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ABSTRACT
INTRODUCTION Cigarette smoking is an important risk factor in the development of 
dyspnea. Programs designed to strengthen the respiratory muscles can improve 
dyspnea in people with or without lung disease. As a first step in understanding 
the feasibility of offering a respiratory muscle training (RMT) program to people 
who are seeking help to try to quit smoking, we asked callers who contacted the 
New York State Quitline about their dyspnea and potential interest in a home-
based RMT program.
METHODS Consecutive callers who contacted the New York State Quitline 
(n=1019) between 19 May and 9 June 2023 completed the Modified Medical 
Research Council (mMRC) dyspnea scale and reported their level of interest 
in RMT. Participants were categorized as: high breathlessness (HB: 0–1), or 
low breathlessness (LB: 2–4). We examined characteristic differences between 
participants who reported HB versus LB and examined differences in level of 
interest in home-based RMT.   
RESULTS Those with HB were older [mean (SD): 61.3 (12.5) vs 53.6 (15.0) years, 
p<0.001], had more cumulative years of smoking [38.8 (15.1) vs 28.8 (15.4) 
years, p<0.001], smoked more cigarettes per day [19.3 (10.5) vs 17.3 (8.8), 
p<0.01], reported more disability (p<0.001) and chronic health conditions (78.5% 
vs 53.9%, p<0.001). Those with HB also expressed greater interest in RMT [7.8 
(3.3) vs 6.2 (4.1), p<0.001]. 
CONCLUSIONS These preliminary findings suggest that about 20% of quitline callers 
report clinically significant levels of breathlessness and most respondents, 
regardless of their level of breathlessness, report interest in a home-based RMT 
program, underscoring a potential opportunity to offer this program along with 
cessation support.

Tob. Induc. Dis. 2025;23(January):8	 https://doi.org/10.18332/tid/196755 

INTRODUCTION
Cigarette smoking is an important risk factor in the development of respiratory 
symptoms including dyspnea1. According to the American Thoracic Society 
(ATS), dyspnea is defined as a subjective experience of breathing discomfort 
that consists of qualitatively distinct sensations that vary in intensity2. In current 
or former smokers, dyspnea is associated with poor health-related quality of life 
(QoL), cardiorespiratory fitness, physical inactivity, anxiety/stress, and increases 
in morbidity and mortality3. Recent reports also highlight that approximately 50% 
of people who smoke cigarettes (current and former) without clinically diagnosed 
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lung disease have worse exertional dyspnea, as well 
as poorer QoL and exercise tolerance when compared 
to healthy non-smoking controls4. In fact, exertional 
breathlessness may be an early sign or symptom of 
chronic obstructive lung disease (COPD)5. 

Traditional pathogenic mechanisms contributing 
to dyspnea in smokers with and without COPD 
include, amongst others, a reduction in lung elasticity, 
expiratory flow limitation, airway inflammation, 
infection, and genetic susceptibility1. Moreover, 
for a given ventilatory requirement, people who 
smoke cigarettes (current and former) require more 
inspiratory effort to overcome airflow limitation, 
thus increasing diaphragm activation and the use of 
accessory muscles to preserve the ventilatory response 
to exercise; ultimately this is perceived as greater 
dyspnea6. However, maintaining inspiratory pressure 
is difficult because cigarette smoking alters diaphragm 
structure and function, affecting its ability to generate 
force7,8. Because dyspnea represents an imbalance 
between the demand to breathe and the ability to 
breathe, the sensation can worsen with respiratory 
muscle weakness. 

People who smoke cigarettes experience a ‘vicious 
dyspnea-inactivity cycle’ that limits inspiratory 
capacity, physical activity, and exercise performance, 
resulting in deconditioning and more dyspnea9. 
Programs designed to strengthen the respiratory 
muscles improve lung volumes, cardiorespiratory 
fitness, dyspnea, fatigue, anxiety/stress, and QoL 
in individuals with and without lung disease10-12. 
Inspiratory muscle training in patients with COPD 
improves respiratory muscle strength and endurance, 
dyspnea, and exercise stamina in conjunction with 
reduced activation of the diaphragm muscle13. In 
adults, a 4-week inspiratory muscle training study 
in people who currently (n=16), and never (n=16), 
smoked cigarettes, and a placebo control group 
(n=10) demonstrated significant improvements in 
expiratory muscle strength (21 ± 9 cmH

2
O vs 12 

± 5 cmH
2
O) and lung function [forced expiratory 

volume in 1 s (FEV1), slow vital capacity (SVC), and 
maximum voluntary ventilation in 12 s (MVV)]. The 
improvements following inspiratory muscle training 
were greater in those who smoked versus those who 
did not14. These findings suggest respiratory muscle 
training (RMT) may represent a non-pharmacological 

approach to reducing respiratory symptoms and 
increasing activity levels among current and former 
smokers.  

