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C hronic obstructive pulmonary disease (COpD) is the third-
leading cause of chronic morbidity and mortality in the 
United states,1 and exacerbations are recognized as the dominant 

cause of these outcomes. exacerbations are defined as acute episodes of 
worsening respiratory symptoms (eg, dyspnea, sputum production, spu-
tum purulence, cough), which can alter the clinical course of COpD by 
accelerating the decline in lung function.2,3 Depending on the severity, 
an exacerbation can disrupt usual activities and even incapacitate a pa-
tient, negatively impacting health-related quality of life.4 the societal 
impact is also felt; exacerbations are estimated to account for 50% to 
75% of the healthcare costs for COpD.5 two recent literature reviews of 
exacerbation costs identified hospitalizations as the primary driver, ac-
counting for 38% to sometimes 93% of total costs, followed by outpatient 
costs that arise from contacts with a healthcare professional (eg, outpa-
tient visits, emergency department [eD] visits).6,7 Hospitalization due to 
an exacerbation is a serious event, as inpatient mortality rates range from 
10% to 40%.8-10 Consequently, the prevention and treatment of exacer-
bations are important components of COpD management in the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines.11 

the GOLD guidelines recommend short- and long-term approaches 
to the treatment and prevention of COpD exacerbations. short-term 
therapies include oral corticosteroids, antibiotics, and increased use of 
bronchodilator medications, which have been shown to hasten the re-
covery rate from exacerbations; early initiation of these therapies is as-
sociated with faster recovery time.12-15 Long-term therapies—including 
long-acting beta-agonists, long- and short-acting anticholinergics, and 
inhaled corticosteroid-containing products—have been shown to re-
duce the risk and frequency of exacerbations, and are recommended on a 
maintenance basis for prevention.16-18 

Despite all the evidence of the beneficial impact of long-term therapies, 
there is little information on the effects of timing of initiation of long-term 
therapies to prevent exacerbations. recent literature suggests that exacerba-
tions cluster together, with the risk for a subsequent exacerbation being high-
est in the 8-week period following an initial exacerbation.19 exacerbations 
that are moderate to severe in nature (ie, result in either a hospitalization 
or an eD visit) have been shown 
to contribute substantially to the 
morbidity and mortality in COpD, 
and are thus clinically relevant to 
the issue of timing of initiation of 
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Objectives: To examine the impact of timing of  
maintenance treatment (MTx) initiation (early vs 
delayed) on risk of future exacerbations and costs 
in chronic obstructive pulmonary disease (COPD) 
patients.

Study Design: Retrospective cohort design using 
data (January 1, 2003, through June 30, 2009) 
from a large, US-based integrated pharmacy and 
medical claims database.

Methods: Administrative claims from January 1,  
2003, through June 30, 2009, were used. MTx-
naïve patients (aged >40 years) with at least 1 
COPD-related hospitalization/emergency depart-
ment (ED) visit were included (discharge date was 
index date). Patients initiating MTx within the first 
30 days and 31 to 180 days postindex were classi-
fied into early and delayed cohorts, respectively. 
Clinical and economic outcomes related to COPD 
exacerbations were assessed for 1 year post-index 
and compared between cohorts using regression 
models controlling for baseline characteristics. The 
incremental effect on outcomes of every 30-day 
delay in MTx initiation up to 6 months after the 
index event was also assessed. 

Results: The majority of the 3806 patients (78.6%) 
received early MTx. A significantly higher propor-
tion of patients in the delayed cohort had a COPD-
related hospitalization/ED visit compared with 
the early cohort (25.6% vs 18.0%; P <.001). After 
controlling for baseline differences, the delayed 
cohort had a 43% (P <.001) higher risk of a future 
COPD-related hospitalization/ED visit compared 
with the early cohort. Every 30-day delay was as-
sociated with 9% risk increase (P = .002). Treatment 
delay also increased COPD-related costs ($5012 vs 
$3585; P <.001). 

Conclusion: Early MTx initiation is associated with 
reduced risk of future COPD exacerbations and 
lower costs. 
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maintenance treatment (mtx).6,10 there-
fore, our study focused on whether the 
timing of mtx initiation affects the fu-
ture occurrence and freq uency of COpD 
exacerbations. 

