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Purpose: Patients with chronic obstructive pulmonary disease (COPD) may experience moderate (requiring outpatient care) or severe
(requiring hospitalization) disease exacerbations. Guidelines recommend escalation from dual to triple therapy (inhaled corticosteroid
+ long-acting beta agonist + long-acting muscarinic antagonist) after two moderate or one severe exacerbation in a year. This study
examined whether prompt initiation of triple therapy lowers risk of future exacerbations and reduces healthcare costs, compared to
delayed/very delayed triple therapy after an exacerbation.
Patients and Methods: This retrospective observational study of US healthcare claims included patients ≥40 years old with COPD
who initiated triple therapy (1/1/2011–3/31/2020) after ≥2 moderate or ≥1 severe exacerbation in the prior year. The earliest of
the second moderate or first severe exacerbation was the index date. Patients were stratified by triple therapy timing: prompt (≤30 days
post-index), delayed (31–180 days), very delayed (181–365 days). COPD exacerbations, all-cause and COPD-related healthcare
utilization and costs were assessed during 12 months post-index (follow-up). Multivariable regression estimated the effect of each 30-
day delay in triple therapy on the odds of exacerbations, number of exacerbations, and costs during follow-up, controlling for patient
characteristics.
Results: A total of 24,770 patients were included: 7577 prompt, 9676 delayed, 7517 very delayed. Each 30-day delay of triple therapy
was associated with 11% and 7% increases in the odds of any exacerbation and a severe exacerbation, respectively (odds ratio [95%
CI]: 1.11 [1.10–1.13] and 1.07 [1.05–1.08]), a 4.3% (95% CI: 3.9–4.6%) increase in the number of exacerbations, a 1.8% (95% CI:
1.3–2.3%) increase in all-cause costs, and a 2.1% (95% CI: 1.6–2.6%) increase in COPD-related costs during follow-up.
Conclusion: Promptly initiating triple therapy after two moderate or one severe exacerbation is associated with decreased morbidity
and economic burden in COPD. Proactive disease management may be warranted to prevent future exacerbations and lower costs
among patients with COPD.
Keywords: costs, discharge, hospitalization, utilization

Introduction
Chronic obstructive pulmonary disease (COPD) is a common progressive disease characterized by persistent airflow
limitation,1 affecting an estimated 4.6–6.6% of American adults.2,3 Patients with COPD often have periods of acute
worsening of symptoms, termed COPD exacerbations.4 Moderate exacerbations require use of antibiotics and/or systemic
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corticosteroids, whereas severe exacerbations are those that result in hospitalization. Severe events may account for as
much as 70% of the estimated $40 billion annual COPD-related medical costs in the United States (US).5–8 Thus,
reduction of exacerbation frequency and severity should be a primary goal for clinicians and payers to reduce the clinical
and economic burden of COPD.

Currently, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) report recommends escalation of
COPD treatment based on the presence of ongoing symptoms and recent history of exacerbations.9 Escalation to triple
therapy (inhaled corticosteroid [ICS]/long-acting beta-agonist [LABA]/long-acting muscarinic antagonist [LAMA]) is
recommended specifically for patients who have experienced recurrent moderate exacerbations or a severe exacerbation
in the prior year, despite receiving dual therapy with an ICS/LABA or LAMA/LABA. Over the past decade, several real-
world studies have assessed the relationship between COPD maintenance treatment initiation and health outcomes.
Results indicate that prompt initiation of general maintenance therapy after an exacerbation is associated with reduced
healthcare utilization and expenditures, in addition to lower risk for subsequent exacerbations.10–16 However, many of
these findings are now outdated with certain studies utilizing administrative claims data as far back as 2003, and few
have considered the role of moderate exacerbations.17–19 Furthermore, these prior studies have not examined the
initiation of triple therapy specifically in the context of current treatment recommendations. Therefore, the objectives
of this study were to assess the risk of subsequent exacerbations and added costs associated with delayed initiation of
triple therapy after one severe or ≥2 moderate COPD exacerbations, and to describe patients with prompt vs delayed
initiation of triple therapy.

Methods
Study Design and Data Source
This retrospective observational analysis used health insurance claims data from the IBM® MarketScan® Commercial,
Medicare Supplemental, and Multi-State Medicaid Research Databases spanning January 1, 2009 through March 31,
2020. All patient records were de-identified and certified to be fully compliant with US patient confidentiality require-
ments set forth in the Health Insurance Portability and Accountability Act of 1996. Since this was a secondary analysis of
an existing database of administrative claims, Institutional Review Board approval was not required.

Patient Selection and Cohort Assignment
Patients with COPD were identified in the databases by at least 1 non-diagnostic inpatient or outpatient medical claim
with a diagnosis of COPD between January 1, 2010 and March 31, 2020. COPD was identified by International
Classification of Diseases, Clinical Modification, 9th and 10th revision diagnosis codes (ICD-9: 491.xx-492.xx, 494.
xx, 496.xx; ICD-10: J41.0, J41.1, J41.8, J42, J43.0-J43.2, J43.8-J44.1, J44.9, J47.0, J47.1, J47.9).20,21

Evidence of triple therapy was required between January 1, 2011 and March 31, 2019, defined as either one pharmacy
claim for a closed triple therapy product containing ICS+LABA+LAMA, or separate pharmacy claims for each
component of triple therapy with at least 14 consecutive and 30 total days of overlap between all components during
a 90-day period.

