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Abstract of Dissertation 

Quantifying and Characterizing COPD Symptom-defined Exacerbation Recovery 
using the EXAcerbations of Chronic pulmonary disease Tool (EXACT) 

Background: Exacerbations can be debilitating to patients with chronic obstructive 

pulmonary disease (COPD). Recovery from symptom-defined exacerbation events and 

the impact of recovery duration on patient outcomes are poorly characterized.  

Purpose: To develop a better understanding of the short-term effects of symptom-

defined exacerbation recovery on health status and pulmonary function in patients with 

moderate to severe COPD and identify factors as well as disease severity phenotypes 

associated with time to recovery from symptom-defined exacerbations.  

Methods: Secondary analyses of pooled data from two 12-week phase II international 

randomized controlled trials using the EXAcerbations of Chronic Pulmonary Disease 

Tool (EXACT) to identify symptom-defined events were conducted. Recovery was 

classified as recovered, persistent worsening (events failed to achieve recovery and onset 

was ≥ 28 days from the end of the study) or censored (events occurred within 28 days of 

the end of the study with no recovery recorded). Multiple regression analyses were used 

to test the effect of symptom-defined exacerbation recovery status on change in health 

status using the St. George’s Respiratory Questionnaire (SGRQ) and pulmonary function 

using forced expiratory volume in one second (FEV1) from baseline to Week 12. 

To identify indicators of time to recovery from symptom-defined events, a multivariate 

Cox proportional hazards model was conducted. Multiple logistic regression was used to 

identify baseline indicators for patients grouped by faster recovery (≤ day 10) vs. 

persistent worsening. 
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To identify subgroups of patients with distinct disease severity experiences based on age, 

forced expiratory volume in one second (FEV1), number of comorbid conditions, rescue 

medication utilization, health status (SGRQ), and respiratory symptoms (Evaluating 

Respiratory Symptom™ Scale for COPD [E-RS:COPD] score), a latent class analysis was 

conducted. The proportion of patients classified by symptom-defined event recovery type 

was evaluated across latent classes. 

Results: Of the 1,346 eligible patients, 414 (31%) experienced at least one symptom-

defined event. This sample of 414 was predominantly male (72.7%), white (86.7%) and 

had a mean (SD) age of 61.8 (8.01) years and FEV1 % predicted of 55.8 (14.68). At 

baseline, recovery groups were similar except for EXACT scores (lower for persistent 

worsening) (p<0.01). In the multiple regression analysis, recovery status was not a 

statistically significant indicator of change in lung function. Recovery status and baseline 

SGRQ were statistically significant indicators of change in health status (p=0.04; 

p<0.01). Post-hoc analyses showed statistically and clinically significant differences by 

group in change in respiratory symptom severity from baseline to week 12 (p<0.01). 

Baseline factors explaining reduced time to recovery included increased number of 

reported comorbid conditions (HR =1.07, 95% CI 1.00 – 10.14) and mean number of 

rescue medication puffs/day (HR =1.07, 95% CI 1.01 – 1.14). Baseline factors associated 

with a greater chance of recovering ≤ 10 days compared to persistent worsening included 

an increased number of comorbid conditions (OR =1.27, 95% CI 1.06 – 1.53), higher 

baseline EXACT score (OR = 1.08, 95% CI 1.04 – 1.12), and lower SGRQ total score 

(OR =0.98, 95% CI 0.96 -0.99). Events with faster recovery times were characterized by 

later onset (p<0.05), greater symptom change at onset (p<0.01), greater severity (p<0.01), 
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and shorter time between onset to maximum score (p<0.01) compared with persistent 

worsening events. 

Three severity classes were identified. The largest class (n=253, 61% of the sample) was 

named the “moderate” class, and was characterized by moderate lung function 

impairment, comorbid conditions, rescue medication utilization, and symptom levels. The 

second class (n=154, 37% of the sample) was named the “severe” class, and was 

characterized by more severe lung function impairment, same mean number of comorbid 

conditions, increased rescue medication utilization, and higher symptom levels compared 

to the first class. The third class (n=7, 2% of the sample) was named the “very severe” 

class, and was characterized by very severe lung function impairment, increased mean 

number of comorbid conditions, greatly increased rescue medication utilization, and 

higher symptom levels compared to the first class. Symptomatic subgroups had no 

relationship with recovery from symptom-defined exacerbations. 

Conclusions: Results suggest a substantial portion of patients with moderate to severe 

COPD experience symptom-defined exacerbations. For a subset of these patients, these 

events signal a deterioration in their COPD, with statistically significant worsening of 

respiratory symptoms and decline in health status. Patients with a greater number of 

comorbid conditions and higher levels of baseline symptoms had shorter symptom-

defined exacerbation events. Disease severity phenotypes can be identified in COPD. 

Moderate, severe, and very severe disease were not associated with recovery from 

symptom-defined exacerbations.  
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CHAPTER 1. INTRODUCTION 

Exacerbations of COPD are events defined by an acute, sustained worsening of the 

patient’s underlying condition of COPD from the stable state beyond normal day-to-day 

variability which require a change in treatment.1,2 These events account for the majority 

of the COPD-related burden on health care systems worldwide.1,2 For the purposes of 

interventions and natural history studies, exacerbations are generally classified in one of 

two ways: 1) healthcare resource utilization (HCRU) or 2) symptom-based.3 HCRUs can 

include treatment with antibiotics and/or oral corticosteroids, ER visits, and/or 

hospitalization for a COPD related event.  

Exacerbations are conceptualized in several dynamic pieces: 1) baseline/stable state; 2) 

onset; 3) recovery; and 4) duration. In the baseline/stable state, it is widely accepted that 

COPD patients with moderate to severe disease will experience symptoms daily, and that 

day-to-day variability exists.1,2 In practice, this is often operationalized as the run-in 

period of an exacerbation prevention trial where patients have no clinician-confirmed 

exacerbation events. Exacerbation onset is an increase in symptoms beyond this day-to 

variation.2 This is typically operationalized as a health-care utilization event where the 

patient reports to a clinic and a clinician diagnoses an exacerbation, or a pre-specified 

increase in scoring for a symptom diary is achieved. Recovery is typically considered the 

point at which the patient returns to their baseline state or when their exacerbation 

symptoms have resolved. This has typically been operationalized by clinician-assessment 

at a pre-specified time point (often 3 or 10-days post HCU visit) or by a reduction in 

symptom scores below a pre-specified threshold. Exacerbation duration is then defined as 
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the time from onset to recovery. This has typically been operationalized with HCRUs as 

the length of treatment (e.g., 10 day course of antibiotics).  

The EXAcerbations of Chronic Pulmonary Disease Tool (EXACT™) is a patient-reported 

outcome (PRO) instrument designed to quantify frequency, severity, and duration of 

symptom-defined acute exacerbations of COPD and supplement severity information on 

HCRUs in clinical trials. Precise measurement of recovery via symptom-report is 

possible with the EXACT, information that has been lacking with HCRUs.  

Previous studies using symptom diaries and patient assessment of recovery have reported 

that approximately 5-15% of events fail to achieve symptomatic recovery at up to 99 

days.4-8 Donaldson and colleagues (2015) showed that extended duration of symptom-

defined exacerbations negatively impacted health status and time to next exacerbation. 

Additionally, non-recovery in PEF, defined as a failure to return to baseline PEF levels 

within 99 days, accelerated FEV1 decline in their patient population.4 Patients in the 

Donaldson (2015) study contributed a median of 1,039 days (or nearly 3 years) of follow-

up. While this provides a very rich data set, it is not reflective of typical COPD 

intervention studies which usually span only 12 weeks to 1 year. Given the impact of 

exacerbation events on morbidity, it is important to better understand recovery from these 

events. Identifying patients at greater risk for not responding to treatment and better 

understanding the complex course of recovery will allow for more targeted treatment 

with the hope to improve health outcomes. 

COPD is widely recognized as a heterogeneous disease, with differing etiologies, disease 

courses, and symptomatic expression.1 There is significant interest in better 

understanding the physiology of disease, phenotypes of COPD patients and their 
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respective outcome trajectories, and identifying biomarkers for disease progression and 

exacerbation events. Exacerbation phenotypes are particularly important because of the 

well-established link between exacerbation frequency and disease progression.1,3,5,9 

Efforts to characterize sub-groups of COPD patients who experience HCRUs more 

frequently have been made, but no such similar attempt has been possible up until now 

with symptom-defined events.10  

CHAPTER 2. SPECIFIC AIMS 

Symptomatic recovery from exacerbation events is poorly understood. For Aim 1) initial 

analyses using the EXACT have identified a sub-set of patients who fail to achieve 

symptomatic recovery after an exacerbation event, e.g., patients who experience 

persistent worsening. I hypothesize that short-term outcomes using health status and lung 

function will be poorer for patients classified as persistent worsening than for patients 

who achieve symptomatic recovery from a symptom-defined EXACT event. For Aim 2) I 

hypothesize that several baseline factors will explain time to recovery and that patients 

can be grouped by these recovery patterns and characterized to better identify patients at 

the highest risk for failing to recover and thereby requiring additional healthcare 

intervention. For Aim 3) an effort to identify different COPD phenotypes has emerged as 

a method to better understand patient disease trajectories. Standardized measurement of 

symptom-defined events with the EXACT is a novel measurement technique. I 

hypothesize COPD phenotypes identified through adequate grouping of baseline 

characteristics will show different rates of symptom-defined event recovery.  
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Objectives 

I proposed to address three questions to better quantify and characterize recovery from 

COPD exacerbations. The aims of the dissertation were to 1) assess short-term outcomes 

in terms of health status (using the St. George’s Respiratory Questionnaire) and lung 

function, and examine symptom patterns over time among patients who never meet the 

EXACT recovery definition (e.g. persistent worsening); 2) identify indicators of time to 

recovery, and assess if there are differences in baseline characteristics among patients 

grouped by clinically relevant recovery times; 3) identify sub-groups of patients using 

baseline demographic and clinical data and then assess differences in symptom-defined 

exacerbation recovery rates among the groups. 

CHAPTER 3. BACKGROUND 

Definition, Diagnosis, and Staging 

COPD is “characterized by persistent airflow limitation that is usually progressive and 

associated with an enhanced chronic inflammatory response in the airways and the lung 

to noxious particles or gases”. (p.2)(1) There are two major conditions included under the 

COPD umbrella: chronic bronchitis and emphysema. Chronic bronchitis is defined as a 

chronic cough with sputum/phlegm that lasts for at least 3 months in each of 2 successive 

years, in patients for whom other causes of productive cough have been excluded.11 

Emphysema is defined by the destruction and permanent enlargement of the airspaces 

distal to the terminal bronchioles without obvious fibrosis.12 The relative contributions of 

each condition to a person’s overall COPD varies widely.1 Alpha-one anti-trypsin 

deficiency is the genetic form of COPD1, but was excluded from this dissertation.  
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COPD is most often diagnosed in patients reporting shortness of breath, chronic cough or 

sputum production, and/or those with a history of exposure to risk factors. It is rarely 

diagnosed in patients with exposure to risk factors, but no symptoms. A final diagnosis is 

made using lung function test values, called spirometry, by measuring post-

bronchodilator forced expiratory volume in one second (FEV1) and its ratio to the forced 

vital capacity (FVC).1,13 A FEV1/FVC ratio <70% is considered significant airflow 

limitation and the onset of COPD.1,13  

Both the GOLD Initiative (2015) and a joint statement by the American Thoracic Society 

and European Respiratory Society (2004) classify patients into severity levels based on 

the amount of airflow limitation in patients with a FEV1/FVC ratio <70%. A derived 

value of FEV1%, FEV1% predicted, is used to define severity categories. FEV1% 

predicted is defined as FEV1% of the patient divided by the average FEV1% in the 

population for any person of similar age, sex and body composition. GOLD severity 

categories are summarized below: 

 GOLD 1 or mild patients are those with a FEV1 ≥ 80% predicted.  

 GOLD 2 or moderate patients are those with a 50≤ FEV1 <80 % predicted.  

 GOLD 3 or severe patients are those with 30≤ FEV1 <50 % predicted.  

 GOLD 4 or very severe patients are those with a FEV1 <30 % predicted.1,14  

Historically, COPD symptom assessment has been limited to categorizations of 

breathlessness, most commonly using the Modified British Medical Research Council 

(mMRC) questionnaire. However, more recent evidence has encouraged the GOLD 
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initiative to recommend a comprehensive disease-specific health status questionnaire 

such as the COPD Assessment Tool (CAT) or COPD Control Questionnaire (CCQ) be 

included in the overall evaluation of a patient’s COPD experience.1 There is a weak 

correlation between FEV1, symptoms, and health-related quality of life.15-17 Additionally, 

there are data to show that the risk of exacerbations, hospitalization, and death increase 

significantly with increasing airflow limitation (e.g., GOLD grade).18-21 Therefore, the 

GOLD 2015 Report also includes categorization of patients at high or low risk for 

exacerbation and high or low risk for symptoms based on airflow limitation, symptom 

scores, and exacerbation history (pg. 15).1 

Pathology, Pathogenesis, and Pathophysiology  

COPD develops due to an abnormal chronic inflammatory response to inhaled 

particulates, most commonly cigarette smoke and biomass fuels. Pathological changes 

include chronic inflammation and structural changes due to abnormal repair mechanisms 

in the airways, lung parenchyma, and pulmonary vasculature.22,23 Exposure to 

particulates from smoking and air pollution trigger the release of proinflammatory 

cytokines which cause lung inflammation that persists long after particulate exposure in 

COPD patients.23-25 The mechanisms underlying the chronic inflammation are not well 

understood, but several proposed mechanisms are being evaluated including oxidative 

stress, protease-antiprotease imbalances, inflammatory cells, and inflammatory 

mediators.26-28 These structural changes in the lung tissue are then linked to the 

characteristic symptoms of COPD. For instance, inflammation and narrowing of the 

peripheral airways decreases FEV1 and parenchymal destruction characteristic of 

emphysema leads to additional airflow limitation and reduced gas exchange.29,30 



7 

Additionally, smoking and the inflammatory process lead to healthy cells in the lining of 

the airways being replaced with mucus-secreting cells. This leads to mucosal over-

production in some COPD patients, which is further aggravated by damage to the 

mucociliary transport system. The result is an accumulation of mucus in the airways that 

further blocks airflow.31 Overall, worsening inflammatory and structural changes are 

associated with increased disease severity.1 

Epidemiology of COPD 

Incidence, Mortality, and Morbidity 

COPD is one of the leading causes of morbidity and mortality worldwide, and is 

associated with significant economic burden.16,32-34 The disease is considered treatable 

but progressive, and the resulting airflow limitation is not fully reversible. The most 

common respiratory symptoms of COPD are chronic and progressive dyspnea, cough, 

and sputum production.1,3 

COPD is a largely preventable disease. Cigarette smoking is the most common risk factor 

for developing COPD in the United States and other developed nations, while breathing 

biomass fuel particulates and smoking are leading causes among developing nations.1,13 

In the United States, smoking prevalence has declined over the last 20 years, however, 

approximately one-fifth of the adult population reports smoking currently.35 Additionally, 

thousands of young people and adults begin smoking every day.35 A variety of risk 

factors have been identified that influence the development of COPD as well as its 

progression. The GOLD Initiative has classified the major risk factors for disease 

development into several major groupings: genetic pre-disposition (alpha-1 antitrypsin 

deficiency) or a combination of genetic-environmental interaction, age and gender, lung 
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growth and development from gestation through early adolescence, exposure to particles, 

socioeconomic status, asthma/bronchial hyperreactivity, chronic bronchitis, and a history 

of severe respiratory infections.1 In addition, COPD is often known to present with 

comorbidities which can have a substantial impact on prognosis. Cardiovascular disease, 

osteoporosis, depression, and cancer commonly co-occur with COPD and are known to 

lead to poorer health status and prognosis, beyond what can be explained by smoking 

status alone.1 Disease progression can also be accelerated by the occurrence of 

exacerbations of COPD. Exacerbations can also occur as an effect of disease 

progression.1  

Misdiagnosis or under-diagnosis are common in the primary care setting until patients 

have progressed to the more advanced stages of disease.1,36 In the US, it has been 

estimated that more than 63% of adults with evidence of impaired lung function have 

never been diagnosed with a lung disease (either asthma, chronic bronchitis, or 

emphysema).37 This may largely be due to the tendency for people, particularly smokers, 

to interpret mild symptoms as “normal” (i.e. smoker’s cough or breathlessness with 

aging) and/or waiting until an acute upper respiratory infection event forces them into a 

healthcare resource setting where they can be diagnosed.38,39 Of patients diagnosed, about 

67% are current smokers, 28% are former smokers and 5% never smoked.36 There is also 

a great deal of overlap between symptoms associated with COPD and asthma, resulting in 

misdiagnosis and delay in appropriate treatment.1,13,40 

The World Health Organization (WHO) estimates that approximately 65 million people 

have moderate to severe COPD worldwide.41 Prevalence data is mainly limited to high-

income countries and differences in how prevalence estimates are determined make 
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comparisons between countries challenging. Nevertheless, the WHO estimates that 

COPD prevalence globally ranges from 4-20% in adults over age 40.13 

COPD is responsible for 5% of all deaths globally and was the 5th leading cause of death 

in 2002.41 Projected COPD-related deaths are expected to rise by more than 30%, which 

would make COPD the 3rd leading cause of death by 2030.41 Globally, COPD has been 

characterized as a disease of the poor, with the WHO reporting that 90% of COPD deaths 

occur in low- and middle-income countries. Historically, COPD was thought of as a 

man’s disease, but with the increase in women smokers around the world, the number of 

women who develop COPD and die from it is expected to increase dramatically. 

According to the Centers for Disease Control and Prevention, COPD is the third leading 

cause of death in the United States, accounting for 56.7% of all lung disease deaths.42 

Figure 3-1 below is taken from the 2012 National Heart Lung and Blood Institute’s 

Morbidity and mortality chartbook on cardiovascular, lung and blood diseases and shows 

age-adjusted death rates for COPD by race/ethnicity and sex from 1998-2008. The death 

rates for men are higher than women on average, with white men having the highest 

death rates.34 
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Figure 3-1. Age-Adjusted Death Rates for Chronic Obstructive Pulmonary Disease 
by Race/Ethnicity and Sex, U.S. 1999-2008 

 
COPD has a substantial financial burden in terms of direct healthcare costs and lost 

productivity. In 2010, COPD accounted for 715,000 hospital discharges in the US, with 

65% of those hospitalizations occurring in those aged 65 years and older.43 The total cost 

to the nation for COPD expenditures was projected to be $49.9 billion, with in-patient 

hospitalizations (i.e., treatment for acute exacerbation events) acting as the driving cost.44 

The American Lung Association conducted a survey which found that half of COPD 

patients reported their condition limited their ability to work; 70% reported physical 

exertion limitations; 56% reported limitations to household chores; 53% reported social 

activity limitations; 50% reported sleep disruptions; and 46% reported family activity 

limitations.44 These findings underscore the substantial personal burden experienced by 

COPD patients on a daily basis.  

Disease Management 

COPD has traditionally been assessed and monitored using spirometry, despite evidence 

that FEV1 alone fails to statistically significantly correlate to disease severity 
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classifications and symptomology.1,45 A large body of evidence has shown that patient 

experiences with daily symptoms, activity limitation, and acute exacerbations negatively 

impact their quality of life and are important outcomes to measure.3,9,10,45-51 Furthermore, 

there is evidence to suggest that patients with poorer quality of life have poorer health 

outcomes after an acute exacerbation.10,46,47,50 Therefore, starting in 2011 the GOLD 

guidelines incorporated monitoring health status and activity limitation as part of the 

management paradigm.1 These guidelines seek to standardize disease categorization of 

COPD patients, as well as the care of COPD in the stable and exacerbating states. 

There is currently no cure for COPD. Disease management generally includes monitoring 

the disease stage, reducing risk factors, managing or minimizing stable COPD symptoms 

with available drugs and therapies, and managing exacerbations.1 Smoking cessation for 

current smokers is considered a priority in slowing the progression of disease. 

