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 Controlling Asthma by Training of Capnometry-
Assisted Hypoventilation (CATCH) vs Slow Breathing   
 A Randomized Controlled Trial 

  Thomas   Ritz ,  PhD ;  David   Rosenfi eld ,  PhD ;  Ashton M.   Steele ,  MA ;  Mark W.   Millard ,  MD ; and  Alicia E.   Meuret ,  PhD  

  BACKGROUND:    Hyperventilation has been associated with adverse eff ects on lung function, 

symptoms, and well-being in asthma. We examined whether raising end-tidal CO 2  levels (ie, 

P co  2 ) compared with slow breathing is associated with improvements in asthma control, 

including peak fl ow variability. 

  METHODS:    One hundred twenty patients with asthma were randomly assigned to capnometry-

assisted respiratory training (CART) for raising P co  2  or slow breathing and awareness training 

(SLOW) for slowing respiratory rate. Patients received fi ve weekly sessions and completed bid 

homework exercises over 4 weeks. Blinded assessments at baseline, posttreatment, 1- and 

6-month follow-up of asthma control, P co  2 , and diurnal peak fl ow variability were primary 

outcome measures. Additionally, we measured pulmonary function (spirometry, forced oscil-

lation, exhaled nitric oxide, and methacholine challenge), symptoms, quality of life, and bron-

chodilator use. Because the control group received active treatment, we expected improvements 

in asthma control in both groups but more pronounced benefi ts from CART. 

  RESULTS:    Improvements were seen in 17 of 21 clinical indexes (81.0%) in both interventions, 

including the primary outcome variables asthma control ( d   5  0.81), peak flow variability 

( d   5  0.54), quality of life, bronchodilator use, lung function, and airway hyperreactivity. Most 

improvements were sustained across the 6-month follow-up. Compared with slow breathing, 

CART showed greater increases in P co  2  ( d   5  1.45 vs 0.64 for CART vs SLOW, respectively) 

and greater reductions in respiratory impedance during treatment, less distress during metha-

choline challenge, and greater reduction in asthma symptoms at follow-up ( P   ,  .05). 

  CONCLUSIONS:    Brief interventions aimed at raising P co  2  or slowing respiratory rate provide 

signifi cant, sustained, and clinically meaningful improvements in asthma control. Raising P co  2  

was associated with greater benefi ts in aspects of lung function and long-term symptoms. 
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  Asthma is one of the most common chronic diseases 

with high prevalence rates and morbidity but overall 

unsatisfactory disease management.  1   Although medication 

is undisputedly the fi rst line of treatment in patients 

with asthma, adverse side eff ects, cost, and patient desire 

to reduce or replace medication with alternative treat-

ments have prompted recommendations for broader 

asthma care.  2   Nonpharmacologic methods for asthma 

management oft en include breathing retraining.  3,4   As 

early as 1946, Herxheimer  5   linked observations of hyper-

ventilation to asthma exacerbations. Relative to other 

primary care patients, patients with asthma report more 

symptoms of hyperventilation or overbreathing,  6   and 

such symptoms are associated with lower quality of 

life.  7   Studies have found lower resting P co  2  in asthma,  8   

acute decreases in P co  2  during severe exacerbations,  9   

increased airway obstruction,  10   and hyperreactivity  8   

when P co  2  is reduced. In addition, hyperpnea that 

accompanies hyperventilation exacerbates asthma by 

airway drying, a mechanism central to exercise-induced 

asthma.  11   

 Among the best-known hypoventilation trainings is the 

Buteyko method.  2,12   Built on the hypothetical treatment 

rationale that low P co  2  levels are critical culprits in 

asthma pathophysiology, patients are trained in breath-

holding techniques to reduce ventilation. Controlled 

studies found reduced rescue medication use and 

improved quality of life in asthma  13   but no improve-

ments in pulmonary function. However, because P co  2  

was rarely assessed and never manipulated, the rationale 

of the training remains untested. The only Buteyko 

study that measured P co  2  pretreatment and post-

treatment showed no effect on this key indicator of 

hyperventilation.  14   

 Th us, we tested the effi  cacy of a novel hypoventilation 

training that affects P co  2  and respiratory rate (RR) 