Patients were then required to show evidence of at least two moderate or one severe exacerbation during the 12-
month period preceding triple therapy initiation. Moderate exacerbations were defined as either a) an outpatient medical
claim (office or emergency department [ED]) with a COPD diagnosis and a pharmacy claim for a short course (≤14 days)
of a systemic corticosteroid or antibiotic within ± 7 days, or b) an outpatient medical claim with a COPD diagnosis code
and a procedure code for a corticosteroid injection. Severe exacerbations were defined as inpatient admissions with
a primary diagnosis of COPD. The earliest of the second moderate or first severe exacerbation in the 12 months before
index treatment was the index exacerbation date.

Patients were required to be at least 40 years old on the index exacerbation date and to have at least 12 months of
continuous enrollment in the database with medical and pharmacy benefits before (baseline) and after (follow-up) the
index exacerbation date. A minimum age of 40 years was used to be consistent with common healthcare quality measures
used by the Agency for Healthcare Research and Quality20 and the Centers for Medicare and Medicaid Services.21
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Patients were excluded if they presented evidence of cancer other than basal or squamous cell skin cancer, interstitial
fibrosis, sarcoidosis, or pulmonary embolism during the baseline or follow-up periods, evidence of triple therapy during
baseline, or any days of overlap between the three triple therapy components (not meeting the minimum requirement for
triple therapy described above) between the index exacerbation and triple therapy initiation, or if they were dually
eligible for Medicare and Medicaid during the baseline or follow-up periods.

Patients were stratified into three groups according to the time between their index exacerbation and triple therapy
initiation: 1) prompt: ≤30 days; 2) delayed: 31–180 days; 3) very delayed: 181–365 days.

Outcomes Assessment
Primary outcomes included COPD exacerbations, healthcare resource utilization, and healthcare costs during the 12-
month follow-up. The number and type of exacerbations were assessed. To be counted as separate exacerbations, at least
14 days were required between consecutive events.

The frequency and number of all-cause and COPD-related inpatient admissions, ED visits, outpatient office visits,
primary care provider (PCP) office visits, pulmonologist office visits, other outpatient visits (all other outpatient settings), and
outpatient prescriptions were assessed during the 12 months after the index exacerbation, not including the index outpatient
visit for moderate index exacerbations or the index hospitalization for severe index exacerbations. Ninety-day COPD
readmissions were also assessed. COPD-related healthcare encounters were identified as inpatient admissions with
a primary diagnosis of COPD, outpatient claims with a diagnosis of COPD in any position, and outpatient pharmacy claims
for COPD treatments, including long-acting maintenance treatments (ICS, LABA, LAMA, LAMA/LABA, ICS/LABA) and
short-acting maintenance treatments (short-acting beta agonists [SABA], short-acting muscarinic antagonists [SAMA],
SABA/SAMA, oral corticosteroids [OCS]). Due to inherent differences in reimbursement practices between payer types,
healthcare resource utilization and costs were examined separately among Commercial/Medicare and Medicaid patients.

Healthcare costs were derived from fully adjudicated claims as the total paid amounts (payer plus patient payments),
adjusted for inflation using the medical care component of the Consumer Price Index, and standardized to 2020 US
dollars.22 Cost analyses are reported for the 89% of study patients who had full paid amounts on their claims during the
study period.

Baseline Variables
Demographic characteristics were assessed on the index exacerbation date; clinical characteristics were assessed during
the 12-month baseline period, including the Elixhauser Comorbidity Index (ECI),23 presence of comorbidities, tobacco
use, nebulizer use, and oxygen therapy. Baseline comorbidities were identified by the presence of one or more medical
claim(s) with the diagnosis in any position. Tobacco use was identified by claims with a diagnosis or procedure code for
tobacco use disorder, history of tobacco use, nicotine dependence, or tobacco abuse or cessation counseling. Nebulizer
use and oxygen therapy were identified using relevant procedure codes for these services.

Statistical Analyses
Outcomes and patient characteristics are described for each triple therapy cohort (prompt, delayed, very delayed), and
where appropriate, according to payer type. Descriptive statistics included means, standard deviations (SD), and medians
for continuous variables, and frequencies and proportions for categorical variables. Continuous variables were compared
between groups by analyses of variance and Mann–Whitney U-tests; categorical variables were compared by chi-square
tests. An alpha level of 0.05 was used to identify significant differences between groups.