For stable patients, bronchodilators are the most widely prescribed class of drugs and 

come in both short and long-acting formulas and in combination with or without inhaled 

corticosteroids. In patients showing high levels of inflammation, inhaled or oral 

corticosteroids or Phosphodiesterase-4 inhibitors may be prescribed to reduce 

inflammation systemically. In patients with severe resting hypoxemia, long-term oxygen 

therapy has been shown to increase survival.52 Specific treatment plans are based on the 

individual patient’s symptoms, airflow limitation, exacerbation risk, as well as 

medication cost and availability.1 Pulmonary rehabilitation is also frequently 

recommended for patients who experience shortness of breath walking on level ground 

and has been shown to reduce symptoms, improve quality of life, improve exercise 

capacity, reduce the number of hospitalizations and days in the hospital, as well as 
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improve recovery after a hospitalization for an acute COPD exacerbation.53-61 

Vaccination with the annual influenza vaccine, as well as pneumococcal polysaccharide 

vaccine have been shown to reduce serious illness and death in COPD patients, 

particularly those older than 65 years or those with comorbid conditions like heart 

disease.62-67  

For exacerbating patients, there is evidence to suggest that 80% of exacerbations can be 

treated on an outpatient basis in the clinic or ER using a combination of with antibiotics, 

additional bronchodilators, and/or systemic corticosteroids.20,68-70 In patients whose 

exacerbations are considered severe or life-threatening, hospitalization is often required. 

Treatment for these patients includes antibiotics, additional bronchodilators, and/or 

systemic corticosteroids, as well as oxygen therapy and either noninvasive or invasive 

ventilatory support.70-74 

COPD Exacerbations 

Exacerbations of COPD are events defined by an acute, sustained worsening of the 

patient’s underlying respiratory symptoms from the stable state beyond normal day-to-

day variability which require a change in treatment.1 These events account for the 

majority of the COPD-related burden on health care systems worldwide.1,16 While the 

majority of exacerbation events can be treated on an outpatient basis, the 5-year mortality 

rate following hospitalization for COPD is 50%.75 A number of risk factors contributing 

to this high mortality include older age, lower body mass index, comorbidities including 

cardiovascular disease or lung cancer, previous hospitalizations for COPD exacerbations, 

and need for long-term therapy at discharge.76,77 Additionally, data from large, 

international cohort studies have shown that exacerbation rates increase with disease 
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severity and there is evidence to suggest that exacerbation rate also varies by race, age, 

gender, BMI, and smoking status.9,20,47,78,79 Substantial research has therefore been 

dedicated to better understanding the causes and results of exacerbation events. 

To date, there has been no standardized method for evaluating these acute exacerbations. 

For the purposes of interventions and natural history studies, exacerbations are generally 

classified in one of two ways: 1) HCRU or 2) symptom-based.3,80,81 HCRUs can include 

treatment with antibiotics and/or oral corticosteroids, ER visits, and/or hospitalization for 

a COPD related event. Using this method, the degree of healthcare utilization is 

considered a proxy for the patient’s exacerbation severity, e.g., treatment with antibiotics 

and/or oral corticosteroids would be considered moderate and hospitalization would be 

considered severe.2,81 Substantial variation in treatment regimen and hospitalization 

procedures across regions, states, and countries limit the ability to generalize findings 

based on this definition. Symptom-based exacerbations usually measure one or more 

respiratory symptoms via a diary card and specify that an exacerbation occurs after a set 

number of days with elevated scores. These diaries have varied considerably, however, 

with regard to content and structure. Additionally, most have little to no evidence of 

patient involvement in development or psychometric evaluation, resulting in 

inconsistencies related to content validity, reliability, and responsiveness.82  

In response to this lack of an established measure of exacerbation, a novel approach for 

standardizing symptom-based assessments of COPD was established. The 

EXAcerbations of Chronic Pulmonary Disease Tool (EXACT®) is a patient-reported 

outcome (PRO) instrument designed to quantify frequency, severity, and duration of 

acute exacerbations of COPD (AECB) in clinical trials.82 The EXACT was developed 
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using qualitative methods, including input from more than 80 patients with COPD, as 

well as insight from a team of experts in pulmonary medicine, clinical research, 

instrument development, and PRO translation methodology.82 Psychometric evaluation of 

EXACT scores was performed in an observational study of 410 COPD patients, 222 

enrolled during a clinic visit for acute exacerbation of COPD and 188 enrolled during a 

stable state.83 Results of these analyses indicated EXACT scores were consistent and 

stable in patients, able to differentiate acute and stable patients and acute patients across 

clinician ratings of exacerbation severity, and appropriately correlated to relevant clinical 

variables, as well as sensitive to change.83,84 

By collecting daily information on patient-reported symptoms as the EXACT is designed 

to do, it is possible to quantitatively measure the day-to-day variability experienced by 

COPD patients, as well as the frequency, severity, recovery, and duration of exacerbation 

events. Figure 3-2 depicts and defines how the EXACT Total score can be used to 

conceptualize these events. 
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Figure 3-2. Schematic Representation of EXACT Score to Capture the Frequency, 
Severity, and Duration of Symptom-defined (EXACT) Events 

 
Leidy et al. Value Health. 2010.82 

 

Recovery from Exacerbations 

No standardized definition of recovery from an exacerbation event exists and little data 

on specific aspects of exacerbation recovery has been documented. Parker et al. (2005) 

studied the relationship between dyspnea and lung hyperinflation during recovery from 

exacerbation event.85 In this study, patients were enrolled within 72 hours of onset of an 

acute exacerbation and evaluated at day 0 (study entry), and days 14, 30 and 60 post-

enrollment. At each visit, subjects completed several symptom assessments, including a 

question asking if they’d returned to their pre-exacerbation levels of dyspnea, pulmonary 
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function testing, and measurement of metabolic and breathing pattern parameters. During 

the follow-up period, 8 of the 20 patients’ exacerbation events (40%) failed to achieve 

symptomatic recovery, despite extending the final visit to day 90 for two patients (10%). 

Three patients were too unwell or experienced a further worsening of their dyspnea after 

either day 14 (n=2) or day 30 (n=1) and withdrew from the study. Seemungal et al. 

(2000) reported similar results in the East London Cohort study 90 days after 

exacerbation onset using peak expiratory flow rate (PEF) and symptom-report to define 

recovery, where approximately 7.1% and 4.6% of events, respectively, had not achieved 

recovery by 91 days post-onset.7 A more recent study out of the East London Cohort 

repeated these findings with 7.3% of exacerbation events observed not achieving 

recovery within 99 days using PEF.4 Miravittles et al. (2013) found that approximately 

4.1% of patients did not recover 4-6 weeks (28-42 days) post-exacerbation onset using a 

combination of investigator verification of clinical recovery, patient report of “somewhat 

better” or “much better” to a question about the change in their health status from their 

previous visit using a 5-point Likert scale, and a 5-point reduction in their COPD 

Assessment Test score.6 These studies underscore that a substantial proportion of patients 

do not achieve symptomatic recovery from an exacerbation event. As yet, it is still 

unclear if these events are slow to recover or if the patient’s disease has settled into a new 

stable plateau. How to handle these patients for studies evaluating exacerbation frequency 

is an important determination that has yet to be resolved.  

COPD Phenotypes 

Classification of COPD has historically been based on the severity of airflow limitation. 

However, COPD is widely recognized as a heterogeneous disease with multiple clinical 
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manifestations that cannot be described based on FEV1 alone.86 Early studies aimed at 

identifying sub-groups or phenotypes of COPD often categorized patients into chronic 

bronchitis and emphysema, i.e., the original “phenotypes” of COPD, representing distinct 

but related disease pathophysiologies. There is also evidence to suggest phenotypes of 

COPD patients who have comorbid asthma, as well as COPD with no identifiable 

phenotype, and frequent exacerbators.87-89 As interest in patient-centered health has 

evolved, increased interest in identifying other COPD phenotypes has emerged. Han et al. 

2010, define COPD phenotypes as: “a single or combination of disease attributes that 

describe differences between individuals with COPD as they relate to clinically 

meaningful outcomes (symptoms, exacerbations, response to therapy, rate of disease 

progression, or death) (pg. 599).90 This definition has been widely adopted, although a 

standardized approach to identifying COPD phenotypes has not yet been agreed upon. 

Selection of the variables to include in these studies is considered of the utmost 

importance and can include clinical manifestations (e.g., age, smoking history, sex, 

ethnicity); physiological manifestations (e.g., spirometric indices); radiologic 

characterization (e.g., quantitative assessment of parenchymal disease and proximal 

airway wall thickening using computer tomography (CT) scans); COPD exacerbations 

(e.g., frequency); systemic inflammation assessed using inflammatory biomarkers; 

comorbid conditions; and multidimensional indices (e.g. BODE index to predict mortality 

and includes measures of dyspnea, BMI, FEV1, and exercise capacity).89-98 To date, many 

of the attempts to characterize COPD phenotypes have been conducted using cross-

sectional data.91,95,99,100 A variety of statistical analysis methods have been utilized to 

identify phenotypes across data sets, including data reduction techniques such as 
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principal component analysis and factor analysis, as well as clustering methods including 

k-means clustering, tree-based supervised cluster analysis, and self-organizing maps.95,99-

102 There is general agreement that longitudinal evaluation of large datasets with a variety 

of variable options is ideal, but these data are difficult to come by, expensive to collect, 

and a full understanding and consensus of which variables are of the greatest importance 

in identifying phenotypes has not been achieved. Despite this, there is wide consensus in 

the field that these phenotypes may serve as an important avenue to identify clinically 

meaningful groups who can then be better targeted for more robust methods of earlier 

disease detection and application of treatment.87,90,91,103 

Preliminary Studies 

The EXACT validation study was a 30 day, prospective, observational study to evaluate 

the reliability, validity, and reproducibility of EXACT scores in COPD patients recruited 

in both stable (“non-exacerbating”) and acute (“exacerbating”) states of disease, with a 

brief follow-up period from days 60-67.82,83 A total of 222 patients were recruited in the 

acute group. Participants were recruited upon presentation to the clinic and medical 

confirmation of an exacerbation of COPD. Visits on Days 1, 10 (± 2), 29 (± 2), and 60 (± 

7) included clinician assessments and patient-completed questionnaires. Patients also 

completed a diary Days 1–29 (± 2) and 60–67 (clinically stable state) using an electronic 

diary. 

The EXACT is a unidimensional, 14-item measure. The total score on the EXACT is 

used to determine frequency, severity, and duration of exacerbations of COPD. The 

theoretical range is 0 and 100 with higher scores indicating a more severe health state. 
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Data from the initial EXACT validation study showed strong group mean patterns of 

recovery, with EXACT scores dropping substantially over the first 14 days after reporting 

to a clinic for an exacerbation event and then leveling out.83 Figure 3-3 depicts the 

EXACT Total score over the first 28 days. 

Figure 3-3. Group Mean EXACT Total Score Over 28 days Post Health-Care Visit 
for an Acute Exacerbation of COPD (N=222) 

 
Leidy et al. 201183 

 

Individual patient plots revealed, however, that individual patient recovery patterns and 

times varied substantially in their trajectories. The Figure 3-4 series shows four 

representative recovery patterns from individual patients over 28 days.  
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Figure 3-4. Individual Patient Recovery Patterns using the EXACT 

(a) 

 
 
(b) 
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(c) 
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Leidy et al. 201183 
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The initial EXACT validation study focused specifically on group-level changes and the 

development of scoring algorithms for the instrument and to determine recovery at the 

individual subject level. Using the EXACT, recovery is defined as a reduction of nine 

points or greater from the maximum observed value that is sustained for seven 

consecutive days using a three-day rolling average. Leidy et al. 2014 reported that in a 6-

month and two 3-month prevention trials, approximately 12%, 14%, and 15% of patients 

failed to achieve recovery (e.g., were categorized by Figure 3-4d above – persistent 

worsening).8 This paper focused on evaluating the psychometric properties of the 

EXACT in three clinical trial populations and exploring the relationship between EXACT 

and HCRU events with each other, as well as other clinical indicators of worsening. An 

evaluation of the clinical impact of EXACT events in particular has not been conducted, 

which is what Aim 1 of my dissertation adds to the literature. To date few attempts to 

identify indicators of time to recovery or to characterize patients who recover at clinically 

meaningful time points have been made. Therefore, this is what Aim 2 of my dissertation 

adds to the literature. No studies using symptom-defined (EXACT) data to help create 

patient phenotypes have been published to my knowledge.  

Evaluating Respiratory Symptom™ Scale for COPD (E-RS™:COPD) 

The Evaluating Respiratory Symptom™ Scale for COPD (E-RS™:COPD) is a derivative 

measure of the EXACT. The E-RS total and subscale scores, derived using the 11 

respiratory symptom items of the EXACT, measure respiratory symptom severity in the 

stable state. 135 The RS-Total score ranges from 0-40, RS- Breathlessness score ranges 

from 0-17, RS-Cough and Sputum score ranges from 0-11 and RS-Chest Symptoms score 

ranges from 0-12. Higher scores represent worse symptom severity. Responder 
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definitions (minimal important difference (MID) change score) are ≥2 for the RS-Total, 

≥1 for the RS-Breathlessness, and ≥0.7 for the RS-Cough and Sputum and RS-Chest 

Symptom scores, respectively.123,154 

Justification of Hypotheses & Importance of Current Project 

A great deal of study has been done on exacerbations from COPD using HCRU events, 

because exacerbations represent clinically significant complications of COPD, with direct 

impacts on the morbidity and mortality of disease, as well as financial cost to individuals 

and society at-large due to increased health care utilization and lost days of work. 

Definitions of recovery have generally relied on clinician-assessment of symptom 

resolution or duration of treatment with antibiotics or steroids. The natural history and 

time course of exacerbation recovery is incompletely understood. The EXACT represents 

a novel method for evaluating daily symptom change as patients recover. Initial studies 

with the EXACT have identified a sub-set of patients who fail to achieve symptomatic 

recovery, experiencing persistent symptomatic worsening over time. This patient 

population represents a poorly characterized patient group who may require additional 

intervention. The results of the first study identified the short-term impacts of 

symptomatic worsening on health status and airflow limitation. These data add 

substantially to how these persistent worsening events are understood in terms of clinical 

outcomes that resonate with medical professionals. The results of the second study 

identified indicators of recovery from symptom-defined events, as well as patient 

characteristics that might help clinicians recognize or target patients at risk for delayed 

recovery. A better understanding of how and when patients recover from these acute 

events, as well as identification of key patient characteristics that identify patients in need 
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of additional care or medication and intervention is crucial to limiting or reducing the 

impact of these events on patient morbidity and mortality. 

The results of the third study better characterize patients by meaningful disease severity 

phenotypes. Exacerbation recovery phenotypes are particularly important because of the 

well-established link between exacerbation frequency, disease progression, and poor 

health outcomes for patients.1,3,5,9 Previous studies with symptom diaries have shown that 

up to 15% of symptom-defined events are unresolved 90 days after onset. Identifying 

phenotypes of patients more likely to have persistent worsening events could be crucial to 

targeting these patients for additional medical therapy or intervention.  
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ABSTRACT 

Background: Exacerbations can be debilitating to patients with chronic obstructive 

pulmonary disease (COPD). This study examined the short-term effects of symptom-

defined exacerbation recovery on health status and pulmonary function in patients with 

moderate to severe COPD.  

Methods: Secondary analyses of pooled data from two 12-week phase II international 

randomized controlled trials using the EXAcerbations of Chronic Pulmonary Disease 

Tool (EXACT) to identify symptom-defined events. Recovery was categorized as 

recovered, persistent worsening (failure to recovery), or censored (excluded). Multiple 

regression analyses were used to test the effect of recovery status on change in SGRQ 

and FEV1 from baseline to Week 12. 

Results: Of the 1,346 eligible patients, 414 (31%) experienced at least one symptom-

defined event: 260 recovered (383 events), 80 experienced persistent worsening (91 

events), and 74 were censored. At baseline, recovery groups were similar except for 

EXACT scores (lower for persistent worsening) (p<0.01). In the multiple regression 

analysis, recovery status was not a statistically significant indicator of change in lung 

function. Recovery status and baseline SGRQ were statistically significant indicators of 

change in health status (p=0.04; p<0.01). Post-hoc analyses showed statistically and 

clinically significant differences by group in change in respiratory symptom severity 

from baseline to week 12 (p<0.01).  

Conclusions: Results suggest a substantial portion of patients with moderate to severe 

COPD experience symptom-defined exacerbations. For a subset of these patients, these 

events signal a deterioration in their COPD, with statistically significant worsening of 
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respiratory symptoms and decline in health status. Further study of the effects of 

symptom-defined events and patterns of symptomatic worsening in COPD is warranted.  
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INTRODUCTION 

Exacerbations of COPD are events defined by an acute, sustained worsening of the 

patient’s underlying condition of COPD from the stable state beyond normal day-to-day 

variability.1,2 For purposes of intervention and natural history studies, exacerbations are 

generally classified in one of two ways: 1) healthcare resource utilization (HCRU) or 2) 

symptom-based.3,81 HCRU events include clinic or emergency room (ER) visits and 

treatment with antibiotics and/or oral corticosteroids and/or hospitalization.14,81 These 

events account for the majority of the COPD-related burden on health care systems 

worldwide.1,33,44,104-106 Symptom-defined events are assessed through patient-completed 

diaries.14,107 Evidence suggests that up to 50-80% of symptom-defined exacerbations may 

go unreported for a variety of reasons, despite having similar symptom severity and 

outcomes with HCRU events.8,49,51,108  

Exacerbations are conceptualized in several dynamic pieces: 1) baseline/stable state; 2) 

onset; 3) recovery; and 4) duration. In the baseline/stable state, it is widely accepted that 

COPD patients with moderate to severe disease will experience symptoms daily, and that 

day-to-day variability exists.1,2,7 Exacerbation onset is an increase in symptoms beyond 

this day-to variation.2 This is operationalized as an HCRU event or a pre-specified 

increase in scoring for a symptom diary is achieved.14,81 Recovery is operationalized by 

clinician global impression (CGI) at a pre-specified time point (often 3 or 7 to 10-days 

post HCRU visit) and a determination that no new treatment is needed 109-112 or by a 

reduction in symptom scores below a pre-specified threshold.7,107 The duration of an 

HCRU exacerbation is defined by the duration of treatment, or days from treatment onset 
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to the first clinic visit with a CGI indicative of recovery. Symptom-defined events can be 

defined by days from the onset of symptom worsening to symptom recovery.49,107 

The EXAcerbations of Chronic Pulmonary Disease Tool (EXACT®) is a patient-reported 

outcome (PRO) instrument designed to quantify frequency, severity, and duration of 

symptom-defined acute exacerbations of COPD and symptom severity of HCRUs in 

clinical trials.8,82-84 Precise measurement of recovery via symptom-report is possible with 

the EXACT. Leidy et al. 2014 reported that in a 6-month and two 3-month prevention 

trials, approximately 12%, 14%, and 15% of events failed to meet recovery definition 

requirements based on persistent improvement in EXACT scores.8 Previous studies using 

symptom diaries and patient assessment of recovery have reported that approximately 5-

15% of events fail to achieve symptomatic recovery at up to 99 days.4-8 Donaldson et al. 