Quitlines, available across the United States 
and in many other countries, offer free, accessible, 
evidence-based treatments for nicotine addiction via 
phone- and text-based platforms, making quitlines the 
largest existing tobacco treatment network15-17. Many 
people who contact quitlines are interested in seeking 
assistance with nicotine addiction and might also be 
interested in discussing methods to improve dyspnea 
symptoms via respiratory muscle training. As a first 
step in understanding the feasibility of offering an 
RMT program to people who are seeking help to try to 
quit smoking, we asked callers who contacted the New 
York State Quitline about their dyspnea and potential 
interest in a home-based RMT program.

METHODS
Design and procedure
This study employed a cross-sectional design. 
Consecutive callers to the New York State Quitline were 
assessed for dyspnea and interest in an RMT as part of 
the routine assessment conducted prior to callers being 
engaged in treatment for cigarette smoking. 

Participants 
Those included in the study were English-speaking 
people seeking to quit smoking cigarettes who 
contacted the New York State Quitline between 19 
May and 9 June 2023. 

Measures 
The routine assessment administered to all callers 
included standard sociodemographic (sex, age, 
race/ethnicity, education level, disability status, and 
health insurance) and tobacco use items. Tobacco 
product use was examined by asking what types of 
tobacco products the participant used, number of 
years used, use of menthol products, and past quit 
attempts. Alcohol and cannabis use were assessed by 
asking how many days in the past 30 days alcohol 
or cannabis was used. Mental health was measured 
in two ways. One question asked whether a doctor 
had ever diagnosed the individual with a substance 
use disorder, anxiety disorder, bipolar disorder, 
or depression. The six-item Kessler psychological 
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distress scale (K6) was also used to assess past 30-
day psychological distress18. A K6 score ≥5 and <13 is 
indicative of moderate psychological distress19-21 and 
≥13 is indicative of severe psychological distress21. 
Chronic health conditions were assessed by asking 
if a doctor had ever told them that they had asthma, 
cancer, diabetes, pre-diabetes, emphysema, heart 
disease, hypertension, kidney disease, or stroke.

This study added two additional questions to the 
pre-treatment intake assessment. The first question 
comprised the Modified Medical Research Council 
(mMRC) dyspnea scale22, a concise, valid method of 
assessing the degree of functional disability due to 
dyspnea or shortness of breath23-26. The mMRC asks 
respondents to choose one of five statements that 
best describes their shortness of breath; responses are 
scored on a scale from 0 to 4 (Table 1). According to the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines27, an mMRC score of ≥2 represents 
a threshold for separating LB from HB28, although 
patients with mMRC <2 may still have respiratory 
symptoms28. The second question assessed interest in a 
home-based RMT program by asking: ‘On a scale from 
0–10, where 0=not at all and 10=the most ever, how 
interested would you be in a program to strengthen 
your respiratory muscles that you could do at home?’. 

Data analysis 	
Descriptive statistics were used to characterize 
participants. Responses to the mMRC dyspnea 
scale were categorized into two groups consistent 
with the GOLD guidelines27: Those who scored 0 
or 1 were categorized as LB and those with scores 
of 2, 3, or 4 were categorized as having HB. Tests 
of significance, including chi-squared and one-way 

analysis of variance (ANOVA), were used to examine 
differences in participant characteristics between 
those categorized as LB and HB. The association 
between level of dyspnea (0–4) and level of interest 
in respiratory training (0–10) was examined using a 
Pearson correlation coefficient. 

General linear main effects and exploratory full 
factorial models were used to examine differences in 
level of interest in RMT among participants with LB 
versus HB accounting for sex, age, race, education 
level, and Medicaid status. The significance level was 
set at alpha=0.05. All analyses were 2-tailed. IBM SPSS 
Statistics version 28.01 was used to analyze the data.  