Multivariable logistic regression models estimated the effect of each 30-day delay in initiation of triple therapy on the
odds of having any exacerbation (moderate or severe), a severe exacerbation, any inpatient admission, a 90-day COPD
readmission, and an all-cause or COPD-related ED visit during the 12-month follow-up period. Negative binomial
regression estimated the change in the number of COPD exacerbations during follow-up per 30-day delay in triple
therapy initiation. Generalized linear models (GLM) with a log-link function and gamma distribution estimated the
incremental change in all-cause and COPD-related costs associated with each 30-day delay of triple therapy. All models
controlled for baseline patient characteristics, exacerbations, and healthcare utilization.
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Results
Study Sample and Baseline Characteristics
A total of 24,770 patients met inclusion and exclusion criteria (Figure 1). Demographic characteristics are shown in
Table 1. The mean time from index exacerbation to triple therapy initiation was 120 (±107) days. Nearly three quarters
(73.3%) of patients had at least one long-acting COPD treatment during baseline, and 81.6% had a short-acting
maintenance treatment. ICS/LABA and LAMA were the most common long-acting treatments during baseline among
all groups, with 45.3% and 26.2% of all patients, respectively, having at least one baseline prescription; 74.8% of patients
had a SABA and 24.2% had a SABA/SAMA during baseline.

Nearly one third (30.6%) of patients had prompt (≤30 days), 39.1% delayed (31–180 days), and 30.3% very delayed
(181–365 days) initiation of triple therapy. The average time to initiation was 7.5 days (±9.4) for prompt initiators, 98.5
days (±43.7) among delayed initiators, and 260 days (±48.9) among very delayed initiators. Delayed and very delayed
patients presented a greater baseline comorbidity burden than prompt patients (Table 2). Baseline nebulizer use and
oxygen therapy were significantly more common among delayed and very delayed vs prompt initiators (P<0.05).

Patients with delayed or very delayed triple therapy were more likely than prompt initiators to fill a prescription for
a long-acting or short-acting maintenance medication during baseline, though about one quarter of delayed or very

Table 1 Demographic Characteristics

All Patients Prompta Delayedb Very Delayedc P

N = 24,770 N = 7577 N = 9676 N = 7517

Age, mean (SD) 62.0 (11.0) 62.5 (11.1) 62.0 (11.1) 61.4 (10.9) <0.001

Male, N (%) 9626 (38.9%) 3117 (41.1%) 3810 (39.4%) 2699 (35.9%) <0.001

Payer, N (%)
Commercial 7652 (30.9%) 2665 (35.2%) 2996 (31.0%) 1991 (26.5%) <0.001

Medicare Supplemental 8064 (32.6%) 2595 (34.3%) 3141 (32.5%) 2328 (31.0%)

Medicaid 9054 (36.6%) 2317 (30.6%) 3539 (36.6%) 3198 (42.5%)
Race/ethnicity - Medicaid patients, N (%)
White 5909 (65.3%) 1442 (62.2%) 2344 (66.2%) 2123 (66.4%) 0.052

Black 1607 (17.8%) 441 (19.0%) 603 (17.0%) 563 (17.6%)
American Indian or Alaska Native 39 (0.4%) 11 (0.5%) 15 (0.4%) 13 (0.4%)

Hispanic 66 (0.7%) 21 (0.9%) 25 (0.7%) 20 (0.6%)

Asian or Pacific Islander 65 (0.7%) 14 (0.6%) 34 (1.0%) 17 (0.5%)
Other/Unknown 1368 (15.1%) 388 (16.7%) 518 (14.6%) 462 (14.5%)

US regiond – Commercial/Medicare patients, N (%)
Midwest 949 (6.0%) 342 (6.5%) 359 (5.9%) 248 (5.7%) <0.001
Northeast 4018 (25.6%) 1255 (23.9%) 1671 (27.2%) 1092 (25.3%)

South Atlantic 657 (4.2%) 186 (3.5%) 264 (4.3%) 207 (4.8%)

South Central 3668 (23.3%) 1359 (25.8%) 1404 (22.9%) 905 (21.0%)
West 5108 (32.5%) 1606 (30.5%) 2005 (32.7%) 1497 (34.7%)

Unknown 1316 (8.4%) 512 (9.7%) 434 (7.1%) 370 (8.6%)

Urban residence, N (%) 18819 (76.0%) 5937 (78.4%) 7332 (75.8%) 5550 (73.8%) <0.001
Insurance plan type, N (%)
Comprehensive/indemnity 9266 (37.4%) 2535 (33.5%) 3577 (37.0%) 3154 (42.0%) <0.001

EPO/PPO 7571 (30.6%) 2635 (34.8%) 2909 (30.1%) 2027 (27.0%)
HMO 5601 (22.6%) 1669 (22.0%) 2272 (23.5%) 1660 (22.1%)

Other/Unknown 2332 (9.4%) 738 (9.7%) 918 (9.5%) 676 (9.0%)

Index year, N (%)
2010–2014 14,107 (57.0%) 4256 (56.2%) 5335 (55.1%) 4516 (60.1%) <0.001

2015–2019 10,663 (43.1%) 3321 (43.8%) 4341 (44.9%) 3001 (39.9%)

Notes: aTriple therapy within 30 days after or on the index exacerbation date; bTriple therapy between 31 and 180 days after index exacerbation; cTriple therapy between
181 and 365 days after index exacerbation; dSee http://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf for states included in each region.
Abbreviations: EPO, exclusive provider organization; PPO, preferred provider organization; HMO, health maintenance organization.
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delayed patients had no baseline long-acting maintenance treatment (Figure 2). Delayed and very delayed patients were
significantly more likely than prompt patients to have any COPD-related pulmonologist visits before their index
exacerbation, and they had up to twice as many pulmonologist visits, on average.