METHODS
A retrospective, observational co-

hort design was implemented using inte-
grated pharmacy and medical claims data spanning January 1, 
2003, through June 20, 2009. this Us administrative database 
(Ingenix Impact National managed Care Database) is gener-
ally representative of the insured Us commercial population 
including patients 65 years and older enrolled in medicare 
risk and medicare Advantage plans. the database contains 
information for more than 98 million lives from more than 
46 different healthcare plans spanning 9 census regions of the 
United states. It captures person-specific utilization, expen-
ditures (direct costs), and enrollment across inpatient, outpa-
tient, and prescription drug services.

Study Design and Patient Selection
patients with at least 1 moderate-to-severe COpD exacer-

bation, defined as a hospitalization or eD visit with a primary 
discharge diagnosis code for COpD (International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification codes 
491.xx, 492.xx, 496.xx) were selected as the initial popula-
tion. the first COpD exacerbation requiring a hospitalization 
or eD visit (January 1, 2004, to June 30, 2008) followed by 
dispensing of mtx within 6 months of discharge was defined 
as the index event. Consequently, patients with a COpD-
related hospitalization or eD visit in the 1-year period before 
this index exacerbation or those without any mtx dispensed 
within 6 months of their first COpD-related hospitalization 
or eD visit were excluded. maintenance treatment included 
a long-acting anticholinergic (tiotropium), a short-acting 
anticholinergic (ipratropium or combination ipratropium-
albuterol), long-acting beta-agonists (formoterol, salmeterol), 
inhaled corticosteroids (beclomethasone, budesonide, flutica-
sone, flunisolide, triamcinolone), and fluticasone-salmeterol 
(250/50 μg combination). the index date for hospitalizations 
and eD visits was the date of discharge or the date of the visit, 
respectively. the period 1 year prior to the index date (pre-
period) was used to determine baseline characteristics for pa-
tients included in the analysis. the period 1 year after the 
index date (post-period) was used to calculate outcomes listed 
below in the Outcomes section. In addition, the first 6 months 
of the post-period were also used to identify the date of receipt 
of the first mtx prescription, because a prescription of mtx 

was considered related to the index exacerbation if it was pre-
scribed within 180 days of the exacerbation. 

patients were >40 years of age and eligible for healthcare 
benefits during their pre- and post-periods. patients were ex-
cluded if they had a COpD-related exacerbation or mtx in 
the pre-period (to ensure inclusion of mtx-naïve patients) 
or if they received their first mtx 181 to 365 days after the 
index date during the post-period. Additionally, patients were 
excluded if they had any of the comorbid conditions listed in 
the Appendix. 

patients meeting study criteria were classified into 2 cohorts 
(early and delayed), based on timing of mtx after the index 
date: 0 to 30 days and 31 to 180 days, respectively. A 30-day 
period was defined as early initiation, based on empirical infor-
mation from our analysis and recent evidence demonstrating 
the increased risk of subsequent exacerbations during an 8-week 
period following an initial exacerbation.19 Outcomes were com-
puted for and compared between cohorts. An incremental anal-
ysis evaluating the effect of delaying mtx by every 30 days was 
also conducted; patients were classified into 6 categories based 
on 30-day increments of starting mtx. Outcomes were then 
compared across the 6 categories, thereby allowing assessment 
for every 30-day increment up to 180 days after the index date. 

Outcomes 
the primary outcome was the presence of a subsequent 

COpD-related exacerbation requiring hospitalization or an 
eD visit during the post-period. secondary outcomes included 
the presence of exacerbations requiring a physician/outpatient 
visit accompanied by a prescription for oral corticosteroids 
or antibiotics within 5 days of that visit, and the presence 
of any of these exacerbations. Additionally, the numbers of 
exacerbations were computed and compared between the co-
horts. Annual total COpD-related costs per patient were also 
computed using paid amounts from the claims. COpD-related 
medical costs were identified as medical claims with a primary 
diagnosis code for COpD and classified into different medi-
cal components, including hospitalizations, eD visits, physi-
cian/outpatient visits having an evaluation or management 
Current procedural terminology code, other outpatient visits 

Take-Away Points 
n	 Delaying the initiation of maintenance treatment after a hospitalization or emergency 
department visit related to exacerbation of chronic obstructive pulmonary disease (COPD) is 
associated with an increased risk for subsequent COPD exacerbations. 

