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Background: The Global initiative for chronic Obstructive Lung Disease guidelines recommend 

assessment of COPD severity, which includes symptomatology using the modified Medical 

Research Council (mMRC) or COPD assessment test (CAT) score in addition to the degree 

of airflow obstruction and exacerbation history. While there is great interest in incorporating 

symptomatology, little is known about how patient reported symptoms are associated with 

future exacerbations and exacerbation-related costs.

Methods: The mMRC and CAT were mailed to a randomly selected sample of 4,000 Medicare 

members aged .40 years, diagnosed with COPD ($2 encounters with International Classifica-

tion of Dis eases-9th Edition Clinical Modification: 491.xx, 492.xx, 496.xx, $30 days apart). The 

exacerbations and exacerbation-related costs were collected from claims data during 365-day 

post-survey after exclusion of members lost to follow-up or with cancer, organ transplant, or 

pregnancy. A logistic regression model estimated the predictive value of exacerbation history 

and symptomatology on exacerbations during follow-up, and a generalized linear model with 

log link and gamma distribution estimated the predictive value of exacerbation history and 

symptomatology on exacerbation-related costs.

Results: Among a total of 1,159 members who returned the survey, a 66% (765) completion 

rate was observed. Mean (standard deviation) age among survey completers was 72.0 (8.3), 

53.7% female and 91.2% white. Odds ratios for having post-index exacerbations were 3.06, 

4.55, and 16.28 times for members with 1, 2, and $3 pre-index exacerbations, respectively, 

relative to members with 0 pre-index exacerbations (P,0.001 for all). The odds ratio for high 

vs low symptoms using CAT was 2.51 (P,0.001). Similarly, exacerbation-related costs were 

73% higher with each incremental pre-index exacerbation, and over four fold higher for high- 

vs low-symptom patients using CAT (each P,0.001). The symptoms using mMRC were not 

statistically significant in either model (P.0.10).

Conclusion: The patient-reported symptoms contribute important information related to future 

COPD exacerbations and exacerbation-related costs beyond that explained by exacerbation 

history.

Keywords: Global initiative for chronic Obstructive Lung Disease, COPD symptomatology, 

exacerbations, exacerbation-related cost, survey data

Introduction
COPD is a major public health problem due to its high incidence and related morbidity 

and mortality.1–3 A diagnosis of COPD was reported for 6.3% of adults aged 18 years 

and older in the USA in 2011,4 and the disease was more prevalent in older age groups 
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and in women more than men.5 However, fewer than half of 

Americans with airflow obstruction have actually received 

a diagnosis of COPD, and a severe undertreatment has been 

observed for those with a diagnosis of the disease.6,7 Chronic 

lower respiratory diseases are the third leading cause of 

death in the USA and pose significant health and economic 

burdens on society.8 The direct and indirect costs of COPD 

were estimated at a total of $36 billion for the year 2010,9 

with hospitalizations due to severe exacerbations accounting 

for the majority of medical costs.10,11

Patients with COPD have a progressive condition in 

which airflow is consistently obstructed making it difficult 

for them to breathe.12,13 These patients may experience an 

acute worsening of respiratory symptoms such as elevated 

sputum volume, purulence, and dyspnea, which is defined 

as an exacerbation.14–16 Exacerbations are often associated 

with acute health care utilization, such as emergency room 

visits and hospitalizations. In addition, associated with COPD 

progression, exacerbations accelerate the rate of decline in 

lung function as measured by forced expiratory volume in 

1 second (FEV
1
).12,17

The Global initiative for chronic Obstructive Lung 

Disease (GOLD) has historically provided guidelines for 

COPD assessment and treatment purely on the basis of the 

degree of airflow limitation as measured by spirometry.18 

The patients with COPD have been classified into severity 

stages I–IV on the basis of post-bronchodilator FEV
1
. More 

recently, however, the GOLD guidelines have been expanded 

to recommend a combined assessment of COPD severity, 

which includes both symptomatology using the modified 

Medical Research Council (mMRC) score or COPD assess-

ment test (CAT) score, as well as risk as determined by the 

degree of airflow obstruction and exacerbation history.19 

While there is great interest in incorporating symptomatol-

ogy into overall COPD assessment, little is known about 

how responses to questions in these two instruments are 

associated with the relative severity of COPD outcomes 

among the respondents.

Using observational data to assess these guidelines, 

this study administered the mMRC and CAT to Medicare 

members aged 40 years and older enrolled with a large 

national health insurance provider, Humana Inc. (Louisville, 

KY, USA), and linked each member’s survey responses to 

his or her claims data contained in the Humana Research 

Database. This allowed for retrieval of each member’s exac-

erbation history and thus GOLD classification. The claims 

data were then followed for 365-day post-survey to deter-

mine whether patient-reported symptoms added valuable 

information beyond exacerbation history in predicting future 

exacerbations.