Follow-Up COPD Exacerbations
Unadjusted results for the occurrence and number of exacerbations during follow-up are depicted in Figure 3. After
adjusting for patient characteristics and baseline exacerbation history, each 30-day delay in receiving triple therapy was
associated with an 11% increase in the odds of another exacerbation during the 12 months after the index exacerbation
(P<0.001; Figure 4), which equates to 44% greater odds of an exacerbation for a patient with the mean time to triple
therapy of the full sample (4 months), compared to a patient who received triple therapy <30 days after their
exacerbation. There was a significant 6.5% increase in the odds of a severe exacerbation per 30-day delay of triple
therapy, which equates to 26% greater odds of a severe exacerbation for the average patient who initiates therapy 4
months after their index exacerbation. Furthermore, adjusted analysis shows that each additional 30-day delay of triple
therapy was associated with a statistically significant 4% increase in the average number of exacerbations during the
follow-up period. As depicted in Figure 5, patients who do not receive triple therapy until one year after their index
exacerbation would, on average, experience 1.84 exacerbations during the 12-month post-index period (95% CI: 1.70–
2.00), compared to 1.12 (95% CI: 1.07–1.16) exacerbations among patients who received triple therapy within 30 days.

Follow-Up Healthcare Utilization and Costs
Unadjusted results for healthcare utilization by payer type are shown in Table 3. After adjusting for patient character-
istics, each additional 30-day delay of triple therapy was associated with a significant 5.5% and 3.3% increase in the odds
of any hospitalization and a 90-day COPD readmission, respectively (Figure 4). The average study patient would have
had 22% greater odds of an all-cause inpatient admission and 13% greater odds of a 90-day COPD readmission after

Figure 1 Patient selection. aNo diagnosis of interstitial fibrosis, sarcoidosis, pulmonary embolism, or any malignancy (except basal or squamous cell skin cancer) during the
baseline or follow-up periods.
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a 4-month delay of triple therapy, compared to a patient who received triple therapy <30 days after their exacerbation.
The adjusted increase in odds of an all-cause or COPD-related ED visit for each additional month to triple therapy were
3.4% and 4.1%, respectively.

Prior to adjustment, total all-cause healthcare costs during the 12-month follow-up period were 28% and 42% higher
among delayed and very delayed patients, respectively, compared to prompt patients within the Commercial/Medicare
sample (P<0.001) (Figure 6). Notably, all-cause prescription costs among prompt patients were up to 13–14% lower than
prescription costs among delayed and very delayed patients. While generally 28% of total-costs were attributed to
COPD-related care, delayed and very delayed patients had 24% and 43% higher COPD-related costs, respectively,
compared to prompt patients. Similar trends were observed for the Medicaid sample, where all-cause prescription costs
were 4–17% lower among prompt vs delayed or very delayed patients and the proportion of total costs attributed to
COPD increased from 22% for prompt patients to 27% for very delayed patients (Figure 7).

Multivariable adjustment demonstrated a modest yet significant 1.8% increase in total all-cause healthcare costs in the
12 months after the index exacerbation for each additional 30-day delay of triple therapy, equating to an average increase
of $616 (95% CI: $593-$638) per patient per month of delay (Figure 8). Adjusted mean all-cause costs for patients with
less than one month to triple therapy were estimated to be $31,027 ($28,418–$33,635), compared to $38,415 ($33,213–
$44,114) for patients with a 12-month delay. Each 30-day delay of triple therapy was also associated with a significant
increase in COPD-related costs of 2.1%, for an average monthly increase of $178 ($170-$186) per patient. Adjusted

Table 2 Clinical Characteristics During the 12-Month Baseline Period

All Patientsa Promptb Delayedc Very Delayedd P

N = 24,770 N = 7577 N = 9676 N = 7517

Elixhauser Comorbidity Index, mean (SD) 3.9 (8.5) 3.4 (8.0) 3.8 (8.5) 4.6 (8.9) <0.001

Comorbid conditions, N (%)
Cardiovascular disease 13,673 (55.2%) 3941 (52.0%) 5294 (54.7%) 4438 (59.0%) <0.001

Hypertension, uncomplicated 13,599 (54.9%) 4018 (53.0%) 5268 (54.4%) 4313 (57.4%) <0.001