n	 Delaying maintenance treatment was also associated with increased costs (~$1400), with 
the majority of the expenditure attributable to a $1200 increase in annual medical costs.

n	 Patients treated for moderate to severe COPD exacerbations should be actively managed 
and prescribed appropriate maintenance treatment soon after discharge to prevent subse-
quent exacerbations.
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for laboratory tests and/or procedures, and “other.” COpD-
related pharmacy costs were defined as costs for maintenance 
medications, short-acting beta-agonists, oral corticosteroids, 
respiratory antibiotics, methylxanthines, and mucolytics. All 
costs were standardized to 2009 Us dollars using the medical 
care component of the Consumer price Index.20

 

Statistical Analysis 
baseline differences and unadjusted outcomes between 

the early and delayed cohort were evaluated using t tests or c2 
tests for continuous or categorical data, respectively. Logistic 
regression models were used to assess differences in risk of a 
COpD exacerbation between study cohorts, and to evaluate 
the change in risk with every 30-day delay in initiating mtx. 
similarly, zero-inflated, negative-binomial models were used 
to assess difference in the number of exacerbations. A 2-part 
model was used to obtain adjusted annual COpD-related costs 
for the early and delayed cohorts by multiplying the adjusted 

n Table 1. Baseline Comparison of Early Versus Delayed Cohort

 
Characteristics

Total  
(N = 3806)

Early (0-30 Days)  
(n = 2992)

Delayed (31-180 Days) 
 (n = 814)

 
Pa

Demographics

  Age, mean (SD), y 63.5 (10.0) 62.8 (9.9) 66.1 (9.8) <.001

  Age distribution, n (%), y <.001

    40-64 2118 (55.7) 1765 (59.0) 353 (43.4)

    65-74 900 (23.7) 693 (23.2) 207 (25.4)

    >75 788 (20.7) 534 (17.9) 254 (31.2)

  Female, n (%) 1984 (52.1) 1556 (52.0) 428 (52.6) .771

  Region, n (%) .008

    Midwest 640 (16.8) 516 (17.3) 124 (15.2)

    Northeast 1721 (45.2) 1358 (45.4) 363 (44.6)

    South 1094 (28.7) 868 (29.0) 226 (27.8)

    West 350 (9.2) 249 (8.3) 101 (12.4)

Comorbidity in pre-index period

  CCI score, mean (SD) 1.4 (1.9) 1.3 (1.9) 1.8 (2.1) <.001

  Presence of asthma, n (%) 527 (13.9) 374 (12.5) 153 (18.8) <.001

  Presence of URTI, n (%) 810 (21.3) 632 (21.1) 178 (21.9) .646

  Presence of LRTI, n (%) 1079 (28.4) 814 (27.2) 265 (32.6) .003

COPD severity in pre-index period (1 year) 

  SABA canister use, n (%) 868 (22.8) 659 (22.0) 209 (25.7) .028

  No. of SABA canisters, mean (SD) 0.8 (2.8) 0.8 (2.7) 1.0 (3.3) .039

  OCS prescription use, n (%) 818 (21.5) 618 (20.7) 200 (24.6) .016

  No. of OCS prescriptions, mean (SD) 0.5 (1.4) 0.4 (1.4) 0.6 (1.6) .027

  Use of home oxygen therapy, n (%) 269 (7.1) 166 (5.6) 103 (12.7) <.001

  COPD Phy + Rx exacerbation, n (%) 372 (9.8) 273 (9.1) 99 (12.2) .010

  No. of COPD Phy + Rx exacerbations, mean (SD) 0.1 (0.5) 0.1 (0.5) 0.2 (0.4) .129

  COPD-related total costs, mean (SD) $366 ($1431) $294 ($1316) $627 ($1768) <.001

  COPD-related pharmacy costs,b mean (SD) $110 ($224) $103 ($195) $138 ($308) .002

  COPD-related medical costs,c mean (SD) $255 ($1387) $192 ($1289) $489 ($1679) <.001

