± 16.2 58.3 ± 14.5 0.004 

Female, n (%) 88 (79.3) 43 (89.6) 45 (71.4) 0.014 
BMI, kg/m2 30.8 ±

9.5 
30.4 ± 10.2 31.1 ± 9.8 0.696 

Current and former 
smokers, n (%) 

53 (47.7) 23 (47.9) 30 (47.6) 0.845 

Single, n (%) 42 (37.8) 21 (43.8) 21 (33.3) 0.266 
Epices, score 34.1 ±

16.7 
35.9 ± 19.4 32.7 ± 16.8 0.120 

Long-acting muscarinic 
antagonist, n (%) 

90 (81.1) 40 (83.3) 50 (79.4) 0.425 

ICS + LABA, n (%) 108 
(97.3) 

47 (97.9) 61 (96.8) 0.727 

Oral corticosteroids, n 
(%) 

58 (52.3) 26 (54.2) 32 (50.8) 0.625 

Biologicalsa, n (%) 47 (42.3) 23 (47.9) 24 (38.1) 0.308 
Leukotriene receptor 

antagonist, n (%) 
28 (25.2) 11 (22.9) 17 (27.0) 0.594 

LTOT, n (%) 13 (11.7) 3 (6.3) 10 (15.9) 0.120 
NIV, n (%) 13 (11.7) 5 (10.4) 8 (12.7) 0.711 
CPAP, n (%) 14 (12.6) 1 (2.1) 13 (20.6) 0.001 
FEV1, % of predicted 

value 
61.1 ±
21.6 

62.4 ± 24.7 60.1 ± 26.8 0.646 

FVC, % of predicted value 78.6 ±
19.0 

79.7 ± 22.5 78.3 ± 23.7 0.776 

FEV1/FVC 66.6 ±
16.1 

68.9 ± 19.9 64.4 ± 19.2 0.287 

mMRC dyspnea scale 2.62 ±
1.01 

2.71 ± 1.0 2.57 ± 1.11 0.321 

Comorbidities 
ACO, n (%) 19 (17.1) 8 (16.7) 11 (17.5) 0.523 
Obesity 
hypoventilation 
syndrome, n (%) 

12 (10.8) 6 (12.5) 6 (9.5) 0.415 

Obstructive sleep 
apnea, n (%) 

23 (20.7) 5 (10.4) 18 (28.6) 0.267 

High blood pressure, n 
(%) 

42 (37.8) 14 (29.2) 28 (44.4) 0.035 

Anxiety treated with 
drug, n (%) 

50 (45.0) 27 (56.2) 23 (36.5) 0.027 

Depression treated with 
drug, n (%) 

23 (20.7) 19 (39.5) 4 (6.3) 0.001 

Osteoarthritis, n (%) 26 (23.4) 7 (14.6) 19 (30.1) 0.028 
Gastroesophageal 
reflux disease, n (%) 

45 (40.5) 22 (45.8) 23 (36.5) 0.089 

Data are presented as mean ± SD or n (%). 
*p < 0.005 between groups. 
Abbreviations. BMI, body mass index; ICS, inhaled corticosteroids; LABA, long- 
acting beta-agonist LTOT, long-term oxygen therapy; NIV, non-invasive venti
lation; CPAP, continuous positive airway pressure; FEV1, forced expiratory 
volume in 1 s; FVC, forced vital capacity; mMRC, modified Medical Research 
Council scale; ACO, Asthma and COPD overlap. 

a Including omalizumab, benralizumab, dupilumab, mepolizumab. 

Table 2 
Study assessments at baseline.  

Baseline 
assessments 

Total group Chronic 
Stressors 

NO chronic 
stressors 

p 

Nijmegen, score 
(0–64) 

25.1 
(16.0–33.0) 

28.0 
(18.8–36.0) 

22.7 
(14.0–30.0) 

0.028 

Anxiety symptoms 
(0–21) 

10.8 
(6.0–15.0) 

12.3 
(8.5–16.0) 

9.6 (6.0–13.0) 0.003 

Depression 
symptoms 
(0–21) 

7.8 
(4.0–11.0) 

8.3 (4.0–13.3) 7.4 (4.0–10.5) 0.369 

FAS, score (10–50) 28.9 
(22.0–36.0) 

30.8 
(23.0–39.0) 

27.4 
(22.0–33.7) 

0.041 

EQ5D3L-VAS 
(0–100) 

48.9 
(40.0–60.0) 

46.9 
(30.0–65.0) 

50.3 
(40.0–60.0) 

0.241 

CAT (0–40) 23.6 
(17.0–29.8) 