RESULTS
Respondent characteristics 
During the 3-week data collection period, 1019 of 
1044 (97%) consecutive callers to the New York 
State Quitline completed the routine pre-treatment 
assessment, the mMRC, and the interest in RMT. 
Approximately 20% of respondents reported an 
mMRC dyspnea score ≥2 and were categorized as HB. 
Participants were predominantly White (63.7%) and 
had smoked an average of 17.7 (SD=9.2) cigarettes 
per day for an average of 31 years (Table 2).   

Differences between participants with HB (≥2 
mMRC) and LB (<2 mMRC)
Participants with HB were significantly older (61.3 
± 12.5 vs 53.6 ± 15.0 years, p<0.001), smoked more 
cigarettes per day (19.3 ± 10.5 vs 17.3 ± 8.8, p<0.01), 
and smoked cigarettes for more cumulative years 
(38.8 ± 15.1 vs 28.8 ± 15.4, p<0.001). Participants 
with HB reported more disability (65.2% vs 35.5%, 
p<0.001), more chronic health conditions (78.5% vs 

Table 1. Medical research council dyspnea scale grades

Grade Degree of breathlessness related to activities

0 I only get breathless with strenuous exercise

1 I get short of breath when hurrying on a level ground or walking up a slight hill

2 I walk slower than other people of the same age on a level ground because of breathlessness or have to stop for breath when 
walking at my own pace on a level ground 

3 I stop for breath after walking about 100 m or after a few minutes on a level ground 

4 I am too breathless to leave the house or I am breathless when dressing

The table presents the mMRC dyspnea scale28. Patients were required to choose one answer that best describes their level of dyspnea. An mMRC score of ≥2 represents a 
threshold for separating low from high breathlessness34.
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Table 2. Patient demographics grouped by level of dyspnea according to the mMRC (N=1019)

Variables All

% (n)

Low breathlessness  
(0–1)
% (n)

High breathlessness  
(2–4)
% (n)

p

Total 100 (1019) 79.9 (814) 20.1 (205)

Age (years), mean (SD) 55.1 (14.8) 53.6 (15.0) 61.3 (12.5) <0.001

Sex

Male 45.0 (459) 44.1 (359) 48.8 (100) 0.239

Female 55.0 (560) 55.9 (455) 51.2 (105)

Race/ethnicity

White 63.7 (587) 63.7 (469) 63.4 (118) 0.808

Black 16.4 (151) 16.3 (120) 16.7 (31)

Hispanic 13.8 (127) 13.5 (99) 15.1 (28)

Other 6.1 (57) 6.5 (48) 4.8 (9)

Education level 

≤ High school diploma 51.8 (454) 50.5 (353) 56.7 (101) 0.153

> High school 48.2 (423) 49.5 (346) 43.3 (77)

Medicaid

Yes 43.7 (445) 43.1 (351) 45.9 (94) 0.265

No 56.3 (574) 56.9 (463) 54.1 (111)

Smoking 

Cigarettes/day 17.7 (9.2) 17.3 (8.8) 19.3 (10.5) 0.006

Years of smoking 30.9 (15.8) 28.8 (15.4) 38.8 (15.1) <0.001

Pack-years 27.8 (21.0) 25.4 (19.4) 37.3 (24.3) <0.001

Ever tried to quit before (yes) 84.8 (864) 84.2 (685) 87.3 (179) 0.154

Menthol use (yes) 47.2 (243) 47.3 (194) 46.7 (49) 0.497

Chronic disease

Any 58.9 (600) 53.9 (439) 78.5 (161) <0.001

Asthma 13.9 (142) 11.5 (94) 23.4 (48) <0.001

Cancer 6.8 (69) 5.8 (47) 10.7 (22) 0.011

Diabetes 13.9 (142) 11.2 (91) 24.9 (51) <0.001

Pre-diabetes 5.3 (54) 4.8 (39) 7.3 (54) 0.105

Emphysema 21.9 (223) 17.0 (138) 41.5 (85) <0.001

Heart disease 7.6 (77) 5.9 (48) 14.1 (29) <0.001

Hypertension 31.4 (320) 28.9 (235) 41.5 (85) <0.001

Kidney disease 2.0 (20) 1.4 (1.1) 4.4 (9) 0.010

Stroke 2.6 (26) 2.0 (16) 4.9 (10) 0.023

Mental health 

Any 45.6 (464) 43.9 (357) 52.2 (107) 0.020

Alcohol or drug abuse 8.6 (88) 8.1 (66) 10.7 (22) 0.147

Anxiety 31.3 (319) 31.4 (255) 31.2 (64) 0.520

Bipolar 10.0 (102) 9.2 (75) 13.2 (27) 0.063

Depression 28.1 (286) 26.9 (219) 32.7 (67) 0.062

Schizophrenia 4.1 (42) 4.1 (33) 4.4 (9) 0.479
Continued
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Figure 1. RMT interest levels by dyspnea category 

