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Take home message: Dynamic hyperinflation is associated with impaired daily life activity in 
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ABSTRACT 

Introduction 

Dynamic hyperinflation has been documented in asthma, yet its impact on overall health 

and daily life activities is unclear. We assessed the prevalence of dynamic hyperinflation in 

moderate to severe asthma and its relationship with the scores of a set of specific and 

general respiratory health questionnaires. 

Methods 

77 non-smoking asthma patients (GINA step 4-5) were consecutively recruited and 

completed 5 questionnaires: Asthma Control Questionnaire, Clinical COPD Questionnaire , 

St. George’s Respiratory Questionnaire, London Chest Activity of Daily Living scale (LCADL), 

Shortness of Breath with Daily Activities (SOBDA).  Dynamic hyperinflation was defined as 

≥10% reduction in inspiratory capacity induced by standardized metronome-paced 

tachypnea. Associations between level of dynamic hyperinflation and questionnaire scores 

were assessed and adjusted for asthma severity. 

Results 

81 percent (95CI:71.7-89.4%) of patients showed dynamic hyperinflation. Higher levels of 

dynamic hyperinflation were related to poorer scores on all questionnaires (r=0.228-0.385, 

p<0.05). After adjustment for asthma severity, dynamic hyperinflation remained associated 

with poorer scores on LCADL (p=0.027) and SOBDA (p=0.031).  

Conclusion  

Dynamic hyperinflation is associated with poorer overall health and impaired daily life 

activities, independent of asthma severity. Because of its major impact on everyday life 

activities, dynamic hyperinflation is an important target for treatment in asthma.  

 
 



 
INTRODUCTION 
 
Asthma is a heterogeneous condition of the airways with many clinical and inflammatory 

sub-phenotypes [1]. In day-to-day practice these different subtypes may present with 

different asthma symptoms. A subset of asthma patients report exercise intolerance and 

limitations in daily life activity as most prominent symptoms, rather than the classical 

wheezy attacks, with a major impact on their quality of life [2]. Many factors may contribute 

to these exercise and activity limitations in asthma, including psychological factors, 

respiratory muscle strength, bronchoconstriction and dynamic hyperinflation [3]. 

Dynamic hyperinflation (DH), described as an increase in end-expiratory lung volume under 

conditions of greater minute ventilation (e.g. exercise), is a well-known feature in COPD 

resulting from reduced expiratory airflow [4]. It is strongly related to exertional dyspnea and 

diminished daily physical activity in COPD patients [5, 6]. Interestingly, DH is not exclusive to 

COPD and a few small studies suggest it to be present in asthma as well. DH has been 

reported in patients with stable asthma following methacholine provocation [7, 8] or 

exercise testing [9], probably reflecting induced bronchoconstriction. Recently, it was 

suggested that DH is particularly important in patients with more severe asthma. These 

patients have been shown to develop DH during exercise to the same magnitude as COPD 

patients with similar degrees of airway obstruction [10]. Different from COPD, it has been 

suggested that in asthma ongoing inflammation may impair small airway function [11]. In 

patients with late-onset asthma, air trapping was markedly present, and associated with 

systemic eosinophilic inflammation and severe exacerbations [12]. Moreover, in a small 

unblinded study in 10 patients with moderate to severe allergic asthma, the extent of DH 

decreased with omalizumab treatment, which corresponded to an improvement in 

symptoms and exercise capacity [13]. So, ongoing small airway inflammation might promote 

the development of DH and play a role in daily exercise limitations in subsets of asthma 

patients. Importantly, DH is found to be greater in obese vs non-obese asthma patients, 

whether or not related to reduced chest wall compliance, and therefore obesity has to be 

taken into account when evaluating DH in asthma [14]. Whatever the underlying 

mechanism, so far little is known about the prevalence of DH in moderate to severe asthma 



and in particular its impact on asthma symptoms, activities of daily life and perceived well-

being.  

Though asthma symptoms, limitations in daily life activities and reduced quality of life are all 

important outcomes from patients’ perspectives, not all are being taken into account equally 

well in asthma management. Asthma symptoms are generally scored using the asthma 

control questionnaire (ACQ) or asthma control test (ACT), focusing on classical symptoms of 

variable dyspnea and wheezing and with only little emphasis on symptoms of exercise 

intolerance and limitations in daily life activity. The latter symptoms might better be 

detected by questionnaires used for COPD patients. This is supported by observations in 

recent studies on the effects of mepolizumab in severe eosinophilic asthma patients, 

showing greater improvements in the St. George’s Respiratory Questionnaire (SGRQ) score 

than in the ACQ score [15, 16].  