Asthma 7792 (31.5%) 2027 (26.8%) 3072 (31.7%) 2693 (35.8%) <0.001
Acute bronchitis or bronchiolitis 7434 (30.0%) 1967 (26.0%) 2952 (30.5%) 2515 (33.5%) <0.001

Chronic cough 6985 (28.2%) 1943 (25.6%) 2716 (28.1%) 2326 (30.9%) <0.001

Anxiety 5695 (23.0%) 1416 (18.7%) 2169 (22.4%) 2110 (28.1%) <0.001
Gastroesophageal reflux 5385 (21.7%) 1374 (18.1%) 2115 (21.9%) 1896 (25.2%) <0.001

Depression 5289 (21.4%) 1374 (18.1%) 2042 (21.1%) 1873 (24.9%) <0.001

Pneumonia 5158 (20.8%) 1360 (17.9%) 1919 (19.8%) 1879 (25.0%) <0.001
Non-pneumonia respiratory infection 5042 (20.4%) 1357 (17.9%) 1943 (20.1%) 1742 (23.2%) <0.001

Osteoarthritis 4929 (19.9%) 1281 (16.9%) 1908 (19.7%) 1740 (23.1%) <0.001

Sinusitis 4731 (19.1%) 1220 (16.1%) 1905 (19.7%) 1606 (21.4%) <0.001
Obesity 4137 (16.7%) 1093 (14.4%) 1600 (16.5%) 1444 (19.2%) <0.001

Sleep apnea 4073 (16.4%) 955 (12.6%) 1647 (17.0%) 1471 (19.6%) <0.001

Fluid and electrolyte disorders 4021 (16.2%) 1026 (13.5%) 1494 (15.4%) 1501 (20.0%) <0.001
Psychosis 3725 (15.0%) 1027 (13.6%) 1429 (14.8%) 1269 (16.9%) <0.001

Tobacco use (N, %) 10,351 (41.8%) 3029 (40.0%) 3949 (40.8%) 3373 (44.9%) <0.001

Nebulizer use (N, %) 4281 (17.3%) 940 (12.4%) 1653 (17.1%) 1688 (22.5%) <0.001
Oxygen therapy (N, %) 6622 (26.7%) 1233 (16.3%) 2500 (25.8%) 2889 (38.4%) <0.001

Any dual therapye (N, %) 14,137 (57.1%) 3831 (50.6%) 5619 (58.1%) 4687 (62.4%) <0.001

Monotherapy onlyf (N, %) 9016 (36.4%) 2930 (38.7%) 3571 (36.9%) 2515 (33.5%) <0.001
No maintenance treatment (N, %) 1617 (6.5%) 816 (10.8%) 486 (5.0%) 315 (4.2%) <0.001

Moderate index exacerbation (N, %) 17,998 (72.6%) 4609 (60.8%) 7678 (79.4%) 5711 (76.0%) <0.001
Severe index exacerbation (N, %) 6772 (27.3%) 2968 (39.2%) 1998 (20.6%) 1806 (24.0%) <0.001

Notes: aClinical characteristics assessed during the 12-month baseline period (except type of index exacerbation); bTriple therapy within 30 days after or on the index
exacerbation date; cTriple therapy between 31 and 180 days after index exacerbation; dTriple therapy between 181 and 365 days after index exacerbation; eAny claims for an
ICS/LABA, LAMA/LABA, or SABA/SAMA combination medication; fNo claims for dual therapy and any claims for an ICS, LABA, LAMA, SABA, SAMA, oral or injectable
corticosteroid, methylxanthine, mucolytic agent, or PDE-4 inhibitor.
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mean COPD-related costs for patients with less than one month to triple therapy were estimated to be $7535 ($7116–
$7595), compared to $9671 ($8642–$10,802) for patients with a 12-month delay.

Discussion
To our knowledge, this study is the first to describe patient characteristics associated with both delayed and very delayed
initiation of triple therapy after two moderate or one severe COPD exacerbation. Patients who did not receive triple

Figure 2 COPD medications and COPD-related pulmonologist visits during the 12-month baseline period. aTriple therapy within 30 days after or on the index exacerbation
date; bTriple therapy between 31 and 180 days after index exacerbation; cTriple therapy between 181 and 365 days after index exacerbation.
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therapy promptly after their index exacerbation had a greater comorbidity burden than patients with prompt initiation of
triple therapy. Patients with delayed or very delayed triple therapy also showed evidence of more severe disease, such as
greater use of maintenance treatments, including rescue medications, and more frequent pulmonologist visits in the year
before their index exacerbation. Though prior studies have described prompt (≤30 days) and delayed (31–180 days)
initiators of triple therapy,16,24 this study shows that patients who delay triple therapy for >6 months to 1 year carry an
even greater comorbidity burden and underlying disease severity, thus highlighting a population of very high-risk patients
who may not be receiving optimal care. Patients with delayed or very delayed triple therapy were more likely than
prompt initiators to have baseline evidence of every comorbidity examined, including some that may be expected to

Figure 3 COPD exacerbations during the 12-month follow-up period. aTriple therapy within 30 days after or on the index exacerbation date; bTriple therapy between 31
and 180 days after index exacerbation; cTriple therapy between 181 and 365 days after index exacerbation.