25.1 
(19.5–36.0) 

22.5 
(16.5–27.0) 

0.035 

6MST, strokes 320 
(162–508) 

300 (67–508) 336 (200–509) 0.294 

TUG, seconds 8.1 (5.5–9.2) 7.8 (5.4–8.4) 8.4 (5.9–9.3) 0.443 

Values are presented as mean (interquartile range). 
*p < 0.005 between groups. 
Abbreviations. FAS, Fatigue Assessment Scale; EQ5D3L- VAS, Visual Analogic 
Scale; CAT, COPD Assessment Test; 6MST, 6-min stepper test; TUG, Timed-up 
and go test. 
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Therefore, it was not surprising to find a higher proportion of anxiety 
symptom (60%) and hyperventilation symptoms (69%) in adults who 
had experienced chronic stressors (p < 0.05). On a clinical perspective, 
it seems important to inform health professionals that almost half 
(43.2%) of the patients presenting with these characteristics may 
struggle with chronic stressors. This result is supported by a recent Eu
ropean survey conducted in more than 40 000 “healthy” women in 
which the prevalence of intimate partner violence (including physical, 
sexual and psychological) was 51.7%. Overall, these results highlight 
the importance of training health professionals caring for individuals 

with severe asthma to this specific topic. 
The benefits of center or home-based pulmonary rehabilitation on 

dyspnea, exercise tolerance, and health-related quality of life in patients 
with moderate to severe COPD are well known [20,49]. Although PR 
efficacity is less documented in asthma, there is growing evidence of its 
positive impact on health-related quality of life, exercise tolerance, 
anxiety and depressive symptoms and disease control in individuals with 
asthma [21–26]. The ProKAR study conducted in two hundred adults 
with moderate to severe asthma (GINA 3–4) reported an asthma control 
test improvement of 4.58 points after a 3-week inpatient PR programme, 
that was maintained a year after PR [26]. This study also reported a 
positive effect of PR on asthma inflammation with a decrease to levels 
within the normal range in the fractional exhaled nitric oxide values 
[26]. The updated GINA recommendations mentioned that other 
non-pharmacological interventions such as better medication adher
ence, smoking cessation, physical activity, healthy diet, avoidance of 
indoor allergens, breathing exercises and management of emotional 
stress may be considered to improve asthma control [30]. All of these 
elements are addressed in PR according to the individuals’ needs. 
Therefore, in line with previous studies [21,22,25,26], we demonstrated 
that 8-week home-based PR programme was statistically effective in 
adults with severe asthma for improving anxiety and depressive symp
toms, fatigue, HRQoL and exercise tolerance. We firstly reported that PR 
effectiveness was similar whether the participants have been exposed to 
a chronic stressor or not. 

We firstly reported that PR effectiveness was similar whether the 
participants have been exposed to a chronic stressor or not. The pro
portion of participants reaching the MCID of each PR assessments was 
also similar between groups. The MCIDs used in the study were deter
mined in cohorts of patients with COPD and studies are needed to 
measure if clinical changes are similar in people with asthma. The 
proportion of individuals reaching the MCID of the anxiety and 
depressive symptoms (− 1.5 points) and the TUG (− 1 s) was similar to 
that reported in patients with COPD [50]. However, despite a similar 

Fig. 2. Changes in proportion of patients with hy
perventilation symptoms, anxiety and depression 
symptoms and abnormal fatigue in individuals who 
had been exposed to chronic stressors (black bars) 
and in individuals who had not (grey bars). Results 
are expressed as percentage of individuals reaching 
the respective cut-off of each questionnaire. 
*p < 0.05, baseline vs end of PR 
**p < 0.05, between groups.   

Table 3 
Changes in study assessment between end of PR (M2) and baseline (M0) in 
participants who had been exposed to chronic stressors (A) and in those who had 
not (B).  

Wilcoxon Tests 
M2-M0 A. Chronic 
stressors 

Negative 
ranks (N, %) 

Positive 
ranks (N) 

Ties 
(N) 

Z score Asymp. 
Sig. 