Interest in a home-based RMT program (0–10 Likert scale) by mMRC dyspnea score. An mMRC score ≥2 is indicative of clinical dyspnea. Mean ± SD interest in RMT did not differ 
by LB (mMRC score <2/4) versus HB (mMRC score ≥2/4), 6.2 ± 4.1 and  7.8 ± 3.3, respectively (p=0.085). Percentages within the blue bars represent the percentage of callers who 
reported 10/10 interest on RMT in the HB versus LB groups [χ2(1017)=23.19, p<0.001].

Variables All

% (n)

Low breathlessness  
(0–1)
% (n)

High breathlessness  
(2–4)
% (n)

p

Disability category

Any 41.5 (410) 35.5 (279) 65.2 (131) <0.001

Blind 7.6 (75) 6.2 (49) 13.1 (26) 0.002

Deaf 7.7 (76) 6.5 (51) 12.5 (25) 0.005

Forgetfulness 20.5 (201) 18.0 (141) 30.3 (60) <0.001

Difficulty walking 27.3 (269) 20.2 (159) 55.0 (110) <0.001

Difficulty bathing 7.2 (71) 4.5 (35) 18.0 (36) <0.001

Difficulty doing errands 9.6 (95) 5.9 (46) 24.6 (49) <0.001

K6 psychological distress 

Total score, mean (SD) 5.3 (5.2) 5.0 (4.9) 6.6 (6.0) <0.001

Mild (0–4) 52.7 (461) 54.9 (383) 44.3 (78) 0.002

Moderate (5–12) 36.8 (322) 36.4 (254) 38.6 (68)

Severe (≥13) 10.4 (91) 8.7 (61) 17.0 (30)

Days of use in past month

Alcohol 2.8 (6.9) 3.0 (7.2) 2.0 (6.6) 0.081

Cannabis 3.2 (8.6) 3.5 (9.0) 1.9 (7.0) 0.006

Interest in RMT (0–10) 6.5 (4.0) 6.2 (4.1) 7.8 (3.3) 0.085

Low breathlessness (LB): mMRC score <2/4. High breathlessness (HB): mMRC score ≥2/4. K6: Kessler psychological distress scale; higher score equals worse psychological distress.  
RMT: respiratory muscle training. Tests of significance, including chi-squared and one-way analysis of variance (ANOVA), were used to examine differences in participant 
characteristics between those categorized as LB and HB.  

Table 2. Continued
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53.9%, p<0.001), and more mental health concerns 
(52.2% vs 43.9%, p<0.05). Participants with HB 
used cannabis for significantly fewer days in the past 
month than those with LB (1.9 ± 7.0 vs 3.5 ± 9.0 days, 
p<0.01). There were no between-group differences in 
sex, race, education level, Medicaid recipient status, 
past month alcohol use, or interest in RMT (Table 2).

Interest in home-based training to improve lung 
health
Most participants reported moderate to strong levels 
of interest in a home-based RMT program (Figure 1). 
On a scale from 0 to10, the mean interest level in all 
participants was 6.5 (SD=3.9) and the median interest 
level was 8; 43% of all participants (n=437) reported 
an interest level of 10/10 and 30.1% (n=745) reported 
levels of interest between 4 and 9. The percentage 
of callers reporting a 10/10 interest in a home-based 
RMT program in the LB versus HB group was 40.0% 
and 54.1%, respectively [χ2(1017)=13.28, p<0.001]. 
Level of interest was also positively correlated to 
breathlessness severity [r(1017)=0.19, p<0.001]. The 
main effects GLM revealed that participants with HB 
reported greater interest in RMT than participants with 
LB [7.8 (SD=3.3) vs 6.2 (SD=4.1), F(1849)=18.61, 
p<0.001]. This significant difference was not found in 
the full factorial GLM where all potential interactions 
were included in the model [F(1849)=1.77, p=0.184]. 
Two interactions found to be significant in this model 
included an interaction between LB vs HB, sex, and 
education level, and an interaction between race, 
education level, and Medicaid status. 