    Physician or outpatient $53 ($191) $44 ($174) $87 ($243) <.001

    Other outpatient $73 ($934) $63 ($1018) $110 ($514) .074

    Other $129 ($870) $84 ($625) $293 ($1439) <.001

CCI indicates Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; OCS, oral corticosteroid; LRTI, lower respiratory tract 
infection; Phy + Rx, COPD-related physician or outpatient visit with OCS or antibiotic Rx within 5 days of physician or outpatient visit; Rx, prescription; 
SABA, short-acting beta-agonist; URTI, upper respiratory tract infection. 
aThe t test was used for continuous variables and the c2 test was used for categorical variables. Values in bold are statistically significant. 
bIncludes costs of reliever medications, as no maintenance use was allowed in the pre-index period. 
cDoes not include hospitalization or emergency department costs, as costs were computed prior to first COPD-related hospitalization or emergency 
department visit.
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probability obtained from a logistic 
regression model (part 1) by the pre-
dicted cost from a generalized linear 
model (part 2). A generalized linear 
model was used to evaluate the im-
pact of a 30-day delay in mtx on 
COpD-related costs. multivariate 
analysis of the impact of a 30-day 
delay on all outcomes was only con-
ducted if a linear trend was demon-
strated (details of linear trend test 
are presented in the Appendix). All 
models controlled for differences in 
baseline covariates.  

RESULTS 
A total of 3806 patients met all 

study criteria. the majority of the 
sample (78.6%) received mtx in 
the first 30 days. Compared with the 
early cohort, the delayed cohort had 
a similar mean age but a larger pro-
portion of patients aged >75 years 
(Table 1). Greater comorbid burden 
was seen in the delayed versus the 
early cohort, as evidenced by the Charlson Comorbidity In-
dex score (1.8 vs 1.3; P <.001) and higher rates of asthma 
and lower respiratory tract infections. the delayed cohort also 
had more severe disease at baseline, with a higher proportion 
having a COpD-related exacerbation requiring a physician/
outpatient visit accompanied by a prescription for oral cor-
ticosteroids or antibiotics within 5 days of that visit (12.2% 
vs 9.1%; P = .010) and higher COpD-related costs ($627 vs 
$294; P <.001). In summary, the early cohort was younger and 
had less severe COpD at baseline than the delayed cohort. 

In the overall sample, approximately 20% of patients had 
a COpD-related exacerbation requiring hospitalization or an 
eD visit after the index exacerbation event. A significantly 
higher (unadjusted) proportion of patients in the delayed 
cohort had an exacerbation requiring hospitalization or an 
eD visit compared with the early cohort (Figure 1, 25.6% vs 
18.0%; P <.001). Furthermore, a benefit for early treatment 
was observed even for exacerbations defined as a physician 
visit with an accompanying prescription for oral corticoste-
roids or antibiotics (Figure 1, 27.3% vs 31.5%; P = .019). Fig-
ure 1 also displays the adjusted odds ratio (Or) reflecting the 
risk for each type of exacerbation for the delayed cohort ver-
sus the early cohort after adjusting for differences in baseline 
characteristics. the delayed cohort had a 43% significantly 

higher risk of a COpD-related exacerbation requiring hospi-
talization or an eD visit (Or 1.43, P <.001). A similar trend 
was noted for any type of exacerbation and for eD visits sepa-
rately, but not for exacerbations requiring hospitalization and 
exacerbations defined as a physician visit with a prescription 
for oral corticosteroids or antibiotics. However, the results for 
the latter were of borderline statistical significance.

Delay in mtx initiation was also associated with a signifi-
cantly higher rate of exacerbations (on average, 20% to 35% 
higher than that in the early cohort; see Table 2 for the in-
cidence rate ratio). the delayed cohort incurred higher to-
tal costs compared with the early cohort ($5294 vs $3484, P 
<.001; see Table 3). these cost differences were driven mainly 
by higher annual medical costs, attributable to increased ex-
penditure due to hospitalizations ($2639 vs $1532, P = .015) 
(unadjusted costs are presented in the Appendix). multivariate 
analysis revealed estimated predicted savings of nearly $1400 
in total COpD-related costs when mtx was initiated earlier. 
COpD-related medical costs were almost $1200 lower for the 
early cohort compared with the delayed cohort (table 3). 

to permit an incremental assessment of how delay in mtx 
initiation affects the risk of COpD-related exacerbations, pa-
tients were categorized into 30-day categories based on the 
timing of mtx initiation (Figure 2). the linear-trend test 

n Figure 1. Proportion of Patients With COPD-Related Exacerbations Between 
Early and Delayed Cohorts