Nijmegena 39 (81.2) 9 (18.7) 0 (0.0) − 4.581 <0.001 
Anxiety 

symptomsa 
33 (68.7) 8 (17.0) 7 

(14.6) 
− 4.095 <0.001 

Depression 
symptomsa 

35 (72.9) 6 (12.5) 7 
(14.6) 

− 4.717 <0.001 

FASa 33 (68.7) 10 (20.8) 5 
(10.4) 

− 4.303 <0.001 

EQ5D3L-VASb 7 (14.6) 34 (70.8) 7 
(14.6) 

− 4.752 <0.001 

CAT (0–40)a 37 (77.1) 9 (18.7) 2 (4.2) − 4.024 <0.001 
6MSTb 14 (29.2) 28 (58.3) 6 

(12.5) 
− 2.226 <0.001 

TUGa 25 (52.1) 7 (14.6) 16 
(33.3) 

− 3.375 <0.001 

B. No chronic 
stressors 

Negative 
ranks (N) 

Positive 
ranks (N) 

Ties 
(N) 

Z score Asymp. 
Sig. 

Nijmegena 53 (84.1) 8 (12.7) 2 (3.2) − 5.425 <0.001 
Anxiety 

symptomsa 
41 (65.1) 14 (22.2) 8 

(12.7) 
− 3.902 <0.001 

Depression 
symptomsa 

49 (77.8) 6 (9.5) 8 
(12.7) 

− 5.489 <0.001 

FASa 49 (77.8) 12 (19.0) 2 (3.2) − 5.050 <0.001 
EQ5D3L-VASb 11 (17.5) 44 (69.0) 8 

(12.7) 
− 4.814 <0.001 

CAT (0–40)a 48 (76.2) 11 (17.5) 4 (6.3) − 5.153 <0.001 
6MSTb 15 (23.8) 43 (68.2) 5 (7.9) − 3.097 <0.001 
TUGa 33 (52.4) 12 (19.0) 18 

(28.6) 
− 2.934 <0.003 

Abbreviations. FAS, Fatigue Assessment Scale; EQ5D3L- VAS, Visual Analogic 
Scale; CAT, COPD assessment test; 6MST, 6-min stepper test; TUG, Timed-up and 
go test. 

a A positive change is a diminution of the score. 
b A positive change is an increase of the score. 

Table 4 
Individuals reaching the minimally clinically important difference of the 
respective assessments after PR.  

MCID responders, n (%) Chronic stressors NO chronic stressors 

Anxiety symptoms, (− 1.5 pts) 26 (54.2) 28 (44.4) 
Depression symptoms, (− 1.5 pts) 27 (56.2) 35 (55.6) 
FAS, (− 4 pts) 46 (95.8) 60 (95.2) 
CAT (− 2 pts) 33 (68.7) 44 (69.8) 
6MST, (+40 strokes) 18 (37.5) 29 (46.0) 
TUG, (− 1 s) 26 (54.2) 38 (60.3) 

Abbreviations. FAS, Fatigue Assessment Scale; CAT, COPD assessment test; 
6MST, 6-min stepper test; TUG, Timed-up and go test. 
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exercise tolerance at baseline (320 ± 162 strokes vs 311 ± 153 strokes, 
respectively), a smaller proportion of the participants with asthma, and 
especially those who have experienced chronic stressors, reached the 
clinical significance of the 6MST compared to the previous study (37.5% 
vs 60.2%, respectively) [50]. We could assume that hyperventilation 
syndrome and the fear of asthma attack could have limited the intensity 
of exercise training in people with asthma. Another explanation would 
be that, after disclosing their traumatic experience, PR sessions would 
have been more focus on the psycho-social approach at the expense of 
exercise training. 

Previous studies have suggested that cognitive behavioral therapy 
sessions combined with education and/or self-management techniques 
could improve asthma symptoms and HRQoL through mechanisms of 
reduce depression and anxiety (panic-fear) symptoms in adults with 
asthma reporting panic disorder or anxiety disorder [47]. In the present 
study, all the healthcare clinicians were trained in cognitive behavioral 
therapy, relaxation techniques such as yoga, cardiac coherence, mind
fulness meditation, and hypnosis, education and self-management in
terventions to respond to individual’s needs, barriers and personal goals. 
This could explain the similar benefits between groups. Moreover, one to 
one home rehabilitation sessions are an opportunity for people to talk 
about the violence and traumatic experiences they had experienced. 
When appropriate and with their consent, participants were then 
advised to contact a clinician therapist to continue to deal with chronic 
stressors at long-term. To better help these individuals, one of the first 
step will be to inform healthcare professionals that chronic stress con
cerns a large proportion of people with severe asthma. The second step 
would be the training of healthcare professionals (not only therapists) by 
experts in this topic, for receiving and dealing with patients’ emotions 
and their own. Finally, violence and traumatic experiences could also be 
addressed during group education sessions in center-based PR to give 
those who wish to express themselves the opportunity to do so. 