Figure 4 Adjusted odds ratios (95% confidence intervals) for all-cause and COPD-related healthcare resource utilization and COPD exacerbations during the 12-month
follow-up period per 30-day delay of triple therapy. Results from logistic regression models controlling for age, sex, payer type, index exacerbation type (moderate vs
severe), urban residence, index year, baseline comorbidities and tobacco use, baseline exacerbations, baseline short- and long-acting maintenance therapy use, nebulizer use,
oxygen therapy, and number of COPD-related primary care provider and pulmonologist visits.
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require substantial attention from providers, such as diabetes, heart failure, and neurological disorders. It is possible that
COPD is deprioritized by healthcare providers when patients present with multiple other acute and/or chronic comorbid-
ities. Additionally, the observed descriptive association between disease severity and delayed/very delayed triple therapy
may be confounded by other factors not examined. For example, differences in provider characteristics between patients
with prompt and delayed/very delayed triple therapy may be of interest for future studies given that delayed/very delayed
patients appear to be receiving more medications and seeing pulmonologists more frequently, thus suggesting that some
providers may be late in recognizing the need for treatment escalation, or that patients may be hesitant to change their
treatments.

Patients with delayed or very delayed triple therapy were more likely than prompt initiators to be female and covered
by Medicaid insurance. About 37% of delayed and 43% of very delayed patients had Medicaid, compared to 31% of
prompt patients. This difference may point to a number of socioeconomic factors and/or state-level coverage and
reimbursement policies that could negatively impact access and adherence to timely treatment following an exacerbation.
Though examination of such factors is outside the scope of this study, inequalities in healthcare access and outcomes
among COPD patients based on socioeconomic status and other demographics should be acknowledged and addressed.

The current findings are consistent with prior studies showing lower exacerbation risk and healthcare costs, including
prescription costs, among patients with prompt vs delayed initiation of any maintenance therapy after a COPD exacer-
bation, though few have specifically examined delayed triple therapy.16,24 This is also one of few studies to examine the
effects of 30-day increments of delayed triple therapy, as most earlier studies simply dichotomized patients into “prompt”
and “delayed” categories. Using 30-day increments, this study demonstrates that longer time to triple therapy after
a recent history of exacerbations resulted in greater odds of experiencing any subsequent exacerbation event, experien-
cing a severe event, and having a greater number of total events in the subsequent year. Each 30-day delay of triple
therapy also increases healthcare utilization and costs after the index event. Since the definitions of “prompt” and
“delayed” treatment employed in a research context may not always translate adequately to real-world practice,
demonstrating the incremental effect of time to triple therapy on clinical and economic outcomes offers a more useful
way to understand and estimate the risks associated with delaying triple therapy.

Figure 5 Adjusted mean number of COPD exacerbations (95% confidence intervals) during 12-month follow-up per 30-day delay of triple therapy. aP<0.001 for change in
number of exacerbations per 30-day delay; results from a negative binomial regression model controlling for age, sex, payer type, index exacerbation type (moderate vs
severe), urban residence, index year, baseline comorbidities and tobacco use, baseline exacerbations, baseline short- and long-acting maintenance therapy use, nebulizer use,
oxygen therapy, and number of COPD-related primary care provider and pulmonologist visits.
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While earlier initiation of triple therapy was associated with lower risk of future exacerbations, it is likely that the
delay of triple therapy resulted in avoidable exacerbations and further lung function decline in some patients.18,25 Future
studies are warranted to examine the association of delayed and very delayed triple therapy with lung function decline,
disease progression, and the risk of exacerbations after triple therapy initiation.

This study also showed that patients who delayed triple therapy used more short-acting “rescue” medication after
their index exacerbation, suggesting that they experienced more symptoms. These patients may not be fully reporting
their symptoms to their provider, and/or some providers may fail to recognize these symptomatic patients, thus resulting
in the delay of necessary escalation of treatment.

Finally, this analysis included patients with a history of moderate exacerbations, including non-ED outpatient visits,
rather than only ED visits or inpatient admissions. In the current study, patients with ≥2 moderate exacerbations in a year

Table 3 All-Cause and COPD-Related Healthcare Utilization During 12-Month Follow-Up

Commercial/Medicarea Medicaidb

Promptc Delayedd Very Delayede Prompt Delayed Very Delayed

N=5260 N=6137 N=4319 N=2317 N=3539 N=3198

All-Cause Utilization
Inpatient (IP) admission, N (%) 1643 (31%) 2462 (40%) 2138 (50%) 928 (40%) 1619 (46%) 1798 (56%)

Number of admissions, mean (SD) 0.5 (0.9) 0.7 (1.1) 0.8 (1.3) 0.8 (1.6) 1.1 (1.8) 1.5 (2.3)
Days per admission, mean (SD) 1.4 (3.0) 1.9 (3.8) 2.4 (3.5) 1.8 (3.2) 2.1 (3.5) 2.5 (3.5)