These observations stress the need to investigate the role of DH in asthma symptoms and 

limitations in daily activities, in particular in patients with more severe disease. If DH indeed 

explains important patient-related outcomes this could become an important target for 

treatment of asthma. Therefore, in the present study we primarily investigated the 

prevalence of dynamic hyperinflation in moderate to severe asthma. As a secondary 

objective, we assessed the relationship between the degree of dynamic hyperinflation and 

severity of respiratory symptoms and limitations of daily life activities derived from different 

specific and general respiratory health questionnaires.  

 
METHODS 
 
Patients 

Patients with moderate to severe asthma (age ≥ 18 years) were recruited from a non-

academic pulmonary outpatient department in the Netherlands (Medical Centre 

Leeuwarden) between June 2016 and January 2018. Seventy-seven patients were 

consecutively included in the present study, which is part of an extensive research program 

aimed at exploring the clinical relevance of DH in asthma. All patients were on regular 

treatment with medium to high doses of inhaled corticosteroids (ICS) (≥ 500µg/day 

fluticasone or equivalent) with or without daily oral corticosteroids, combined with long 

acting beta agonists (LABA) or other controller for at least 6 months, according to the Global 



Initiative for Asthma (GINA) steps 4-5 [17]. All patients had stable asthma without 

exacerbations during the last 4 weeks before inclusion, were non-smokers (smoking history 

≤ 10 pack years), had a body mass index (BMI) ≤ 30, and airway obstruction with a FEV1/FVC 

≤ 80% of predicted. Patients with concurrent respiratory disease, major unrelated 

comorbidities and pregnancy were excluded. The study was approved by the local medical 

ethics committee and all patients gave their written informed consent. The trial is registered 

at the Netherlands Trail Register under number NTR5873.    

 

Methods and design 

For the present study all measurements were performed during one visit. First, data on all 

relevant patient characteristics, medication use and asthma related healthcare use in the 

previous year were collected by the investigator. Then, the patients completed a set of 5 

specific and general respiratory health questionnaires. Finally, they performed lung function 

tests and had blood drawn for cell differential counts and total Immunoglobulin E (IgE) 

levels.  

 

Questionnaires 

All subjects completed a set of 5 respiratory health questionnaires: the Asthma Control 

Questionnaire (ACQ-6) (range 0-6), focusing on asthma control [18]. The Clinical COPD 

Questionnaire (CCQ) (range 0-6), focusing on COPD control [19]. The St. George Respiratory 

Questionnaire (SGRQ) (range 0-100) [20], focusing on respiratory symptoms, quality of life 

and limitations in daily life activities. The London Chest Activity of Daily Living questionnaire 

(LCADL) (range 0-75) [21] and the Shortness of Breath with Daily Activities questionnaire 

(SOBDA) (range 1-4) [22], both focusing on limitations in daily life activities. The ACQ is 

validated in asthma patients; the other questionnaires used in this study are validated in 

COPD patients.  

 

Lung function 

Pulmonary function tests included exhaled nitric oxide (FeNO) measurement [23], spirometry, 

and body plethysmography [24]. Bronchodilators were withheld before pulmonary function 

tests for at least 6 and 12 hr for the short-acting and long-acting beta-2-agonists, 

respectively.  



 

Dynamic hyperinflation 

To test for dynamic hyperinflation, all subjects underwent metronome-paced tachypnea 

measurement (MPT) [25]. Subjects were seated, breathing through a mouthpiece connected 

to the spirometer (MasterScreen-PFT, Jaeger) and were instructed on the performance of 

the Inspiratory Capacity (IC) manoeuvres. At the start of this test the baseline IC was 

measured as the mean of three acceptable IC manoeuvres while the patient was at rest. 

Subjects were then asked to breathe at a metronome-paced frequency of twice the resting 

breathing rate for 20 seconds and immediately afterwards an IC manoeuver was performed 

[26]. The procedure was repeated after subjects had returned to their resting breathing 

level. Subjects were encouraged to maintain a stable tidal volume. DH was calculated as the 

difference between the IC measured during increased pacing and the IC at rest. A decrease 

of ≥ 10% in the IC was considered as dynamic hyperinflation [26]. 