Patients and methods
Data sources
This observational study utilized retrospective administra-

tive claims data and prospectively collected survey data 

from Humana Inc. The Humana Research Database contains 

enrollment, medical, and pharmacy claims for Humana’s com-

mercial and Medicare fully-insured patients. The data required 

for COPD member identification and post-survey follow-up 

were collected retrospectively from the administrative claims 

data. Responses to the mMRC and CAT were collected from 

Humana members via mailed survey. Each member’s survey 

responses were then linked to his/her administrative claims data 

for analysis. The study was approved by Schulman IRB.

Study design
Humana Medicare members aged 40 years or older, with two 

or more incidents of inpatient or outpatient encounters for 

COPD $30 days apart (International Classification of Dis-

eases 9th Edition Clinical Modification [ICD-9-CM]: 491.xx, 

492.xx, or 496.xx), were identified during the identification 

period from January 1, 2009 to March 31, 2013. Members 

were excluded if they had any of the following diagnoses: 

cancer (ICD-9-CM: 140.xx–172.xx; 174.xx–208.xx), preg-

nancy (ICD-9-CM: 630.xx–679.xx, V22.xx, and V23.xx), or 

organ transplants (V42.xx), stayed in a skilled nursing facility 

for $90 days, or were not continuously enrolled for a mini-

mum of 365 days before their most recent date of enrollment. 

Among these COPD members, 4,000 were randomly selected 

to participate in a mailed survey (Supplementary material A), 

which included the mMRC and CAT instruments. In order to 

avoid ordering bias, two versions of the survey were adminis-

tered: one version listed CAT first, and a second version listed 

mMRC first. The index date was assigned to the end date 

of survey collection (August 18, 2013). Baseline univariate 

analyses linked patient reported symptoms to each patient’s 

demographic and clinical characteristics. The COPD-related 

exacerbations as well as exacerbation-related costs were 

then examined from the Humana Research Database during 

365 days of post-survey follow-up to determine whether 

the patient-reported symptoms added valuable information 

beyond exacerbation history in predicting future exacerba-

tions and costs.

The GOLD guidelines recommend a patient classifica-

tion for risk of exacerbation be dependent on FEV
1
 or the 

history of exacerbations, whichever is worse; however, for 
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this study, a history of exacerbations was used exclusively, 

since FEV
1
 measures were not available in the claims data. 

The categories used in this study were therefore an approxi-

mation of the GOLD guideline categories.

The exacerbations identified in the claims data were 

adapted from Mapel et al20 and Stein et al21, and defined 

by ICD-9-CM codes in any diagnosis position (see 

Supplementary material B for ICD-9-CM codes). An over-

night inpatient hospital stay with one or more documented 

of the ICD-9-CM codes was defined as severe while all 

outpatient visits accompanied by prescriptions for systemic 

corticosteroids or antibiotics22 within ±7 days of the outpa-

tient visit were defined as moderate. Members were excluded 

from the follow-up analysis if they were lost to follow-up or 

met any of the exclusion criteria during follow-up.

In addition to exacerbations, two comorbidity index 

scores were calculated from the claims data for inclusion in 

the analysis: the Deyo–Charlson and RxRisk-V comorbidity 

index scores. The Deyo–Charlson comorbidity index score 

(DCI) uses 17 categories of comorbidities to calculate a score, 

which reflects the cumulative increased likelihood of 1-year 

mortality. It is based on ICD-9-CM diagnosis and procedural 

codes, and their associated weights.23 The RxRisk-V (RxRisk 

assessment instrument adapted for the Veterans Health 

Administration population) is determined on the basis of the 

identification of 45 distinct comorbid conditions via their 

associated medication treatments.24–27

Statistical analysis
Univariate analysis was used to compare symptoms, as well 

as demographic and clinical characteristics, between survey 

respondents and non-respondents, and among respondents 

who completed the survey vs those who submitted incomplete 

responses to the survey (completers vs non-completers). 

Descriptive statistics such as means and standard deviations 

(SDs) were presented for continuous measures. Counts and 

proportions were presented for categorical measures. The 

chi-square test and Fisher’s exact test were used to compare 

categorical measures and t-tests were used to compare con-

tinuous measures. The CAT and mMRC agreement were 

assessed using the Kappa statistic, and their association 

was measured using Spearman correlation. All tests were 

two-sided.

A multivariate binary stepwise logistic regression model 

was used to estimate the predictive value of exacerbation 

history and symptomatology for post-index exacerbations. 

The dependent variable was whether a patient had one or 

more exacerbations during the 365-day post-index period 

(1= yes, 0= no). Variables for exacerbation history, high- vs 

low-symptom categories according to the mMRC ($2 vs ,2) 

and CAT ($10 vs ,10), and other demographic and clinical 

characteristics were considered using a stepwise selection 

approach to select statistically significant predictors for the 

final model. The stepwise selection method is a modifica-

tion of the forward-selection technique and differs in that 

variables already in the model do not necessarily stay there. 