(2015) showed that extended duration of symptom-defined exacerbations negatively 

impacted health status and time to next exacerbation. Additionally, non-recovery in peak 

expiratory flow (PEF), defined as a failure to return to baseline PEF levels within 99 

days, accelerated forced expiratory volume in one second (FEV1) decline in their patient 

population.4 Patients in the Donaldson et al. (2015) study contributed a median of 1,039 

days (or nearly 3 years) of follow-up, providing an extensive follow-up period that is not 

always possible in shorter trials and clinical settings. The specific goals of this study are 

to examine symptom patterns over a 12 week period among patients who never meet the 

EXACT recovery definition and assess short-term outcomes in terms of health status 

(using the St. George’s Respiratory Questionnaire) and lung function. 
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METHODS 

Study Design, Sample, Procedures 

Secondary analyses were performed on data from two Phase II randomized, double-blind, 

placebo-controlled multinational trials testing AZD9668 (a neutrophil elastase inhibitor) 

in patients with COPD over 12 weeks. AZ 1 was dose-ranging with patients standardized 

to a baseline treatment of tiotropium (Protocol D0520C00012; ClinicalTrials.gov 

Identifier NCT00949975). AZ 2 tested one dose against placebo, with patients 

standardized to a baseline treatment of budesonide/formoterol (Protocol D0520C00020; 

ClinicalTrials.gov Identifier NCT01023516). Relevant inclusion criteria: Age 40–80 

years; FEV1 % predicted 40–80% (AZ 1) or 30–80% (AZ 2); ≥1 HCRU the prior year; 

Breathlessness, Cough, and Sputum Scale (BCSS) score ≥2 per day for seven of 14 days 

before randomization 113,114; no HCRU visits or treatment for exacerbation for at least 

four weeks prior to randomization; and no diagnosis of alpha-one antitrypsin deficiency 

as the cause of COPD. No statistically or clinically significant differences in lung 

function or symptom improvement were observed in these trials 115,116, permitting pooled 

analyses across treatment and placebo groups for exploratory (e.g., hypothesis-

generating) purposes. The two datasets were pooled for this study.  

According to the study sponsor, trial procedures adhered to the Declaration of Helsinki 

and the Institutional Review Board of participating institution’s approved the protocol(s). 
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MEASURES 

Patient-Reported Measures 

EXACT 

Participants completed an electronic diary (eDiary) each evening that included the 14-

item EXACT and trial-specific assessments for a 14 day run-in period leading up to 

randomization and the 12 week duration of the study. The EXACT includes questions on 

breathlessness, cough, sputum, chest congestion, sleep disturbance, feeling weak or tired, 

and feeling worried or concerned.82 Scores range from 0 to 100, with higher scores 

indicating a more severe COPD health condition.84 Baseline scores for diary assessments 

are based on the mean of the 7 days prior to randomization. 

Symptom-defined exacerbations are defined as a sustained worsening of EXACT daily 

scores above baseline (≥9 points) for three consecutive days or ≥12 points for two 

consecutive days. Recovery is defined by an improvement of at least 9 points from the 

maximum value during the event sustained for seven days using a three-day rolling 

average. The first day of sustained improvement is designated the day of recovery. 

Persistent worsening events are defined as symptom-defined events that fail to achieve 

recovery. Event severity is defined as the maximum observed value during the event. 

These scoring algorithms have been tested in multiple datasets against clinician and 

patient global ratings of change and across alternative cut-offs.8,83 

In this study, persistent worsening events were defined as symptom-defined events that 

fail to achieve recovery and whose onsets are more than 28 days from the end of the 

study. Censored events were defined as those occurring within 28 days of the end of the 

study with no recovery recorded. Both persistent worsening and censored events can 
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occur at the first symptom-defined event or subsequent events. Patients who experienced 

recovered events only or recovered events with subsequent censored events (recovery 

indeterminate) were designated as the recovered group. Patients who experienced a 

persistent worsening event (any event) were designated the persistent worsening group. 

After the onset of a persistent worsening event, no subsequent symptom-defined events 

are recorded. 

SGRQ 

At baseline and Week 12, patients completed the St. George’s Respiratory Questionnaire 

for COPD (SGRQ-C). The SGRQ-C is a validated shortened version of the SGRQ which 

contains 40 items assessing symptoms (frequency and severity), activity (activities that 

cause or are limited by breathlessness), and impacts (social functioning, psychological 

disturbances resulting from airways disease) to capture and summarize health status in 

patients with COPD. Scores range from 0 to 100, with higher scores indicating a worse 

COPD health status.117,118 A change of 4 points in the total score represents clinically 

meaningful improvement or deterioration in health status.119 

Clinic Assessments 

Demographic and medical history variables were collected at baseline. Spirometry was 

performed at baseline and Week 12. The total number of HCRUs reported by patients 

over the study period was recorded at Week 12. 

Analyses 

SAS/STAT software version 9.3 of the SAS System for PC (SAS Institute, Cary, NC) 

was used for all analyses. Variables are presented as a frequency and percentage or mean 

(SD), depending on their distribution. Between-group comparisons were conducted using 
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a χ2 test or Student’s t-test as appropriate. A p-value of less than 0.05 was considered to 

be statistically significant. 

Change from baseline at Week 12 in St George’s Respiratory Questionnaire (SGRQ) total 

score and FEV1 and were analyzed using multiple regression with recovery status 

(recovered vs. persistent worsening) and gender as indicators and age, study (AZ1 or 

AZ2), treatment allocation, and baseline SGRQ or FEV1 values, respectively, as 

covariates. Due to the limited number of HCRU events observed over the study period, 

HCRU count was not included in the models. Covariates were assessed for linearity and 

multicollinearity. Covariates’ coefficient, standard error, and 95% confidence interval are 

reported as well as the model R2 and Adjusted R2 values to assess the model goodness of 

fit. 

To examine patterns of day-to-day symptom variability for symptom-defined (EXACT) 

events, the group mean daily EXACT scores were plotted by recovery group 1) beginning 

14 days prior to onset and for the remainder of study period; and 2) beginning at Day -14 

of the baseline period through Day 84 (Week 12). 

Change scores in SGRQ, FEV1 at Week 12 and EXACT scores from the week prior to 

Week 12 for the recovered group and the duration of the persistent worsening event were 

summarized to facilitate interpretation of regression analyses. Patients were also stratified 

into SGRQ change groups based on previously published clinically meaningful difference 

values.119  
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RESULTS 

Sample 

To be included in this analysis dataset, at least four baseline days of valid, non-missing 

EXACT data (Day -7 to Day -1) and >80% of daily data from baseline to final visit or 

early termination (ET) date were required. 1,346 patients met minimum data criteria 

(93% of the total randomized trial population), of whom 414 went on to have one or more 

symptom-defined events; 74 of these patients were excluded due to censoring of their 

only event. The final sample included 340 patients: 260 patients with 329 recovered 

events (range 1 to 4) and 80 patients with 91 events (range 1 to 2), with the final event 

defined as persistent worsening. Patients in the sample had similar baseline 

characteristics with patients who had no symptom-defined events in terms of age, gender, 

race, airflow obstruction and history of HCRU (see online supplement). 

Sample characteristics are shown in Table 4-1. Groups did not differ statistically 

significantly in baseline characteristics with the exception of baseline EXACT score and 

RS-Total score (both p<0.01). The proportion of patients experiencing a HCRU event 

was not statistically different between groups (23% vs. 14%, p=NS), although a greater 

proportion of patients in the recovered group reported more than 2 HCRU events (7% vs. 

1%, p=0.05). 

Exacerbation Events 

In this subsample of 340 patients, there were 474 symptom-defined events over the study 

period, of which 340 achieved recovery (71.7%), 80 were defined as persistent worsening 

(16.9%), and 54 were classified as censored events (11.4%). Table 4-2 summarizes the 

HCRU and symptom-defined (EXACT) events by recovery group. Mean EXACT score 
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change from baseline at event onset was statistically different between the recovered and 

persistent worsening groups (15.0 vs 12.5, p<0.01), as was event severity (60.6 vs 57.5, 

p=0.04). 

Change in Health Status 

The multiple linear regression for the change in health status is shown in Table 4-3. A 

statistically significant regression equation was found (F(6,320) = 7.43, p<0.0001), with 

an adjusted R2 of 0.11. Symptom-defined recovery status was a statistically significant 

indicator of change in health status, controlling for baseline SGRQ score, age, sex, study 

and treatment group (β=3.52, 95% CI 0.17 to 6.88, p=0.04). Recovered patients had a 

group mean improvement in SGRQ score of -2.1 compared with a deterioration of 1.5 

points in the persistent worsening group (Table 4-4). 

Change in Lung Function 

The multiple linear regression for the change in lung function is shown in Table 4-3. A 

statistically significant regression equation was found (F(6,325) = 2.26, p<0.0373), with 

an adjusted R2 of 0.02. Only baseline FEV1 was a statistically significant indicator for 

change in lung function (β=-0.09, 95% CI -0.15 to -0.04, p<0.01). FEV1 change scores at 

Week 12 were similar between the recovered and persistent worsening groups (Table 4-

3). 

EXACT Scores Over Time 

Group mean EXACT scores by recovery group for the fourteen days leading up to an 

exacerbation event and the remainder of the study are presented in Figure 4-1. Median 

time to symptom-defined onset was 26.5 vs. 27.5 days for the recovered and persistent 

worsening groups, respectively, leaving approximately 56 days as the remainder of the 
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study after onset. Patients in the persistent worsening group had consistently lower 

EXACT scores (i.e., less severe) in the days leading up to onset and lower EXACT scores 

at onset. The between-group difference in EXACT scores at event onset was 6.3 points. 

Group mean EXACT scores in the recovered group rose approximately 15 points from 

baseline and declined rapidly over the next 12-14 days. In contrast, group mean EXACT 

scores in the persistent worsening group worsened by an average of 12 points, and while 

scores fell from event onset initially, they persisted at an elevated level above patients in 

the recovered group for the remainder of the study. 

Group mean EXACT scores by recovery group during the run-in period through the end 

of the study (Days -14 to 84) are presented in Figure 4-2. The persistent worsening group 

had consistently lower group mean EXACT scores than the recovered patients up until 

approximately Day 28 (corresponding to the median time to first event) when their scores 

increased in an exacerbation event and remained elevated for the remainder of the study 

period.  

EXACT change scores from baseline to Week 12 are presented in Table 4-4. Recovered 

patients had a mean improvement of -2.1 points from baseline compared with a 

deterioration of 4.6 points among persistent worsening patients, p <0.0001. To 

understand these changes further, post-hoc analyses were performed on the 11 respiratory 

symptom items comprising the EXACT, referred to as the Evaluating Respiratory 

Symptom™ Scale for COPD (E-RS™:COPD). Statistically and clinically significant 

differences were found between the two groups in respiratory symptoms overall (p<0.01) 

and in breathlessness (p<0.01), cough and sputum (p<0.01), and chest symptoms 
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(p<0.01), with the recovered group showing stable to improved symptoms over 12 weeks 

and the persistent worsening group showing symptom deterioration (online supplement). 

DISCUSSION 

Little is known about the pattern or process of recovery from exacerbations of COPD. 

This study characterized this process for symptom-defined events over 12 weeks. The 

key findings were: 1) a substantial number of symptom-defined events were classified as 

persistent worsening, failing to achieve full recovery over a 12 week period; 2) patients 

with persistent worsening were less symptomatic at baseline, had less severe symptom-

defined events, and had persistent symptom deterioration over 12 weeks compared to 

patients who successfully recovered from their symptom-defined events; 3) graphically, 

EXACT scores declined initially in both recovery groups; however, among patients with 

persistent worsening, symptom scores never return to baseline levels and persisted at an 

elevated level for the remainder of the study; 4) a statistically significant difference in 

health status was found between the two groups at 12 weeks; and 5) recovery status was 

not associated with change in FEV1 at 12 weeks.  

In the current study, 16.9% of the symptom-defined events observed were classified as 

persistent worsening at 12 weeks. This finding is slightly higher than previous studies of 

symptom-defined exacerbations. Seemungal et al. (2000) reported that in the East 

London Cohort approximately 7.1% and 4.6% of events had not achieved recovery by 91 

days after exacerbation onset using peak expiratory flow rate (PEF) and symptom-report 

to define recovery, respectively.7 Two more recent studies out of the East London Cohort 

repeated these findings using symptom-report with 3.1% of exacerbations exceeding 99 

days and 9.6% greater than or equal to 35 day.4,5 Differences in non-recovery between 
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this study and the East London Cohort are likely due to differences in diary recovery 

definitions. The East London Cohort marks recovery as the first of 2 consecutive 

symptom-free days whereas the EXACT requires sustained symptomatic improvement 

for seven consecutive days using a 3-day rolling average. Despite differences in recovery 

definitions across diaries, symptom-reported recovery provides a more accurate depiction 

of the patient recovery experience than HCRU recovery definitions which rely solely on 

clinician assessment and/or end of treatment. These studies underscore that a substantial 

proportion of patients do not achieve symptomatic recovery from a symptom-defined 

exacerbation event using a variety of methods for defining recovery. A larger study with 

well-defined symptom and HCRU events is warranted to better understand symptomatic 

recovery from both kinds of exacerbation events. The mechanisms for symptomatic 

recovery failure are still poorly understood and could be a potential target for 

intervention. 

The multiple regression results showed that unsuccessful recovery from symptom defined 

events status translated into reduced health status at 12 weeks. Differences in SGRQ 

change scores between the recovered and persistent worsening groups approached the 

published 4 point minimally important difference119, indicating that the between group 

difference in health status trended towards being clinically meaningful. These results 

confirm previous findings 4,120 and indicate that recovery status has important 

consequences on health status with corresponding deterioration in symptom scores over a 

relatively short time. Identification of patients at risk for persistent worsening and 

interventions aimed at reducing the duration of symptom-defined events could alleviate 

substantial patient morbidity.  
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Persistent worsening with a symptom-defined event had no impact on FEV1. This finding 

is not surprising given that changes in lung function occur over longer periods of time 

than what was measured in this study. However, it is reassuring to know that persistent 

worsening status does not appear to be accelerating lung function decline over a 12 week 

period. It is possible that had patients been followed for longer, an accelerated FEV1 

decline would have been observed. Donaldson et al. (2015) found that patients with one 

or more non-recovered PEF events (defined as PEF not returning to baseline after 99 

days) had a FEV1 decline that was -10.8 ml/yr faster than patients with no non-recovered 

events over a median of 3years.4 Further study of the relationship between recovery status 

from symptom-defined events and lung function is warranted. 

Results from this study indicate that patients in the persistent worsening group have 

persistent symptom deterioration over 12 weeks compared to patients whose symptom-

defined events recover. Because EXACT scores are used to identify symptom-defined 

events, the “minimal important difference” (MID) for this measure is defined in terms of 

events (a sustained 9 or 12 points change indicative of an event and the MID for 

frequency, severity, and/or duration). The EXACT score per se is not used as an 

endpoint, so there is no “MID” associated with mean changes over time. EXACT score 

does offer insight into COPD health status, however. In this study, the difference in 

EXACT change scores from baseline to Week 12 between the two groups was 6.7, 

exceeding the 5 point day-to-day variability considered normative in COPD patients with 

moderate to severe disease, consistent with SGRQ results. 

Findings using the E-RS:COPD scale provide specific insight into changes in respiratory 

symptom severity over time in the persistent worsening group, with RS-Total and 
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subscale scores all exceeding the published MID for this instrument. This indicates that 

symptom-defined events may signal deterioration in respiratory symptoms in some 

patients that can be observed in as few as 12 weeks, offering new insight into the 

trajectory of symptomatic deterioration in COPD. 

Patients in the persistent worsening group also had statistically significant lower EXACT 

scores at baseline and less severe event onset compared with patients who recovered. 

MacKay et al. (2014) showed that among symptom-defined events captured with the 

EXACT, patients with more severe stable disease (defined by history of exacerbations in 

the last year and airflow obstruction) were more likely to report events and receive 

treatment for symptom-defined exacerbations associated with smaller increases in 

symptom severity at event onset compared to patients with milder stable disease.121 Jones 

et al. (2014) also found that patients with unreported and therefore untreated symptom-

defined events had lower EXACT scores at baseline than patients with reported 

symptom-defined events and that EXACT change scores from baseline remained elevated 

28 days after the onset of unreported symptom-defined events compared to treated 

events.120 Taken together, these findings suggest patients with lower (milder) EXACT 

scores at baseline may be less likely to report acute symptomatic events. Additionally, 

results from this study suggest that these events either occur and recover quickly, or 

progress more slowly with patients failing to resume their baseline status, effectively 

establishing a new “baseline” characterized by more severe symptoms. Slow, mild 

attenuated events may be more difficult for patients to identify as an acute worsening in 

their COPD health worth a health care visit for assessment and possible treatment. This 

finding is in-line with those reported by Aaron et al. (2012) where patients who 
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experienced event onset on the same day symptoms began had shorter median recovery 

times back to baseline health status compared with patients who experienced gradual 

onset.122 Patients at risk for future exacerbations, but experiencing milder daily symptoms 

and a gradual rise in symptoms may benefit from additional training on how to recognize 

deterioration in symptoms and encouraged to report to a clinician in order to reduce the 

duration of symptom-defined events and limit symptom deterioration. 

This study has several limitations. The key limitation is the short, 3-month duration. 

However, previous studies with the EXACT over six months reported a similar 

percentage of persistent worsening events (12%).8 Results may also be a function of the 

EXACT recovery algorithm which specifies a 9 point improvement from the most severe 

score observed during the first 14 days of the event.8,83 The most severe score for the 

persistent worsening group was 57.5, indicating a 15.7% improvement that persists over 

7 days is required to signal full recovery. Although this may be too conservative for 

milder events, the results do show statistically and clinically significant symptomatic 

decline with adverse health status effects, supporting the designation of this group as 

“persistent worsening”. The recovery definition is conservative which makes any 

misclassification error likely to be nondifferential; i.e., the probability of being 

misclassified is equal among recovery groups. Another limitation of the study is the small 

number of HCRU events, precluding inclusion in the regression models for change in 

health status and lung function and likely contributing to the small R2 values observed. 

There is also the potential that findings are a result of reverse causality with persistent 

worsening and reporting (or not) to the clinic to receive treatment. 
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The limitations are balanced by several strengths. First, this was a large dataset from two 

multinational, randomized, controlled clinical trials. Second, EXACT diary compliance 

was high. Together, this ensures excellent internal validity since data were collected 

completely and systematically. Finally, patients were largely representative of 

symptomatic trial patients in terms of gender, age, and maintenance treatment, with 

moderate to severe COPD and a history of at least 1 HCRU in the 12 months prior, 

making the results of this study applicable to similar COPD patient populations. 

