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Abstract 

Objective: Untreated COPD exacerbations are associated with short-term changes in lung 

function and decreased health-related quality of life (HRQoL). This study aims to examine the 

association between untreated exacerbations and long-term HRQoL, as well as differences in 

characteristics between treated and untreated exacerbations. 

Methods: A secondary analysis was performed using data from a prospective observational 

cohort study of participants with COPD. Participants’ HRQoL was measured using the Chronic 

Respiratory Questionnaire (CRQ) at baseline and at 12 months. Exacerbations were ascertained 

with phone calls every two weeks, with detailed information regarding exacerbations obtained by 

research staff. Exacerbations were considered treated if participants took prednisone or 

antibiotics. Mixed models were used to analyze differences in treated and untreated exacerbation 

characteristics. Linear and logistic regression models were used to examine the association 

between the number of treated and untreated exacerbations and a change in CRQ at 12 months. 

Results: Among 410 participants, 355 experienced 1097 exacerbations during the 12-month 

study period, of which 460 (42%) were treated. Treated exacerbations were more severe and 

lasted longer (25.5 vs 19.9 days, p<0.001) compared to untreated exacerbations. Each additional 

untreated exacerbation experienced was associated with a significant worsening of long-term 

HRQoL scores compared to those without exacerbations: CRQ dyspnea (adjusted β= -0.10; 95% 

CI -0.18 to -0.03), CRQ fatigue (β= -0.07; -0.14 to -0.01), and CRQ emotional function (β= -

0.08; -0.14 to -0.02). 

Conclusion: Untreated COPD exacerbations occurred frequently and were associated with worse 

long-term HRQoL, despite being shorter and less severe than treated exacerbations. 
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Introduction: 

Chronic obstructive pulmonary disease (COPD) is the 4th leading cause of death in the U.S. and 

contributed to an estimated $49 billion in associated medical costs in 2020.1 COPD 

exacerbations, episodes of worse breathing symptoms such as cough, dyspnea, or sputum 

production, are a major source of morbidity for patients.2-4  Increased exacerbation frequency, 

severity, and duration contribute to decreased health related quality of life (HRQoL).5-8  

 

Patients do not always seek immediate medical care for COPD exacerbations. Many patients 

delay their presentation to medical care, or never seek medical care at all, during an 

exacerbation.2,5,9 An estimated 50% of exacerbations go untreated.2,10 Untreated exacerbations 

are known to have similar short-term effects compared with treated exacerbations, which may 

include acute changes in lung function11 and diminished health status and HRQoL.12-14 However, 

there is limited understanding of the impact of untreated exacerbations on long-term morbidity 

and quality of life. One prospective cohort study conducted in China found that patients who had 

any unreported COPD exacerbations had significantly worse HRQoL at one year compared to 

patients who did not have exacerbations.15  

 

Furthermore, there is incomplete understanding of the differences in characteristics between 

untreated and treated exacerbations. Studies in alpha-1 antitrypsin disease, a genetic COPD 

variant, showed that untreated exacerbations tend to have fewer symptoms and shorter duration 

as compared to exacerbations where patients sought treatment.16 In those without alpha-1 

antitrypsin, one study found that unreported exacerbations are associated with fewer symptoms 

than reported exacerbations.15 
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The aim of this study is to expand upon existing research by examining the differences in 

characteristics between untreated and treated exacerbations and by better understanding the 

impact of untreated COPD exacerbations on long-term HRQoL. 

 

Methods: 

A secondary analysis was performed using data from a prospective observational cohort study of 

410 veterans with COPD, conducted at the Veterans Affairs (VA) Puget Sound Health Care 

System in Washington State and the VA Eastern Colorado Health Care System in Colorado. 

Eligibility criteria included COPD diagnosis, post-bronchodilator forced expiratory volume in 1 

second/forced vital capacity (FEV1/FVC) ratio of < 0.7, at least one treated COPD exacerbation 

in the preceding year, and enrollment in a VA primary care or pulmonary clinic. Exclusion 

criteria included life expectancy < 1 year, diagnosis of dementia, or residence in a nursing 

facility. All participants provided written informed consent, and the study was reviewed and 

approved by the Institutional Review Board at both institutions.  