A significance threshold of ,0.05 (two-sided) was used to 

allow a variable to stay in the final model. A generalized 

linear model with log link and gamma distribution was used 

to model the association between exacerbation-related costs 

in the 365-day post-index period and pre-index symptoms, 

pre-index exacerbations, and other demographic and clini-

cal characteristics, as costs are known to have a non-normal 

distribution as well as non-constant variance.28 All P-values 

were two-sided and statistical significance was reached when 

P,0.05. The data analyses were conducted using SAS Enter-

prise Guide 5.1 (SAS Institute Inc., Cary, NC, USA).

Results
The subject flow diagram (Figure 1) displays the sample sizes 

of Humana members with COPD remaining for analysis at 

each step of the study. There were 182,504 COPD members 

identified in Humana’s claims data after inclusion/exclusion 

criteria were applied from which 4,000 were randomly 

selected for survey participation. Of the 1,159 members who 

responded to the survey (29.0% response rate), 765 (66% of 

respondents; 19% of the overall sample) completed both the 

mMRC and CAT components (Figure 1).

Comparisons of baseline demographic and clinical 

characteristics between respondents vs non-respondents 

and completers vs non-completers (among respondents) 

are displayed in Table 1. Mean age (SD) was similar for 

respondents and non-respondents at 72.2 (8.5) years old vs 

72.0 (9.5) years old, respectively (P=0.640), but the propor-

tion aged $65 years was slightly higher for the respondents 

than the non-respondents (P=0.029). A higher percentage of 

respondents were white (89.3% for respondents vs 85.8% for 

non-respondents, P=0.024), and a lower percentage of respon-

dents resided in the South (59.9% for respondents and 68.0% 

for non-respondents, P,0.001). The mean RxRisk-V score 

(SD) was statistically significantly lower for respondents (5.7 

[3.7]) in comparison to non-respondents (6.0 [3.8], P=0.014), 

but the DCI score was not significantly different between 

the two groups (P=0.135). Non-respondents had higher rates 

of diabetes than respondents at 36.4% for non-respondents 

vs 31.4% for respondents (P=0.003). Among survey  
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Figure 1 Patient flow diagram.

Table 1 Baseline demographic and clinical characteristics of survey respondents and non-respondents; completers and non-
completers

Measure Invited for survey participation 
(n=4,000)

Survey respondents 
(n=1,159)

Survey 
respondents

Survey non-
respondents

P-valuea Survey 
completers

Survey non-
completers

P-valuea

n (%) 1,159 (29.0) 2,841 (71.0) n/a 765 (66.0) 394 (34.0) n/a
Age, years (mean [SD]) 72.2 (8.5) 72.0 (9.5) 0.640 72.0 (8.3) 72.7 (9.0) 0.180
age $65 years (n [%]) 985 (85.0) 2,333 (82.1) 0.029 650 (85.0) 335 (85.0) 0.979
Sex, female (n [%]) 630 (54.4) 1,513 (53.3) 0.526 411 (53.7) 219 (55.6) 0.547
Race/ethnicity, white (n [%]) 1,035 (89.3) 2,437 (85.8) 0.024 698 (91.2) 337 (85.5) 0.031
Geographic region, south (n [%]) 694 (59.9) 1,931 (68.0) ,0.001 443 (57.9) 251 (63.7) 0.043
Qualify for low-income subsidy and dual eligible (n [%]) 172 (14.8) 462 (16.3) 0.264 102 (13.3) 70 (17.8) 0.044
RxRisk-V comorbidity index 5.7 (3.7) 6.0 (3.8) 0.014 5.6 (3.8) 6.0 (3.7) 0.033
Deyo–Charlson comorbidity index 2.0 (1.9) 2.1 (1.9) 0.135 1.9 (1.8) 2.0 (1.9) 0.877
Comorbidities (top five)b

Unspecified essential hypertension (ICD-9-CM: 401.9x) n (%) 722 (62.3) 1,851 (65.2) 0.087 465 (60.8) 257 (65.2) 0.139
Other and unspecified hyperlipidemia (ICD-9-CM: 272.4x) n (%) 671 (57.9) 1,639 (57.7) 0.906 453 (59.2) 218 (55.3) 0.204
Essential hypertension, benign (ICD-9-CM: 401.1x) n (%) 425 (36.7) 1,132 (39.9) 0.062 282 (36.9) 143 (36.3) 0.849
Dyspnea and respiratory abnormalities (ICD-9-CM: 786.0x) n (%) 443 (38.2) 1,038 (36.5) 0.316 286 (37.4) 157 (39.9) 0.414
Diabetes mellitus without mention of complication (ICD-9-CM: 
250.0x) n (%)

364 (31.4) 1,034 (36.4) 0.003 238 (31.1) 126 (32.0) 0.763

CAT score (mean [SD]) n/a n/a n/a 17.6 (9.7) 17.2 (10.6) 0.480

Notes: aTwo-sample t-test used for continuous measures; chi-square test used for categorical measures (all tests are two-sided); btop five comorbidities based on 4,000 
COPD members invited for survey participation, at the four digit ICD-9-CM level.
Abbreviations: CAT, COPD assessment test; ICD-9-CM, International Classification of Dis eases-9th edition; SD, standard deviation; n/a, not applicable.
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completers vs non-completers, a slightly higher percentage of 

completers were white (91.2% for completers vs 85.5% for 

non-completers, P=0.031) and a lower percentage of completers 

resided in the South (57.9% for completers and 63.7% for 

non-completers, P=0.043). A lower percentage of completers 

qualified for low income subsidy (LIS) and were dual eligible 

(13.3% completers vs 17.8% non-completers, P=0.044). The 

mean RxRisk-V comorbidity score (SD) was slightly higher for 

non-completers (6.0 [3.7]) compared to completers (5.6 [3.8], 

P=0.033), but the DCI score was similar (P=0.877).