directly by using feedback  . Th is training has proven 

effi  cacious in controlled trials in patients with panic 

disorder,  15,16   leading to sustained elevations in P co  2  and 

improvements in panic symptoms. A small proof-

of-concept study for asthma showed promising associa-

tions of hypoventilation training with better asthma 

control, improved symptoms, and reduced variability of 

lung function.  17   In the present clinical trial, the eff ects 

of hypoventilation training on asthma symptoms and 

pathophysiology were compared with feedback-guided 

slowing of RR. Slower breathing alone was not expected 

to alter P co  2  because of the typical compensatory changes 

in tidal volume that maintain a stable gas exchange. Th e 

two therapeutic procedures were identical on important 

nonspecific therapy factors, with the exception of 

capnometry feedback to raise P co  2 . Given that both 

groups received an active treatment, we expected 

improvements in asthma control in both groups. How-

ever, the hypothesis was that superior increases in P co  2 , 

asthma control measured by questionnaire, and peak 

fl ow variability would be expected for capnometry feed-

back at treatment follow-up. 

 Materials and Methods 
 Study Design and Participants 

 One hundred twenty adults (aged 18-65 years) with asthma of all severity 

grades  1   were recruited through physician referrals and advertisements. 

Diagnosis was verifi ed by either a 20% drop in FEV 1  following metha-

choline challenge or a 12% increase in FEV 1  following nebulizer treat-

ment with 0.083% albuterol if initial FEV 1  was at least 60% predicted. 

Patients were randomly assigned to either (1) capnometry-assisted respi-

ratory training (CART) or (2) slow breathing and awareness training 

(SLOW). A computer-generated allocation and block randomization 

by initial P co  2  levels was used to ensure that two-thirds of patients in 

both groups had P co  2   ,  35 mm Hg. Assessments were at pretreatment, 

posttreatment, 1-month follow-up (1MFU), and 6-month follow-up 

(6MFU). Patients had to remain on their treatment regimen (standard 

of care) until 1MFU, unless an exacerbation required a change. Th is was 

determined by a written asthma action plan  1   based on signifi cant wors-

ening in either asthma symptoms, measurements of peak expiratory 

fl ow (PEF), or as directed by the treating physician. Patients who expe-

rienced stronger exacerbations (PEF  ,  60% predicted together with 

development of strong symptoms) during the trial were withdrawn 

from the study and referred for immediate reevaluation. Short-acting 

bronchodilators (albuterol) with dose counters embedded in Ventolin 

HFA metered-dose inhalers (GlaxoSmithKline plc) were provided 

throughout the study period. Exclusion criteria included present smok-

ing or past smoking ( .  10 pack-years), uncontrolled medical or psy-

chiatric comorbidity, oral corticosteroids in the past 3 months, and 

pregnancy (see full list in e-Appendix 1). Th e study was approved by 

the institutional review boards of the participating sites (#008-180-

Baylor, #KS08-051-SMU). All patients provided written informed con-

sent. Treatments were off ered in English and Spanish. 

 Interventions 

 Aft er a 7-day run-in period, patients received fi ve individual, manual-

ized, therapist-led sessions over 4 weeks. Treatments (duration, dose, 

homework, patient-therapist contact, and device used) were identical 

with the exception of feedback of P co  2 . Patients received comprehen-

sive handouts for guidance, detailing aspects of pulmonary physiology, 

the relevance of breathing to asthma symptoms, and instructions for 

daily exercises during the 4 treatment weeks. Th e portable capnometer 

(TIDAL WAVE; Koninklijke Philips NV) used for in-session and at-home 

training continuously displayed and stored values with time and date 

stamps for compliance check (e-Fig 1). All prior-week exercises were 

downloaded, and printouts depicting continuous P co  2  and RR data 

were discussed at the weekly treatment sessions. 