The monocentric and non-randomized nature of this study may limit 
the scope of the present results that should be confirmed by robustly 
designed randomized and controlled studies. However, data were 
collected systematically and consistently as an integral part of the home- 
based PR including a large number of non-selected participants in a real- 
life setting. By improving external validity and establishment in usual 
care, real-life studies are useful to complement the results of traditional 
randomized controlled trial [51]. The fact that experiencing violence 
and/or a traumatic experience was not assess with a specific question
naire or during a specific interview could also limit our results. There
fore, prevalence of individuals exposed to chronic stressors could be 
underestimated as it was not objectively assessed, and participants who 
decided not to talk about their chronic stress could have been misplaced. 
However, to be representative of the real-life individuals with asthma in 
clinic, we chose to include a large variety of chronic stressors (sexual, 
physical and/or psychological violence, community violence, intimate 
partner violence, being hospitalized in an intensive care unit for asthma 
exacerbation) that could not be assessed with a single questionnaire. 

5. Conclusion 

This real-life study demonstrated that a large proportion of adults 
with severe asthma have been exposed to chronic stressors at the time of 
starting a PR programme, resulting in higher anxiety symptoms and 
hyperventilation syndrome and a poorer quality of life. However, this 
did not prevent them from benefiting from PR to the same extent than 
individuals who did not report having exposed to a chronic stressor. This 
topic is poorly discussed during pulmonary rehabilitation and this study 
highlighted the need of informing and training healthcare professionals 
caring for people with asthma. 
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NorOx, Santélys, Santéo, SOS Oxygène, Sysmed, VentilHome, VitalAire 
and ARS Hauts-de-France. The funders played no role in the design, 
conduct or reporting of this study. 

CRediT authorship contribution statement 

Sarah Gephine: Conceptualization, execution, acquisition of data, 
Formal analysis, interpretation, Writing – original draft. Stéphanie Fry: 
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Santélys, and TEVA. 

Acknowledgments 

We thank the members of the rehabilitation team: Sophie Duriez, 
Mathieu Grosbois, Marjorie Lambinet, Maite Masson, Valentine 
Opsomer, Camille Paluch, Lucas Sion, Aurore Taccoen, Florence Urbain, 
Sandrine Vanexem and Virginie Wauquier. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.rmed.2023.107349. 

References 

[1] Diseases GBD, Injuries C, Global burden of 369 diseases and injuries in 204 
countries and territories, 1990-2019: Syst. Anal. Global Burden Dis. Study 396 
(10258) (2019) 1204–1222, https://doi.org/10.1016/S0140-6736(2030925-9). 
Lancet. Oct 17 2020. 

[2] R.D. Ampon, M. Williamson, P.K. Correll, G.B. Marks, Impact of asthma on self- 
reported health status and quality of life: a population based study of Australians 
aged 18-64, Thorax 60 (9) (Sep 2005) 735–739, https://doi.org/10.1136/ 
thx.2005.040311. 

[3] E.S. Ford, D.M. Mannino, D.M. Homa, et al., Self-reported asthma and health- 
related quality of life: findings from the behavioral risk factor surveillance system, 
Chest 123 (1) (Jan 2003) 119–127, https://doi.org/10.1378/chest.123.1.119. 

[4] K.F. Chung, S.E. Wenzel, J.L. Brozek, et al., International ERS/ATS guidelines on 
definition, evaluation and treatment of severe asthma, Eur. Respir. J. 43 (2) (Feb 
2014) 343–373, https://doi.org/10.1183/09031936.00202013. 

[5] K.L. Lavoie, S.L. Bacon, S. Barone, A. Cartier, B. Ditto, M. Labrecque, What is worse 
for asthma control and quality of life: depressive disorders, anxiety disorders, or 
both? Chest 130 (4) (Oct 2006) 1039–1047, https://doi.org/10.1378/ 
chest.130.4.1039. 

[6] J.M. Foster, V.M. McDonald, M. Guo, H.K. Reddel, "I have lost in every facet of my 
life": the hidden burden of severe asthma, Eur. Respir. J. 50 (3) (Sep 2017), https:// 
doi.org/10.1183/13993003.00765-2017. 

[7] H. Nagase, M. Adachi, K. Matsunaga, et al., Prevalence, disease burden, and 
treatment reality of patients with severe, uncontrolled asthma in Japan, Allergol. 
Int. 69 (1) (Jan 2020) 53–60, https://doi.org/10.1016/j.alit.2019.06.003. 