Of note, the order in which the mMRC and CAT questions 

were listed affected the completion of the mMRC. Completion 

on CAT was similar between the two versions: 90% for one 

vs 89% for the other; however, for mMRC, the completion 

was 85% for the version that listed the mMRC after the CAT 

and only 55% for the version that listed the mMRC first (not 

shown). The mean (SD) of the CAT scores was 17.6 (9.7) for 

members who completed the mMRC and 17.2 (10.6) for mem-

bers who did not complete the mMRC (P=0.480, Table 1).

Table 2 reports demographic and clinical characteristics 

of high-symptom vs low-symptom members according to the 

mMRC and CAT. High-symptom members according to the 

mMRC were younger (mean age [SD], 70.3 [9.0]) than low-

symptom members (mean age [SD], 73.3 [7.4], P,0.001). 

A larger proportion of high-symptom members qualified for 

LIS and dual eligibility (P,0.001). High-symptom mem-

bers according to the mMRC had significantly higher mean 

comorbidity scores (SD) than low-risk members: 6.6 (3.9) 

vs 4.7 (3.5) for the RxRisk-V score, 2.3 (2.0) vs 1.7 (1.7) for 

the DCI (P,0.001 for both comparisons). Among comorbidi-

ties, high-symptom members had higher rates of dyspnea 

and respiratory abnormalities (43.8% vs 32.0%, P,0.001), 

and diabetes mellitus (37.3% vs 26.0%, P,0.001) than low-

symptom members (Table 2).

Similar to the mMRC, high-symptom members according 

to the CAT were younger (mean age [SD], 71.3 [8.5]) than 

low-symptom members (mean age 74.1 [7.1], P,0.001) and 

had a higher percent of white members (92.1% vs 88.7%, 

P=0.027, Table 2). As expected, high-symptom members 

according to the CAT had significantly higher mean (SD) 

comorbidity scores than low-symptom members: 6.0 (3.8) 

vs 4.3 (3.3) for the RxRisk-V score (P,0.001), and 2.0 (1.9) 

vs 1.7 (1.8) for the DCI (P=0.014). Among comorbidities, 

high-symptom members had higher rates of dyspnea and 

respiratory abnormalities (40.5% vs 27.6%, P=0.002) than 

low-symptom members.

The GOLD classification by symptom categories is 

reported in Table 3. The proportion of members classified 

Table 2 Baseline demographic and clinical characteristics of low- and high-symptom patients by mMRC and CAT among survey 
completers (n=765)

Measure mMRC CAT

Low-symptom 
patients

High-symptom 
patients

P-valuea Low-symptom 
patients

High-symptom 
patients

P-valuea

n (%) 416 (54.4) 349 (45.6) n/a 185 (24.2) 580 (75.8) n/a
Age (years), mean (SD) 73.3 (7.4) 70.3 (9.0) ,0.001 74.1 (7.1) 71.3 (8.5) ,0.001
age $65 years, n (%) 380 (91.4) 270 (77.4) ,0.001 175 (94.6) 475 (81.9) ,0.001
sex, female, n (%) 225 (54.1) 186 (53.3) 0.828 101 (54.6) 310 (53.5) 0.800
Race/ethnicity, white, n (%) 380 (91.4) 318 (91.1) 0.903 164 (88.7) 534 (92.1) 0.027
geographic region, south, n (%) 236 (56.7) 207 (59.3) 0.398 104 (56.2) 339 (58.5) 0.402
Qualify for low-income subsidy and dual eligible, n (%) 38 (9.1) 64 (18.3) ,0.001 18 (9.7) 84 (14.5) 0.107
RxRisk-V comorbidity index 4.7 (3.5) 6.6 (3.9) ,0.001 4.3 (3.3) 6.0 (3.8) ,0.001
Deyo–Charlson comorbidity index 1.7 (1.7) 2.3 (2.0) ,0.001 1.7 (1.8) 2.0 (1.9) 0.014
Comorbidities (top five)b

Unspecified essential hypertension (ICD-9-CM: 
401.9x), n (%)

242 (58.2) 223 (63.9) 0.119 109 (58.9) 356 (61.4) 0.604

Other and unspecified hyperlipidemia (ICD-9-CM: 
272.4x), n (%)

247 (59.4) 206 (59.0) 0.941 112 (60.5) 341 (58.8) 0.731

Dyspnea and respiratory abnormalities ICD-9-CM: 
786.0x), n (%)