CONCLUSION 

Results suggest a substantial portion of patients with moderate to severe COPD 

experience symptom-defined exacerbations. For a subset of these patients, these events 

signal a deterioration in their COPD, with statistically and clinically significant 

worsening of respiratory symptoms and decline in health status. Further study of the 

effects of symptom-defined events and patterns of symptomatic worsening in COPD is 

warranted. 
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Table 4-1. Baseline Sociodemographic and Clinical Characteristics 

 Recovered
(N=260) 

Persistent 
Worsening 

(N=80) 
p-value

Age, mean (SD)  61.7 (8.06) 61.4 (6.89) 0.79 

Gender, % male  191 
(73.5%) 59 (73.8%) 0.96 

Race/ethnicity    0.25 

White  227 
(87.3%) 68 (85.0%)  

Asian  31 (11.9%) 11 (13.8%)  

Hispanic or Latino 0 (0.0%) 1 (1.3%)  

FEV1 (L), mean (SD) 1.6 (0.52) 1.6 (0.52) 0.56 

FEV1% predicted, mean (SD) 55.4 
(14.56) 56.7 (15.49) 0.48 

GOLD stage, n (%)   0.92 

I 10 (3.9%) 4 (5.0%)  

II 137 
(52.7%) 46 (57.5%)  

III 101 
(38.9%) 27 (33.8%)  

IV  4 (1.5%) 1 (1.3%)  

# of acute exacerbations in past 12 months, mean 
(SD) 1.4 (0.79) 1.4 (0.75) 0.97 

SGRQ total score, mean (SD) a 55.4 
(17.46) 55.8 (16.25) 0.87 

EXACT baseline score, mean (SD) a, b 43.5 (9.97) 39.6 (10.93) < 0.01 

RS - Total baseline score, mean (SD) b, c 16.8 (6.41) 14.3 (6.84) <0.01 

AZ Study 1, n (%) 148 
(56.9%) 45 (56.3%) 0.92 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; Evaluating Respiratory 
Symptoms tool (E-RS); FEV1 = forced expiratory volume in one second; GOLD = Global Initiative for 
Obstructive Lung Disease; SGRQ = St. George’s Respiratory Questionnaire. 
a Scores can range 0–100, higher scores are worse. 

b Baseline days -7 to -1. 
c Scores can range from 0-40, higher scores are more severe. 

p-values based on t-test or χ2, as appropriate 
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Table 4-2. Summary of HCRU and Symptom-defined Events Observed During 12 
Weeks 

 Recovered 
(N=260) 

Persistent 
Worsening 

(N=80) 

Symptom-Defined Events   

Event Frequency, n [range] a 383 [1-4] 91 [1-2] 

≥ 2 Events, n (%) 95 (36.8%) 11 (13.8%) 

Median time to first event, days b 26.5 27.5 

Event Duration, mean (SD) c 12.9 (12.3) n/a 

EXACT change score at Onset Day 1, mean (SD) d 15.0 (5.31) 12.5 (3.51) 

Event Severity, mean (SD) d, e 60.6 (12.38) 57.5 (13.47) 

HCRU Events, n (%) 59 (22.7%) 11 (13.8%) 

Event Frequency, n [range] a 83 [1-4] 12 [1-2] 

≥ 2 Events, n (%) 18 (6.9%) 1 (1.3%) 

Median time to first HCRU, days 29.0 50.0 

Event Duration, d mean (SD)  9.7 (5.53) 7.8 (4.09) 

Event Severity, mean (SD) e, f 58.7 (11.42) 61.8 (11.32) 
a Cumulative across the study period; multiple events/participant allowed. Among Recovered, 329 
recovered events and 54 censored. Among Persistent Worsening, 11 recovered events and 80 persistent 
worsening. 
b Time to first resolved event for Recovered group or first persistent worsening event for Persistent 
Worsening group. 
c Excludes 54 events that were censored. 
d Persistent worsening events only. Excludes 11 first symptom-defined events that recovered. 
e Severity defined by the worst EXACT score observed during the event or during the HCRU.  
f N=77 for Recovered group and N=10 Persistent Worsening due to missing EXACT data during HCRU 
event. 
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Table 4-3. Summary of Multiple Regression Analyses Analyzing Change in Health Status and Lung Function at 12 
Weeks 

Variable 

Health Status 
R2 = 0.12 

Adj. R2 = 0.11 

Lung Function 
R2 = 0.04 

Adj. R2 = 0.02 

β SE B 
95% 

Confidence 
Interval 

p-
value β SE B 

95% 
Confidence 

Interval 
p-value 

Symptom-defined Recovery Status 3.52 1.70 0.17 to 6.88 0.04 -0.00 0.03 -0.06 to 0.06 0.94 

Sex -0.21 1.67 -3.49 to 3.07 0.90 -0.00 0.03 -0.07 to 0.06 0.86 

Age -0.07 0.09 -0.26 to 0.11 0.43 0.00 0.00 -0.00 to 0.00 0.90 

Study -2.03 1.47 -4.92 to 0.86 0.17 -0.03 0.03 -0.08 to 0.02 0.29 

Treatment Group 0.28 0.55 -0.80 to 1.37 0.61 -0.00 0.01 -0.02 to 0.02 0.70 

SGRQ Baseline Score -0.26 0.04 -0.35 to -0.18 <0.01 -- -- -- -- 

FEV1 (L) Baseline -- -- -- -- -0.09 0.03 -0.15 to -0.04 <0.01 
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Table 4-4. Summary of Change Scores in EXACT, SGRQ, and FEV1 from Baseline 
to Week 12 by Recovery Group 

 Recovered 
(N=260) 

Persistent Worsening 
(N=80) p-value 

EXACT change score, n mean (SD) a, b 246 
-2.1 (8.75) 

80 
4.6 (7.19) <0.01 

SGRQ change, n mean (SD) a, c 250 
-2.1 (13.87) 

77 
1.5 (13.41) 0.04 

SGRQ change groups†, n (%) c    

Improvement (-4 points) 103 (39.6%) 27 (33.8%) 0.46 

No Change 74 (28.5%) 22 (27.5%)  

Worsened (+ 4 points) 73 (28.1%) 28 (35.0%)  

FEV1 change (L), n mean (SD) 255 
-0.03 (0.21) 

77 
-0.04 (0.29) 0.89 

a Scores can range 0–100, higher scores are worse. 
b Mean of final week days -7 to -1 from Week 12 in Recovered group; 14 patients in the Recovered group 
had insufficient EXACT data for Week 12 to compute a weekly mean. Persistent Worsening EXACT 
change scores were calculated over the entire persistent worsening event. 
c Includes only patients with non-missing SGRQ scores at Week 12.  

p-values based on t-test or χ2, as appropriate 
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Figure 4-1. Mean EXACT Scores on Days -14 relative to Onset of Symptom-defined 
Exacerbation to End of Study by Recovery Group 

 
 
Higher scores are worse. 

Recovered Group n=260; Persistent Worsening Group n=80; Patients could contribute multiple events to 
the mean 
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Figure 4-2. Mean EXACT Scores Over Entire Study Period (Days -14 to 84) by 
Recovery Group 

 
 
Higher scores are worse. 

Recovered Group n=260; Persistent Worsening Group n=80 
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ABSTRACT 

Background: Exacerbations of chronic obstructive pulmonary disease (COPD) 

negatively impact lung functioning and health status, however recovery from these events 

is poorly characterized. The objective of this study was to identify indicators of time to 

recovery from symptom-defined events using the EXAcerbations of Chronic Pulmonary 

Disease Tool (EXACT™), and assess if there were differences in baseline characteristics 

among patients grouped by recovery times. 

Methods: Pooled data from two 12-week multinational randomized controlled trials in 

patients with moderate to severe COPD were used to conduct a secondary analysis. 

Analyses were limited to the first symptom-defined exacerbation. Recovery was 

classified as recovered, persistent worsening (events failed to achieve recovery and onset 

was ≥ 28 days from the end of the study) or censored (events occurred within 28 days of 

the end of the study with no recovery recorded). Baseline indicators of time to recovery 

were identified using a multivariate Cox proportional hazards model. Multiple logistic 

regression was used to identify baseline indicators for patients grouped by faster recovery 

(≤ day 10) vs. persistent worsening. 

Results: Of the 1,346 patients enrolled, 414 (31%) experienced one or more symptom-

defined events. This sample of 414 was predominantly male (72.7%), white (86.7%) and 

had a mean (SD) age of 61.8 (8.01) years and FEV1 % predicted of 55.8 (14.68). Most 

(42%, n=172) experienced faster recovery (≤10 days) with 17% (n=69) experiencing 

persistent worsening. Baseline factors associated with time to recovery included 

increased number of reported comorbid conditions (HR =1.07, 95% CI 1.00 – 10.14) and 

mean number of rescue medication puffs/day (HR =1.07, 95% CI 1.01 – 1.14). Baseline 
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factors associated with a greater chance of recovering ≤ 10 days compared to persistent 

worsening included an increased number of comorbid conditions (OR =1.27, 95% CI 

1.06 – 1.53), higher baseline EXACT score (OR = 1.08, 95% CI 1.04 – 1.12), and lower 

SGRQ total score (OR =0.98, 95% CI 0.96 -0.99). Events with faster recovery times were 

characterized by later onset (p<0.05), greater symptom change at onset (p<0.01), greater 

severity (p<0.01), and shorter time between onset to maximum score (p<0.01) compared 

with persistent worsening events. 

Conclusions: Patients with a greater number of comorbid conditions and higher levels of 

baseline symptoms had shorter symptom-defined exacerbation events. Results of this 

study indicate patients with a less severe disease profile and gradual onset of a symptom-

defined exacerbation are at greater risk of experiencing extended recovery duration from 

COPD events and may be a group in need of additional patient training, intervention and 

support. 
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INTRODUCTION 

Exacerbations of COPD are events defined by an acute, sustained worsening of the 

patient’s underlying respiratory symptoms beyond normal day-to-day variability from the 

stable state.1 Exacerbations are classified as health-care resource utilization (HCRU) or 

symptom-defined.3,80,81 HCRUs include treatment with antibiotics and/or oral 

corticosteroids, ER visits, and/or hospitalization for a COPD related event and account 

for the majority of the COPD-related burden on health care systems worldwide.1,16,33 

Symptom-defined exacerbations usually measure one or more respiratory symptoms via a 

diary card and specify that an exacerbation occurs after a set number of days with 

elevated scores.81,107 

Recovery from exacerbation events is poorly understood. There is mounting evidence 

suggesting a substantial proportion of patients experience prolonged recovery (up to 99 

days) from HCRU and symptom-defined exacerbation events. 4-7,85,110,124 This delay in 

recovery can have negative impacts on health status, lung function, time to subsequent 

exacerbations and activity levels.4,7,125-127 Several studies have identified potential 

indicators of clinical failure or delayed recovery from exacerbations treated with 

antibiotics 110,112,124,128. Although a limited number of studies have been published on 

indicators of symptom-defined exacerbation recovery, data from the East London COPD 

cohort indicate longer recovery periods are associated with exacerbations that have a 

gradual onset of symptoms (vs. acute), occur in the winter, and have viral symptoms at 

onset.122 The purpose of this study is to identify indicators of time to recovery from 

symptom-defined exacerbation using the EXAcerbations of Chronic Pulmonary Disease 

Tool (EXACT®), and assess if there are differences in baseline characteristics among 
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patients who recovery quickly versus those who do not achieve an identifiable 

symptomatic recovery (persistent worsening).  

METHODS 

Study Design, Sample, Procedures 

Secondary analyses of data from two 12 week, phase II randomized, double-blind, 

placebo-controlled multinational trials testing AZD9668 (a neutrophil elastase inhibitor) 

in patients with COPD were conducted. One trial was dose-ranging, with patients 

standardized to a baseline treatment of tiotropium (Protocol D0520C00012; 

ClinicalTrials.gov Identifier NCT00949975), and the second tested one dose tested 

against placebo, with patients standardized to a baseline treatment of 

budesonide/formoterol (Protocol D0520C00020; ClinicalTrials.gov Identifier 

NCT01023516).115,116 Key inclusion criteria included age between 40 to 80 years, FEV1 

% predicted 40–80% or 30–80%; ≥1 HCRU the prior year; Breathlessness, Cough, and 

Sputum Scale (BCSS) score ≥2 per day for seven of 14 days before randomization 113,114; 

no HCRU visits or treatment for exacerbation for at least four weeks prior to 

randomization; and no diagnosis of alpha-one antitrypsin deficiency as the cause of 

COPD. Data collection procedures were nearly identical and no statistical or clinically 

significant treatment effects were observed; therefore, the treatment groups and datasets 

were pooled for this study. Only patients with at least four baseline days of valid, non-

missing EXACT data (baseline, Day -7 to Day -1) and >80% of daily data from baseline 

to final visit or early termination (ET) date, and a symptom-defined event, were included 

in the study sample.  
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According to the study sponsor, trial procedures adhered to the Declaration of Helsinki 

and the Institutional Review Board’s of participating institutions approved the 

protocol(s).  

Baseline Characteristics 

Patient-Reported Measures 

Patients completed an electronic diary (eDiary) each evening that included the 14-item 

EXACT, the daily number of puffs of rescue medication used, and other questions 

specific to the trial. Patients also completed and recorded the results of daily peak 

expiratory flow (PEF) tests in the eDiary. The EXACT includes questions on 

breathlessness, cough, sputum, chest congestion, sleep disturbance, feelings of weakness 

or tiredness, and feelings of worry or concern.82 Scores range from 0 to 100, with higher 

scores indicating a more severe health condition.84  

During the baseline visit, patients completed the St. George’s Respiratory Questionnaire 

for COPD (SGRQ-C). The SGRQ-C is a validated shortened version of the SGRQ which 

contains 40 items assessing symptoms (frequency and severity), activity (activities that 

cause or are limited by breathlessness), and impacts (social functioning, psychological 

disturbances resulting from airways disease) to capture and summarize health status in 

patients with COPD. Scores range from 0 to 100, with higher scores indicating a worse 

COPD health status.117,118 

Clinician-reported 

Baseline data on patient demographic and clinical characteristics were recorded. These 

included age, sex, body mass index (BMI), smoking status and smoking duration, 

duration of COPD, FEV1, FEV1 % predicted, GOLD stage 1, number of exacerbations in 
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the previous 12 months, duration since most recent exacerbation, and comorbid 

conditions classified by MedDRA system organ class. Patient study, country, and 

treatment allocation were also recorded. 

Outcome 

Symptom-Defined Exacerbations 

Symptom-defined exacerbations were operationalized by a sustained worsening of 

EXACT daily scores above baseline: ≥9 points for three consecutive days or ≥12 points 

for two consecutive days. Recovery was defined by an improvement of at least 9 points 

from the maximum value during the event, sustained for seven consecutive days using a 

three-day rolling average, with the first day designated the day of recovery. 8,83 Persistent 

worsening events were defined as an event that failed to achieve recovery and whose 

onset was more than 28 days before the end of the study. Censored events were defined 

as those occurring within 28 days of the end of the study with no recovery recorded in the 

logistic regression.  

Analyses 

The analyses were conducted with SAS/STAT software version 9.3 of the SAS System 

for PC (SAS Institute, Cary, NC). All analyses were limited to the first symptom-defined 

event to avoid including the same participant in the analysis multiple times due to 

multiple events. There were 180 baseline variables collected and this list was reduced to 

17 variables of interest. Details of variable reduction are provided in the online 

supplement. Variables are presented as a frequency and percentage or mean ± SD, 

depending on their distribution. Categorical variables were compared between groups 

using a χ2 test. Continuous variables were assessed using a Student’s t-test or Wilcoxon 
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Mann-Whitney test, as appropriate. A p-value of less than 0.05 was considered to be 

statistically significant.  

A Cox proportional hazards ratio model was used to identify independent indicators of 

recovery. Recovery duration was followed from onset of the symptom-defined event to 

either 1) event resolution as defined by the EXACT scoring algorithm or 2) right 

censored as defined by the lack of resolution by the end of the study (Week 12). The 

Proportional Hazards (PH) assumptions were tested with the indicators of interest by 

examining log(-log(survival)) plots for categorical variables and correlations between the 

Schoenfield residuals and the ranking of individual failure times for continuous variables. 

The final Cox PH model yielded hazard ratios (HRs) and 95% confidence intervals 

estimating time to exacerbation recovery. 

Next, patients were categorized into groups based on recovery time: ≤10 days (based on a 

typical 7-10 day course of antibiotic treatment), 11-60 days, and persistent worsening. In 

order to maximize the likelihood of observing statistically significant differences and 

provide a clear characterization of the patients more likely to recover quickly, patients 

with delayed recovery (11-60 days) and those with censored events were excluded from 

subsequent analyses. Descriptive statistics of symptom-defined events and SGRQ total 

and domain scores are presented by recovery group to better characterize the sample. 

Symptom-defined events were classified as 1) EXACT-reported (also identified by a 

HCRU event) and 2) EXACT-unreported (symptom-defined events not associated with 

an HCRU) for descriptive purposes only due to the small number of HCRU events 

recorded. Logistic regression was used to identify baseline characteristics of patients with 

recovery ≤ 10 days compared with persistent worsening. The full model was fit and the 
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Akaike's information criterion (AIC) value for the overall model was obtained. A series 

of models were fit dropping each of the covariates in turn. Variables were evaluated for 

their significance to the model using individual-level p-values and AIC values compared 

to the overall model, with lower AIC values indicating better model fit. The final 

identified parameters were subsequently included in a one-step logistic regression model 

to calculate odds ratios and 95% confidence intervals. The goodness-of-fit of the model 

was evaluated with the Hosmer and Lemeshow χ2 test with p>0.05 as the threshold. A 

higher P-value indicates better fit.129 An area under the curve analysis (AUC) was used to 

determine model discrimination, with a value of 0.8 or greater generally indicating good 

model predictive power. Patients with missing values were dropped from the model.  

RESULTS 

Sample 

A total of 1,346 patients met the minimum data criteria (93% of the total randomized trial 

population), of whom 414 (31%) had one or more symptom-defined events. Baseline 

sociodemographic and clinical characteristics of the study sample, compared with eligible 

patients with no symptom-defined events, are shown in Table 4-5 and the patient 

disposition is shown in Figure 4-3. Patients with one or more symptom-defined event had 

higher SGRQ total scores, rescue medication usage, and EXACT intra-individual 

variability; and lower FEV1 and PEF values, as well as lower EXACT scores compared 

to patients with no symptom-defined events. The difference in FEV1 appears to be 

statistically driven rather than meeting the clinically meaningful difference of 100cc.  
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Exacerbation Summary 

Of the 414 patients with ≥1 symptom-defined event, 172 patients achieved recovery in ≤ 

10 days, 99 patients had recovery between days 10 and 60, 69 patient events were 

classified as persistent worsening and 74 patient events were classified as censored. 

Among non-censored events, 23 (13.4%), 21 (21.2%) and 11 (15.9%), respectively, were 

EXACT-reported events, meaning the symptom-defined event corresponded with a 

HCRU event (p=0.24); of these, 21 (91.3%), 18 (85.7%) and 10 (90.9%), respectively, 

(p=0.82) were considered moderate HCRU events (e.g., clinic visits, treated with 

antibiotics and/or steroids).  

Table 4-6 summarizes the baseline sociodemographic and clinical characteristics of 

patients with recovery ≤ 10 days and persistent worsening. Patients with recovery ≤ 10 

days had statistically significant greater number of comorbid conditions, pack-years, 

rescue medication utilization, and EXACT score at baseline compared with persistent 

worsening patients. 

Descriptive statistics of the first symptom-defined event are provided in Table 4-7 for 

patients with recovery ≤ 10 days and persistent worsening. Patients who recovered ≤ 10 

days had a median time to first event that was later than persistent worsening (p<0.05), 

with larger change scores from baseline at event onset (p<0.01).  

SGRQ Scores and Exacerbation Status 

A summary of SGRQ total and domain scores for patients with recovery ≤ 10 days and 

persistent worsening are presented in Figure 4-4. Patients who recovered in ≤ 10 days had 

statistically significantly higher symptom scores at baseline compared with the persistent 
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worsening group (75.8 vs. 69.9, p=0.02) and a trend towards a lower (e.g., better) activity 

score at baseline (61.7 vs. 66.6, p=0.06).  

Time to Recovery 

All indicators met the proportional hazards assumption criteria. Baseline factors 

associated with recovery among the 414 first symptom-defined events in the multivariate 

Cox proportional hazards analysis included the number of comorbid conditions reported 

(HR 1.07, 95% CI 1.00 to 10.14) and mean number of rescue medication puffs/day (HR 

1.07, 95% CI 1.01 to 1.14) (Table 4-8).  

Patient Demographic and Clinical Characteristics According to Recovery Time 

Baseline factors associated with a greater chance of recovery ≤ 10 days compared to 

persistent worsening in the multiple logistic regression analysis included increased 

number of comorbid conditions (OR 1.27, 95% CI 1.06 to 1.53), higher baseline EXACT 

score (OR 1.08, 95% CI 1.04 to 1.12), and lower SGRQ total score (OR 0.98, 95% CI 

0.96 to 0.99) (Table 4-9). The strength of the model is demonstrated by the Hosmer and 

Lemeshow test, with a goodness-of-fit p-value of 0.74. Discrimination of the model was 

tested by receiver operating characteristics to estimate the probability of true recovery. 

The area under the curve was relatively strong at 0.72 (95% CI 0.65 to 0.79).  

A post-hoc classification and regression tree (CART) analysis identified two potential 

interaction effects (baseline EXACT score * EXACT intra-individual variability and 

baseline EXACT score * age). Neither interaction term was statistically significant and 

including them led to a worse AIC for the model overall (data not shown). A post-hoc 

multinomial logistic regression model comparing baseline characteristics of patients with 

recovery ≤ 10 days to patients with delayed recovery (days 11-60) and persistent 
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worsening identified the same variables (number of comorbid conditions, pack-years, 

EXACT score, and SGRQ total score) as the logistic regression model reported above. 

There were no statistically significant differences between the delayed recovery and 

persistent worsening groups, but there were statistically significant differences between 

the delayed recovery and persistent worsening groups compared to the faster recovery for 

all variables (online supplement). 