 Capnometry-Assisted Respiratory Training:   The goal of CART is 

to reach and maintain a P co  2  of around 40 to 42 mm Hg by reducing 

ventilation primarily through shallow breathing aided by continuous 

feedback of P co  2  and RR. Slow, regular, nasal, and abdominal breath-

ing is also emphasized. Patients were educated about the mechanisms 

of asthma symptoms through hyperventilation and hyperpnea. Th ey 

were prescribed bid, 17-min audio-directed exercises with (1) 2-min 

quiet sitting, eyes-closed (baseline); (2) 10-min paced breathing following 
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tones at 13, 11, 9, and 6 breaths/min across subsequent weeks; and 

(3) 5 min without pacing. Additional observation of oxygen saturation 

as measured by pulse oximetry was used to educate patients about the 

stability of oxygen saturation despite possible symptoms of dyspnea. 

 Slow Breathing and Awareness Training:   SLOW followed the same 

structure and dose as CART but only by using the capnometer display 

of RR for feedback (P co  2  display was deactivated) to achieve week-

by-week reductions in RR while following the same pacing tones. Slow, 

abdominal, nasal, and regular breathing was also trained, with the ratio-

nale focused on irregular and fast breathing as a source of symptoms. 

Awareness of breathing was also emphasized. 

 Assessments 

 Assessments of primary and most secondary outcomes were performed 

at pretreatment and posttreatment, 1MFU, and 6MFU by independent 

assessors blinded to participant treatment assignment (e-Fig 2). Pri-

mary outcome measures were asthma control, P co  2  (measured during 

2-min quiet sitting in the clinic without feedback), and diurnal PEF 

variability. Participants completed the Asthma Control Test (ACT),  18   

a guideline-supported measure of asthma impairment  1   with demon-

strated reliability, sensitivity to change, and predictive validity for future 

exacerbations.  19,20   Diurnal PEF variability was assessed during the 3-day 

run-in period, at posttreatment, 1MFU, and 6MFU using an electronic 

pocket spirometer (AM2; Jaeger Toennies Erich Jaeger GmbH). Partici-

pants took measurements at six diff erent times throughout the day (see 

 e-Appendix 1  for details). 

 Secondary outcome measures assessed bronchodilator use, asthma 

symptoms, mastery of asthma management, quality of life, lung func-

tion, airway hyperreactivity, and perception of obstruction. Bronchodi-

lator use was recorded with a dose counter embedded in the shell of the 

metered-dose inhaler. Patients received as many refi lls as needed across 

the study period but were asked to abstain from using their short-acting 

bronchodilators for 8 h before the assessments. Frequency of symptoms 

in the past week was assessed with the 10-item Asthma Symptom Ques-

tionnaire.  21   Th e 36-item Asthma Symptom Checklist measured partici-

pant perceptions of asthma symptom episodes or exacerbations on 

dimensions of panic-fear, dyspnea, irritability, congestion, fatigue, and 

hyperventilation.  22   Mastery of asthma management was measured by the 

Knowledge, Attitude, and Self-effi  cacy Asthma Questionnaire.  23   Physical 

and mental quality of life was measured using the Survey Form-12 (SF-12).  24   

 PEF and FEV 1  were based on the best of three blows and expressed as 

percent predicted values. Additional measures of FEV 1  were taken at 

the beginning of each treatment session preceded by respiratory imped-

ance measurement at 5-Hz oscillation frequency (Zrs 5Hz ) (impulse oscil-

lometry; Jaeger Toennies Erich Jaeger GmbH/Cardinal Health Inc) as 

a more-sensitive measure of airway diameter.  25   Th e fraction of exhaled 

nitric oxide (in parts per billion) at a flow of 50 mL/s was measured 

with an electrochemical gas analyzer (NIOX MINO; Aerocrine). At 

pretreatment and 1MFU, airway hyperreactivity to methacholine was 

assessed according to American Th oracic Society standards  26   expressed 

as the provocation concentration leading to a 20% fall in FEV 1  (PC 20 ). 

Change in perception of obstruction was based on dyspnea and distress 

diff erences between maxima during provocation vs saline. 

 Control variables were prescribed inhaled corticosteroid intake (con-

verted to beclomethasone equivalent),  27   leukotriene modifi er prescrip-

tion (0  5  none and 1  5  any use), reported frequency of corticosteroid 

and leukotriene intake as an indicator of adherence, and cold and fl u 

symptoms in the week prior to assessment (presence  5  1, absence  5  0). 

Adverse events were assessed at each visit. Treatment expectancy and 

credibility  28   were rated after the first treatment session on a scale of 

1 (not at all logical), 5 (somewhat logical), and 9 (very logical). 