133 (32.0) 153 (43.8) ,0.001 51 (27.6) 235 (40.5) 0.002

Essential hypertension, benign (ICD-9-CM: 401.1x), n (%) 149 (35.8) 133 (38.1) 0.547 60 (32.4) 222 (38.3) 0.162
Diabetes mellitus without mention of complication 
(ICD-9-CM: 250.0x), n (%)

108 (26.0) 130 (37.3) ,0.001 54 (29.2) 184 (31.7) 0.584

Notes: aTwo-sample t-test used for continuous measures; chi-square test used for categorical measures (all tests are two-sided); btop five comorbidities based on 4,000 
COPD members invited for survey participation, at the four-digit ICD-9-CM level.
Abbreviations: CAT, COPD assessment test; ICD-9-CM, International Classification of Dis eases-9th edition; mMRC, modified Medical Research Council; SD, standard 
deviation; n/a, not applicable.
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as a high symptom by both instruments was 42.2%, 

and classified as low symptom by both instruments was 

22.5%, for a total of 64.7% agreement in the categories. 

The Kappa statistic (95% confidence interval [CI]) was 

0.331 (0.27–0.39), indicating fair agreement between the 

two instruments. The Spearman correlation coefficient 

estimate for the raw scores of the mMRC and CAT was 

0.63 (P,0.001).

The GOLD classification by symptom and exacerbation 

history is reported in Table 4. The GOLD classifications 

A and B include all the patients with a history of 0 or 1 

exacerbations in the earlier year, while GOLD classifications 

C and D include all the patients with a history of 2 or more 

exacerbations in the earlier year. A significant proportion of 

the sample was categorized in a GOLD category B indicating 

low exacerbation history but high patient-reported symptoms 

(33.0% according to the mMRC instrument and 60.1% 

according to the CAT instrument). A very small propor-

tion of members with a history of 2 or more exacerbations 

reported low symptoms (6.7% according to the mMRC and 

2.9% according to the CAT).

The exacerbations during follow-up are displayed by 

GOLD classifications according to the mMRC in Figure 2A  

and the CAT in Figure 2B. Mean numbers of exacerbations 

during the follow-up period were lower for the low-symptom 

patients than for the high-symptom patients whether symp-

toms according to the mMRC or CAT were compared 

(P,0.001 based on two sample t-test). For each of the four 

categorizations by symptom and exacerbation history, the 

mean number of exacerbations was directionally higher using 

the mMRC rather than the CAT. In general, the number of 

follow-up exacerbations rose as risk or pre-index exacerba-

tions, and patient-reported symptoms increased from GOLD 

category A through GOLD category D.

The stepwise logistic regression results are reported in 

Table 5. This table reports results from a regression model 

that included symptoms and exacerbation history as separate, 

independent variables as well as results from a regression 

model that included independent variables, which combined 

symptoms and exacerbation history into GOLD classifica-

tions A–D. For the model that included symptoms and exac-

erbation history as separate, independent variables, pre-index 

exacerbations and symptoms by CAT were all statistically 

significantly associated with having post-index exacerba-

tions (P,0.001), with the odds ratio (OR) for one pre-index 

exacerbation =3.06, two pre-index exacerbations =4.55, and 

three or more pre-index exacerbations =16.28, relative to the 

reference group with 0 pre-index exacerbations. The OR for 

high symptoms relative to low symptoms according to the 

CAT was 2.51. The parameter estimate for the symptoms 

variable by mMRC was not statistically significant and was 

not included in the final model.

Replacing the separate variables for pre-index exacerba-

tions and symptoms by CAT or mMRC with the approxi-

mated GOLD A–D classifications as independent variables 

resulted in similar findings (Table 5). Consistent with the 

first model reported in Table 5, the GOLD classification 

variables by CAT were significantly associated with having 

post-index exacerbations (P,0.001). The value of the ORs 

increased with each successive GOLD category B, C, and D 

relative to the reference category A (3.07, 6.15, and 13.67, 

respectively, P,0.001).

Table 6 displays the generalized linear model results 

associated with post-index exacerbation-related costs. Con-

sistent with Table 5, the parameter estimate for pre-index 

exacerbations was statistically significant (exponentiated 

estimate =1.73, P,0.001), as was the parameter estimate 

for high vs low patient-reported symptoms captured 

Table 3 GOLD classification by symptom as captured by mMRC and CAT

Kappa statistic (95% CI) =0.331 (0.27–39); Spearman correlation coefficient =63 (P,0.001)

CaT
mMRC High symptoms (CAT score $10) Low symptoms (CAT score ,10)
High symptoms (mMRC score $2) n (%)a 266 (42.2) 14 (2.2)

Low symptoms (mMRC score ,2) n (%)a 209 (33.1) 142 (22.5)

Note: an (%) are based on final sample size of 631 after 365 days of post-survey follow-up.
Abbreviations: CAT, COPD assessment test; CI, confidence interval; GOLD, Global initiative for chronic Obstructive Lung Disease; mMRC, modified Medical Research 
Council.