DISCUSSION 

This study is among the first to evaluate indicators of recovery from symptom-defined 

events in COPD patients, with the analyses focusing on patients with moderate to severe 

airflow obstruction and a history of one or more HCRU events in the past year. Results 

indicate that patients with a greater number of comorbid conditions are more likely to 

recover faster from symptom-defined events.  

Symptom-defined events with faster recovery times were characterized by later onset, 

greater symptom change at onset, greater severity, and shorter time between onset to 

worst symptomatic score compared with persistent worsening events, indicating that 

recovered events are acute in onset. These results are consistent with a previously 

reported study that found that patients who experienced sudden onset exacerbations (i.e., 

the exacerbation threshold was crossed on the same day symptoms began) had higher 

daily symptom scores, higher maximum symptom scores, earlier maximum symptom 

scores and shorter recovery times compared to patients with gradual onset 

exacerbations.122 Aaron et al. (2012) also found that viral or bacterial symptoms were 

associated with these sudden onset exacerbations and that viral symptoms at onset were 

indicative of longer exacerbation duration. Although event etiology was not captured in 
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the current study, these findings indicate exacerbation etiology may be a key factor in 

explaining recovery from symptom-defined events. 

The higher number of comorbid conditions affecting recovery time from symptom-

defined exacerbation events is a novel result of this study. Aaron et al. (2012) found no 

association between cardiovascular disease and longer symptom-defined exacerbation 

recovery times among 212 patients in an observational study followed for a median of 2.8 

years.122 Previous studies which explored the relationship of comorbidity and recovery 

from HCRU events using patient-reported symptom resolution to define recovery have 

yielded mixed results. Miravitlles et al. (2005) found no association between comorbidity 

(coded yes/no) for the presence of ischemic heart disease, diabetes mellitus or 

hypertension in recovery greater than 5 days among 1,147 patients treated with one of 

three antibiotics in an observational non-randomised study.128 In contrast, Anzueto et al. 

(2012) reported that the presence of cardiac comorbidity was associated with recovery 

greater than or equal to 8 days among 40,435patients treated for a COPD exacerbation 

with the antibiotic moxifloxacin in an international, observational, non-interventional 

study.110 

Disease specific classification and severity was limited in the study described in this 

report due to the exclusion criteria and low numbers of specific disease classes reported 

created high levels of missing data, so a total count of comorbid conditions using the 

MedDRA system organ classes was used as a proxy for a patients underlying health 

profile. The proportion of SOCs reported was similar across the two recovery groups (see 

online supplement), making this a reasonable measure to include. It is also possible that 

patients with more comorbid conditions are being seen and treated for other underlying 
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conditions that can positively influence symptoms typically associated with COPD, such 

as breathlessness, sleep difficulties, and fatigue. Additional study of patient reporting and 

treatment practices in primary care and specialty settings will help us better understand 

this complex relationship. 

Baseline SGRQ total and domain scores were lower (e.g., better) for patients in the 

recovery ≤10 days group compared with persistent worsening patients for all but their 

symptom scores. This finding was consistent when only reported events were compared 

(results not shown) and in line with results reported by Wilkinson et al. (2004), who 

observed that patients with lower SGRQ total, activity, and impact scores at baseline had 

a higher proportion of treated exacerbations.130 These results indicate that symptomatic 

patients with minimal deterioration in their activity and social functioning in the stable 

state may be more likely to report exacerbation events and receive treatment. This is 

important because Wilkinson et al. (2004) also found that earlier treatment was 

associated with shorter exacerbation recovery times. Results from this study indicate that 

patient training for those with a higher level of activity impairment in the stable state may 

be required to encourage earlier treatment and potentially shorten recovery times. Ehsan 

et al. (2013) showed that it was possible to measure physical activity levels in COPD 

patients using a triaxial accelerometer during a symptom-defined exacerbation event.126 

Assessing baseline activity levels using a similar method may provide additional insight 

into how activity level in the stable state impacts recovery from symptom-defined events.  

A limitation of this study was that it was a hypothesis-generating exploratory analysis, 

not powered to detect differences in symptom-defined events. The sample size was also 

insufficient for certain covariates of interest, especially comorbidities (e.g., heart disease) 
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and HCRU events. There is the potential that findings are a result of reverse causality 

with persistent worsening and reporting (or not) to the clinic to receive treatment. Finally, 

the study population was predominantly white males participating in a clinical trial and 

so may be different from the broader COPD population. Findings from this study were 

intended to be preliminary and should be re-evaluated with a larger dataset. In particular, 

future studies should explore differences in recovery related to reported and unreported 

symptom-defined events, exacerbation etiology using viral and bacterial cultures, and 

comorbid conditions. Assessing the role of inflammatory markers on recovery may also 

be warranted. Perera et al. (2007) found that patients whose symptoms had not returned 

to baseline by day 35 had persistently higher levels of serum C-reactive protein (CRP) 

during the recovery period.131 

Despite these limitations, this study had a number of strengths. Data were collected as 

part of two large, multi-national randomized controlled clinical trials with low levels of 

missing data and high diary compliance ensuring high internal validity. Goodness of fit 

statistics for the logistic regression model were relatively high, indicating that the fit of 

the model was adequate and AUC results indicate the model had fair predictive power. 

CONCLUSION 

Patients with a greater number of comorbid conditions and higher levels of baseline 

symptoms had shorter symptom-defined exacerbation events. Results of this study 

indicate patients with a less severe disease profile and gradual onset of a symptom-

defined exacerbation are at greater risk of experiencing extended recovery duration from 

COPD events and may be a group in need of additional patient training, intervention and 

support. 
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Table 4-5. Baseline Sociodemographic and Clinical Characteristics 

 No Events 
(N=932) 

≥ 1 Symptom-defined 
EXACT event 

(N=414) 

P 
value 

Age, mean (SD)  62.1 (8.37) 61.8 (8.01) 0.44 

Gender, % male  714 (76.6%) 301 (72.7%) 0.12 

Race/ethnicity    0.18 

White  767 (82.7%) 357 (86.7%)  

Asian  158 (17.0%) 54 (13.1%)  

Hispanic or Latino 3 (0.3%) 1 (0.3%)  

BMI (kg/m2), mean (SD) 26.7 (5.18) 26.4 (5.09) 0.46 

# comorbid conditions†, mean (SD)  1.7 (1.63) 1.9 (1.84) 0.14 

Current smokers‡, n (%) 420 (45.1%) 184 (44.4%) 0.83 

Pack-years‡, mean (SD) 38.3 (19.52) 39.6 (22.42) 0.29 

FEV1(L), mean (SD) 1.6 (0.50) 1.6 (0.51) 0.04 

FEV1% predicted, mean (SD) 57.2 (13.85) 55.8 (14.68) 0.10 

GOLD stage§, n (%)    0.08 

I 29 (3.2%) 16 (4.0%)  

II 577 (63.8%) 226 (56.4%)  

III 284 (31.4%) 153 (38.2%)  

IV  15 (1.7%) 6 (1.5%)  

Years since COPD diagnosis, mean (SD) 7.9 (6.32) 8.4 (7.07) 0.25 

# of acute exacerbations in past 12 months, 
mean (SD) 1.3 (0.89) 1.4 (0.77) 0.42 

Days since last exacerbation, mean SD) 162.6 (93.21) 154.7 (90.58) 0.15 

SGRQ total score, mean (SD) ll 53.0 (17.91) 55.1 (17.68) 0.05 

Rescue medication (puffs/day), mean (SD) 1.9(1.62) 2.1(1.89) 0.01 

PEF, mean (SD) ¶ 228.7 (97.36) 213.0 (87.36) <0.05 

EXACT score, mean (SD)¶ ll 44.4 (9.02) 42.9 (10.43) <0.05 

EXACT intra-individual variability, mean 
(SD) 3.2 (2.21) 4.6 (2.76) <0.01 

Study, % AZ 1 508 (54.5%) 241 (58.2%) 0.21 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; FEV1 = forced expiratory 
volume in one second; GOLD = Global Initiative for Obstructive Lung Disease; PEF = Peak Expiratory 
Flow; SGRQ = St. George’s Respiratory Questionnaire.  

† MedDRA System Organ Class 
‡ All patients were current or former smokers with at least a 10 pack-year history 
§ GOLD classifications based on airflow obstruction. 
¶ Baseline days -7 to -1 
ll Scores can range 0–100, higher scores are worse 

p-values based on Wilcoxon Mann-Whitney test, t-test or χ2, as appropriate  
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Table 4-6. Baseline Sociodemographic and Clinical Characteristics of Patients with 
Recovery from a Symptom-defined event ≤10 Days or Persistent Worsening 

 
Recovery ≤10 

Days 
(N=172) 

Persistent 
Worsening 

(N=69) 

P 
value 

Age, mean (SD)  61.6 (8.13) 61.1 (7.01) 0.66 

Gender, % male  123 (71.5%) 50 (72.5%) 0.88 

Race/ethnicity    0.21 

White  151 (87.8%) 57 (82.6%)  

Asian  21 (12.2%) 11 (15.9%)  

Hispanic or Latino 0 (0.0%) 1 (1.5%)  

BMI (kg/m2), mean (SD) 26.7 (5.04) 26.5 (4.86) 0.72 

# comorbid conditions†, mean (SD)  2.3 (2.05) 1.5(1.42) 0.02 

Current smokers‡, n (%) 81 (47.1%) 26 (37.7%) 0.18 

Pack-years‡, mean (SD) 41.8 (22.81) 34.9 (19.28) 0.03 

FEV1(L), mean (SD) 1.6 (0.50) 1.6 (0.53) 0.74 

FEV1% predicted, mean (SD) 55.9 (14.84) 56.2 (15.76) 0.89 

GOLD stage§, n (%)    0.76 

I 5 (3.0%) 4 (5.9%)  

II 94 (57.0%) 39 (57.3%)  

III 63 (38.2%) 24 (35.3%)  

IV  3 (1.8%) 1 (1.5%)  

Years since COPD diagnosis, mean (SD) 8.6 (7.92) 8.1 (7.23) 0.67 

# of acute exacerbations in past 12 months, 
mean (SD) 

1.3 (0.75) 1.4 (0.79) 0.78 

Days since last exacerbation, mean (SD) 146.0 (89.25) 153.1 (100.10) 0.60 

SGRQ total score, mean (SD) ll 55.4 (17.70) 56.1 (16.36) 0.77 

Rescue medication (puffs/day), mean (SD)¶ 2.3(2.06) 1.6 (1.44) <0.01 

PEF, mean (SD) ¶ 213.4 (91.94) 213.9 (80.82) 0.97 

EXACT score, mean (SD)¶ ll 44.5 (9.98) 39.5 (10.85) <0.01 

EXACT intra-individual variability, mean 
(SD) 

4.8 (2.85) 4.3 (2.50) 0.18 

Study, % AZ 1 98 (57.0%) 39 (56.5%) 0.95 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; FEV1 = forced expiratory 
volume in one second; GOLD = Global Initiative for Obstructive Lung Disease; PEF = Peak Expiratory 
Flow; SGRQ = St. George’s Respiratory Questionnaire.  

† MedDRA System Organ Class 
‡ All patients were current or former smokers with at least a 10 pack-year history 
§ GOLD classifications based on airflow obstruction.  
¶ Patient reported; Mean of baseline days -7 to -1 
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ll Scores can range 0–100, higher scores are worse. 

p-values based on Wilcoxon Mann-Whitney test, t-test or χ2, as appropriate 
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Table 4-7. Summary of First Symptom-defined event for Patients with Recovery 
from a Symptom-defined event ≤10 Days or Persistent Worsening 

 Recovered 
(N=172) 

Persistent Worsening 
(N=69) P value 

Symptom-defined Events    

Median time to first event, d† 29.0 20.0 <0.05 

EXACT score at most recent baseline 
week, mean (SD)† 41.1 (10.68) 35.9 (10.27) <0.01 

EXACT change score from baseline at 
Onset Day 1, mean (SD) 15.2 (5.26) 11.6 (2.01) <0.01 

EXACT maximum score change, mean 
(SD) 19.2 (5.74) 21.3 (7.79) <0.01 

Time to maximum score, d mean (SD) 1.4 (1.67) 23.2 (16.15) <0.01 

Symptom-defined event Duration, mean 
(SD) 6.2 (2.51) n/a -- 

Reported, n (%) 23 (13.4%) 11 (15.9%) 0.64 

Moderate (clinic visit) 21 (91.3%) 10 (90.9%)  

Severe (hospitalization) 2 (8.7%) 1 (9.1%)  

d = days 
† As per EXACT scoring rules, baseline scores are reset every 28 days if no exacerbation is detected. 

p-values based on Wilcoxon Mann-Whitney test, t-test or χ2, as appropriate 
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Table 4-8. Indicators Associated with Time to Recovery from a Symptom-defined 
Exacerbation event (N=414) 

Factor Hazard Ratio (95% CI) P value 

# comorbid conditions† 1.07 (1.00 – 10.14) 0.04 

Rescue medication (puffs/day)‡ 1.07 (1.01 – 1.14) 0.02 

EXACT intra-individual variability 1.04 (0.99 – 1.08) 0.11 
† MedDRA System Organ Class 
‡Mean puffs/day for days -7 to -1 of baseline period 
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Table 4-9. Indicators Associated with Faster Recovery (≤ 10 days) Compared to 
Persistent Worsening from a Symptom-Defined Exacerbation Event 

Factor Odds Ratio Point Estimate 95% CI P value 

# comorbid conditions† 1.27 1.06 – 1.53 0.01 

Pack-year 1.01 0.99 – 1.03 0.09 

EXACT score 1.08 1.04 – 1.12 <0.01 

SGRQ total score 0.98 0.96 -0.99 0.02 
† MedRa System Organ Class 
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Figure 4-3. Patient Disposition 
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Figure 4-4. Baseline SGRQ Total and Domain Scores (SE) by Recovery Group 
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ABSTRACT 

Background: There is substantial interest in better identifying and understanding chronic 

obstructive pulmonary disease (COPD) phenotypes and their respective outcome 

trajectories. The goal of this study was to identify COPD severity phenotypes and their 

relationship with recovery from symptom-defined exacerbation events. 

Methods: Pooled data from two 12-week multinational randomized controlled trials in 

patients with moderate to severe COPD were used to conduct a secondary analysis of 414 

patients (31% eligible population) with ≥1 symptom-defined exacerbation. Latent class 

analysis was used to identify subgroups of patients with distinct disease severity 

experiences based on age, forced expiratory volume in one second (FEV1), number of 

comorbid conditions, rescue medication utilization, health status (St. George’s 

Respiratory Questionnaire scores), and respiratory symptoms (Evaluating Respiratory 

Symptom® Scale for COPD [E-RS:COPD] score). Presence and recovery from symptom-

defined exacerbations were measured using the EXAcerbations of Chronic pulmonary 

disease Tool (EXACT™), with recovery classified as recovered, persistent worsening 

(failure to achieve recovery and onset ≥28 days from the end of the study), or censored 

(events occurred within 28 days of the end of the study with no recovery recorded). The 

proportion of patients classified by symptom-defined event recovery type was evaluated 

across latent classes. 

Results: Three severity classes were identified. The largest class (n=253, 61% of the 

sample) was named the “moderate” class, and was characterized by moderate lung 

function impairment, comorbid conditions, rescue medication utilization, and symptom 

levels. The second class (n=154, 37% of the sample) was named the “severe” class, and 
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was characterized by more severe lung function impairment, same mean number of 

comorbid conditions, increased rescue medication utilization, and higher symptom levels 

compared to the first class. The third class (n=7, 2% of the sample) was named the “very 

severe” class, and was characterized by very severe lung function impairment, increased 

mean number of comorbid conditions, greatly increased rescue medication utilization, 

and higher symptom levels compared to the first class. Symptomatic subgroups had no 

relationship with recovery from symptom-defined exacerbations. 

Conclusions: These findings suggest disease severity phenotypes can be identified in 

COPD. Moderate, severe, and very severe disease were not associated with recovery 

from symptom-defined exacerbations. Patients with very high levels of rescue medication 

use were identified and warrant additional assessment, as they may have unmet 

therapeutic needs. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is widely recognized as a heterogeneous 

disease, with differing etiologies, disease courses, and symptomatic expression.1 There is 

substantial interest in better identifying and understanding COPD phenotypes and their 

respective outcome trajectories, with general consensus that these phenotypes may serve 

as an important avenue to identify clinically meaningful groups who can then be better 

targeted for earlier disease detection and individualized treatment.86,87,90,91,103 

Han and colleagues (2010) define COPD phenotypes as: “a single or combination of 

disease attributes that describe differences between individuals with COPD as they relate 

to clinically meaningful outcomes (symptoms, exacerbations, response to therapy, rate of 

disease progression, or death)” (pg. 599).90 Classification of COPD has historically been 

based on the severity of airflow limitation, and early studies aimed at identifying 

phenotypes of COPD often categorized patients into chronic bronchitis and emphysema, 

thus representing distinct but related disease pathophysiologies.1 Additional phenotypes 

that include COPD patients who have comorbid asthma, emphysema-hyperinflation, and 

frequent health-care resource utilization (HCRU) exacerbations have also been 

identified.87-89 

Exacerbation phenotypes are particularly important because of the well-established link 

between exacerbation frequency, deterioration in health status and lung function, and risk 

of future hospitalization and morbidity.1,3,5,9,10,132,133 Efforts to characterize COPD 

patients who experience HCRUs more frequently have been made, but no such attempt 

has been made with symptom-defined events.89,134 Symptom-defined exacerbation events 

are based on direct measurement of patient signs or symptoms of exacerbation.81,107 
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Evidence suggests that 50–80% of symptom-defined exacerbations may go unreported, 

despite having similar symptom severity and outcomes with HCRU events.8,49,51,108 

Additionally, previous studies using symptom diaries and patient assessment of recovery 

have reported that approximately 5–15% of events fail to achieve symptomatic recovery 

at up to 99 days.4-8 The goal of this study is to identify COPD phenotypes and their 

relationship with recovery from symptom-defined exacerbation events using the 

EXAcerbations of Chronic Pulmonary Disease Tool (EXACT™). 

METHODS 

Study Design, Sample, Procedures 

Secondary analyses were performed on data from two Phase II randomized, double-blind, 

placebo-controlled multinational trials (hereafter known as AZ 1 and AZ 2) testing 

AZD9668 (a neutrophil elastase inhibitor) in patients with COPD over 12 weeks. 

Specifics on the each study design have been reported elsewhere.115,116 Briefly, AZ 1 was 

dose-ranging, with patients standardized to a baseline treatment of tiotropium (Protocol 

D0520C00012; ClinicalTrials.gov Identifier NCT00949975). AZ 2 tested one dose 

against placebo, with patients standardized to a baseline treatment of 

budesonide/formoterol (Protocol D0520C00020; ClinicalTrials.gov Identifier 

NCT01023516). Relevant inclusion criteria included the following: age 40–80 years; 

forced expiratory volume in one second (FEV1) % predicted 40–80% (AZ 1) or 30–80% 

(AZ 2); ≥1 HCRU the prior year; Breathlessness, Cough, and Sputum Scale (BCSS) 

score ≥2 per day for seven of 14 days before randomization;113,114 no HCRU visits or 

treatment for exacerbation for at least four weeks prior to randomization; and no 

diagnosis of alpha-one antitrypsin deficiency as the cause of COPD. No treatment effects 
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were observed in these trials,115,116 thus permitting pooled analyses across treatment 

groups and datasets. The sample was limited to patients with at least four baseline days of 

valid, non-missing EXACT data (baseline, Day -7 to Day -1) and >80% of daily data 

from baseline to final visit or early termination (ET) date, and at least one symptom-

defined event over the 12-week study. Baseline data were used to establish latent class 

variables. 

According to the trial sponsor, trial procedures adhered to the Declaration of Helsinki, 

and the Institutional Review Board (IRB) of participating institutions approved the 

protocol(s). 