 Statistical Analysis 

 Mixed-model repeated-measures analysis of covariances allowed the 

inclusion of all participants regardless of missing data, thus improving 

power and generalizability. It is the recommended method for longitu-

dinal data analysis.  29   Th e 2  3  4 design included two treatment conditions 

(CART vs SLOW) and the four assessments   over time (baseline, post-

treatment, 1MFU, and 6MFU). Each model initially included as covari-

ates age, cold symptoms, flu symptoms, beclomethasone-equivalent 

doses, frequency of inhaled corticoid steroid use, and frequency of leuko-

triene modifi er use. Nonsignifi cant covariates were dropped for the fi nal 

analysis of each outcome. We enrolled 120 participants to detect a medium-

sized group diff erence ( d   5  0.5) at 80% power and  P   ,  .05 at 6MFU. 

 Results 

 Condition did not diff er signifi cantly on dropout rates, 

completion rates, demographics, anthropometrics, or 

disease-specifi c characteristics, except for age ( Fig 1 , 

 Table 1 ).     Th e results of the primary outcome measures 

indicated that asthma control improved equally in both 

groups from baseline to follow-up (Cohen  d   5  0.81). 

In contrast to SLOW, in which P co  2  increased only 

slightly during treatment but was unchanged at 6MFU 

(35.6-35.6 mm Hg,  d   5  0.64), P co  2  levels in CART increased 

and were sustained through 6MFU (36.3-39.0 mm Hg, 

 d   5  1.45) ( Fig 2 ).   Diurnal PEF variability decreased 

equally in both groups ( d   5  0.54) ( Table 2 ).   

 Results for the secondary outcome measures indicated 

that number of bronchodilator doses per day decreased 

in both groups from baseline through follow-up. 

Frequency of weekly asthma symptoms and exacerba-

tion symptoms (Asthma Symptom Checklist) were 

reduced from baseline to posttreatment and 1MFU in 

both groups, with signifi cant advantages of CART over 

  

  Figure 1  – Study fl ow diagram. CART  5  capnometry-assisted respiratory 
training; SLOW  5  slow breathing and awareness training    .   

http://journal.publications.chestnet.org
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  TABLE 1   ]     Baseline Demographic and Clinical 
Characteristics of Study Participants 

Characteristic  CART (n  5  61) SLOW (n  5  55)

Age, y  a  37.3  �  12.1 42.4  �  12.9

Women 35 (57.4) 36 (65.5)

Race

 White 40 (65.6) 36 (65.6)

 Black  18 (29.5) 17 (30.9)

 Other 3 (4.9) 2 (3.6)

Hispanic 9 (14.8) 8 (14.5)

BMI, kg/m 2 28.6  �  6.0 31.3  �  7.0

Symptoms mostly at 
 night

14 (23.3) 11 (20.4)

Asthma control  b  

 Well controlled 9 (14.8) 4 (7.3)

 Not well controlled 23 (37.7) 22 (40.0)

 Very poorly controlled 29 (47.5) 29 (52.7)

Asthma severity  b,c  

 Intermittent 0 (0.0) 1 (1.8)

 Mild persistent 8 (13.1) 6 (10.9)

 Moderate persistent 12 (19.7) 11 (20.0)

 Severe persistent 2 (3.3) 5 (9.1)

Short-term bronchodilator 
 use only

22 (36.1) 23 (41.8)

Bronchodilator use, 
 times/d

1.4  �  2.4 1.3  �  2.7

Inhaled corticosteroid use 35 (57.4) 32 (58.2)

Leukotriene inhibitor use 13 (21.3) 6 (10.9)

 Data are presented as mean  �  SD or No. (%). CART  5  capnometry-assisted 
respiratory training; SLOW  5  slow breathing and awareness training.  
  a  P   ,  .05. 
  b Asthma control and asthma severity is based on National Heart, Lung, 
and Blood Institute criteria.  1    
  c Severity was only calculated for participants not taking maintenance 
medication. 

SLOW at 6MFU (see  e-Table 1  for subscale results). Self-

effi  cacy and physical quality of life improved equally in 

both groups ( Table 3 ).   