 

Participants attended an intake visit where they completed baseline lung function via spirometry 

and comprehensive questionnaires including medical history, dyspnea level measured with the 

Modified Medical Research Council dyspnea score (mMRC), self-reported comorbidities 

measured with the Charlson Comorbidity Index (CCI)17,18 and current depression and anxiety 

symptoms measured with the Hospital Anxiety and Depression Scale (HADS).19  HRQoL was 

measured using the Chronic Respiratory Questionnaire (CRQ) that comprises 20 questions 

summarized into four domains: dyspnea, fatigue, emotional function, and mastery. Each CRQ 
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domain has a range from 1-7 (higher scores indicate better HRQoL), with a minimally clinically 

important difference of 0.5 for each domain.20-22 

 

During the one-year follow-up period, an automated interactive voice response service called 

participants every two weeks to screen for COPD exacerbations. If positive, trained research 

staff called participants to complete detailed questionnaires assessing the number and type of 

symptoms present, the severity of symptoms, the perceived cause of the exacerbation, and 

whether participants had contact with medical providers or health care utilization. Exacerbations 

were defined by new or worsening respiratory symptoms lasting at least 48 hours. The onset of 

exacerbations was measured from the day the new or worsening symptoms were present. The 

study utilized a modified version of the Response to Symptoms Questionnaire (RSQ), a 

questionnaire based on the Self-Regulation Model of Illness to assess how cognitive and 

emotional factors influence the decision to seek care.23,24 RSQ has previously been used in 

studies of patients seeking care for ischemic stroke,25 acute myocardial infarction,26,27 and heart 

failure exacerbations.28 The RSQ was modified for patients with COPD to examine the cognitive 

and emotional factors that influenced the decision to seek care. The RSQ includes a question on 

how “bothersome” participants’ symptoms were, which was used to help measure the 

participant’s sense of the severity of the exacerbation, as well as questions to assess the 

emotional (anxiety) and cognitive (seriousness and control over symptoms) response to the 

exacerbation. 

 

Exacerbations were considered treated if participants took systemic glucocorticoids, antibiotics, 

or both. 2,3 Most often, participants were prescribed these medications at the time of their 
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exacerbation, although some had a supply on hand and self-initiated treatment. The total duration 

of the exacerbation in days was calculated from onset to when participants reported their 

symptoms had recovered to baseline. Participants with persistent, stable, and unresolved 

respiratory symptoms present at the end of six weeks after exacerbation onset were considered to 

have reached a new baseline and the exacerbation was considered completed at that time. The 

CRQ was repeated for participants at the end of the 12-month study period. 

 

Statistical Analysis: 

To examine baseline characteristics, participants were categorized into mutually exclusive 

groups based on the types of exacerbations they experienced during the follow-up period: no 

exacerbations, one or more untreated exacerbation, one or more treated exacerbation, and mixed 

treated and untreated exacerbations. Continuous variables were compared for each exacerbation 

category using linear regression, and categorical variables were compared using chi-squared 

analyses.  

 

To compare characteristics of untreated versus treated exacerbations, two-level mixed-effects 

logistic regression models were used to estimate differences between exacerbation 

characteristics, including exacerbation severity (measured using the RSQ), different symptoms 

present, number of symptoms, and self-reported cause of exacerbation. The predictor was the 

type of exacerbation (treated or untreated) with random effects at the participant level. 

 

To examine the association between treated and untreated COPD exacerbations and long-term 

HRQoL scores measured by the CRQ, two related approaches were taken. First, the total number 
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of treated and untreated exacerbations were entered into the model as separate variables in a 

linear regression model to predict changes in CRQ at 12 months. Second, logistic regression was 

used to estimate the odds ratio of a decrease in CRQ scores of 0.5 (the minimum clinically 

important difference) or greater at 12 months for each additional untreated or treated 

exacerbation. Both models adjusted for baseline CRQ and potential confounders including age, 

gender, FEV1 percent predicted, baseline dyspnea (mMRC), comorbidities (CCI), HADS-

depression and HADS-anxiety scores, and the number of self-reported exacerbations in the prior 

year. These covariates were selected as potential confounder variables based on existing 

literature.2,9,13-15,19 All analyses were conducted using Stata 17.0. 