MEASURES 

Latent class indicators 

Patient-Reported Measures 

Patients completed an electronic diary (eDiary) each evening that included the 14-item 

EXACT, the daily number of puffs of rescue medication used, and other questions 

specific to the trial. The EXACT includes questions on breathlessness, cough, sputum, 

chest congestion, sleep disturbance, feelings of weakness or tiredness, and feelings of 

worry or concern.82 Scores range from 0–100, with higher scores indicating a more 

severe health condition.84 Using a subset of 11 of the 14 EXACT items, the Evaluating 

Respiratory Symptom® Scale for COPD (E-RS®:COPD) scores can be calculated. The E-

RS total and subscale scores measure respiratory symptom severity in the stable state.135 

The RS-Total score ranges from 0–40, RS-Breathlessness score ranges from 0–17, RS-

Cough and Sputum score ranges from 0–11, and RS-Chest Symptoms score ranges from 

0–12. Higher scores represent worse symptom severity. 
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During the baseline visit, patients completed the St. George’s Respiratory Questionnaire 

for COPD (SGRQ-C). The SGRQ-C is a validated shortened version of the SGRQ, which 

contains 40 items assessing symptoms (frequency and severity), activity (activities that 

cause or are limited by breathlessness), and impacts (social functioning, psychological 

disturbances resulting from airways disease) to capture and summarize health status in 

patients with COPD. Scores range from 0–100, with higher scores indicating a worse 

COPD health status.117,118  

Clinician-reported 

Baseline data on patient demographic and clinical characteristics were recorded. These 

included age, sex, body mass index (BMI), smoking status and smoking duration, 

duration of COPD, FEV1, FEV1 % predicted, Global Initiative for Chronic Obstructive 

Lung Disease (GOLD) stage,1 number of exacerbations in the previous 12 months, 

duration since most recent exacerbation, and comorbid conditions classified by MedDRA 

system organ class. Patient study, country, and treatment allocation were also recorded. 

Distal Outcome 

Symptom-defined Exacerbation Recovery Group 

Symptom-defined exacerbations are defined as a sustained worsening of EXACT daily 

scores above baseline (≥9 points) for three consecutive days, or ≥12 points for two 

consecutive days. Recovery is defined by an improvement of at least nine points from the 

maximum value during the event and sustained for seven days, using a three-day rolling 

average. The first day of sustained improvement is designated the day of recovery. 

Persistent worsening events are defined as symptom-defined events that fail to achieve 

recovery. Event severity is defined as the maximum observed value during the event. 



 

81 

These scoring algorithms have been tested in multiple datasets against clinician and 

patient global ratings of change and across alternative cut-offs.83,136  

In this study, persistent worsening events were defined as symptom-defined events that 

failed to achieve recovery and whose onsets were more than 28 days from the end of the 

study. Censored events were defined as those occurring within 28 days of the end of the 

study with no recovery recorded. Both persistent worsening and censored events can 

occur at the first symptom-defined event or subsequent events. Patients who experienced 

recovered events only or recovered events with subsequent censored events were 

designated as the recovered group. Patients who experienced a persistent worsening event 

(any event) were designated the persistent worsening group. Patients who experienced 

only a censored event were designated as the censored group. 

Analyses 

Latent class analysis (LCA) was used to identify subgroups of patients with distinct 

disease severity based on age, FEV1, number of comorbid conditions, rescue medication 

utilization, SGRQ total score, and E-RS total score; and to evaluate the classes’ 

relationship on a distal outcome, symptom-defined exacerbation recovery.137 These 

variables represent components of what is commonly interpreted as disease severity, but 

are generally looked at independently. The goal of this analysis was to determine if these 

components could be used together to designate a patient’s level of disease severity. The 

E-RS and EXACT scores are highly correlated (r=0.98, p<0.01). The E-RS was selected 

over the EXACT for this analysis for greater interpretability of symptom severity. The 

goal was to include variables that are easily obtained and readily interpretable by 

clinicians. 
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The latent class analysis was conducted using Mplus, Version 7.138 Models of increasing 

complexity (i.e., adding classes) were estimated to determine the optimal number of 

latent classes. The final model was determined by evaluating the Bayesian Information 

Criterion (BIC), the Voung-Lo-Mendell-Rubin likelihood ratio test (VLMR) for the K 

versus K-1 model, bootstrapped likelihood ratio test (BLRT), and entropy. The optimal 

model will have the lowest BIC as well as a VLMR and BLRT that shows the selected 

solution is better than a solution with one fewer class, as well as produce entropy values 

≥0.80.139,140 In cases where the VLMR and BLRT results are contradictory, preference 

will be given to the BLRT, as there is evidence showing it to be more reliable.139 The 

Akaike Information Criterion (AIC) and sample-size adjusted BIC (ABIC) are also 

presented for the interested reader. Estimation was carried out using robust maximum-

likelihood and the expectation-maximization algorithm.138,141  

SAS/STAT software version 9.3 of the SAS System for PC (SAS Institute, Cary, NC) 

was used to characterize the sample and test the relationship between latent class and 

symptom-defined exacerbation recovery. Variables are presented as a frequency and 

percentage or mean (SD), depending on their distribution. Upon identification of the 

optimal LCA model, each participant’s latent class was assigned using the highest 

posterior probability. Differences among the latent classes in demographic and clinical 

characteristics were evaluated using analysis of variance (ANOVA) or Kruskal-Wallis 

analysis, chi-square analysis, or Fisher Exact tests, as appropriate. Post-hoc contrasts 

were conducted using Scheffe’s procedure or the Bonferroni correction for multiple 

comparisons, as appropriate. A p-value of <0.05 was considered to be statistically 

significant for the overall model. 
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RESULTS 

Sample 

Of the 1,453 patients randomized, a total of 1,346 patients met minimum data criteria 

(93%), of whom 414 (31%) had one or more symptom-defined event during the 12-week 

study period. In the final sample of 414 patients with ≥1 symptom-defined event, 260 

patients with 329 recovered events (range 1–4) were designated the recovered group, 80 

patients with 91 events (range 1–2) were designated the persistent worsening group, and 

74 patients with 74 events were designated the censored group. 

Demographic and clinical characteristics of the study sample are shown in Table 4-10. 

Patients in the sample had similar baseline characteristics with patients who had no 

symptom-defined events in terms of age, gender, race, airflow obstruction, and history of 

HCRU (data not shown). A summary of the symptom-defined events by recovery group 

is provided in the online supplement. 

LCA 

The fit indices for the candidate models are shown in Table 4-11. The three-class solution 

was selected because the BIC was low and the VLMR and BLRT were statistically 

significant. Additionally, the three-class solution produced adequate entropy (i.e., 

improved delineation of classes [≥0.8]), and was the most clinically interpretable model. 

The four- and five-class solutions had lower AIC, BIC, and ABIC, as well as a 

statistically significant BLRT relative to the three- or four-class solution, respectively; 

however, both had statistically non-significant VLMR. Additionally, the entropy in the 

four-class solution was lower than the three-class; in the five- class solution, two of the 

identified classes constituted <5% of the sample, and the entropy was not substantially 
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better than the three-class solution. Therefore, the three-class solution was selected as 

representing the best overall model fit. 

Group means by class for the latent class indicators age, FEV1, number of comorbid 

conditions, rescue medication utilization, SGRQ total score, and E-RS total score are 

shown in Table 4-12. Figure 4-5 displays mean z-scores for the indicator variables. The 

largest class (n=253, 61% of the sample) was named the “moderate” class, and was 

characterized by moderate lung function impairment, comorbid conditions, rescue 

medication utilization, and symptom levels. The second class (n=154, 37% of the sample) 

was named the “severe” class, and was characterized by more severe lung function 

impairment, the same mean number of comorbid conditions, increased rescue medication 

utilization, and higher symptom levels compared to the first class. The third class (n=7, 

2% of the sample) was named the “very severe” class, and was characterized by very 

severe lung function impairment, increased mean number of comorbid conditions, greatly 

increased rescue medication utilization, and higher symptom levels compared to the first 

class. Rescue medication utilization was the only indicator variable to be statistically 

significant between all three latent classes in pairwise comparisons (p<0.05). 

Differences in Baseline Demographic and Clinical Characteristics among the Three 
Latent Classes 

Demographic and clinical characteristics by latent class are shown in Table 4-13. In 

pairwise comparisons, compared with the moderate class, the severe class had 

statistically significantly lower FEV1 % predicted, lower peak expiratory flow (PEF), and 

higher (i.e., worse) EXACT scores (p<0.05 for all). Compared to the moderate class, the 

very severe class had statistically significantly lower FEV1 % predicted, greater number 
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of HCRU exacerbations in the last 12 months, and higher (i.e., worse) EXACT scores 

(p<0.05 for all). 

Latent Class Relationship with Symptom-defined Exacerbation Recovery Group 

The proportion of patients in the moderate, severe, and very severe latent classes by 

symptom-defined recovery group is shown in Table 4-14. No relationship between latent 

class and recovery group was observed with Fischer’s EXACT test (p=0.31). Post-hoc 

tests for trend between the three latent classes identified and the recovered and persistent 

worsening groups only (i.e., censored was excluded) were not statistically significant 

(data not shown).  

DISCUSSION 

Identifying clinically relevant phenotypes is of increasing interest as patient-centered 

medicine becomes a focus of healthcare systems and disease management. The ability to 

classify patients into groups at higher risk for poor health outcomes based on easily 

obtained and interpretable patient characteristics at clinical visits is one method of 

facilitating this patient-centered care. LCA is a powerful patient-centered analytic tool 

that can be leveraged to efficiently group relatively homogenous subgroups and provide 

information about individuals.142-144 

Results of this study identified three classes. Although this solution did not maximize 

every fit criterion (e.g., lowest BIC), the three-class solution provides the most 

interpretable structure (moderate/severe/very severe). Age was largely consistent across 

classes, indicating that this variable does not contribute substantially to the formation of 

the classes. Post-hoc models excluding this variable did not alter class structure in a 

meaningful way (data not shown), further indicating that the disease severity classes 
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identified are a function of disease and not age. Age was retained in the final model to 

increase interpretability of the classes in relation to the broader COPD population. 

Previous research has suggested that classes constituting approximately <5% of the 

sample may over-fit the data, and thus may be less likely to replicate in independent 

datasets.145 The very severe symptom class (n=7) constitutes only <2% of the sample; 

however, this class remained consistent across all model iterations considered, thus 

supporting the identification of a unique patient phenotype. 

Statistically significant differences between classes were observed for the moderate, 

severe, and very severe classes for all indicator variables—except age, FEV1, and the 

number of comorbid conditions. Although the differences did not reach statistical 

significance, means between the three classes in FEV1 differed by >100 cc the clinically 

meaningful threshold.146 Additionally, reductions in FEV1 trended in the anticipated 

direction, with the moderate class having the best lung function and the very severe class 

having the worst. The only indicator variable that was significantly statistically different 

between the severe and very severe classes was rescue medication utilization (mean 

puffs/day = 2.9 vs. 11.1, p<0.05). The substantial difference in rescue medication 

utilization suggests dyspnea may be an important or disturbing symptom differentiating 

these two groups. Patients in the very severe class also had a notably higher number of 

comorbid conditions; however, the difference failed to reach statistical significance. The 

five-class solution model, as well as a post-hoc model that relaxed assumptions of 

conditional independence in the latent class model (e.g., variables were allowed to 

correlate within classes) (online supplement), suggested the moderate and severe classes 

would split into low and high comorbid conditions classes, with the very severe class 



 

87 

remaining the same (data not shown). These model solutions were limited by several 

classes with <5% of the sample, thus indicating that results were unlikely to generalize to 

other samples. Further research into the role of comorbid conditions contributing to 

COPD severity phenotypes is warranted in a larger sample. 

The three classes identified in this study are consistent with the revised GOLD guidelines 

for disease severity classification which categorize patients into four disease severity 

groups based on symptoms, airflow obstruction, and risk of exacerbation (Risk groups A-

D)1. The three classes derived in this study offer a more holistic approach to severity 

classification, taking into consideration airflow obstruction, symptomatic expression of 

the disease (including severity and rescue medication use), and overall health status. 

Christensen and colleagues (2016) identified three latent classes (low, intermediate, and 

high) among 267 COPD patients using the Memorial Symptom Assessment Scale, which 

assesses physical and psychological symptoms. Similar to this study, across the three 

latent classes, the pairwise comparisons for the classification of airflow limitation in 

COPD were not statistically significantly different, suggesting that measurements of 

respiratory function are not associated with COPD patients’ symptom severity.147 

Additionally, higher symptom severity among the severe and very severe disease classes 

in the current study corresponded to worse health status/quality of life as measured by the 

SGRQ. These findings are consistent with previous reports in COPD that associate 

symptom severity with statistically significant impairment in disease-specific quality of 

life.147,148 These findings further underscore the importance of assessing symptom 

severity concurrently with airflow obstruction, as recommended in the updated GOLD 

guidelines to adequately assess patient therapeutic needs. 
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No relationship between COPD severity phenotypes and symptom-defined exacerbation 

recovery status was identified in this study, indicating that factors other than baseline 

disease severity may influence symptom-defined recovery. Aaron and colleagues (2012) 

found that among 212 COPD patients, viral symptoms at exacerbation onset were 

indicative of greater exacerbation duration.122 Additionally, Perera and colleagues (2007) 

found that among 73 COPD patients, 23% had elevated symptoms at Day 35, which had 

not returned to baseline in conjunction with persistently higher levels of serum C-reactive 

protein (CRP) during the recovery period compared to patients whose symptoms returned 

to baseline.131 Together, these findings suggest that factors related to exacerbation 

etiology and inflammatory marker status (rather than patient baseline disease severity) 

may be more important in explaining recovery from symptom-defined events. 

LIMITATIONS 

This study has several limitations. The key limitation is the relatively small sample size 

(n=414), representing only 31% of the total eligible study population with which to 

conduct the analysis. However, LCA is a robust analysis technique, and the high entropy 

values obtained in the three-class solution indicate that class separation is large. 

Additionally, although novel techniques for reducing error introduced by assigning 

classes based on highest posterior probability have been introduced,137,149-152 several 

simulation studies have shown that with sample sizes of 500 and entropy >0.7, bias is 

minimal, and using the highest posterior probability to assign latent class is 

acceptable.137,149 Since the goal of this study was to identify clinically relevant and easily 

interpretable groups for understanding exacerbation recovery, the one-step approach used 

here was preferable. Assumptions of conditional independence may also be overly 
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conservative; however, post-hoc models allowing for covariance between variables 

within each class resulted in similar models being identified (online supplement). 

The generalizability of the identified three-class solution may be limited, as the study 

sample was constrained by inclusion criteria that required patients to have moderate to 

severe airflow obstruction with a history of HCRU exacerbations and symptomatic at 

enrollment. Despite this, three discernable disease severity levels were identified. The 

small size of the very severe class (n=7) likely limited the ability to detect statistically 

significant differences across groups. Additionally, these data were cross-sectional. 

Examination of external validators, including inflammatory correlates and changing 

symptom levels over time, is warranted. Analyses should be repeated in a broader COPD 

population to ascertain if the classes could be expanded to capture the full spectrum of 

disease severity (e.g., none/mild to very severe) over time and gain a better understanding 

of the role that comorbid conditions play in COPD phenotypes. 

The limitations are balanced by several strengths. First, data was derived from two 

multinational, randomized, controlled clinical trials. Second, EXACT diary compliance 

was high. Together, this ensures excellent internal validity, since data were collected 

completely and systematically. Patients were largely representative of symptomatic trial 

patients in terms of gender, age, and standard of care maintenance treatment, with 

moderate to severe COPD and a history of at least one HCRU in the prior 12 months, 

thus making the results of this study applicable to similar COPD patient populations. 

Additionally, the disease severity phenotypes identified correspond with existing 

classifications, indicating the relevance of assessing lung functioning and symptomatic 

severity concurrently.  
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CONCLUSION 

These findings suggest disease severity phenotypes can be identified empirically among 

COPD patients. Moderate, severe, and very severe disease were not associated with 

recovery from symptom-defined exacerbations. Patients with very high levels of rescue 

medication use were identified and warrant additional assessment, as they may have 

unmet therapeutic needs. 
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Table 4-10. Baseline Sociodemographic and Clinical Characteristics  

 ≥ 1 Symptom-defined EXACT event
(N=414) 

Age, mean (SD)  61.8 (8.01) 

Gender, % male  301 (72.7%) 

Race/ethnicity   

White  357 (86.7%) 

Asian  54 (13.1%) 

Hispanic or Latino 1 (0.3%) 

BMI (kg/m2), mean (SD) 26.4 (5.09) 

# comorbid conditions†, mean (SD)  1.9 (1.84) 

Current smokers, n (%) 184 (44.4%) 

Pack-years, mean (SD) 39.6 (22.42) 

FEV1 (L), mean (SD) 1.6 (0.51) 

FEV1% predicted, mean (SD) 55.8 (14.68) 

GOLD stage, n (%)§   

I 16 (4.0%) 

II 226 (56.4%) 

III 153 (38.2%) 

IV  6 (1.5%) 

Years since COPD diagnosis, mean (SD) 8.4 (7.07) 

# of acute exacerbations in past 12 months, mean 
(SD) 1.4 (0.77) 

Days since last exacerbation, mean SD) 154.7 (90.58) 

SGRQ total score, mean (SD) ll 55.1 (17.68) 

Rescue medication (puffs/day), mean (SD) ¶ 2.1(1.89) 

PEF, mean (SD) ¶ 213.0 (87.36) 

EXACT total score, mean (SD)¶ ll 42.9 (10.43) 

EXACT intra-individual variability, mean (SD) 4.6 (2.76) 

E-RS total score, mean (SD) ¶, ‡ 16.4 (6.65) 

Study, % AZ 1 241 (58.2%) 

Treatment Group, n (%)  

Placebo 154 (37.2%) 

5mg 57 (13.8%) 

20mg 53 (12.8%) 

60 mg 150 (36.2%) 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; FEV1 = forced expiratory 
volume in one second; GOLD = Global Initiative for Obstructive Lung Disease; PEF = Peak Expiratory 
Flow; SGRQ = St. George’s Respiratory Questionnaire.  

† MedDRA System Organ Class. 
§ GOLD classifications based on airflow obstruction.  
¶ Baseline days -7 to -1. 



 

93 

ll Scores can range 0–100, higher scores are worse. 
‡ Scores can range from 0-40, higher scores are more severe. 
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Table 4-11. Fit Information for LCA Models with 1–6 Classes 

 1 class 2 classes 3 classes 4 classes 5 classes 6 classes 

Best H0 
replicated Yes Yes Yes Yes Yes Yes 

# parameters 12 19 26 33 40 47 

AIC 13161.545 12958.509 12825.140 12778.973 12752.408 12747.822

BIC 13209.855 13035.001 12929.813 12911.827 12913.443 12937.038

ABIC 13171.776 12974.709 12847.309 12807.110 12786.513 12787.896

Entropy Na 0.711 0.812 0.779 0.821 0.788 

VLMR Na 
2 v 1 value 

=  
P= 0.0000 

3 v 2 class 
p= 0.0005 

4 v 3 class 
P=0.0608 

5 v 4 class 
P=0.2929 

6 v 5 class 
P=0.8222 

BLRT Na 
2 v 1 value 

=  
P= 0.0000 

3 v 2 class 
p= 0.0000 

4 v 3 class 
P=0.0000 

5 v 4 class 
P=0.0000 

6 v 5 class 
P=0.1900 

N for each class C1=414 
C1= 262 
C2=152 

C1=154 
C2=253 

C3=7 

C1=210 
C2=7 

C3=156 
C4=41 

C1=7 
C2=215 
C3=25 
C4=99 
C5=68 

C1=27 
C2=28 

C3=130 
C4=206 
C5=16 
C6=7 

Abbreviations: AIC=Akaike Information Criterion; BIC=Bayesian Information Criteria; ABIC=Sample-
size adjusted BIC; VLMR = Voung-Lo-Mendell-Rubin likelihood ratio test; BLRT=bootstrapped 
likelihood ratio test; NA = not applicable. 
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Table 4-12. Differences Among the Three Latent Classes in Latent Class Indicators 

 Moderate 
(n=253) 

Severe 
(n=154) 

Very 
Severe 
(n=7) 

Statistics and post-hoc 
contrasts 

Age, mean (SD)  62.4 (8.34) 60.8 (7.43) 61.6 (6.85) F=1.98, p=0.14 

# comorbid 
conditions†, mean (SD)  1.9 (1.9) 1.9 (1.74) 2.7 (1.80) KW=1.73, p=0.42 

FEV1 (L), mean (SD) 1.7 (0.51) 1.5 (0.46) 1.3 (0.66) F=9.21, p<0.01, A 

Rescue medication 
(puffs/day), mean (SD) 

¶ 
1.4 (1.19) 2.9 (1.41) 11.1 (1.66) F=237.98, p<0.01, A, B, 

C 

SGRQ total score, 
mean (SD) ll 

45.5 
(13.70) 

70.0 
(11.96) 70.8 (8.45) F=173.45, p<0.05, A, C 

E-RS total baseline 
score, mean (SD) ¶, ‡ 12.6 (4.62) 22.4 (4.51) 22.4 (7.17) F=221.09, p<0.01, A, C 

Abbreviations: Evaluating Respiratory Symptoms tool (E-RS); FEV1 = forced expiratory volume in one 
second; SGRQ = St. George’s Respiratory Questionnaire. 