 PEF improved steadily from baseline to 6MFU in both 

groups, whereas FEV 1  and fraction of exhaled nitric oxide 

remained unchanged. Zrs 5Hz  systematically decreased in 

CART but increased in SLOW during treatment (group 

eff ect for diff erences from fi rst session baseline  P   5  .026) 

( Fig 2 ). Airway hyperreactivity improved equally in both 

groups, with increases in PC 20  from baseline to 1MFU 

and maximum dyspnea increasing during the challenge. 

Maximum distress remained stable in CART but 

increased in SLOW ( Table 4 ).   RR was reduced from base-

line to follow-up, attesting to the success in manipulating 

it in both CART and SLOW ( Fig 2 ). 

  Figure 2  – A-C, Changes in end-tidal P co  2  (A), respiratory rate (B), and 
respiratory impedance (C) (from initial assessment at treatment session 1). 
1moFU  5  1-mo follow-up; 6moFU  5  6-mo follow-up. See  Figure 1  
legend for expansion of other abbreviations.   

 Treatment completion and homework adherence was 

high for both groups (92.7% and 70.1%, respectively). 

Treatment credibility (mean  �  SE, 8.1  �  1.0 and 8.1  �  1.1, 

respectively) and expectancy (mean  �  SE, 7.9  �  1.1 and 

7.9  �  1.1, respectively) was also high, with no substantial 

moderating eff ect on outcome  . No signifi cant changes 

were observed in beclomethasone equivalency and 

frequency of maintenance medication use (e-Appendix 1). 

Neither treatment was associated with adverse or 

serious adverse events (no study-related adverse events 

[ e-Appendix 1 ]). 

 Discussion 

 We have shown that brief, fi ve-session biofeedback-

guided respiratory treatments aimed at either reversing 

hyperventilation or slowing RR lead to signifi cant clin-

ical improvements across a range of asthma-specific 

symptoms and pathophysiology. Improvements were 

seen in 17 of 21 clinical indices (81.0%), including 

asthma control and symptoms, quality of life, broncho-

dilator use, lung function, and PC 20 . Most improvements 
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were sustained at 6MFU. No study-related adverse 

events were recorded. Th e present hypothesis about 

primary outcome variables was only partially sup-

ported in that P co  2  was elevated selectively by CART, 

whereas improvements in the ACT and PEF variability 

were seen in both interventions. However, patients 

trained in raising P co  2  showed superior gains at 6MFU 

on the majority of secondary asthma symptom outcome 

measures. Treatments also diff ered in P co  2  and Zrs 5Hz . 

Resting P co  2  increased in CART but was unchanged in 

SLOW at 6MFU. Session-by-session Zrs 5Hz  signifi cantly 

decreased in CART but increased in SLOW. Th e improve-

ments in PEF in both groups but lack thereof in FEV 1  

may be due to improved eff ort or motivation of patients 

across the trial. Lung volume increases, which reduce 

impedance measured by forced oscillations,  25   were not a 

likely cause of Zrs 5Hz  improvements in CART because 

treatment instructions emphasized shallower breathing. 