 

Results: 

410 participants enrolled in the study. Baseline characteristics of participants are shown in Table 

1. The mean age was 69.6 (SD 7.6) and 394 (96%) were male. The mean FEV1 was 1.43L (SD 

0.60), mean FEV1 % predicted was 44.8% (SD 18.8%), and participants had an average of 2.60 

self-reported exacerbations in the year before the baseline visit. Over 12 months, 355 of the 

participants (86.6%) experienced 1,097 exacerbations, of which 460 (42%) were treated. 

(Figures 1 and 2) 

 

Baseline characteristics of participants in each exacerbation category are shown in Table 1. 

There were differences in baseline FEV1, FEV1 % predicted, mMRC, HADS depression scores, 

and baseline CRQ dyspnea and fatigue domain scores between the different groups. (Table 1) 

The average number of untreated and treated exacerbations experienced by each participant in 
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the mixed exacerbation group was similar: 2.39 untreated exacerbations and 1.87 treated 

exacerbations.  

 

Table 2 compares characteristics of untreated versus treated exacerbations. Treated exacerbations 

were associated with longer total exacerbation duration as compared with untreated 

exacerbations (25.5 vs 19.9 days, p-value < 0.001). (Table 2) Treated exacerbations were also 

associated with increased self-reported severity, seriousness, anxiety, and decreased degree of 

control (as assessed using the RSQ) compared with untreated exacerbations. Notably, for 

untreated exacerbations, participants reported that 21.3% of exacerbations were very/extremely 

serious, and that 18.2% of exacerbations caused them to feel very/extremely anxious. Treated 

exacerbations had a slightly higher average total number of symptoms compared with untreated 

exacerbations (5.87 ± 0.11 vs 5.01 ± 0.11 symptoms out of 8 total). (Table 2) Increased shortness 

of breath was experienced by most participants during both treated and untreated exacerbations 

(92.8% vs 90.4%, p-value 0.18). All other symptoms including cough (74.7% vs 59.4%, p-value 

< 0.001) and sputum production (71.4% vs 59.8%, p-value < 0.001) were more common among 

exacerbations that were treated. Among causes ascribed to the exacerbation by participants, 

upper respiratory tract infections were more common for those who were treated (43.3% vs 

18.9%) whereas weather (13.7% vs 13.7% and air pollution (7.2% vs 12.5%) were less common 

for treated exacerbations. (Table 2) 

 

Of the 410 participants who enrolled in the study, 372 (90.7%) completed the follow-up CRQ 

assessment at 12 months. In unadjusted analyses, all CRQ sub-scale scores on average decreased 

at 12 months compared to baseline (dyspnea -0.21; fatigue -0.15; emotion -0.24; mastery -0.30 
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change), suggesting a decline in average quality of life over one year (Table 3). Furthermore, 

39.1% of participants experienced a decrease of ≥ 0.5 in their CRQ dyspnea score over one year, 

consistent with a clinically meaningful worsening in long-term HRQoL; similar percentages 

were seen in the other three domains. (Table 3) 

 

Adjusted linear regression models were performed to evaluate the effect of the total number of 

either treated or untreated exacerbations on change in CRQ over 12 months. (Table 4) Each 

additional untreated exacerbation was associated with a decline in CRQ dyspnea score (adjusted 

β -0.10; 95% CI -0.18 to -0.03), CRQ fatigue score (adjusted β -0.07; -0.14 to -0.01), and CRQ 

emotion score (adjusted β -0.08; -0.14 to -0.02). Each additional treated exacerbation was 

associated with a decline in CRQ dyspnea score (adjusted β -0.11; -0.20 to -0.02) and CRQ 

fatigue score (adjusted β -0.10; -0.18 to -0.02) (Table 4). 