COPD indicates chronic obstructive pulmonary disease; ED, emergency department; Hosp, hospitaliza-
tion; OR, odds ratio; Phy + Rx, physician or outpatient visit followed by oral corticosteroid or antibiotic 
prescription within 5 days of visit. 
a Early cohort is reference category for odds ratio interpretation. Odds ratios were obtained from 
logistic regression model controlling for age, sex, region, Charlson Comorbidity Index score, diagnosis 
of asthma, upper respiratory tract infection, or lower respiratory tract infection, home oxygen therapy, 
and number of Phy + Rx exacerbations, short-acting beta-agonist canisters, and oral corticosteroid 
prescriptions. 
bP <.01.  
cP <.001.
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showed a significant association between the 30-day catego-
ries and the risk of all types of COpD exacerbation, except for 
hospitalization alone. For every 30-day delay in mtx initia-
tion, the risk of a COpD-related exacerbation requiring hos-
pitalization or an eD visit increased by 9% after adjusting for 
differences in baseline characteristics (Or 1.09; P = .002). 
this effect was driven mainly by the risk of an eD visit, which 
was 10% higher for every 30-day delay in mtx initiation. No 
significant linear trend was observed for number of exacerba-
tions or COpD-related costs; thus, the incremental change 
with every 30-day delay in initiating mtx was not evaluated 
for these outcomes. 

DISCUSSION
the current study represents an important addition to the 

literature on the benefits of early mtx in patients with COpD. 
In particular, the risk of having a subsequent hospitalization/
eD visit was 43% higher for those who delayed therapy versus 
those who did not. Furthermore, there was a 9% higher risk of 
a subsequent exacerbation requiring hospitalization or an eD 

visit with every 30-day delay in mtx ini-
tiation. the clinical rationale for earlier 
treatment initiation is increasingly recog-
nized in the COpD literature.21 the pres-
ence of symptoms, even among those with 
mild COpD, has recently been shown to 
be associated with a faster decline in lung 
function, and early diagnosis and inter-
vention may be vital to slowing disease 
progression.22,23 Also, data from 2 large, 
randomized controlled trials have shown 
that initiation of maintenance pharmaco-
therapy at earlier disease stages (moderate 
vs severe) potentially modifies disease pro-
gression in COpD.18,24 

In addition to the clinical benefits of 
early treatment initiation demonstrated in 

this study, there were economic advantages. Initiation of early 
maintenance treatment after a COpD exacerbation (ie, within 
30 days) was associated with significantly lower medical and 
total COpD-related costs. the reduction in medical costs offset 
the increased pharmacy expenditures one would expect with 
use of pharmacotherapy, such that total costs were significantly 
lower for the early cohort. this finding is important from a 
managed care perspective. Health plans are interested in risk 
identification and instituting targeted disease management 
initiatives in order to manage expenditures. Identifying high-
risk COpD patients (ie, those with COpD exacerbations) and 
targeting them for appropriate and timely pharmacotherapy 
endorsed by clinical guidelines would ensure appropriate clini-
cal and economic management. this study provides important 
support for this step. 

the GOLD guidelines currently recommend mtx at dif-
ferent disease stages, but do not specify a time frame for initia-
tion. by defining early initiators as patients receiving treatment 
within 30 days of discharge from an exacerbation requiring hos-
pitalization or an eD visit, we emphasized the importance of 
timing of therapy initiation in COpD patients. the time frame 

n Table 2. Adjusted Relative Difference in Number of COPD-Related  
Exacerbations

Incidence Rate Ratioa  
(Early Cohort Is Reference Group)

Exacerbation Type   Estimate    95% CI           P b

Hospitalization 1.28 1.01-1.62 .039

ED 1.35 1.05-1.73 .018

Hospitalization/ED 1.31 1.09-1.58 .004

Phy + Rx 1.20 1.03-1.40 .017

Any exacerbation 1.25 1.10-1.41 .001

CI indicates confidence interval; COPD, chronic obstructive pulmonary disease; ED, emer-
gency department; Phy + Rx: COPD-related physician or outpatient visit with oral corticoste-
roid or antibiotic prescription within 5 days of physician or outpatient visit Rx. 
aObtained from statistical model: zero-inflated negative binomial regression model controlling 
for age, sex, region, Charlson Comorbidity Index score, diagnosis of asthma, upper respiratory 
tract infection, or lower respiratory tract infection, home oxygen therapy, and number of Phy + 
Rx exacerbations, short-acting beta agonist canisters, and oral corticosteroid prescriptions. 
bP values were obtained from the statistical model specified. Values in bold (P <.05) are 
statistically significant. 