† MedDRA System Organ Class. 
¶ Baseline days -7 to -1. 
ll Scores can range 0–100, higher scores are worse. 

‡ Scores can range from 0-40, higher scores are more severe. 

p-values based on one-way ANOVA or Kruskal-Wallis test, as appropriate. 

Statistically significant pairwise comparisons (p<0.05) using Scheffe’s post-hoc tests for one-way 
ANOVA, pairwise comparisons A: 1 vs 2, B: 2 vs. 3, C: 1 vs. 3. 
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Table 4-13. Differences in Baseline Sociodemographic and Clinical Characteristics 
Among the Three Latent Classes 

 Moderate 
(n=253) 

Severe 
(n=154) 

Very 
Severe 
(n=7) 

Statistics 
and post-

hoc 
contrasts 

Gender, % male  185 (73.1%) 111 (72.1%) 5 (71.4%) χ2=0.06, 
p=0.97 

Race/ethnicity      

White  214 (84.9%) 137 (89.5%) 6 (85.7%) χ2=1.66, 
p=0.80 

Asian  37 (14.7%) 16 (10.5%) 1 (14.3%)  

Hispanic or Latino 1 (0.4%) 0 (0.0%) 0 (0.0%)  

BMI (kg/m2), mean (SD) 26.1 (4.96) 26.8 (5.26) 29.4 (4.88) F=2.06, 
p=0.13 

Current smokers‡, n (%) 108 (42.7%) 75 (48.7%) 1 (14.3%) χ2=4.03, 
p=0.13 

Pack-years‡, mean (SD) 38.9 (21.23) 40.2 (21.98) 53.3 (55.63) F=1.47, 
p=0.23 

FEV1% predicted, mean (SD) 59.0 (14.49) 51.3 (13.48) 43.2 (4.88) 
F=17.13. 

p<0.01, A, 
C 

GOLD stage§, n (%)     

I 14 (5.7%) 2 (1.3%) 0 (0.0%) P<0.05 

II 153 (62.5%) 71 (47.7%) 2 (28.6%)  

III 76 (31.0%) 73 (49.0%) 4 (57.1%)  

IV  2 (0.8%) 3 (2.0%) 1 (14.3%)  

Years since COPD diagnosis, mean 
(SD) 7.8 (6.56) 9.3 (7.56) 12.2 (11.07) F=3.16, 

p=0.04‡ 

# of acute HCRU exacerbations in 
past 12 months, mean (SD) 1.3 (0.72) 1.4 (0.85) 1.7 (0.49) KW=7.04, 

p=0.03, C 

PEF, mean (SD) ¶ 225.1 
(87.75) 

194.1 
(84.08) 

192.5 
(78.83) 

F=6.37, 
p<0.01, A 

EXACT baseline score, mean (SD) 

¶, ll 37.1 (7.96) 51.9 (6.71) 52.7 (9.43) 
F=188.80, 
p<0.01, A, 

C 

EXACT intra-individual 
variability, mean (SD) 4.6 (2.77) 4.6 (2.71) 5.0 (3.39) F=0.11, 

p=0.90 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; FEV1 = forced expiratory 
volume in one second; GOLD = Global Initiative for Obstructive Lung Disease; PEF = peak expiratory 
flow. 

† MedDRA System Organ Class. 
§ GOLD classifications based on airflow obstruction.  
¶ Baseline days -7 to -1. 
ll Scores can range 0–100, higher scores are worse. 
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‡ Indicates statistically significant differences among the latent classes, but not statistically significant 
pairwise group differences.  

p-values based on one-way ANOVA, χ2, Fishers EXACT test, or Kruskal-Wallis test, as appropriate. 

Statistical Significant Pairwise comparisons (p<0.05) using Scheffe’s post-hoc tests for one-way ANOVA 
or pairwise Kruskal-Wallis test with Bonferroni correction, as appropriate. Pairwise comparisons A: 1 vs 2, 
B: 2 vs. 3, C: 1 vs. 3.  



 

98 

Table 4-14. Relationship of Latent Classes with Symptom-Defined Exacerbation 
Recovery Status 

Class 
Recovery Group 

Recovered 
(n=260) 

Persistent Worsening
(n=80) 

Censored 
(n=74) 

Moderate (n=253), n (%) 151 (36.5%) 55 (13.3%) 47 (11.4%) 

Severe (n=154), n (%) 104 (25.1%) 25 (6.0%) 25 (6.0%) 

Very Severe (n=7), n (%) 5 (1.2%) 0 (0.0%) 2 (0.5%) 

χ2= 4.65, p=0.33, Fischer’s EXACT test p=0.31. 
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Figure 4-5. Mean z-scores on the Indicator Variables for the Three-class Solution 

 
Abbreviations: Evaluating Respiratory Symptoms tool (E-RS); FEV1 = forced expiratory volume in one 
second; SGRQ = St. George’s Respiratory Questionnaire. 

* Mean of baseline days -7 to -1. 
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CHAPTER 5. CONCLUSIONS 

Recovery from symptom-defined exacerbation of COPD is poorly characterized. Results 

of this dissertation further the understanding of recovery from these events by providing a 

clearer picture of the risk factors associated with recovery duration and the impact of 

exacerbation recovery duration on short-term health status, lung function, and respiratory 

symptoms. Previous research using the EXACT identified a sub-set of patients who failed 

to achieve symptomatic recovery after an exacerbation event, i.e., patients who 

experience persistent worsening. Results of the first study indicate these events signal a 

deterioration in COPD characterized by not only worsening of respiratory symptoms, but 

a decline in health status over 12 weeks as well, with no effect on lung function over this 

short observation period. Differences in health status measured by SGRQ change scores 

between the recovered and persistent worsening groups (3.6 points) approached the 

published 4 point minimally important difference119, indicating that the between-group 

difference in health status, and thus the effect of persistent worsening,  trends towards 

being clinically meaningful. These results indicate that failure to recover fully from 

symptom-defined events can adversely affect COPD-specific health status in the short-

term. Identification of patients at risk for persistent worsening and interventions aimed at 

reducing the duration of symptom-defined events could alleviate patient morbidity.  

In the second study, the goal was to identify indicators of time to recovery from 

symptom-defined events. Baseline factors associated with decreased time to recovery 

included increased number of reported comorbid conditions (HR =1.07, 95% CI 1.00 – 

10.14) and greater rescue medication use (mean puffs/day (HR =1.07, 95% CI 1.01 – 

1.14)). Baseline factors associated recovery (≤ 10 days) compared to persistent worsening 
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included number of comorbid conditions (OR =1.27, 95% CI 1.06 – 1.53), higher (worse) 

baseline EXACT score (OR = 1.08, 95% CI 1.04 – 1.12), and lower (better) SGRQ total 

score (OR =0.98, 95% CI 0.96 – 0.99).  

The juxtaposition of worse EXACT scores with better SGRQ scores in the logistic 

regression model was driven by the SGRQ domain scores. Baseline SGRQ total and 

domain scores were lower (e.g., better) for patients in the recovery ≤10 days group 

compared with persistent worsening patients for all but their symptom scores which 

aligned with EXACT scores as one would expect. Wilkinson and colleagues (2004), 

reported that patients with lower SGRQ total, activity, and impact scores at baseline had a 

higher proportion of treated exacerbations, and that earlier treatment was associated with 

shorter exacerbation recovery times. Results from the second study indicate that patient 

training for those with a higher level of activity impairment in the stable state may be 

required to encourage earlier treatment and potentially shorten recovery times.  

Events with faster recovery times were characterized by later onset (p<0.05), greater 

symptom change at onset (p<0.01), greater event severity (p<0.01), and shorter time 

between onset to maximum score (p<0.01) compared with persistent worsening events. 

These results are consistent with a previously reported study showing patients who 

experienced sudden onset exacerbations (i.e., the exacerbation threshold was crossed on 

the same day symptoms began) had higher daily symptom scores, higher maximum 

symptom scores, earlier maximum symptom scores and shorter recovery times compared 

to patients with gradual onset exacerbations.122 Aaron and colleagues (2012) also found 

that viral or bacterial symptoms were associated with these sudden onset exacerbations 

and that viral symptoms at onset were indicative of longer exacerbation duration. 
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Additionally, Perera and colleagues (2007) found that among 73 COPD patients, 23% 

had elevated symptoms which had not returned to baseline at Day 35, in conjunction with 

persistently higher levels of serum C-reactive protein (CRP) during the recovery period 

compared to patients whose symptoms returned to baseline.131 Together, these findings 

suggest that factors related to exacerbation etiology and inflammatory marker status 

rather than patient baseline characteristics may be more important in explaining recovery 

from symptom-defined events. 

The higher number of comorbid conditions being associated with decreased recovery 

time from symptom-defined exacerbation events is a novel result of this study and 

contradicted published data which found no association between history of cardiovascular 

disease and longer symptom-defined exacerbation recovery times among 212 patients in 

an observational study followed for a median of 2.8 years.122 Differences in study 

populations likely account for the conflicting findings. Observational studies are likely to 

have far greater variability in comorbid conditions as trial populations exclude potential 

participants with serious comorbidities to avoid safety issues during the trial. It is also 

possible that patients with more comorbid conditions are being seen and treated for other 

underlying conditions that can reduce or alleviate symptoms typically associated with 

COPD, such as breathlessness, sleep difficulties, and fatigue. Defining comorbid 

conditions has been a challenge in both clinical care and clinical trial settings, with 

misclassification a likely issue. Additional study of patient reporting and treatment 

practices in primary care and specialty settings, as well as a more standardized approach 

to defining comorbidity will help us better understand the complex relationship between 

underlying comorbidity and symptom-defined exacerbation recovery. 
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The goal of the third study was to identify COPD disease severity phenotypes based on 

disease characteristics that could be easily obtained and readily interpretable by clinicians 

and evaluate the relationship of these disease severity phenotypes and symptom-defined 

recovery. Identifying clinically relevant phenotypes is of increasing interest as patient-

centered medicine becomes a focus of healthcare systems and disease management. The 

ability to classify patients into groups at higher risk for poor health outcomes based on 

easily obtained and interpretable patient characteristics at clinic visits is one method of 

facilitating this patient-centered care. Results of this study identified three distinct disease 

severity phenotypes based on age, FEV1, number of comorbid conditions, health status 

(SGRQ score), and respiratory symptoms (E-RS score). The three classes identified in 

this study are consistent with the revised GOLD guidelines for disease severity 

classification which categorize patients into four disease severity groups based on 

symptoms, airflow obstruction, and risk of exacerbation (Risk groups A-D)1. The three 

classes derived in this study offer a more holistic approach to severity classification, 

taking into consideration airflow obstruction, symptomatic expression of the disease 

(including severity and rescue medication use), and overall health status. No relationship 

between COPD severity phenotypes and symptom-defined exacerbation recovery status 

was identified in this study, indicating that factors other than baseline disease severity 

may influence symptom-defined recovery. 

The three studies had several limitations. The key limitation is that because this was a 

secondary analysis of data collected for a clinical trial, the inclusion of COPD patients 

with serious comorbid conditions was restricted and limits the generalizability of these 

findings to the broader COPD population. For instance, too few patients had a diagnosis 
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of cardiovascular disease recorded at baseline to enable the inclusion of this variable in a 

meaningful way into the analyses. Previous studies have shown that cardiovascular 

disease may be an important comorbid condition to COPD exacerbations and this 

variable would have been interesting to assess in the current studies. The race variable 

available for examination was also limited to white and Asian and no data on 

socioeconomic or education status was available, which further restricts the 

generalizability of these findings to the broader COPD population. Patients were also 

only followed for a three month period, which is a relatively short time to consider COPD 

exacerbation frequency and duration and changes in lung function. Additionally, 

relatively few HCRU events were captured, limiting the ability to compare reported and 

unreported symptom-defined exacerbation events. Misclassification of recovery using the 

EXACT recovery algorithm for each event is also a possibility. With no gold standard 

available to evaluate the EXACT recovery against, it is difficult to postulate a specific 

misclassification rate. However, the EXACT recovery algorithm requires a 9 point 

improvement from the most severe score using a 3-day rolling average for seven 

consecutive days. This is a conservative approach which makes any misclassification 

error likely to be nondifferential. Examination of external validators, including 

inflammatory correlates is warranted. Finally, there is the potential that findings are a 

result of reverse causality with persistent worsening and reporting (or not) to the clinic to 

receive treatment.  

The limitations are balanced by several strengths. Data from two randomized, controlled 

clinical trials were used in this analysis. The methods of data collection in both studies 

were nearly identical and the novel drug had no effect on lung function or symptoms 
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115,116, allowing these data to be pooled across treatment group and study. Additionally, 

compliance with the EXACT diary was high (>90%). This ensured excellent internal 

validity since data were collected completely and systematically. Patients were largely 

representative of COPD patients with moderate to severe COPD and a history of at least 

1 HCRU in the 12 months prior in terms of gender, age, and maintenance treatment, 

making the results of this study applicable to the similar COPD patient populations (e.g., 

other COPD trial populations). Robust analysis techniques were also leveraged to ensure 

maximum confidence in study results. For instance, adequate goodness of fit statistics for 

the logistic regression model in the second study were relatively high, indicating that the 

fit of the model was adequate and AUC results indicate the model had fair predictive 

power. In the latent class analysis, high entropy values were obtained in the three-class 

solution, indicating that class separation was large. Additionally, the disease severity 

phenotypes identified correspond with existing classifications, indicating the relevance of 

assessing lung functioning and symptom severity concurrently.  

Overall, a substantial portion of patients with moderate to severe COPD experience 

symptom-defined exacerbations. Results of these analyses suggest that for a subset of 

these patients, these events signal a deterioration in their COPD, with statistically and 

clinically significant worsening of respiratory symptoms and decline in health status over 

12 weeks. Patients with a greater number of comorbid conditions and higher levels of 

baseline symptoms had shorter symptom-defined exacerbation events. Although disease 

severity phenotypes were identified, these phenotypes were not associated with recovery 

from symptom-defined exacerbations.  
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Future Directions  

These results further understanding of recovery from symptom-defined COPD 

exacerbations. Future research could expand these findings in a number of ways. One of 

the main limitations to the current dissertation work was the brevity of the follow-up 

period. Replicating these analyses in a dataset that followed patients for at least a year 

would allow for exploration of factors that were just not possible in the current study 

(e.g., testing/controlling for the effect of seasonality and assessment of HCRU events), 

and provide reassurance that differences between recovery groups was not an artifact of 

follow-up time. A longer study duration would also likely increase the number of HCRU 

and symptom-defined exacerbation events recorded, allowing for greater statistical power 

to compare groups. In particular, extended follow-up of patients with persistent 

worsening events and an exploration of the correspondence of these events to HCRU 

events is vital to better understanding the trajectory of disease in this sub-population. 

Further study of the effects of symptom-defined events and patterns of symptomatic 

worsening over longer timeframes in COPD is warranted. 

Several potentially important variables that should be included in future studies were 

identified through this research. First, classification of exacerbation etiology could help 

elucidate potential differences in recovery. It should be noted, however, that no 

standardized method for diagnosing an exacerbation (e.g. via a biomarker) is currently 

part of clinical practice and misclassification between viral, bacterial, and unknown 

etiology is likely. Further exploration of comorbidity is also warranted. Results of the 

second study indicated patients with less severe disease who experience gradual onset of 

a symptom-defined exacerbation, which may be more likely to correspond to viral rather 
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than bacterial etiology, were at greater risk of experiencing extended recovery duration 

from COPD events and may be a group in need of additional patient training, intervention 

and support. Comorbidity also appeared to play a role in defining COPD severity 

phenotypes. However, similar to the clinical diagnosis of exacerbation, although several 

comorbidity classification systems exist, no standard method for categorizing 

comorbidity has been adopted widely by the field, making classification of disease status 

and comparison across studies problematic. Future efforts to standardize the medical 

diagnosis of COPD exacerbations and comorbidity measurement would make 

tremendous contributions to furthering the ability to accurately measure these important 

variables and compare results across studies.  

The role of inflammatory markers in underlying disease severity and exacerbation 

occurrence and recovery is also an area of growing interest, with efforts already 

underway to prospectively collect and analyze phenotypic, biomarker, genetic, genomic, 

and clinical data from subjects with COPD for the purpose of identifying subpopulations 

and intermediate outcome measures as part of the Subpopulations and intermediate 

outcome measures in COPD study (SPIROMICS).153 Any future study should also make 

careful consideration around including a broader COPD sample with greater racial, ethnic 

and socioeconomic diversity in order to make findings more applicable to the global 

COPD population. Information related to environmental exposures is also warranted 

given the association between pollution peaks and HCRU exacerbations.  

Results from the third study indicate that it is possible to empirically derive patient 

disease severity phenotypes. Similar to the methods used by Christensen and colleagues 

(2016) to identify distinct symptom experience phenotypes in patients with COPD using 
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the Memorial Symptom Assessment Scale, it might be of further interest to use item-level 

responses to the EXACT to identify symptomatic phenotypes. The EXACT includes 

items related to respiratory symptoms of dyspnea with and without exertion, cough, 

sputum, chest discomfort and chest tightness, as well systemic symptoms such as fatigue 

and feeling scared or worried. It would be interesting to explore how symptomatic 

phenotypes align with previously described chronic bronchitis and dyspnea-dominant 

phenotypes and their relationship to symptom-defined recovery from exacerbation events. 

Finally, a substantial number of patients were categorized as persistent worsening in this 

study (approximately 17%). Current scoring algorithms for the EXACT do not include 

resetting the baseline for these patients – once categorized as persistent worsening, no 

additional symptom-defined exacerbation events can be captured. This approach may be 

too conservative. Additional analyses related to establishing a new baseline score after 

some to-be-determined period and then assessment of the relative variability of scores 

after the persistent worsening event, as well as subsequent symptom-defined exacerbation 

frequency warrant further investigation.  
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APPENDICES 

Appendix 1. The Impact of Symptom-defined COPD Exacerbation Recovery on 

Health Status and Lung Function 

Lindsey T. Murray, MPH1,2; Nancy K. Leidy, PhD1 

1Evidera, Bethesda, MD, US; 2George Washington University, Washington, DC, US 

Online Supplement 

 

PATIENT CHARACTERISTICS 

Patients in the study sample (N=340) were similar to those with no symptom-defined 

events in terms of age, gender, race, airflow obstruction, history of acute exacerbations, 

and other baseline characteristics (Table S1). Study inclusion criteria ensured all patients 

had moderate to severe COPD, a history of ≥ 1 HCRU event in the last 12 months, and 

were symptomatic at the time of enrollment. 