[8] N. Roche, G. Garcia, A. de Larrard, et al., Real-life impact of uncontrolled severe 
asthma on mortality and healthcare use in adolescents and adults: findings from 

S. Gephine et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.rmed.2023.107349
https://doi.org/10.1016/j.rmed.2023.107349
https://doi.org/10.1016/S0140-6736(2030925-9)
https://doi.org/10.1136/thx.2005.040311
https://doi.org/10.1136/thx.2005.040311
https://doi.org/10.1378/chest.123.1.119
https://doi.org/10.1183/09031936.00202013
https://doi.org/10.1378/chest.130.4.1039
https://doi.org/10.1378/chest.130.4.1039
https://doi.org/10.1183/13993003.00765-2017
https://doi.org/10.1183/13993003.00765-2017
https://doi.org/10.1016/j.alit.2019.06.003


Respiratory Medicine 217 (2023) 107349

7

the retrospective, observational RESONANCE study in France, BMJ Open 12 (8) 
(Aug 24 2022), e060160, https://doi.org/10.1136/bmjopen-2021-060160. 

[9] A.J. Apter, L.A. Garcia, R.C. Boyd, X. Wang, D.K. Bogen, T. Ten Have, Exposure to 
community violence is associated with asthma hospitalizations and emergency 
department visits, J. Allergy Clin. Immunol. 126 (3) (Sep 2010) 552–557, https:// 
doi.org/10.1016/j.jaci.2010.07.014. 

[10] D. Exley, A. Norman, M. Hyland, Adverse childhood experience and asthma onset: 
a systematic review, Eur. Respir. Rev. 24 (136) (Jun 2015) 299–305, https://doi. 
org/10.1183/16000617.00004114. 

[11] O. Tabalipa Fde, R.B. Daitx, J.L. Traebert, A.S. Meyer, J. da Silva, Indicators of 
violence and asthma: an ecological study, Allergol. Int. 64 (4) (Oct 2015) 344–350, 
https://doi.org/10.1016/j.alit.2015.04.003. 

[12] K.C. Basile, S.G. Smith, J. Chen, M. Zwald, Chronic diseases, health conditions, and 
other impacts associated with rape victimization of U.S. Women, J. Interpers 
Violence 36 (23–24) (Dec 2021) NP12504–NP12520, https://doi.org/10.1177/ 
0886260519900335. 

[13] E. Wang, B. Simmons, K.E. Holm, R. Alam, F.S. Wamboldt, Intimate partner 
violence and adult asthma morbidity: a population-based study, J. Allergy Clin. 
Immunol. Pract. 9 (12) (Dec 2021) 4300–4309 e7, https://doi.org/10.1016/j. 
jaip.2021.06.023. 

[14] C. Spitzer, B. Koch, H.J. Grabe, et al., Association of airflow limitation with trauma 
exposure and post-traumatic stress disorder, Eur. Respir. J. 37 (5) (May 2011) 
1068–1075, https://doi.org/10.1183/09031936.00028010. 

[15] G.R. Bloomberg, E. Chen, The relationship of psychologic stress with childhood 
asthma, Immunol. Allergy Clin. 25 (1) (Feb 2005) 83–105, https://doi.org/ 
10.1016/j.iac.2004.09.001. 

[16] J. Landeo-Gutierrez, E. Forno, G.E. Miller, J.C. Celedon, Exposure to violence, 
psychosocial stress, and asthma, Am. J. Respir. Crit. Care Med. 201 (8) (Apr 15 
2020) 917–922, https://doi.org/10.1164/rccm.201905-1073PP. 

[17] J. Santaularia, M. Johnson, L. Hart, L. Haskett, E. Welsh, B. Faseru, Relationships 
between sexual violence and chronic disease: a cross-sectional study, BMC Publ. 
Health 14 (Dec 16 2014) 1286, https://doi.org/10.1186/1471-2458-14-1286. 

[18] M.A. Spruit, S.J. Singh, C. Garvey, al, An official American Thoracic Society/ 
European Respiratory Society statement: key concepts and advances in pulmonary 
rehabilitation, Am. J. Respir. Crit. Care Med. 188 (8) (Oct 15 2013) e13–e64, 
https://doi.org/10.1164/rccm.201309-1634ST. 

[19] A.E. Holland, N.S. Cox, L. Houchen-Wolloff, et al., Defining modern pulmonary 
rehabilitation. An official American thoracic society workshop report, Ann Am 
Thorac Soc. 18 (5) (May 2021) e12–e29, https://doi.org/10.1513/ 
AnnalsATS.202102-146ST. 

[20] B. McCarthy, D. Casey, D. Devane, K. Murphy, E. Murphy, Y. Lacasse, Pulmonary 
rehabilitation for chronic obstructive pulmonary disease, Cochrane Database Syst. 
Rev. (2) (Feb 23 2015) CD003793, https://doi.org/10.1002/14651858.CD003793. 
pub3. 