 

Additionally, adjusted logistic regression models were performed to evaluate the association 

between each additional exacerbation (treated and untreated) and a decrease in CRQ scores of ≥ 

0.5 points (the minimally clinically significant change in CRQ score). Each additional untreated 

exacerbation was associated with an adjusted odds ratio (OR) for ≥ 0.5 decrease in CRQ dyspnea 

of 1.28 (95% CI 1.10 to 1.48). Similarly, for a decrease in CRQ emotional function score the 

adjusted OR was 1.21 (1.05 to 1.39); and for a decrease in CRQ mastery score the adjusted OR 

was 1.16 (1.01 to 1.34). For each additional treated exacerbation, only the adjusted OR for a 

decrease in CRQ fatigue score ≥ 0.5 points at 12 months was statistically significant (1.24; 1.03 

to 1.49). (Table 5) 
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Discussion: 

Our analyses show both treated and untreated exacerbations are associated with decreased long-

term HRQoL. This study builds upon existing literature that shows that untreated exacerbations 

are a major source of morbidity for COPD patients. We found that for each additional untreated 

exacerbation, participants reported a statistically significant worsening of CRQ dyspnea, fatigue, 

and emotional function scores at 12 months. Additionally, each additional untreated exacerbation 

was associated with an increased likelihood of a clinically significant negative change in CRQ 

dyspnea, emotional function, and mastery scores at 12 months. This is despite the fact that 

untreated exacerbations were reported by participants to be somewhat less severe than treated 

exacerbations, with a lower symptom burden and a shorter duration.  

 

Many studies have demonstrated that patients’ HRQoL decreases shortly after exacerbations 

occur.12-14 Few studies, however, have assessed the long-term impact of treated and untreated 

exacerbations on HRQoL. One study that previously assessed the long-term impact of 

exacerbations on HRQoL was conducted from a cohort of patients in China and found that more 

than one unreported exacerbations was associated with worse HRQoL at 12 months.15 Our 

findings are consistent with this study, with some important differences. Our study utilizes the 

CRQ for quality of life, instead of the St. George’s Respiratory Questionnaire (SGRQ).15 Our 

study classified treatments based on participants receiving prednisone or antibiotics, a slightly 

different approach than the prior study’s delineation of “reported vs unreported” exacerbations. 

By focusing on those who did not receive treatment, either through their provider or by home 

treatment, we better identify the impact of untreated exacerbations on HRQoL. Additionally, the 

prior study found that on average HRQoL improved over 12 months across all participants, 
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whereas our study demonstrated an average decrease in HRQoL, which may be more consistent 

with the natural course of COPD.14,29  

 

Despite differences in the demographics of the participants, as well as the possibility that 

treatment and care seeking may differ between healthcare systems, the results of our study and 

the prior study both highlight the high proportion of untreated exacerbations in COPD and the 

adverse impact of untreated exacerbations on HRQoL, assessed with two different HRQoL 

questionnaires. Given that an estimated 50% of COPD exacerbations are untreated,2,10 these 

findings have tangible clinical implications by reinforcing the importance of preventing 

exacerbations. There are several important interventions that may reduce the incidence of 

exacerbations, including medications such as long-acting bronchodilators and ensuring 

appropriate vaccinations.30 Whether treatment of untreated exacerbations would improve long-

term HRQoL is not known; however, earlier use of prednisone and antibiotics is associated with 

more rapid symptom recovery that could impact impact COPD-related HRQoL.31  

 