Table 4 GOLD classifications by symptom and exacerbation 
history

Patient 
category

Number of 
exacerbations 
in earlier year

Symptoms Sample size, n (%)a

mMRC CAT mMRC CAT

a 0–1 0–1 ,10 309 (49.0) 138 (21.9)
B 0–1 $2 $10 208 (33.0) 379 (60.1)
C $2 0–1 ,10 42 (6.7) 18 (2.9)
D $2 $2 $10 72 (11.4) 96 (15.2)

Note: an (%) are based on final sample size of 631 after 365 days of post-survey 
follow-up.
Abbreviations: CAT, COPD assessment test; GOLD, Global initiative for chronic 
Obstructive Lung Disease; mMRC, modified Medical Research Council.
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by the CAT instrument (exponentiated estimate =4.14, 

P,0.001). The exponentiated estimate translates into an 

exacerbation-related mean cost difference of $413.80 for 

patients with high symptoms vs patients with low symp-

toms. The parameter estimate for symptoms captured by the 

mMRC instrument was not statistically significant in the 

exacerbation-related cost model, which is consistent with 

findings in Table 5.

Discussion
In general, there were significant differences in the patient 

characteristics, which distinguished high-symptom mem-

bers from low-symptom members, whether the information 

was obtained from the mMRC or CAT (Table 2). These 

differences were consistent with the demographic and 

clinical characteristics obtained from the administrative 

claims data for each survey respondent (Tables 1 and 2). 

Figure 2 Exacerbations during follow-up by risk and symptoms.
Notes: (A) In each box plot the mean (standard deviation) is reported and is represented by the cross symbol. (a) Low risk – low mMRC symptom; (b) low risk – high mMRC 
symptom; (c) high risk – low mMRC symptom; (d) high risk – high mMRC symptom. Low risk – history of ,2 exacerbations; high risk – history of $2 exacerbations. low-
symptom mMRC score ,2; high-symptom mMRC score $2. (B) In each box plot the mean (standard deviation) is reported and is represented by the cross symbol. (a) Low 
risk – low CAT symptom; (b) low risk – high CAT symptom; (c) High risk – low CAT symptom; (d) High risk – high CAT symptom. Low risk – history of ,2 exacerbations; 
high risk – history of $2 exacerbations. Low-symptom CAT score ,10; high-symptom CAT score $10.
Abbreviations: CAT, COPD assessment test; mMRC, modified Medical Research Council.
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Table 5 logistic regression of factors associated with post-index exacerbations ($1/0)a

Variable Analysis of maximum likelihood 
ratio estimates

Odds ratio estimates

Estimate Standard error P-value Odds ratio estimate 95% Wald confidence limits
Symptoms and exacerbation history as separate variablesb

RxRisk-V comorbidity index score 0.08 0.03 0.002 1.08 1.03–1.14
Pre-index exacerbations (0 as reference)

1 1.12 0.20 ,0.001 3.06 2.06–4.56
2 1.52 0.31 ,0.001 4.55 2.46–8.42
$3 2.79 0.49 ,0.001 16.28 6.22–42.56

Symptom by CAT (low as reference) 0.92 0.22 ,0.001 2.51 1.62–3.89
Symptoms and exacerbation history combined into GOLD classifications A–Dc

RxRisk-V comorbidity index score 0.09 0.02 ,0.001 1.09 1.04–1.15
GOLD classification by CATd 

A. Low risk/low symptom as reference
B. Low-risk/high-risk symptom 1.12 0.24 ,0.001 3.07 1.93–4.89
C. High-risk/low-risk symptom 1.82 0.55 ,0.001 6.15 2.10–18.07
D. High-risk/high-risk symptom 2.62 0.35 ,0.001 13.67 6.94–26.93

Notes: aUsing stepwise logistic regression, the earlier variables were selected based on parameter estimates P#0.05 from the following: age, sex, race, region, dual eligibility, 
LIS status, RxRisk-V comorbidity index score, Deyo–Charlson comorbidity index score, number of pre-index exacerbations, symptoms by CAT, and symptoms by mMRC; 
bHosmer and Lemeshow Goodness-of-Fit chi-square =7.5 (degrees of freedom =8, P=0.48), c statistic =0.76; cHosmer and Lemeshow Goodness-of-Fit chi-square =18.9 
(degrees of freedom =8, P=0.02), c statistic =0.72; dlow-symptom CAT score ,10; high-symptom CAT score $10.
Abbreviations: CAT, COPD assessment test; GOLD, Global initiative for chronic Obstructive Lung Disease; mMRC, modified Medical Research Council; LIS, low income 
subsidy.