n Table 3. Adjusted (Predicted) Average Annual COPD-Related Costs in 2009 US Dollars

Early (0-30 Days) (n = 2992) Delayed (31-180 Days) (n = 814)

COPD-Related Costsa,b Mean 95% CI Mean 95% CI   P c

Total costs $3585 $1115-$12,739 $5012 $1393-$19,925 <.001

Pharmacy costs $885 $337-$2453 $986 $342-$3005 .025

Medical costs $2683 $315-$15,844 $3909 $395-$25,387 <.05

CI indicates confidence interval; COPD, chronic obstructive pulmonary disease; Phy + Rx, COPD-related physician or outpatient visit with oral cortico-
steroid or antibiotic prescription within 5 days of physician or outpatient visit. 
aPredicted costs obtained from statistical model: generalized linear model controlling for age, sex, region, Charlson Comorbidity Index score, 
diagnosis of asthma, upper respiratory tract infection, or lower respiratory tract infection, home oxygen therapy, number of Phy + Rx exacerbations, 
short-acting beta-agonist canisters, oral corticosteroid prescriptions, and pre-period costs. 
bEach cost component was estimated from separate regression models and represents a predicted, rather than an observed, value; therefore, 
pharmacy and medical cost components may not add up to the total. 
cP values were obtained from statistical model specified. Values in bold (P <.05) are statistically significant. 
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of 30 days for early initiation also 
is in accord with recent literature 
in that the 2 months following 
an initial exacerbation represent 
a high-risk period for subsequent 
exacerbations, and thus should 
be an opportune time to initiate 
appropriate therapy.19 

to our knowledge, this study 
is the first to provide empirical 
evidence of the clinical and 
economic advantages of initiat-
ing early mtx. In this analysis, 
certain baseline characteristics 
of the study population increase 
the probability that patients 
are more likely to have moder-
ate rather than severe COpD. 
First, all patients were naïve to 
mtx at baseline, and treatment 
only commenced after the index exacerbation. Additionally, 
the rate of exacerbations at baseline was below 1. A recent 
systematic review found rates of exacerbations to be below 1 
for those with forced expiratory volume in 1 second percent 
predicted above 50% (moderate severity).25 Considering all 
these factors, information from the current study can serve as 
preliminary real-world evidence of the impact of early mtx, 
if “early” is defined as mtx initiation in patients with moder-
ate COpD. 

the study findings also showcase an important quality-of-
care aspect. Of the total sample of patients having an index 
event and meeting all study criteria, 3806 (37.1%) received 
mtx within 180 days of the index date, but 6439 (62.9%) did 
not receive any mtx during the entire year after the index 
date. the prevalence of undertreatment seems high compared 
with other studies.26,27 One explanation for this difference 
could be that the subset of patients evaluated in other studies 
had more severe COpD compared with our study patients, and 
thus may have been more likely to be given mtx. However, 
the presence of a single exacerbation requiring hospitalization 
or an eD visit should provide sufficient justification to institute 
mtx, without waiting for the patient to experience repeated 
exacerbations or progress to a higher COpD severity level. 

Our study has potential limitations. the early cohort by def-
inition was hypothesized to have more severe COpD, thereby 
introducing possible selection bias. However, the baseline com-
parison revealed a higher comorbid burden and COpD severity 
level for the delayed cohort compared with the early cohort. 
thus, it is unlikely that selection bias was present. Also, we 
lacked information on appropriateness of treatment or the rea-

son for treatment initiation because that would have required 
additional clinical information such as lung function measures 
not available in the data. However, we would expect that at the 
very minimum patients would need to begin some maintenance 
treatment after discharge from the hospital/eD for COpD. Ad-
ditionally, differences in baseline covariates were adjusted for in 
the multivariate analysis so that the higher COpD severity in 
the delayed cohort would not confound the comparison of out-
comes in the follow-up period between the cohorts. However, 
in any claims database analysis, clinical data are unavailable; at 
best, proxy measures of COpD severity may be used. thus, the 
possibility of residual confounding due to unmeasured differ-
ences in COpD severity still remains. 