 

Statistical analyses 

Differences between subjects with and without DH were analyzed using unpaired students’ 

t-tests, Mann-Withney U tests or Chi-square tests, wherever appropriate. Subsequently, 

linear associations between the MPT-induced degree of DH and the questionnaire scores 

were assessed using Spearman rank correlations. Finally we assessed whether univariate 

associations remained when adjusting for asthma severity parameters (ACQ score, 

fluticasone equivalent dose and FEV1 %predicted) using multivariable linear regression 

models. All analyses were performed using SPSS software (Armonk, NY), version 20. Two-

sided p-values < 0.05 were considered statistically significant.  

 
 

RESULTS 
 
Patient characteristics and dynamic hyperinflation 

77 patients with moderate to severe asthma participated in the study. Patient characteristics 

are shown in Table 1. The majority of patients was male and had an adult-onset of their 

asthma. Only 31% of patients had previously smoked. Despite the limited cigarette exposure 

in the past (median (range) 0 (0-10) pack years), the degree of airway obstruction varied 

with FEV1 values ranging from 26-104 %predicted. 



In the whole group of 77 patients the median (range) of MPT-induced reduction in IC was 

0.47 L (-0.42 to 1.57), or 17.8% (-14.1 to 47.2) from baseline. According to the pre-defined 

cut-off level, 62 of 77 patients (80.5%, 95 CI 71.7 to 89.4%) showed DH, with a median 

(range) MPT-induced reduction in IC of 0.55 L (0.19 to 1.57), or 19.5% (10.2 to 47.2) change 

from baseline IC. The other 15 patients showed no DH with a median (range) reduction in IC 

of only 0.16 L (-0.42 to 0.35) (4.8% (-14.1 to 9.0)). When comparing the two groups, patients 

with DH reported significantly more visits to the pulmonologist in the preceding year (p= 

0.031) and tended to use higher daily doses of inhaled and oral corticosteroids. There was 

no difference between the groups in smoking history or atopic status, neither was there a 

difference in blood eosinophil counts. At baseline, patients with DH had lower levels of FEV1 

and showed more severe air trapping and static hyperinflation.  

 

 



Table 1 Characteristics of moderate to severe asthma patients with and without dynamic  

hyperinflation 

 

 

* mean ± SD; † median (IQR) 
 
Definitions of abbreviations: DH = dynamic hyperinflation, BMI = body mass index, OCS = oral 

corticosteroids, ER = emergency room, IgE = Immunoglobulin E, FENO = exhaled fraction of nitric 

oxide, FEV1 = forced expiratory volume in one second, FVC = forced vital capacity, TLC = total lung 

capacity, RV = residual volume, FRC= function residual capacity, % pred = percentage of predicted 

value, IC= inspiratory capacity, delta IC= reduction in inspiratory capacity (=dynamic hyperinflation) 

measured as the difference between IC at baseline and IC following metronome-paced tachypnea, SD 

= standard deviation, IQR = interquartile range 

 All 
n=77 

Non DH 
n= 15 (19%) 

DH 
n= 62 (81%) 

p-value 

Sex, male, n (% )  45 (58) 11 (73) 34 (55) 0.192 

Age, yrs†
 62 (49-67) 54 (48-64) 62 (51-70) 0.142 

Adult-onset (>18 yrs) asthma, n (%)  42 (55) 6 (40) 36 (58) 0.207 

Atopic, n (%) 36 (47) 9 (60) 27 (44) 0.252 

BMI, kg/m2* 25  3 26  3 25  3 0.398 

Pack years† 0 (0-2) 0 (0-0) 0 (0-2.5) 0.351 

Fluticasone equivalent, mg† 500 (500-1000) 500 (500-500) 500 (500-1000) 0.058 

OCS dependent, n (%) 10 (13) 0 (0) 10 (16) 0.095 

OCS dose, mg† 0 (0-10) 0 (0-0) 0 (0-10) 0.099 

Pulmonologist visits in preceding yr† 2 (1-3) 2 (1-3) 2 (2-4) 0.031 

≥ 1 ER visit in preceding yr, n (%) 11 (14.3) 3 (20) 8 (12.9) 0.484 

≥ 1 Admission in preceding yr, n (%)  8 (10.4) 1 (6.7) 7 (11.3) 0.601 

     

     

Blood eosinophils, x 109/L† 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.974 

Blood neutrophils, x 109/L† 4.4 (3.5-5.7) 4.3 (3.2-5.2) 4.5 (3.6-6.0) 0.210 

Total IgE, kU/L† 110 (35-287) 118 (20-491) 105 (39-285) 0.657 

     

FENO, ppb† 27 (19-54) 24 (19-53) 27 (20-55) 0.699 

     