High-symptom patients were younger, and, as expected, had 

higher comorbidity index scores whether the RxRisk-V or 

DCI scores were applied, and higher rates of specific comor-

bidities. According to the mMRC, high-symptom members 

had higher rates of dyspnea and respiratory abnormalities, 

diabetes, and chest pain, as compared to low-symptom mem-

bers. High-symptom members according to the CAT had 

much higher rates of dyspnea and respiratory abnormalities 

and chest pain than low-symptom members, but not higher 

rates of diabetes. The higher comorbidity index scores and 

Table 6 generalized linear model for exacerbation-related costs (log link and gamma distribution)a

Analysis of maximum likelihood parameter estimates

Parameter Estimate Exponentiated 
estimate

Standard error Wald 95% 
confidence 
limits

P-value

Age in years (,65 as reference)
65–,70 -0.84 0.43 0.36 -1.55, -0.14 0.019
70–,75 0.21 1.23 0.39 -0.55, 0.97 0.594
75–,80 -0.65 0.52 0.40 -1.44, 0.13 0.104
80+ -0.37 0.69 0.40 -1.16, 0.42 0.362
Sex (Male as reference) -0.52 0.60 0.23 -0.97, -0.06 0.026
Race (white as reference)
Black -0.65 0.52 0.52 -1.67, 0.37 0.214
hispanic -4.98 0.01 1.11 -7.16, -2.80 ,0.001
Other 1.32 3.75 0.94 -0.51, 3.16 0.158
Region (South as reference)
northeast -2.49 0.08 0.78 -4.02, -0.97 0.001
Midwest 0.88 2.42 0.28 0.33, 1.44 0.002
West 0.58 1.78 0.41 -0.23, 1.39 0.161
Dual eligibility only 0.29 1.34 0.49 -0.66, 1.25 0.550
LIS status only -0.40 0.67 0.39 -1.15, 0.36 0.304
RxRisk-V comorbidity index score 0.06 1.06 0.03 -0.01, 0.13 0.075
Deyo–Charlson comorbidity index score 0.20 1.23 0.06 0.08, 0.33 0.002
number of pre-index exacerbations 0.55 1.73 0.13 0.30, 0.80 ,0.001
Symptoms by CATb (low as reference) 1.42 4.14 0.27 0.89, 1.95 ,0.001
Symptoms by mMRCc (low as reference) 0.22 1.24 0.24 -0.25, 0.68 0.358

Notes: aThe scale parameter was estimated by the maximum likelihood method; blow symptom: CAT score ,10; high symptom: CAT score $10; clow symptom: mMRC 
score ,2; high symptom: mMRC score $2.
Abbreviations: CAT, COPD assessment test; mMRC, modified Medical Research Council; LIS, low income subsidy.
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rates of dyspnea and respiratory abnormalities appeared con-

sistent with Lange et al,29 who further indicated that higher 

dyspnea predicted increased mortality.

Interestingly, nearly all the mean comorbidity scores 

were slightly higher for both the low- and high-symptom 

members according to the threshold set for the mMRC rela-

tive to the CAT. For example, the mean RxRisk-V score for 

low-symptom members was 4.7 according to the mMRC, but 

4.3 according to CAT; for high-symptom members the mean 

RxRisk-V score was 6.6 according to the mMRC (n=349), 

but 6.0 according to CAT (n=580, Table 2). In addition, the 

mean DCI for high-symptom members was 2.3 by mMRC 

and 2.0 by CAT (Table 2). These results, coupled with only 

fair agreement between the instruments as indicated by the 

kappa statistic of 0.331,30 are consistent with Price et al31 

who found inconsistencies in patient classification among 

the mMRC and CAT, and suggested an alternative higher 

threshold of 24–26 for the CAT instrument to produce better 

alignment between the CAT and mMRC.

However, while Price et al examined consistency 

between the two instruments, their study did not examine 

which instrument better predicted future exacerbations and 

exacerbation-related costs. The stepwise logistic regression 

results from our study specifically examined the relationship 

between future exacerbations and exacerbation history, as 

well as symptoms by mMRC and CAT separately, in order to 

shed light on this matter. The results indicated that symptoms 

indeed provide additional valuable information above and 

beyond exacerbation history, in that both the symptoms and 

exacerbation history each independently predicted whether 

a patient would experience one or more exacerbations in 

the future. These results suggest that patients may be aware 

of periodic worsening of symptoms even if these episodes 

have not been identified as exacerbations of COPD, consis-

tent with a summary of the importance of symptoms in the 

GOLD guidelines.18

These findings are also consistent with Nakahara et al, 

who examined body mass index, pulmonary function tests, 

CAT scores, and history of exacerbation within the earlier 

year as predictors for future exacerbations in a sample of 

patients with COPD in Japan.32 In their multivariate analysis, 

only CAT scores (hazard ratio =1.06, P=0.006) and a history 

of exacerbation within the earlier year (hazard ratio =4.76, 

P,0.001) were significant predictors of acute exacerbation. 

Notably, in our study, the variable for high vs low symptoms 

as captured by the CAT instrument was a better predictor of 

future exacerbation than symptoms captured by the mMRC 

instrument, as the latter variable did not appear in the final 

model. It may be that the CAT instrument, comprised of eight 

questions and with scores ranging from 0–40, was able to 

capture more symptom domains than the mMRC instrument, 

comprised of one question, with scores ranging from 0–4.