Emergency department visit, N (%) 2231 (42%) 3070 (50%) 2401 (56%) 1581 (68%) 2570 (73%) 2461 (77%)

Number of visits, mean (SD) 0.9 (1.8) 1.2 (2.2) 1.5 (2.6) 2.9 (5.1) 3.1 (5.0) 4.2 (6.8)
Outpatient (OP) office visit, N (%) 5117 (97%) 6036 (98%) 4255 (99%) 2275 (98%) 3501 (99%) 3133 (98%)

Number of visits, mean (SD) 12.6 (9.2) 14.7 (10.1) 15.6 (10.8) 14.6 (10.8) 15.9 (11.0) 16.5 (11.7)

Primary care visit, N (%) 3499 (67%) 4201 (68%) 3024 (70%) 1754 (76%) 2709 (77%) 2370 (74%)
Number of visits, mean (SD) 4.0 (5.1) 4.7 (5.9) 5.3 (7.1) 7.4 (7.8) 8.0 (8.1) 8.3 (9.0)

Pulmonologist visit, N (%) 2255 (43%) 3081 (50%) 2140 (50%) 153 (7%) 340 (10%) 282 (9%)

Number of visits, mean (SD) 1.3 (2.1) 1.7 (2.4) 1.6 (2.4) 0.2 (0.8) 0.3 (1.3) 0.2 (1.0)
Other OP visit, N (%) 5201 (99%) 6119 (100%) 4312 (100%) 2301 (99%) 3531 (100%) 3191 (100%)

Number of visits, mean (SD) 31.5 (30.5) 37.9 (33.3) 42.4 (36.5) 70.1 (108.3) 76.2 (107.0) 97.6 (128.7)

OP prescription, N (%) 5249 (99.8%) 6137 (100%) 4319 (100%) 2314 (99.9%) 3539 (100%) 3198 (100%)
Number of prescriptions, mean (SD) 54.9 (35.2) 63.4 (38.2) 67.6 (39.8) 120.7 (72.1) 130.3 (74.9) 140.5 (76.7)

COPD-Related Utilization
IP admission, N (%) 460 (9%) 833 (14%) 850 (20%) 289 (12%) 604 (17%) 792 (25%)
Number of admissions, mean (SD) 0.1 (0.4) 0.2 (0.5) 0.3 (0.6) 0.2 (0.6) 0.3 (0.7) 0.4 (1.0)

Days per admission, mean (SD) 0.3 (1.4) 0.5 (1.7) 0.8 (2.4) 0.5 (1.6) 0.7 (2.0) 1.0 (2.2)

90-day readmission, N (%) 80 (1.5%) 122 (2.0%) 93 (2.2%) 63 (3%) 127 (4%) 190 (6%)
Emergency department visit, N (%) 1052 (20%) 1662 (27%) 1406 (33%) 971 (42%) 1738 (49%) 1770 (55%)

Number of visits, mean (SD) 0.3 (0.8) 0.5 (1.0) 0.6 (1.4) 1.0 (1.9) 1.2 (2.3) 1.8 (3.2)

OP office visit, N (%) 4587 (87%) 5670 (92%) 4003 (93%) 2021 (87%) 3261 (92%) 2912 (91%)
Number of visits, mean (SD) 4.1 (3.5) 5.2 (4.0) 5.5 (4.2) 4.3 (3.9) 5.3 (4.2) 5.6 (4.6)

Primary care visit, N (%) 2477 (47%) 3200 (52%) 2304 (53%) 1432 (62%) 2265 (64%) 2002 (63%)

Number of visits, mean (SD) 1.5 (2.3) 1.9 (2.8) 2.2 (3.1) 2.3 (2.9) 2.8 (3.2) 3.0 (3.6)
Pulmonologist visit, N (%) 1985 (38%) 2708 (44%) 1889 (44%) 134 (6%) 295 (8%) 251 (8%)

Number of visits, mean (SD) 1.1 (1.8) 1.3 (2.0) 1.2 (2.0) 0.1 (0.7) 0.2 (1.2) 0.2 (0.9)

Other OP visit, N (%) 4546 (86%) 5729 (93%) 4103 (95%) 2069 (89%) 3343 (94%) 3080 (96%)
Number of visits, mean (SD) 9.6 (13.1) 12.2 (13.3) 14.6 (15.1) 12.1 (29.8) 17.2 (36.8) 28.7 (59.7)

OP prescription, N (%) 5144 (98%) 6137 (100%) 4319 (100%) 2297 (99%) 3539 (100%) 3198 (100%)

Number of prescriptions, mean (SD) 14.5 (10.1) 17.2 (10.3) 16.7 (10.5) 25.5 (14.3) 28.2 (14.1) 28.6 (15.5)

Notes: aP<0.01 for all comparisons, except 90-day COPD readmissions (P=0.054); bP<0.05 for all comparisons, except N (%) with an all-cause or COPD-related primary
care visit (P=0.064 and P=0.207); cTriple therapy within 30 days after or on the index exacerbation date; dTriple therapy between 31 and 180 days after index exacerbation;
eTriple therapy between 81 and 365 days after index exacerbation.
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Figure 6 All-cause and COPD-related healthcare costs of Commercial/Medicare patients during 12-month follow-up. aP values apply to costs for all service categories and
total costs; bTriple therapy within 30 days after or on the index exacerbation date; cTriple therapy between 31 and 180 days after index exacerbation; dTriple therapy
between 181 and 365 days after index exacerbation.