FEV1, % pred† 68 (56-80) 78 (73-86) 66 (56-79) 0.017 

FVC, % pred* 102  19 108  19 100  18 0.156 

FEV1/FVC, % pred† 70 (63-76)  72 (64-79) 69 (63-76) 0.241 

TLC, %pred* 110  14 110  16 109  14 0.855 

RV/TLC, %pred* 113  25 99  20 117  25 0.010 

FRC/TLC, % pred* 113  16 101  18 115 14 0.001 

IC baseline, L† 2.86 (2.25-3.77) 3.32 (2.99-3.90) 2.79 (2.13-3.77) 0.045 

Delta IC, L† 0.47 (0.31-0.68) 0.16 (-0.01-0.26)  0.55 (0.37-0.71) <0.001 

Delta IC, %† 17.8 (12-25)  4.8 (-0.51-7.65) 19.5 (14.3-25.9) <0.001 



Dynamic hyperinflation and symptom scores 

All patients completed the 5 questionnaires. The scores in ACQ and CCQ were not 

significantly different between patients with and without DH (Table 2). In the group with DH 

42% of the patients had an ACQ score of ≥1.5 vs. 27% of the patients in the group without 

DH (p=0.179). The patients with DH showed a poorer score on the LCADL (p= 0.0031) and a 

trend towards a poorer score on the SGRQ (p=0.070) and SOBDA (p=0.094).  

 

Table 2 Respiratory symptom scores in asthma patients with and without dynamic 
hyperinflation 
 

 Non DH 
n= 15 (19%) 

DH 
n= 62 (81%) 

p-value 

ACQ† 0.8 (0.7-1.7) 1.3 (0.8-2.0) 0.144 

CCQ† 1.1 (0.6-1.8) 1.2 (0.7-2.1) 0.234 

SGRQ† 25.3 (13.6-30.1) 28.8 (15.9-45.3) 0.070 

LCADL† 16 (14-17) 19 (15-28) 0.031 

SOBDA† 1.1 (1.0-1.3) 1.2 (1.0-2.0) 0.094 
† median (IQR) 
 
Definitions of abbreviations: DH = dynamic hyperinflation, ACQ = Asthma Control Questionnaire, 

total score, CCQ = Clinical COPD Questionnaire, total score, SGRQ = St. George Respiratory 

Questionnaire, total score, LCADL = London Chest Activity of Daily Living questionnaire, total score, 

SOBDA = Shortness of Breath with Daily Activities questionnaire, total score  

 

When analysed linearly, the scores of all the questionnaires were significantly related to the 

MPT-induced degree of DH as shown in Figure 1. Higher levels of DH corresponded with 

poorer scores on all 5 questionnaires. Information on the association between DH and the 

subdomains of the questionnaires is presented in the online Supplement (table 1).  For FEV1 

(%pred) there was no significant correlation with any of the questionnaire scores (p≥ 0.13). 

Neither were parameters of static hyperinflation associated with questionnaire scores, 

except for the SOBDA questionnaire (see online Supplement, table 2).   

After adjustment for parameters of asthma severity (ACQ score, FEV1 %predicted, ICS dose), 

DH remained associated with poorer scores on LCADL (beta= 0.198, p= 0.044) and SOBDA 

(beta= 0.016, p= 0.009), but not with the other questionnaires (Table 3).  

 



 
 
 
 
Table 3. The association between degree of dynamic hyperinflation (delta IC, %) and the 
different questionnaire scores  
 

Outcome                               
Questionnaire 
score 

     beta 
(delta IC, %)             95% CI                   p-value 

 

 
CCQ 
SGRQ 
LCADL 
SOBDA 

 
    0.010               -0.004 : 0.024               0.155 
    0.139               -0.135 : 0.414               0.315 
    0.198                0.005 : 0.391               0.044 
    0.016                0.004 : 0.028               0.009 
 

 
Linear regression analyses adjusted for asthma severity parameters (ICS dose, FEV1 % predicted and 
ACQ score).  
 

Definitions of abbreviations: IC = inspiratory capacity, ICS = inhaled corticosteroid, FEV1 = forced 

expiratory volume in one second, ACQ = Asthma Control Questionnaire, total score, CCQ = Clinical 

COPD Questionnaire, total score, SGRQ = St. George Respiratory Questionnaire, total score, LCADL = 

London Chest Activity of Daily Living questionnaire, total score, SOBDA = Shortness of Breath with 

Daily Activities questionnaire, total score, delta IC= reduction in inspiratory capacity (=dynamic 

hyperinflation) measured as the difference between IC at baseline and IC following metronome-

paced tachypnea, CI = confidence interval.  