[21] Z. Feng, J. Wang, Y. Xie, J. Li, Effects of exercise-based pulmonary rehabilitation 
on adults with asthma: a systematic review and meta-analysis, Respir. Res. 22 (1) 
(Jan 30 2021) 33, https://doi.org/10.1186/s12931-021-01627-w. 

[22] H. Sahin, I. Naz, Comparing the effect of pulmonary rehabilitation in patients with 
uncontrolled and partially controlled asthma, J. Asthma 56 (1) (Jan 2019) 87–94, 
https://doi.org/10.1080/02770903.2018.1443468. 

[23] E. Zampogna, R. Centis, S. Negri, et al., Effectiveness of pulmonary rehabilitation 
in severe asthma: a retrospective data analysis, J. Asthma 57 (12) (Dec 2020) 
1365–1371, https://doi.org/10.1080/02770903.2019.1646271. 

[24] F.A. Mendes, R.C. Goncalves, M.P. Nunes, et al., Effects of aerobic training on 
psychosocial morbidity and symptoms in patients with asthma: a randomized 
clinical trial, Chest 138 (2) (Aug 2010) 331–337, https://doi.org/10.1378/ 
chest.09-2389. 

[25] J. Salandi, A. Icks, J. Gholami, et al., Impact of pulmonary rehabilitation on 
patients’ health care needs and asthma control: a quasi-experimental study, BMC 
Pulm. Med. 20 (1) (Oct 15 2020) 267, https://doi.org/10.1186/s12890-020- 
01301-9. 

[26] H. Lingner, S. Ernst, A. Grobetahennig, et al., Asthma control and health-related 
quality of life one year after inpatient pulmonary rehabilitation: the ProKAR Study, 
J. Asthma 52 (6) (2015) 614–621, https://doi.org/10.3109/ 
02770903.2014.996650. 

[27] A. Bellocq, W. Gaspard, C. Couffignal, et al., Outpatient pulmonary rehabilitation 
for severe asthma with fixed airway obstruction: comparison with COPD, J. Asthma 
56 (12) (Dec 2019) 1325–1333, https://doi.org/10.1080/ 
02770903.2018.1541351. 

[28] J.M. Grosbois, J. Coquart, S. Fry, et al., Long-term effect of home-based pulmonary 
rehabilitation in severe asthma, Respir. Med. 157 (Oct 2019) 36–41, https://doi. 
org/10.1016/j.rmed.2019.08.015. 

[29] E. Zampogna, A. Spanevello, D. Visca, Pulmonary rehabilitation: promising 
nonpharmacological approach for treating asthma? Curr. Opin. Allergy Clin. 
Immunol. 20 (1) (Feb 2020) 80–84, https://doi.org/10.1097/ 
ACI.0000000000000597. 

[30] Global Initiative for Asthma, GINA report: global strategy for asthma management 
and prevention, Available from: https://ginasthma.org/wp-content/uploads/2022 
/07/GINA-Main-Report-2022-FINAL-wms.pdf, 2022. (Accessed 15 January 2023). 

[31] J.M. Grosbois, A. Gicquello, C. Langlois, et al., Long-term evaluation of home- 
based pulmonary rehabilitation in patients with COPD, Int. J. Chronic Obstr. Pulm. 
Dis. 10 (2015) 2037–2044, https://doi.org/10.2147/COPD.S90534. 

[32] K. Blase, E. Vermetten, P. Lehrer, R. Gevirtz, Neurophysiological approach by self- 
control of your stress-related autonomic nervous system with depression, stress and 
anxiety patients, Int. J. Environ. Res. Publ. Health (7) (Mar 24 2021) 18, https:// 
doi.org/10.3390/ijerph18073329. 

[33] G.A. Borg, Psychophysical bases of perceived exertion, Med. Sci. Sports Exerc. 14 
(5) (1982) 377–381. 

[34] S. Gephine, D. Saey, J.M. Grosbois, F. Maltais, P. Mucci, Home-based pulmonary 
rehabilitation is effective in frail COPD patients with chronic respiratory failure, 
Chronic Obstr Pulm Dis. (Nov 9 2021), https://doi.org/10.15326/ 
jcopdf.2021.0250. 

[35] M.R. Miller, J. Hankinson, V. Brusasco, et al., Standardisation of spirometry, Eur. 
Respir. J. 26 (2) (Aug 2005) 319–338, https://doi.org/10.1183/ 
09031936.05.00034805. 