Figure 7 All-cause and COPD-related healthcare costs of Medicaid patients during 12-month follow-up. aP values apply to costs for all service categories and total costs;
bTriple therapy within 30 days after or on the index exacerbation date; cTriple therapy between 31 and 180 days after index exacerbation; dTriple therapy between 181 and
365 days after index exacerbation.
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were more likely to have delayed/very delayed triple therapy (74% vs 56%), and they were more likely to have ≥1 post-index
exacerbation (80% vs 67%), compared to patients with a severe exacerbation requiring hospitalization. This suggests that
when a patient experiences an exacerbation that does not require hospitalization their treatment is not adjusted appropriately.
This lack of timely treatment escalation may lead to further exacerbations and disease progression.

Limitations
The results of this study should be considered in the context of some limitations. No direct measures of disease severity are
available in the MarketScan Databases; the definition of moderate vs severe exacerbations was limited to what is captured in
claims (ie, diagnoses, healthcare settings). There is potential for misclassification of disease status, study outcomes, and
covariates since claims data are subject to coding limitations. Medication usage was based on filled outpatient prescriptions;
patients were assumed to take the medications as prescribed, though adherence and persistence were not assessed.
Medications received as samples from physicians, inpatient medications, and prescriptions paid for exclusively out-of-
pocket by patients are not captured. It should also be noted that no standard definition for open triple therapy has been applied
across prior studies, so our requirement of a minimum number of overlapping days of supply was developed to minimize risk
of misclassification of patients who were switching between individual triple therapy components rather than truly initiating
triple therapy. This study was limited to patients with commercial, Medicare, or Medicaid insurance; results may not be
generalizable to uninsured patients or those with other insurance. Patients who died or disenrolled <12 months after their
index exacerbation were excluded and may be systematically different from patients who met enrollment criteria.

All cohort comparisons of patients with prompt vs delayed vs very delayed triple therapy are subject to confounding
by indication. A physician may provide a different level of counseling to patients with more severe exacerbations and
symptoms, and those patients may be more likely to fill their medication, fill it sooner, and/or use it regularly.
Multivariable regression addressed this bias to some extent, as the type of index exacerbation (moderate vs severe)
and proxies for baseline disease severity (eg, medication usage, pulmonologist visits) were included in the models. Given
that the presence and timing of triple therapy initiation was based on claims for filled outpatient prescriptions, we did not
assess the clinical or economic outcomes of patients who did not fill any prescriptions for triple therapy after their index
exacerbation. It is possible that some patients were prescribed triple therapy but failed to fill those prescriptions. It is

Figure 8 Adjusted mean healthcare costs (95% confidence intervals) per 30-day delay of triple therapy. aP <0.001; generalized linear regression models controlled for index
exacerbation type and the following baseline characteristics: age, sex, insurance type, urban residence, index year, Elixhauser Comorbidity Index, tobacco use, baseline
comorbidities (pneumonia, respiratory infection, cardiovascular disease, obesity, weight loss, number of exacerbations, any severe exacerbation, short- and long-acting
maintenance therapy use, nebulizer use, oxygen therapy, number of COPD-related primary care provider and pulmonologist visits.
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therefore important that patient education include the importance of adhering to prescribed treatments, as well as other
factors important for preventing exacerbations, such as proper inhaler technique and lifestyle modifications.

Given the index treatment window in this study (January 2010 to March 2019), and the timing of closed triple
therapy approval in the US (September 2017), only about 3% of study patients received closed triple therapy as their
index treatment; thus, our ability to compare outcomes between open vs closed triple therapy initiators was limited.
Such comparisons should be considered for future analysis. Future studies are also warranted to compare outcomes
between patients escalating to triple therapy from dual therapy vs monotherapy vs no prior maintenance treatment.

Healthy adherer bias may also be present, as patients following their doctors’ recommendations and promptly filling
a prescription may be more likely to follow other important behaviors for COPD (eg, not smoking). Multivariable
modeling attempted to mitigate this bias by controlling for use of other medications and baseline tobacco use, though
other health behaviors cannot be measured in claims data.

Conclusion
Prompt initiation of triple therapy decreases risk of future exacerbations and is associated with lower all-cause and
COPD-related healthcare utilization and costs, including lower prescription drug costs. In addition to care coordination
and patient education, timely consideration of triple therapy after a single severe exacerbation or two moderate
exacerbations could decrease overall patient morbidity and lessen the economic burden of COPD.
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