We also examined differences in the characteristics between untreated and treated exacerbations, 

and found that treated exacerbations were generally more severe, lasted longer, and had more 

symptoms present compared with untreated exacerbations. Although there is no gold standard for 

determining or evaluating the relative severity of an exacerbation, we used the number of 

symptoms present for each exacerbation, which is a commonly used surrogate for severity.12 We 

also utilized the modified RSQ question on how “bothersome” the exacerbation was as a 

measure for the severity of the exacerbation. 
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Untreated exacerbations had an overall high burden of symptoms, with 90% reporting increased 

dyspnea, 60% increased cough and sputum, 80% decreased energy, and 70% increased difficulty 

with walking. Nearly a fifth of untreated exacerbations were rated as very or extremely serious 

and were very or extremely anxious in response to their symptoms. This suggests that for a large 

proportion of quite serious exacerbations, patients do not seek care in spite of a large symptom 

burden. A qualitative COPD analysis done in the same cohort found that patients with 

exacerbations will often initially wait and try different management care strategies at home to see 

if the exacerbation will resolve, and only seek care if symptoms fail to improve, they develop 

severe or worrisome symptoms, symptoms last longer than anticipated, or a family member 

encourages them to seek care.32 Other studies have found that reasons for not seeking care 

include lack of recognition that an exacerbation is occurring, wanting to avoid hospitalizations, 

not wanting to bother the healthcare team, lack of continuity of care, or difficulty traveling to the 

healthcare facility.5,33-36 Self-management programs that include an emphasis on early detection, 

acceptance of symptoms, and an action plan for exacerbations are an approach to encourage 

treatment of exacerbations, which may help to reduce their impact on HRQoL.37 

 

This study has several limitations. CRQ scores were only obtained twice during the study period, 

at the beginning and at the end of the 12 month follow-up. This study was conducted within the 

VA patient population, which is mostly male and generally older, and therefore may not 

necessarily be widely applicable across all demographics. Similarly, the inclusion criteria for this 

study resulted in a study population with more severe COPD, and all participants had at least one 

exacerbation in the year prior. These study results may not necessarily be applicable for patients 

with milder COPD. Finally, we did not define untreated exacerbations based on daily diaries, 
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which would not have been possible for a large sample of participants followed for 12 months, 

but instead called participants every two weeks to identify exacerbations to minimize recall bias. 

 

Conclusion: 

We found that untreated COPD exacerbations occurred frequently and were associated with 

worse long-term HRQoL, measured with the CRQ, compared to those without exacerbations. 

This is despite the fact that untreated exacerbations were associated with lower symptom burden 

and shorter duration as compared to treated exacerbations. Therefore, all exacerbations, even 

those that go untreated, may contribute to long-term symptom burden and morbidity for patients. 

Preventing COPD exacerbations, as well as prompt treatment of exacerbations when they occur, 

may help mitigate decreases in long-term HRQoL. 
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Table 1: Baseline participant characteristics  

 All 
No 

exacerbations 
≥1 untreated 
exacerbation 

≥1  treated 
exacerbation 

Both treated and 
untreated 

exacerbations P-value^ 
Participants (n) 410 55 118 88 149  
Age (yrs; SD) 69.6 (7.6) 70.9 (8.7) 68.6 (7.9) 69.9 (5.9) 69.8 (7.8) 0.27 
Male sex (n; %) 394 (96.1) 54 (98.2) 114 (96.6) 83 (94.3) 143 (96.0) 0.67 
FEV1 (L; SD) 1.43 (0.60) 1.49 (0.58) 1.56(0.63) 1.29 (0.56) 1.40 (0.58) 0.01 
FEV1 % predicted (%; SD) 44.9 (18.8) 48.6 (19.4) 48.4(19.9) 39.9 (16.7) 43.6 (18.2) 0.004 
mMRC  (n; %) -- --    0.05 
     0-1 131 (32.0) 21 (38.2) 46 (39.0) 27 (30.7) 37 (24.8) -- 
     2 51 (12.4) 10 (18.2) 9 (7.6) 12 (13.6) 20 (13.4) -- 
     3 150 (36.6) 19 (34.6)  39 (33.1) 27 (30.7) 65 (43.6) -- 
     4 78 (19.0) 5 (9.1) 24 (20.3) 22 (25.0) 28 (18.1) -- 
CCI ≥ 2 (n; %) 160 (39.1) 19 (34.6) 46 (39.0) 35 (39.8) 60 (40.5) 0.89 
HADS depression ≥ 8 (n; %) 111 (27.4) 9 (17.3) 42 (35.6) 20 (22.7) 40 (27.2) 0.05 
HADS anxiety ≥ 8 (n; %) 128 (31.5) 11 (20.8) 39 (33.3) 28 (31.8) 50 (33.8) 0.31 
       