[36] C. Sass, R. Gueguen, J.J. Moulin, et al., [Comparison of the individual deprivation 
index of the French Health Examination Centres and the administrative definition 
of deprivation], Sante Publique 18 (4) (Dec 2006) 513–522 (Comparaison du score 
individuel de precarite des centres d’examens de sante, EPICES, a la definition 
socio- administrative de la precarite). 

[37] E.P. Grammatopoulou, E.K. Skordilis, G. Georgoudis, et al., Hyperventilation in 
asthma: a validation study of the Nijmegen Questionnaire–NQ, J. Asthma 51 (8) 
(Oct 2014) 839–846, https://doi.org/10.3109/02770903.2014.922190. 

[38] J.P. Lepine, M. Godchau, P. Brun, Anxiety and depression in inpatients, Lancet 2 
(8469–70) (Dec 21-28 1985) 1425–1426, https://doi.org/10.1016/s0140-6736 
(85)92589-9. 

[39] H.J. Michielsen, J. De Vries, G.L. Van Heck, Psychometric qualities of a brief self- 
rated fatigue measure: the Fatigue Assessment Scale, J. Psychosom. Res. 54 (4) 
(Apr 2003) 345–352, https://doi.org/10.1016/s0022-3999(02)00392-6. 

[40] M.A. Puhan, M. Frey, S. Buchi, H.J. Schunemann, The minimal important 
difference of the hospital anxiety and depression scale in patients with chronic 
obstructive pulmonary disease, Health Qual. Life Outcome 6 (Jul 2 2008) 46, 
https://doi.org/10.1186/1477-7525-6-46. 

[41] W.P. de Kleijn, J. De Vries, P.A. Wijnen, M. Drent, Minimal (clinically) important 
differences for the Fatigue Assessment Scale in sarcoidosis, Respir. Med. 105 (9) 
(Sep 2011) 1388–1395, https://doi.org/10.1016/j.rmed.2011.05.004. 

[42] P.W. Jones, G. Harding, P. Berry, I. Wiklund, W.H. Chen, N. Kline Leidy, 
Development and first validation of the COPD assessment test, Eur. Respir. J. 34 (3) 
(Sep 2009) 648–654, https://doi.org/10.1183/09031936.00102509. 

[43] S.S. Kon, D. Dilaver, M. Mittal, et al., The Clinical COPD Questionnaire: response to 
pulmonary rehabilitation and minimal clinically important difference, Thorax 69 
(9) (Sep 2014) 793–798, https://doi.org/10.1136/thoraxjnl-2013-204119. 

[44] J.M. Grosbois, C. Riquier, B. Chehere, et al., Six-minute stepper test: a valid clinical 
exercise tolerance test for COPD patients, Int. J. Chronic Obstr. Pulm. Dis. 11 
(2016) 657–663, https://doi.org/10.2147/COPD.S98635. 

[45] R. Mesquita, S. Wilke, D.E. Smid, et al., Measurement properties of the Timed up & 
Go test in patients with COPD, Chron. Respir. Dis. 13 (4) (Nov 2016) 344–352, 
https://doi.org/10.1177/1479972316647178. 

[46] R. Pichon, F. Couturaud, P. Mialon, et al., Responsiveness and minimally important 
difference of the 6-minute stepper test in patients with chronic obstructive 
pulmonary disease, Respiration 91 (5) (2016) 367–373, https://doi.org/10.1159/ 
000446517. 

[47] C. Cooley, Y. Park, O. Ajilore, A. Leow, S.M. Nyenhuis, Impact of interventions 
targeting anxiety and depression in adults with asthma, J. Asthma 59 (2) (Feb 
2022) 273–287, https://doi.org/10.1080/02770903.2020.1847927. 

[48] L. Dafauce, D. Romero, C. Carpio, et al., Psycho-demographic profile in severe 
asthma and effect of emotional mood disorders and hyperventilation syndrome on 
quality of life, BMC Psychol. 9 (1) (Jan 6 2021) 3, https://doi.org/10.1186/ 
s40359-020-00498-y. 

[49] M.N. Uzzaman, D. Agarwal, S.C. Chan, et al., Effectiveness of home-based 
pulmonary rehabilitation: systematic review and meta-analysis, Eur. Respir. Rev. 
(165) (Sep 30 2022) 31, https://doi.org/10.1183/16000617.0076-2022. 

[50] S. Gephine, O. Le Rouzic, F. Machuron, et al., Long-term effectiveness of a home- 
based pulmonary rehabilitation in older people with chronic obstructive 
pulmonary disease: a retrospective study, Int. J. Chronic Obstr. Pulm. Dis. 15 
(2020) 2505–2514, https://doi.org/10.2147/COPD.S268901. 