Table S1. Baseline Sociodemographic and Clinical Characteristics 

 Recovered 
(N=260) 

Persistent Worsening 
(N=80) 

No Events 
(N=932) 

Age, mean (SD)  61.7 (8.06) 61.4 (6.89) 62.1 (8.37) 

Gender, % male  191 (73.5%) 59 (73.8%) 714 (76.6%) 

Race/ethnicity     

White  227 (87.3%) 68 (85.0%) 767 (82.7%) 

Asian  31 (11.9%) 11 (13.8%) 158 (17.0%) 

Hispanic or Latino 0 (0.0%) 1 (1.3%) 3 (0.3%) 

FEV1(L), mean (SD) 1.6 (0.52) 1.6 (0.52) 1.6 (0.50) 

FEV1% predicted, mean (SD) 55.4 (14.56) 56.7 (15.49) 57.2 (13.85) 

GOLD stage, n (%)    

I 10 (3.9%) 4 (5.0%) 29 (3.2%) 

II 137 (52.7%) 46 (57.5%) 577 (63.8%) 

III 101 (38.9%) 27 (33.8%) 284 (31.4%) 

IV  4 (1.5%) 1 (1.3%) 15 (1.7%) 

# of acute exacerbations in past 12 
months, mean (SD) 1.4 (0.79) 1.4 (0.75) 1.3 (0.89) 
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 Recovered 
(N=260) 

Persistent Worsening 
(N=80) 

No Events 
(N=932) 

SGRQ total score, mean (SD) a 55.4 (17.46) 55.8 (16.25) 53.0 (17.91) 

EXACT baseline score, mean (SD) a, b 43.5 (9.97) 39.6 (10.93) 44.4 (9.02) 

E-RS baseline scores, mean (SD) b, c    

RS – Total 16.8 (6.41) 14.3 (6.84) 17.2 (5.84) 

RS – Breathlessness 8.3 (3.43) 7.1 (3.61) 8.5 (3.03) 

RS – Cough & Sputum 4.4 (1.68) 3.7 (1.56) 4.5 (1.55) 

RS – Chest Symptoms 4.1 (1.92) 3.5 (2.09) 4.2 (1.95) 

Study, n (%) AZ 1 148 (56.9%) 45 (56.3%) 508 (54.5%) 

Abbreviations: EXACT = Exacerbations of Chronic Pulmonary Disease Tool; FEV1 = forced expiratory 
volume in one second; GOLD = Global Initiative for Obstructive Lung Disease; SGRQ = St. George’s 
Respiratory Questionnaire.  
a Scores can range 0–100, higher scores are worse. 

b Baseline days -7 to -1. 
c Scores can range as follows: RS – Total 0-40, RS – Breathlessness 0-17, RS – Cough and Sputum 0 – 11 
and RS – Chest Symptoms 0 – 12, higher scores are more severe. 

p-values based on t-test or χ2, as appropriate 

 

SYMPTOM CHANGE 

Changes in symptom scores were compared between groups using the EXACT derivative 

respiratory symptom measure, the Evaluating Respiratory Symptom™ Scale for COPD 

(E-RS™:COPD) (Table S2). The E-RS total and subscale scores, derived using the 11 

respiratory symptom items of the EXACT, measure respiratory symptom severity in the 

stable state. 135 The RS-Total score ranges from 0-40, RS- Breathlessness score ranges 

from 0-17, RS-Cough and Sputum score ranges from 0-11 and RS-Chest Symptoms score 

ranges from 0-12. Higher scores represent worse symptom severity. Responder 

definitions (minimal important difference (MID) change score) are ≥2 for the RS-Total, 

≥1 for the RS-Breathlessness, and ≥0.7 for the RS-Cough and Sputum and RS-Chest 

Symptom scores, respectively.123,154 

Respiratory symptom scores were statistically significantly different between the 

recovered and persistent worsening groups for the E-RS total and subscale scores 
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(p<0.0001 for all). Symptoms in the recovered group improved, although less than the 

MID suggesting these patients were symptomatically unchanged from baseline. In 

contrast, the persistent worsening group experienced a meaningful deterioration in 

respiratory symptoms overall (RS-Total) and in breathlessness and chest symptoms 

specifically (RS-Breathlessness, RS-Chest Symptom). The increase in RS-Cough and 

Sputum would not be considered clinically meaningful.  

These findings indicate that respiratory symptom deterioration among persistent 

worsening patients is substantial over 12 weeks. Although not statistically significantly 

different, nearly a quarter (23%) of the recovered patients were treated for HCRU events, 

versus 14% of the persistent worsening group. It is possible the acute treatment visit 

helped to stabilize symptoms in the recovered group. These results offer further support 

for educational programs that encourage patients to seek care for acute, unresolved 

worsening of their symptoms. 

Table S2. Summary of Change Scores in Evaluating Respiratory Symptoms (E-RS) 
Total and Subscale Scores from Baseline to Week 12 by Recovery Group 

 Recovered 
(N=260) 

Persistent 
Worsening 

(N=80) 

p-
value 

RS –  Total change scorea, n mean (SD) 245 
-1.5 (5.56) 

80 
2.9 (4.54) <0.01 

RS –  Breathlessness change scorea, n mean (SD) -0.5 (2.72) 1.6 (2.42) <0.01 

RS – Cough & Sputum change scorea, n mean (SD) -0.6 (1.57) 0.5 (1.17) <0.01 

RS – Chest Symptoms change scorea, n mean (SD) -0.4 (1.90) 0.8 (1.37) <0.01 

RS-Total Scores can range from 0 – 40, RS-Breathlessness scores can range from 0 – 17, RS-Cough and 
Sputum scores can range from 0 – 11, and RS- Chest Symptom scores can range from 0 – 12; higher scores 
are worse. 
a Mean of final week days -7 to -1 from Week 12 in Recovered group; 15 patients in the Recovered group 
had insufficient E-RS data for Week 12 to compute a weekly mean. Persistent Worsening E-RS change 
scores were calculated over the entire persistent worsening event. 

p-values based on t-test 
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Appendix 2. Identifying Indicators of Symptom-defined Exacerbation Recovery 

Lindsey T. Murray, MPH1,2 

1Evidera, Bethesda, MD, US; 2George Washington University, Washington, DC, US 

Online Supplement 

 

ANALYSIS POPULATION 

The analysis population was limited to only patients with at least four baseline days of 

valid, non-missing EXACT data (baseline, Day -7 to Day -1) and >80% of daily data 

from baseline to final visit or early termination (ET) date. Select baseline 

sociodemographic and clinical characteristics of the study sample compared with non-

compliant patients who were excluded. No statistically significant differences in age, sex, 

race, FEV1, FEV1% predicted or SGRQ total and domain scores were observed at 

baseline (data not shown), indicating that selection bias was minimized in this study 

population and sicker patients were not excluded from the analysis due to missing 

EXACT data.  

VARIABLE SELECTION 

The goal of these analyses was to accurately capture the symptom-defined exacerbation 

event recovery experience of the patient sample in the most parsimonious manner while 

maintaining model goodness-of-fit and discrimination ability. Only clearly definable 

variables that were collected in both studies with relatively low missing rates were 

included. Item-level responses and domain scores to patient-reported outcomes were 

discarded in favor of the PRO total score to increase interpretability. Where variables 
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were highly correlated, variables were selected based on a strong history of relevance in 

the exacerbation literature and clinical judgment.  

Figure S1. Variable Disposition 

 
 

COMORBID CONDITIONS 

Patient comorbidities were organized by MedDRA system organ class (SOC). The SOCs 

reported were compared by recovery groups (Table S3). Cardiac disorders was the only 

SOC that was statistically significantly different between groups (p=0.05). A post-hoc 

analysis including cardiac disease (yes/no) as a variable in the Cox proportional hazard 

and multiple logistic regression models showed that it was not a statistically significant 

indicator of recovery in either model (data not shown) and had the disadvantage of 

dropping the sample size of both analyses considerably; thus reducing overall power. An 

additional post-hoc sensitivity analysis of comorbid conditions by reported and 

unreported events showed no differences in SOCs reported between groups (data not 

shown).  
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Enrollment criteria for the trial programs excluded patients with any clinically relevant 

disease or disorder, e.g., infectious/viral disease, cardiovascular, pulmonary other than 

COPD, gastrointestinal, liver, renal, neurological, musculoskeletal, endocrine, metabolic, 

malignant, psychiatric, major physical impairment, past or present which might have put 

the patient at risk because of participation in the study or influence the results of the study 

as judged by the investigator. Furthermore, significant or unstable ischaemic heart 

disease, arrhythmia, cardiomyopathy, heart failure, uncontrolled hypertension or any 

other cardiovascular disorder as judged by the investigator were specifically excluded. 

These limitations ensured the safety of the trial population, but limited the severity of 

disease observed in the study sample substantially and precluded meaningful 

comparisons of specific disease groups (e.g., cardiovascular disease) in the analysis that 

might otherwise have been on interest.  

Table S3. Comorbid System Organ Classes Reported by Recovery Group 

 Recovered
(N=172) 

Persistent Worsening 
(N=69) 

P 
value 

Blood and lymphatic system disorders 0 (0.0%) 0 (0.0%) -- 

Cardiac disorders 47(27.3%) 10 (14.5%) 0.05 

Congenital, familial and genetic disorders 1 (0.6%) 0 (0.0%) 0.99 

Ear and labyrinth disorders 4 (2.3%) 0 (0.0%) 0.58 

Endocrine disorders 4 (2.3%) 4 (5.8%) 0.22 

Eye disorders 7 (4.1%) 1 (1.5%) 0.45 

Gastrointestinal disorders 32 (18.6%) 6 (8.7%) 0.10 

General disorders and administration site 
conditions 1 (0.6%) 0 (0.0%) 0.99 

Hepatobiliary disorders 7 (4.1%) 3 (4.4%) 0.99 

Immune system disorders 7 (4.1%) 0 (0.0%) 0.19 

Infections and infestations 12 (7.0%) 1 (1.5%) 0.12 

Injury, poisoning and procedural complications 5 (2.9%) 0 (0.0%) 0.32 

Investigations 3 (1.7%) 0 (0.0%) 0.56 

Metabolism and nutrition disorders 44 (25.6%) 15 (21.7%) 0.69 

Musculoskeletal and connective tissue 
disorders 38 (22.1%) 15 (21.7%) 0.85 
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 Recovered
(N=172) 

Persistent Worsening 
(N=69) 

P 
value 

Neoplasms benign, malignant and unspecified 
(incl cysts and polyps) 6 (3.5%) 0 (0.0%) 0.19 

Nervous system disorders 18 (10.5%) 5 (7.3%) 0.62 

Pregnancy, puerperium and perinatal 
conditions 0 (0.0%) 0 (0.0%) -- 

Psychiatric disorders 12 (7.0%) 1 (1.5%) 0.12 

Renal and urinary disorders 2 (1.2%) 0 (0.0%) 0.99 

Reproductive system and breast disorders 15 (8.7%) 4 (5.8%) 0.60 

Respiratory, thoracic and mediastinal disorders 14 (8.1%) 1 (1.5%) 0.07 

Skin and subcutaneous tissue disorders 8 (4.7%) 2 (2.9%) 0.73 

Social circumstances 7 (4.1%) 0 (0.0%) 0.19 

Surgical and medical procedures 0 (0.0%) 0 (0.0%) -- 

Vascular disorders 94 (54.7%) 37 (53.6%) 0.66 

p-values from χ2 test or Fisher’s EXACT test where cells ≤5 

 

MULTINOMIAL LOGISTIC REGRESSION 

A post-hoc multinomial logistic regression model comparing baseline characteristics of 

patients with recovery ≤ 10 days (n=172) to patients with delayed recovery (days 11-60) 

(n=99) and persistent worsening (n=69) was conducted to incorporate the full sample of 

patients with non-censored symptom-defined exacerbation events. The model identified 

increased number of comorbid conditions, pack-years, EXACT score, and decreased 

SGRQ total score as being indicative of faster recovery (Table S4). There were no 

statistically significant differences between the delayed recovery and persistent 

worsening groups for any of the indicator variables, but there were statistically significant 

differences between the delayed recovery and persistent worsening groups compared to 

the faster recovery for all four variables.  

Multinomial regression is an appealing method for making group comparisons when 

there is a non-ordered, non-binary nominal outcome measure such as the recovery time 

groups presented in this study. This method is similar to logistic regression, modeling the 
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log-odds of the outcome as a linear combination of the indicator variables. Multinomial 

regression uses a maximum likelihood estimation method and runs multiple equations 

simultaneously; therefore requiring a large sample size. This method was not selected as 

the primary analysis due to the large number of baseline characteristics being investigated 

and sample size limitations. Additionally, multinomial logistic regression lacks the fit 

statistics available using logistic regression and concerns about poor fit could not be 

adequately assessed. A logistic regression comparing delayed recovery to persistent 

worsening showed model misfit and a Hosmer and Lemeshow χ2 value of 0.29. 

Discrimination of the model was poor with an AUC of 0.61 (95% CI 0.52 to 0.69), 

indicating that comparisons between these groups may not be reliable.  

Table S4. Baseline Factors Associated with Faster Recovery (≤ 10 days) Compared 
to Delayed Recovery (11 to 60 days) and Persistent Worsening from a Symptom-
Defined Exacerbation Event in a Multinomial Regression 

Factor Odds Ratio Point 
Estimate 95% CI P value 

Recovery ≤ 10 days    

# comorbid conditions† 1.23 1.03 – 1.47 0.02 

Pack-year 1.02 1.00 – 1.03 0.03 

EXACT score 1.08 1.04 – 1.11 <0.01 

SGRQ total score 0.98 0.96 -0.99 0.01 

Recovery 11-60 days    

# comorbid conditions† 1.05 0.87 – 1.28 0.61 

Pack-year 1.01 0.99 – 1.03 0.40 

EXACT score 1.03 0.99 – 1.07 0.07 

SGRQ total score 0.99 0.97 – 1.01 0.24 
† MedDRA System Organ Class 

The reference category is Persistent Worsening 
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Appendix 3. Identification of COPD Severity Phenotypes and their Relationship to 

Symptom-defined Exacerbation Recovery: A Latent Class Analysis 

Online Supplement 

Lindsey T. Murray, MPH1,2 

1Evidera, Bethesda, MD, US; 2George Washington University, Washington, DC, US 

 

SYMPTOM-DEFINED EXACERBATION SUMMARY 

A summary of symptom-defined exacerbation events by recovery group is shown in 

Table S5. Baseline EXACT scores were similar across the three groups (recovered = 43.5 

[9.97]; persistent worsening =39.6 [10.93]; and censored = 44.3 [10.83]). Median onset 

of the first symptom-defined event was earliest for the recovered group, followed quickly 

by persistent worsening at approximately one month after randomization. Censored 

events by definition could not begin until the last 28 days of the study. Change scores at 

event onset were highest in the recovered group, followed by the censored and persistent 

worsening groups. Event severity was lowest in the censored group. 
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Table S5. Summary of Symptom-defined Events Observed During 12 Weeks 

 Recovered
(N=260) 

Persistent 
Worsening 

(N=80) 

Censored
(N=74) 

Symptom-Defined Events    

Event Frequency*, n [range] 383 [1-4] 91 [1-2] 74 [1] 

≥ 2 Events, n (%) 95 (36.8%) 11 (13.8%) 0 (0.0%) 

Median time to first event†, d 26.5 27.5 64.5 

Event Duration‡, mean (SD) 12.9 (12.3) n/a n/a 

EXACT change score at Onset Day 1ll, 
mean (SD) 15.0 (5.31) 12.5 (3.51) 13.3 (4.25) 

Event Severity ll,¶, mean (SD) 60.6 
(12.38) 57.5 (13.47) 55.6 

(13.77) 

* Cumulative across the study period; multiple events/participant allowed. Among Recovered, 329 
recovered events and 54 censored. Among Persistent Worsening, 11 recovered events and 80 persistent 
worsening. 
† Time to first resolved event for Recovered group or first persistent worsening event for Persistent 
Worsening group. 
‡ Excludes 54 events that were censored. 
ll Persistent worsening events only. Excludes 11 first symptom-defined events that recovered. 
¶ Severity defined by the worst EXACT score observed during the event.  

 

POST-HOC LCA MODEL 

One of the key assumptions of LCA modeling is that, within each latent class, each 

variable is statistically independent of every other variable. Pearson’s correlations 

between the indicator variables indicate that this assumption may be too conservative in 

this dataset (Table S6). Therefore, a post-hoc LCA model was run, which allowed 

indicators with a Pearson’s correlation ≥0.3 to correlate within class. The fit indices for 

the candidate post-hoc models are shown in Table S7. The three-class solution was 

selected because the BIC was lowest and the VLMR and BLRT were statistically 

significant. Additionally, the three-class solution produced adequate entropy (i.e., 

improved delineation of classes [≥0.8]), and was the most clinically interpretable model. 
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Table S6. Pearson Correlations of Indicator Variables 

Variable Age FEV1 
Comorbid 
conditions 

SGRQ 
Total 

Rescue 
Medication 
Utilization 

RS-Total 

Age 1.0 -0.30*** 0.16** -0.12* -0.03 -0.08 

FEV1  1.0 0.04 -0.15** -0.17** -0.14* 

Comorbid 
conditions   1.0 -0.03 0.02 0.01 

SGRQ Total    1.0 0.30*** 0.53*** 

Rescue Medication 
Utilization     1.0 0.41*** 

RS-Total      1.0 

*p<0.05, **p<0.001. ***p<0.0001 

 

Table S7. Fit Information for Post-hoc LCA Models with 1–5 Classes 

 1 Class 2 Classes 3 Classes 4 Classes 5 Classes 

Best H0 replicated Yes Yes Yes Yes Yes 

# parameters 16 23 30 37 44 

AIC 12912.001 12772.331 12706.053 12678.459 12656.436 

BIC 12976.415 12864.926 12826.829 12827.416 12833.574 

Sample-size Adjusted 
BIC 12925.643 12791.942 12731.632 12710.006 12693.952 

Entropy Na 0.995 0.882 0.904 0.754 

VLMRT Na 
2 v 1 value 

=  
P= 0.0247 

3 v 2 class  
p= 0.0131 

4 v 3 class 
P= 0.5210 

5 v 4 class 
P= 0.4232 

Bootstrapped LRT Na 
2 v 1 value 

=  
P= 0.0000 

3 v 2 class  
p= 0.0000 

4 v 3 class 
P=0.0000 

5 v 4 class 
P=0.0000 

N for each class C1=414 
C1=406 
C2=8 

C1=84 
C2=7 

C3=323 

C1=7 
C2=109 
C3=291 
C4=7 

C1=178 
C2=7 

C3=116 
C4=106 
C5=7 

Abbreviations: AIC=Akaike Information Criterion; BIC=Bayesian Information Criteria; ABIC=Sample-
size adjusted BIC; VLMR = Voung-Lo-Mendell-Rubin likelihood ratio test ; BLRT=bootstrapped 
likelihood ratio test. 

 

The largest class (n=323, 78% of the sample) was named the “moderate-low 

comorbidity” class, and was characterized by moderate lung function impairment, low 
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comorbid conditions, rescue medication utilization, and moderate symptom levels. The 

second largest class (n=84, 20% of the sample) was named the “moderate-high 

comorbidity” class, and was characterized by moderate lung function impairment, a high 

number of comorbid conditions, moderate rescue medication utilization, and moderate 

symptom levels. The third class (n=7, 2% of the sample) was named the “very severe” 

class, and was characterized by very severe lung function impairment, moderate number 

of comorbid conditions, greatly increased rescue medication utilization, and higher 

symptom levels compared to the other classes. Group means by class for the latent class 

indicators age, FEV1, number of comorbid conditions, rescue medication utilization, 

SGRQ total score, and E-RS total score are shown in Table S8. This model was 

considered exploratory (e.g., hypothesis-generating) only because of estimation warnings 

that were likely a result of small sample size due to increased computing complexity, 

however it indicates that comorbid conditions may play a role in establishing COPD 

phenotypes and warrants further investigation in a larger dataset. 

Table S8. Group Means by Latent Class 

 N Age FEV1
Comorbid 
Conditions

SGRQ 
Total 

Rescue 
Medication 
Utilization 

RS-
Total

1 = Moderate, high 
comorbidity 84 63.6 1.7 4.6 54.7 2 16.8 

2 = Very severe 7 61.6 1.3 2.7 70.8 11.1 22.4 

3 = Moderate, low 
comorbidity 323 61.2 1.6 1.1 54.7 2 16.1 

 