# exacerbations during 12 
months before baseline visit 
(mean; SD)* 

2.60 (3.28) 2.40 (1.87) 2.36 (5.07) 2.98 (2.40) 2.64 (2.16) 0.57 

Baseline CRQ scores (mean; 
SD)** 

-- -- -- -- -- -- 

   Dyspnea 4.54 (1.40) 4.99 (1.39) 4.58 (1.37) 4.36 (1.59) 4.44 (1.27) 0.05 
   Fatigue 3.88 (1.33) 4.26 (1.29) 3.88 (1.31) 4.00 (1.36) 3.68 (1.31) 0.04 
   Emotion function 4.95 (1.22) 5.20 (1.24) 4.91 (1.23) 4.94 (1.29) 4.88 (1.17) 0.42 
   Mastery 5.11 (1.35) 5.35 (1.33) 5.08 (1.42) 4.99 (1.46) 5.12 (1.23) 0.50 

*Exacerbations before study period: self-reported moderate to severe exacerbations in the year before the study period  
**CRQ scores on a scale of 1-7, with higher scores representing better quality of life 
^P-values for differences between different exacerbation groups 
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Table 2: Comparison of treated vs untreated exacerbations (at the level of the exacerbation) 
 Untreated 

Exacerbations 
Treated 

Exacerbations 
P-value^ 

Number of exacerbations (n) 637 460 -- 
Total duration of exacerbation, mean (days; SD) 19.9 (0.63) 25.5 (0.78) <0.001 
Mean 
exacerbation 
qualities (self-
reported)* 

Severity (scale of 0-10; SD)** 6.27 (0.11) 7.32 (0.13) <0.001 
Seriousness (scale of 1-5; SD)** 2.89 (0.05) 3.15 (0.06) <0.001 
% reporting very/extremely serious 21.3% 35.4% <0.001 
Degree of anxiety (scale of 1-5; SD)** 2.41 (0.06) 2.73 (0.07) <0.001 
% reporting very/extremely anxious 18.2% 28.4% <0.001 
Degree of control (scale of 1-5; SD)*** 2.73 (0.07) 2.66 (0.07) <0.001 
% reporting very/extremely good control 33.6% 21.6% <0.001 

Symptoms 
during the 
exacerbation 
(self-reported) 

Increased shortness of breath (%) 90.4% 92.8% 0.18 
New or increased cough (%) 59.4% 74.7% <0.001 
Increased sputum (%) 59.8% 71.4% <0.001 
Change in color of sputum (%) 23.4% 39.8% <0.001 
New/increased chest wheeziness (%) 55.2% 67.8% <0.001 
Decreased energy (%) 76.5% 86.9% <0.001 
Difficulty with household tasks (%) 69.9% 81.1% <0.001 
Harder time with walking (%) 69.7% 78.7% 0.001 
Mean total # of symptoms (scale of 0-8; SD) 5.01 (0.11) 5.87 (0.11) <0.001 

Cause of 
exacerbation 
(self-reported) 

Upper respiratory infection (%) 18.9% 43.3% 0.000 
Weather (%) 21.6% 13.7% 0.002 
Allergies (%) 8.3% 6.2% 0.22 
Air pollution (%) 12.5% 7.2% 0.005 
Unknown (%) 24.4% 29.5% 0.08 
Other (%) 52.3% 43.5% 0.006 

Exacerbation characteristics compared using two-level mixed effects logistic regression models where the predictor is exacerbation 
type (untreated or treated) with random effects at the participant level. 
*Assessed using a modified Response to Symptom Questionnaire (RSQ) 
**higher scores signify higher severity, seriousness, and degree of anxiety 
***higher scores signify higher degree of control 
^P-value for treated exacerbations compared to untreated exacerbations 
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Table 3: Unadjusted CRQ scores at 12 months for category of treated and untreated exacerbations 
 