Inclusion of approximated GOLD classifications as cova-

riates in the stepwise logistic regression model, rather than 

including symptoms and exacerbation history separately, 

resulted in statistically significant parameter estimates and 

corresponding ORs that increased incrementally for GOLD 

categories B, C, and D, relative to GOLD category A. These 

results are consistent with a study by Chen et al,33 who found 

the relative risk of exacerbation relative to GOLD category 

A was 1.7 (95% CI =0.6–4.3) for Group B, 14.1 (95% 

CI =4.6–43.2) for Group C, and 17.9 (95% CI =7.6–42.0) 

for Group D. The Hosmer and Lemeshow Goodness-of-Fit 

chi-square test and c statistic indicated a better model fit and 

prediction accuracy when symptoms and exacerbation his-

tory were included as separate variables than when they were 

combined as GOLD categories in the model (Table 5).

As for the relative importance of symptom vs exacerba-

tion history in predicting future exacerbations, the ORs for 

each incremental exacerbation during the earlier year (1, 

2, and 3+, relative to 0) were greater than for the variable 

indicating high vs low symptoms as captured by the CAT 

instrument, suggesting the increased importance of exac-

erbation history. The ordering of GOLD categories A–D 

sheds additional light on this comparison. In Table 5, ORs 

increased across each approximated GOLD category. If 

symptoms were more important than exacerbation history, 

then it is likely that the magnitude of the parameter estimates 

and ORs for GOLD categories B (low-risk/high-symptom) 

and C (high-risk/low-symptom) would have been reversed. 

This result is consistent with an earlier study that found the 

best predictor of current exacerbations is a patient’s exac-

erbation history.34

Limitations and suggestions for 
future research
This study is limited by the fact that spirometry results were 

not available in the claims data for the patients with COPD. 

Risk may have been better categorized by a comparison of 

FEV
1 
values and exacerbation history, using whichever value 

was worse to categorize a patient into GOLD categories A–D, 

in accordance with the GOLD guidelines. Due to the unavail-

ability of spirometry values, this study relied solely on the 

exacerbation history from the claims data. As such, it is not 

known how the relative value of patient-reported symptoms 

would be altered with the inclusion of FEV
1 
values.

The identification of patients with COPD for this 

study relied on physician diagnosis and coding on claims 
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submitted to Humana for reimbursement, which comprised 

the Humana Research Database. Smoking history was not 

well-coded. While it is hoped that physician diagnosis and 

coding accurately reflected the presence of the disease, 

it is possible that misdiagnoses may have occurred. Fur-

thermore, an exacerbation was identified via an algorithm 

developed by the study team after reviewing published 

algorithms and updating with input from clinical experts 

on the study team. Exacerbations that required clinical 

attention, ie, outpatient visits or inpatient stays, were 

identified. However, any exacerbations treated at home 

were not captured in claims data. Such exacerbations may 

be of lower severity, or a result of differences in physician 

practice patterns, the latter of which is a limitation of this 

study. Future work should involve validation of this algo-

rithm via chart review.

The patients classified in GOLD category B with low 

exacerbation history but high symptoms comprised a signifi-

cant portion of the surveyed population (33.0% according 

to mMRC and 60.1% according to CAT, Tables 3 and 4). 

Since dyspnea is a cardinal symptom of COPD, it is unknown 

whether this group’s symptoms were predominantly being 

driven by their non-COPD comorbidities, since their exac-

erbation history was not consistent with their symptoms, or 

whether the symptoms indicated a worsening of their COPD 

condition. Future research should include the collection of 

FEV
1 
values and their comparison with symptoms at the time 

of survey completion. In addition to FEV
1 
values, inclusion 

of patients’ treatment regimens could help predict future 

exacerbations.

Surveys can be subjective and the quality of the responses 

may be based on the educational status of patients. How-

ever, both the mMRC and CAT were validated instruments 

containing questions that were simple and easy to read. All 

cover letters were written at the sixth grade reading level 

to mitigate any bias due to educational status as much as 

possible.

The order in which the mMRC and CAT questions were 

listed affected the completion of the mMRC. This discrep-

ancy may have been due to confusion by some members who 

received a version of the survey with the mMRC listed first; 

who may have thought the mMRC was an example question 

within the survey rather than an actual question that was to 

be answered. Additional clarifying language may be needed 

in future surveys assessing an individual’s mMRC breath-

lessness score; however, the lack of difference in baseline 

characteristics between completers and non-completers of 

the mMRC indicated robustness of the results.

Because this study used data from a particular database 

comprised of records from Humana members only, the results 

may not be generalized to the general population; however, 

Humana is a large national health plan with members residing 

in a broad array of geographic regions.

Conclusion
The patient-reported symptoms captured by the mMRC and 

CAT instruments contribute important information related 

to future exacerbations and exacerbation-related costs, 

beyond that measured by exacerbation history. As such, 

patient-reported symptoms should be seriously considered in 

determining treatment for patients with COPD. Furthermore, 

this study suggests patient-reported symptoms measured 

by the CAT instrument more effectively predict future exac-

erbations and exacerbation-related costs than those measured 

by the mMRC instrument.
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