DISCUSSION
A large proportion of people who are seeking 
treatment for smoking cessation with and without 
clinically significant dyspnea are interested in a home-
based RMT program. The level of interest did not vary 
among those with LB and HB.

Individuals experiencing HB were characterized by 
older age, a higher prevalence of disability, chronic 
illness, mental health concerns as well as increased 
exposures based on years smoked and pack-years 
of use. Home-based RMT programs represent an 
easy-to-implement, non-pharmacological approach 
to improve smoking-related symptoms, performance, 
and QOL. While a limited number of RMT trials have 

enrolled people who smoke cigarettes, one study has 
reported that respiratory muscle strength improved 
more in people who smoked cigarettes compared to 
those who did not14. Although not resistance training, 
breathing exercises (blowing up a balloon and using 
breathing feedback) in elderly individuals who smoke 
cigarettes also significantly improved slow and fast 
vital capacity (VC: 11–12%) and forced expiratory 
volume in 1 s (FEV1: about 23%)29. Breathing 
exercises also reduced cravings when incorporated 
into a 6-month smoking cessation program30, 
while deep breathing significantly improved lung 
functions31,32. Despite the benefits described in these 
studies, there are numerous gaps in the literature 
regarding the benefits of a targeted RMT program 
among persons who smoke, such as the longitudinal 
effects of RMT on respiratory symptoms, exercise 
performance, and cessation outcomes.

Even among respondents who reported LB, there 
was strong interest in a home-based RMT program, 
which may be interpreted as a heightened awareness 
regarding lung damage from smoking or a ‘preventive’ 
approach to minimize known or unknown changes to 
respiratory health. More recent work also highlights 
that smokers may be more likely to quit when made 
aware of their lung health via regular spirometry, 
even when asymptomatic33,34. Recognition of this 
phenomenon lends support to an intervention program 
like RMT in conjunction with cessation assistance.

The next steps in substantiating the feasibility 
and efficacy of home-based RMT among smokers 
interested in quitting needs to focus on establishing 
feasibility. While this initial investigation revealed the 
high level of interest, this was based on responses 
to a single question. It is also crucial to evaluate 
individuals’ receptiveness to, and engagement in, 
the program once implemented. This includes 
their willingness to adopt the training regimen, 
perceived barriers to participation (such as physical 
limitations and/or lack of resources), and potential 
motivators. During a feasibility study, researchers 
should monitor engagement by tracking the extent 
to which participants actively adhere to the prescribed 
activities. High engagement levels suggest a well-
received program, whereas low engagement might 
indicate areas that need refinement. Researchers 
should also address implementation feasibility, 
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assessing the practicality of delivering the program on 
a wider scale, considering factors such as the cost of 
resources, the training required, and the technological 
infrastructure needed for home-based delivery. A 
feasibility study of RMT training among people who 
smoke cigarettes and are interested in quitting can 
also provide preliminary estimates of participant 
satisfaction, changes in symptom severity, quality of 
life, exercise tolerance, and physical activity.

Strengths and limitations 
Strengths of the study include the diversity of the 
sample, the low percentage of callers who opted out, and 
the ability to remotely engage people at high-risk for 
dyspnea related to current smoking status. Limitations 
of this study include reliance on a convenience sample 
and a single-item, Likert-type question assessing level 
of interest. Respondents were not provided with any 
further context regarding the frequency/length of 
training sessions, duration of use, or program costs. 
Additionally, the study’s limitations include the 
absence of confounding statistical analysis and limited 
generalizability to populations across different countries 
or racial groups. Future studies should provide more 
information with respect to the details of the RMT 
program, enroll participants, and determine the impact 
on dyspnea using a longitudinal design. 

CONCLUSIONS
Our preliminary study revealed that 20% of quitline 
callers experience clinically significant breathlessness 
that limits daily activities. Notably, a substantial 
majority of respondents expressed strong interest 
in a home-based RMT program, regardless of their 
breathlessness level. This highlights a promising 
opportunity to incorporate RMT into smoking cessation 
support. The next steps will involve rigorously testing 
the feasibility of implementing this home-based 
program within our diverse quitline caller population 
to evaluate engagement, acceptability, and practicality.
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