All No exacerbations 
≥1 Untreated 
exacerbation 

≥1 treated 
exacerbation 

Both treated 
and 

untreated 
exacerbations 

Participants (n) 371 45 109 80 138 
Change between 
12 months and 
baseline (mean; 
SD)* 

CRQ dyspnea -0.21 (1.27) 0.07 (1.12) -0.15 (1.35) -0.09 (1.17) -0.43 (1.29) 
CRQ fatigue  -0.15 (1.18) 0.14 (1.22) -0.08 (1.29) -0.37 (1.09) -0.18 (1.12) 
CRQ emotion  -0.24 (1.03) -0.20 (0.91) -0.19 (1.03) -0.09 (1.11) -0.40 (1.01) 
CRQ mastery  -0.30 (1.32) 0.12 (1.03) -0.29 (1.41) -0.22 (1.40) -0.49 (1.27) 

Participants with 
a ≥ 0.5 decrease 
in CRQ (n; %)** 

CRQ dyspnea 145 (39.1) 15 (33.3) 45 (41.7) 27 (33.8) 58 (42.0) 
CRQ fatigue 148 (39.8) 15 (33.3) 38 (34.9) 38 (47.5) 57 (41.3) 
CRQ emotion 140 (37.6) 16 (35.6) 39 (35.8) 25 (31.3) 60 (43.5) 
CRQ mastery 162 (43.6) 12 (26.7) 47 (43.1) 32 (40.0) 71 (51.5) 

*CRQ scores on a scale of 1-7, with higher scores representing better quality of life 
**Change of 0.5 in CRQ score is the minimum clinically significant difference 
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Table 4: Adjusted linear regression models of the association between the number of treated or untreated exacerbations and 
change in CRQ scores at 12 months  

 Exacerbations 
per participant 

(mean; SD) 

CRQ dyspnea CRQ fatigue CRQ emotional function CRQ mastery 

Adjusted β 95% CI Adjusted β 95% CI Adjusted β 95% CI Adjusted β 95% CI 
# of untreated 
exacerbations 1.55 (1.63) -0.10 (-0.18; -0.03) -0.07 (-0.14; -0.01) -0.08 (-0.14; -0.02) -0.07 (-0.14; 0.01) 

# of treated 
exacerbations 1.13 (1.34) -0.11 (-0.20; -0.02) -0.10 (-0.18; -0.02) -0.05 (-0.13; 0.02) -0.04 (-0.14; 0.05) 

Adjusted beta coefficient for change in CRQ score per additional exacerbation experienced 
Adjusted for the following variables: age, sex, baseline CRQ score, baseline FEV1 % predicted, baseline mMRC, baseline HADS 
anxiety and depression, and number of exacerbations in the prior year. Bolded values are statistically significant. 
  

https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2025.0665


PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF 

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2026 
Published online January 5, 2026     https://doi.org/10.15326/jcopdf.2025.0665 

 
Table 5: Adjusted logistic regression models of the association between each additional type of exacerbation and a decrease in 
CRQ scores by 0.5 points 

 CRQ dyspnea CRQ fatigue CRQ emotional function CRQ mastery 
Adjusted OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI 

Total untreated 
exacerbations 1.28 (1.10, 1.48) 1.12 (0.96, 1.30) 1.21 (1.05, 1.39) 1.16 (1.01, 1.34) 

Total treated 
exacerbations 1.18 (0.99, 1.42) 1.24 (1.03, 1.49) 1.00 (0.83, 1.19) 1.09 (0.91, 1.31) 

Adjusted odds ratio for the association for each additional exacerbation type experienced and a decrease in CRQ scores of 0.5 points 
or more (the minimum clinically significant change in CRQ score) 
Adjusted for the following variables: age, sex, baseline CRQ score, baseline FEV1 % predicted, baseline mMRC, baseline HADS 
anxiety and depression, and number of exacerbations in the prior year. Bolded values are statistically significant.  
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Figure 1: Distribution of participants based on their number of untreated exacerbations 

 
 
Figure 2: Distribution of participants based on their number of treated exacerbations 
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