 

 

DISCUSSION 

In the present study, we showed that dynamic hyperinflation is a relevant feature in 

moderate to severe asthma. The proportion of patients with DH was high. The severity of DH 

was related to lower scores on 5 different respiratory health questionnaires and significantly 

associated with impaired daily life activities. These results suggest that DH may be an 

important target for treatment in moderate to severe asthma. 

 

In this study we explored the occurrence of dynamic hyperinflation in moderate to severe 

asthma and investigated its relationship with respiratory symptoms and limitations in daily 

life activities. Although most studies on DH are performed in the COPD population, a few 

studies reported the presence of DH in asthma, mostly provoked by methacholine or 



exercise testing. These studies showed that DH was associated with reduced exercise 

capacity [9, 27] and inconsistent levels of dyspnea during testing [8, 28, 29]. Interestingly, DH 

might be especially relevant in asthma patients with more severe disease. In a study 

comparing asthma patients with and without a near-fatal asthma attack, the degree of DH 

during exercise tended to be higher in the patients with near fatal asthma [30]. Very recently 

it was shown that severe asthma patients develop DH during exercise comparable to COPD 

patients, a phenomenon that according to the authors might add some insight into the 

mechanism of daily exercise limitations in this population [10]. Moreover, in a small group of 

severe asthma patients, DH was shown to be treatable as it decreased after omalizumab 

therapy [13]. Unfortunately, in these studies no data were provided on the relationship of 

DH with respiratory symptoms and limitations of daily life activities. Our results confirm and 

extend previous studies by showing that DH is highly prevalent in moderate to severe 

asthma and related to important patient related outcomes in daily life.  

 

In the current study we found a high proportion of patients showing MPT-induced DH, which 

might be explained by several factors. Firstly, we purposely choose to include only non-

obese asthma patients with documented airway obstruction, and without overt smoking-

related COPD. However, we cannot exclude that in other subgroups of asthma, e.g those 

without airway obstruction or those with obesity, the proportion of patients showing DH and 

the clinical relevance of DH might be different. Secondly, in this study we used MPT to 

measure DH. In COPD DH is commonly assessed by measuring changes in IC during 

cardiopulmonary exercise testing (CPET) [31], a complex and laborious test. MPT, a far more 

simple and less strenuous surrogate of CPET, has been shown in COPD patients to have a 

good overall accuracy to identify subjects who are susceptible to develop DH during CPET 

and during activities in daily life [32, 33]. In asthma, there are no studies on the role of DH in 

daily life activities and on the superiority of CPET or MPT to measure it. Our study showed a 

good coherence between MPT-induced DH and asthma symptoms during daily activities. 

This suggests that a simple MPT measurement might be useful to predict the clinical effects 

of dynamic hyperinflation in daily practice.  

 

The relationship between limitations in daily life activities and DH, irrespective of level of 

airway obstruction, suggests a role for small airway dysfunction. In asthma, inflammation 



and remodelling has been demonstrated in central as well as peripheral airways and there is 

growing evidence that small airway pathology is more extensive and clinically relevant in 

patients with severe disease [34–36]. Small airway abnormalities, whether due to 

remodelling, transient obstruction, or ongoing inflammation, contribute to increased airflow 

limitation and may lead to premature airway closure, air trapping and eventually DH [37, 

38]. Several studies have shown small airway dysfunction to be associated with poorly 

controlled asthma and asthma exacerbations [39, 40]. Our results further contribute to the 

clinical relevance of small airway dysfunction by showing the relationship between DH and 

limitations in daily life activities. 

 

Interestingly, in severe asthma, the level of exhaled alveolar nitric oxide is closely related to 

air trapping and airway closure [11], supporting the theory that peripheral airway 

inflammation and functional abnormalities are interrelated. Ongoing eosinophilic 

inflammation in the small airways might underly the demonstrated DH in our patients, for 

which treatment with inhaled corticosteroids might be insufficient. In line with this, a recent 

pilot study evaluating the usefulness of CPET in verifying and quantifying symptomatic 

changes following omalizumab treatment showed significant improvements in DH as well as 

exercise capacity [13]. Previous and current results suggest that the identification of small 

airways disease is not merely speculative, but carries pathophysiological and therapeutic 

implications [36]. 