However, deep breaths may have increased Zrs 5Hz  in 

SLOW because moderate to severe, persistent asthma 

has been linked to lack of bronchodilator or even bron-

choconstrictor response to deep inspiration.  30   Others 

also found improvements in Zrs 5Hz  but not in spirometry 

when training patients with asthma to increase heart 

rate variability.  31   Overall, the 5.6% decrease in Zrs 5Hz  

associated with the P co  2  increase of 2.7 mm Hg in 

CART by treatment week 4 was mild and only slightly 

more than reported from earlier research on laboratory-

induced hypercapnia.  10   

 The Controlling Asthma by Training of Capnometry-

Assisted Hypoventilation (CATCH) trial is the first, 

to our knowledge, to examine whether P co  2  levels can be 

increased in asthma and whether this is associated with 

therapeutic benefi ts. It is also the fi rst, to our knowl-

edge, to systematically assess the impact of biofeedback-

supported slow breathing on P co  2 , showing little change 

in resting P co  2  and lesser long-term improvements in 

symptoms. Th e reported eff ects are clinically important 

and show promise in addressing an unmet need in a 

population where overall level of control remains unsat-

isfactory. Hypoventilation training for asthma has been 

advocated for some time,  2,12,32   but despite the centrality 

of elevating P co  2  in its therapeutic rationale, no prior 

study has targeted P co  2  levels directly, except for our 

pilot study.  17   In the present study, we instituted the most 

rigorous test possible for P co  2  as the active ingredient in 

that the comparison group followed the same prescrip-

tions of slow breathing and feedback of RR as CART but 

was not provided with shallow breathing instructions or 

feedback of P co  2 . Th us, SLOW comprised an active 

http://journal.publications.chestnet.org
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treatment group in itself, as interventions using slow 

abdominal breathing have been shown to improve the 

experience of asthma symptoms and quality of life.  3,4   

Although the aims of SLOW matched those of tradi-

tional breathing training, they may also have been 

enhanced by the use of biofeedback of RR. It is therefore 

not surprising that a number of variables showed robust 

time eff ects. In fact, ACT was improved in both groups 

equally, suggesting that the P co  2  elevation in CART was 

not needed to improve overall asthma control. Improve-

ments in both groups were also seen in PEF and PC 20 , 

whereas prior clinical trials of breathing and meditation 

techniques only found eff ects limited to self-report.  3,4,33   

Increases in PC 20  may indicate more general benefi ts of 

any breathing training in this cornerstone of asthma 

pathophysiology. One prior study showed improve-

ments in PC 20  through slow breathing and reduced 

inspiratory and expiratory duration, although observed 

changes were smaller than those in the present study 

and were not replicated.  34,35   A potential mechanism may 

involve a reduction in airway drying by reductions in 

ventilation. Interestingly, maximum dyspnea during the 

challenge also increased in both groups. In addition to 

the higher dose of methacholine, this may be due to an 

improvement in the perception of airway obstruction, 

which has been observed as one of the outcomes of suc-

cessful antiasthma medication treatment.  36,37   Distress 

over methacholine challenge increased in SLOW but 

not in CART, suggesting that training of P co  2  elevations 

increased patients’ tolerance to adverse respiratory 

symptoms, particularly dyspnea, which would be com-

patible with the demonstrated benefi ts of CART for 

panic disorder.  15,16   

 Th e choice of an active treatment as control instead of 

treatment as usual could be perceived as a limitation of 

the present study. SLOW was chosen to account for non-

specifi c eff ects of biofeedback and to test whether slow 

breathing combats hyperventilation, as is oft en specu-

lated. We did not include treatment as usual because it 

had not resulted in notable improvements in our CART 

pilot study,  17   although the sample was small. We also 

elected to exclude patients with recent oral corticosteroid 

use to avoid the massive eff ects of corticosteroids on 

markers of asthma pathophysiology and symptoms. 

 Having demonstrated benefi ts in a sample of patients 

with less severe symptoms paves the way for future 

studies in more severely aff ected patients. Although 

reducing hyperventilation did not appear to be critical 

for a majority of primary and secondary outcome 

measures, health benefits of hypercapnic breathing 
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beyond asthma have been proposed or demon-

strated,  38,39   and potent eff ects of CART have been shown 

for the treatment of panic disorder.  15,16   Th us, patients 

with asthma with comorbid anxiety disorders  40   could 

benefi t specifi cally from CART.  41   Adaptation of CART 

or SLOW for children and adolescents, for whom behav-

ioral asthma management techniques are less developed, 

should be a priority of future intervention studies. 

Differential effi  cacy based on various sociodemographic 

characteristics should also be explored in larger trials. 

Future basic research needs to elucidate pathways that 

mediate airway impedance reductions and benefi ts on 

symptom distress achieved by CART training, which 

could involve local infl ammatory  42   and central limbic 

(insular) pathways.  43    

 In conclusion, both CART and SLOW show potential as 

future adjunct treatment options, off ering sustained 

benefi ts for asthma control. Feedback to train slower 

breathing confers benefi ts comparable to CART on two 

primary outcome variables—asthma control and PEF 

variability—but does not achieve enduring elevations in 

P co  2  and is associated with fewer benefi ts for respira-

tory impedance during training, more distress during 

methacholine challenge, and less symptom reduction at 

follow-up. 
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