[51] N. Roche, A. Anzueto, S. Bosnic Anticevich, et al., The importance of real-life 
research in respiratory medicine: manifesto of the respiratory effectiveness group: 
endorsed by the international primary care respiratory group and the world allergy 
organization, Eur. Respir. J. 54 (3) (Sep 2019), https://doi.org/10.1183/ 
13993003.01511-2019. 

S. Gephine et al.                                                                                                                                                                                                                                 

https://doi.org/10.1136/bmjopen-2021-060160
https://doi.org/10.1016/j.jaci.2010.07.014
https://doi.org/10.1016/j.jaci.2010.07.014
https://doi.org/10.1183/16000617.00004114
https://doi.org/10.1183/16000617.00004114
https://doi.org/10.1016/j.alit.2015.04.003
https://doi.org/10.1177/0886260519900335
https://doi.org/10.1177/0886260519900335
https://doi.org/10.1016/j.jaip.2021.06.023
https://doi.org/10.1016/j.jaip.2021.06.023
https://doi.org/10.1183/09031936.00028010
https://doi.org/10.1016/j.iac.2004.09.001
https://doi.org/10.1016/j.iac.2004.09.001
https://doi.org/10.1164/rccm.201905-1073PP
https://doi.org/10.1186/1471-2458-14-1286
https://doi.org/10.1164/rccm.201309-1634ST
https://doi.org/10.1513/AnnalsATS.202102-146ST
https://doi.org/10.1513/AnnalsATS.202102-146ST
https://doi.org/10.1002/14651858.CD003793.pub3
https://doi.org/10.1002/14651858.CD003793.pub3
https://doi.org/10.1186/s12931-021-01627-w
https://doi.org/10.1080/02770903.2018.1443468
https://doi.org/10.1080/02770903.2019.1646271
https://doi.org/10.1378/chest.09-2389
https://doi.org/10.1378/chest.09-2389
https://doi.org/10.1186/s12890-020-01301-9
https://doi.org/10.1186/s12890-020-01301-9
https://doi.org/10.3109/02770903.2014.996650
https://doi.org/10.3109/02770903.2014.996650
https://doi.org/10.1080/02770903.2018.1541351
https://doi.org/10.1080/02770903.2018.1541351
https://doi.org/10.1016/j.rmed.2019.08.015
https://doi.org/10.1016/j.rmed.2019.08.015
https://doi.org/10.1097/ACI.0000000000000597
https://doi.org/10.1097/ACI.0000000000000597
https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-Report-2022-FINAL-wms.pdf
https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-Report-2022-FINAL-wms.pdf
https://doi.org/10.2147/COPD.S90534
https://doi.org/10.3390/ijerph18073329
https://doi.org/10.3390/ijerph18073329
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref33
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref33
https://doi.org/10.15326/jcopdf.2021.0250
https://doi.org/10.15326/jcopdf.2021.0250
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00034805
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref36
http://refhub.elsevier.com/S0954-6111(23)00237-8/sref36
https://doi.org/10.3109/02770903.2014.922190
https://doi.org/10.1016/s0140-6736(85)92589-9
https://doi.org/10.1016/s0140-6736(85)92589-9
https://doi.org/10.1016/s0022-3999(02)00392-6
https://doi.org/10.1186/1477-7525-6-46
https://doi.org/10.1016/j.rmed.2011.05.004
https://doi.org/10.1183/09031936.00102509
https://doi.org/10.1136/thoraxjnl-2013-204119
https://doi.org/10.2147/COPD.S98635
https://doi.org/10.1177/1479972316647178
https://doi.org/10.1159/000446517
https://doi.org/10.1159/000446517
https://doi.org/10.1080/02770903.2020.1847927
https://doi.org/10.1186/s40359-020-00498-y
https://doi.org/10.1186/s40359-020-00498-y
https://doi.org/10.1183/16000617.0076-2022
https://doi.org/10.2147/COPD.S268901
https://doi.org/10.1183/13993003.01511-2019
https://doi.org/10.1183/13993003.01511-2019

	Home-based pulmonary rehabilitation for adults with severe asthma exposed to psychosocial chronic stressors
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Home-based PR programme
	2.3 Assessments
	2.4 Statistical analyses

	3 Results
	3.1 Baseline characteristics
	3.2 Changes after pulmonary rehabilitation

	4 Discussion
	5 Conclusion
	Fundings
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