 

Our results may have important implications for research as well as asthma management in 

daily practice. The present study provides evidence that DH is one of the factors contributing 

to asthma symptoms and impaired daily life activity. Importantly, FEV1 was not related to 

questionnaire scores, in line with previous findings that FEV1 cannot be used to predict 

exertional symptoms in asthma [29]. These findings encourage the development of 

questionnaires capturing a broader panel of airway symptoms and the monitoring of DH in 

asthma management. We showed that a relatively simple measurement of MPT-induced DH 

may be used as an objective parameter significantly linked to patients’ subjective reporting 

of activity limitation. So, MPT testing may provide an additional and useful tool to assess and 

verify the individual clinical response to treatment, in daily practice as well as in clinical 

studies. It remains intriguing what mechanisms underly the development of DH in subsets of 



patients with asthma. Whether the demonstrated DH and related asthma symptoms are the 

consequence of ongoing inflammation in the peripheral airways and might be reversed by 

systemic anti-inflammatory treatment needs to be investigated. 

 

In conclusion, in the present prospective study we have shown that in moderate to severe 

asthma the proportion of patients showing dynamic hyperinflation is high. Dynamic 

hyperinflation is associated with poorer overall health, less well-being and impaired 

activities of daily life. Therefore, dynamic hyperinflation is an important target for treatment 

in moderate to severe asthma. 
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LEGENDS  

Figure 1:  

Relation dynamic hyperinflation and questionnaires  

 

r: correlation coefficient, with corresponding p-value. Definitions of abbreviations: ACQ = 

Asthma Control Questionnaire, CCQ = Clinical COPD Questionnaire, SGRQ = St. George 

Respiratory Questionnaire, LCADL = London Chest Activity of Daily Living questionnaire, 

SOBDA = Shortness of Breath with Daily Activities questionnaire, DH = dynamic 

hyperinflation, % change from baseline. 
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Table 1 Relationship of degree of dynamic hyperinflation with questionnaire scores - total 

and subdomains  

 

ACQ r= 0.315 p=0.005 
CCQ r= 0.320 p=0.005 
SGRQ r= 0.324 p=0.004 

LCADL r= 0.385 p=0.001 
SOBDA r=0.228 p=0.046 
 
CCQ, subdomains 
Symptoms r= 0.245 p= 0.032 
Functional state r= 0.194 p= 0.091 
Mental state r= 0.381 p= 0.001 
 
SGRQ, subdomains 
Symptoms r= 0.287 p= 0.011 
Activities r= 0.347 p= 0.002 
Impact r= 0.241 p= 0.034 
 
LCADL, subdomains 
Self care r= 0.362 p= 0.001 
Domestic r= 0.284 p= 0.012 
Physical r= 0.193 p= 0.093 
Leisure r= 0.315 p= 0.005 
 

r: correlation coefficient by Spearman rank, with corresponding p-value. Definitions of abbreviations: 

ACQ = Asthma Control Questionnaire, CCQ = Clinical COPD Questionnaire, SGRQ = St. George 

Respiratory Questionnaire, LCADL = London Chest Activity of Daily Living questionnaire, SOBDA = 

Shortness of Breath with Daily Activities questionnaire. 

 
 



 
 
 
 
 
 
 
 
 
 
 
Table 2 Relationship of FEV1 and static hyperinflation with questionnaire scores 
 

 FEV1 %pred RV/TLC %pred FRC/TLC %pred 

ACQ r= 0.158 p= 0.169 r= 0.099 p= 0.393 r= 0.146 p= 0.204 

CCQ r= 0.055 p= 0.633 r= 0.039 p= 0.735 r= 0.041 p= 0.726 

SGRQ r= 0.142 p= 0.219 r= 0.200 p= 0.081 r= 0.185 p= 0.107 

LCADL r= 0.175 p= 0.128 r= 0.189 p= 0.104 r= 0.167 p= 0.148 

SOBDA r= 0.156 p= 0.142 r=0.254  p= 0.026 r= 0.284 p= 0.0012 

 
r: correlation coefficient by Spearman rank, with corresponding p-value. Definitions of abbreviations: 

ACQ = Asthma Control Questionnaire, total score, CCQ = Clinical COPD Questionnaire, total score, 

SGRQ = St. George Respiratory Questionnaire, total score, LCADL = London Chest Activity of Daily 

Living questionnaire, total score, SOBDA = Shortness of Breath with Daily Activities questionnaire, 

total score, FEV1 = forced expiratory volume in one second, FRC = function residual capacity, % pred = 

percentage of predicted value, RV = residual volume, TLC = total lung capacity.  

 

 