It is also possible that we misclassified our cohorts. For ex-
ample, the delayed cohort might have received maintenance 
medication upon discharge from the hospital and that was the 
main reason these patients filled their prescription later. If this 
practice was prevalent among the delayed cohort, the impact 
of the misclassification would have been to make the delayed 
cohort almost similar to the early cohort, and we would not 
have found a difference between the 2 cohorts. However, the 
possibility of misclassification bias is low because significant 
differences were found between the early and delayed cohort. 
As almost 80% of the study sample initiated mtx within 30 
days of the index exacerbation, it was not possible to conduct 
a sensitivity analysis on the definition of early initiation. Also, 
results may not be generalizable to other populations because 
the sample included only commercial managed care enrollees. 

the study results have important implications for both cli-
nicians and health plans, as well as for future research. Our 

n Figure 2. Proportion of Patients With COPD-Related Exacerbations With Every 
30-Day Delay
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of visit.
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results suggest that patients who require hospitalization or an 
eD visit for an exacerbation should be actively managed and 
given appropriate mtx soon after discharge, especially if it 
is their first-ever exacerbation requiring a hospitalization or 
eD visit. Additionally, if patient or physician factors preclude 
therapy initiation during this crucial 30-day period, therapy 
should be initiated as soon as possible, given that the risk of 
subsequent exacerbations is incremental with every 30-day 
delay. Although the objective of the current study was to as-
sess the impact of timing of initiation of mtx after initial 
exacerbation, future research may be needed to assess the 
impact of initiation or changes in mtx after discharge from 
recurrent exacerbations, because patients may not begin mtx 
until they have recurrent exacerbations. 

In summary, we found that early initiation of mtx in COpD 
is beneficial in reducing the risk and number of subsequent 
exacerbations. economic advantages from reduced COpD-
related total and medical costs (offsetting increased pharmacy 
expenditures) are also realized and serve as an incentive to ad-
vocate earlier treatment for the appropriate patients. 
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■ Appendix. Linear Trend Test  
 
The impact of each 30-day delay on chronic obstructive pulmonary disease (COPD) exacerbation was only examined if a 

linear trend was first confirmed using the test for non-zero correlation obtained using the “CMH” option in the “proc 

freq” procedure in SAS. Similarly, the impact of a 30-day delay on the number of exacerbations and COPD-related costs 

was calculated if a linear trend was demonstrated by assessing the trend in the coefficients for each 30-day cohort relative 

to the 0- to 30-day cohort.  

!

ICD-9-CM Codes for Exclusionary Conditions 

ICD-9-CM Codes Category Description 

277.0x Cystic fibrosis 

494.xx Bronchiectasis 

160.xx, 161.xx, 162.xx, 163.xx, 231.xx Respiratory cancer 

515.xx Pulmonary fibrosis 

500.xx, 501.xx, 502.xx, 503.xx, 504.xx, 505.xx Pneumoconiosis 

135.xx  Sarcoidosis 

011.xx Pulmonary tuberculosis (includes fibrosis due to tuberculosis) 

ICD-9-CM indicates International Classification of Diseases, Ninth Revision, Clinical Modification. 

Unadjusted Average Annual COPD-Related Costs (USD 2009) 

COPD-Related Costs 

Early (0-30 Days) Delayed (31-180 Days) 

Pa (N = 2292) (N = 814) 

Mean SD Mean SD 

Total costs 
$3484 (11963.9) $5294 (12458.7) <.001 

Pharmacy costs 
$878 (1075.3) $1001 (896.8) .001 

Medical costs 
$2606 (11819.9) $4292 (12350.5) .001 

Hospitalization 
$1532 (11481.8) $2639 (11441.3) .015 

ED 
$114 (591.1) $204 (803.9) .003 

Physician/outpatient 
$240 (428.7) $278 (410.3) .022 

Other outpatient 
$285 (859.6) $447 (1225.8) <.001 

Other 
$435 (1356.5) $724 (1867.8) <.001 

COPD indicates chronic obstructive pulmonary disease; ED, emergency department; SD, standard deviation; USD, US dollars.!
aP values obtained from t test. P values <.05 are bold-faced. 
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