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ABSTRACT

BACKGROUND: Severe exacerbations 
requiring hospitalization contribute a sub-
stantial portion of the morbidity and costs 
of chronic obstructive pulmonary disease 
(COPD). Triple therapy (inhaled corticoste-
roid + long-acting β-agonist + long-acting 
muscarinic antagonist) is a recommended 
option for patients who experience recur-
rent COPD exacerbations or persistent 
symptoms. Few real-world studies have 
specifically examined the effect of prompt 
initiation of triple therapy, specifically 
among patients hospitalized for a COPD 
exacerbation. 

OBJECTIVE: To assess whether prompt ini-
tiation of triple therapy following a severe 
COPD exacerbation was associated with 
lower risk of subsequent exacerbations and 
lower health care use and costs and the 
effects of each 30-day delay of initiation. 

METHODS: Adults aged 40 years or older 
with COPD were identified in the Merative 
MarketScan Databases between January 
1, 2010, and December 31, 2019, and were 
required to meet the following criteria: 
open or closed triple therapy (date of first 
closed prescription or last component of 
open=index treatment date), more than 
1 inpatient admission with a primary 
COPD diagnosis (ie, severe exacerbation) 
in the prior 12 months (index exacerba-
tion), 12 months of continuous enrollment 
before (baseline) and after (follow-up) 
index exacerbation, and absence of select 
respiratory diseases and cancer. Patients 
were stratified based on timing of open 
or closed triple therapy after the index 
exacerbation: prompt (≤30 days), delayed 
(31-180 days), or very delayed (181-365 
days). Multivariable regression controlled 
for baseline characteristics (age, sex, 
insurance type, index year, comorbidities, 
prior treatment, and prior exacerbations) 

Plain language summary

Patients with delayed triple therapy 
initiation after a hospitalization for 
chronic obstructive pulmonary disease 
(COPD) are more likely to have more 
exacerbations and higher health care 
costs in the following year. Patients who 
are hospitalized for COPD may benefit 
from starting triple therapy within 30 
days after leaving the hospital.

Implications for  
managed care pharmacy

Triple therapy initiation within 30 days 
after a COPD hospitalization may improve 
patient outcomes in the following year. 
Benefits include lower risk of future 
exacerbations and avoiding thousands of 
dollars in health care costs. Triple therapy 
should be considered as an alternative 
to other treatments after a severe COPD 
exacerbation. 
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Chronic lower respiratory diseases, including chronic 
obstructive pulmonary disease (COPD), were the fourth 
leading cause of death in 2019,1 with approximately 135,000 
American deaths attributed to COPD each year since 1999.2 
COPD affects nearly 7% of American adults,3,4 who are at 
risk of experiencing severe disease exacerbations in which 
acute worsening of symptoms warrants hospitalization. 
Severe exacerbations may account for the majority of the 
estimated $40 billion annual COPD-related medical costs in 
the United States,5-8 and estimates of mortality following a 
COPD hospitalization range from 23% after 1 year9 to more 
than 50% after 5 years.10,11

The recent 2022 report of the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD) continues to 
recommend escalation from dual maintenance therapy 
(long-acting β-agonist [LABA] + inhaled corticosteroid [ICS], 
or LABA + long-acting muscarinic antagonist [LAMA]) to 
triple therapy (ICS + LABA + LAMA) in response to recurring 
COPD exacerbations or persistent symptoms.12 Randomized 
clinical trials have demonstrated the efficacy of triple 
therapy for improving lung function and reducing exac-
erbation frequency,13-16 and the recent real-world PRIMUS 
study17 showed a strong association between delaying triple 
therapy and adverse clinical and economic consequences 
following 1 severe or 2 moderate COPD exacerbations. 
There is also some support for a role of triple therapy in 
reducing mortality in both clinical trial and real-world 

analyses.18-20 Although prior investigations have examined 
the effect of initiating maintenance therapy in general 
among patients with a history of exacerbations,21-27 there 
has been little research focused specifically on patients 
with a recent history of hospitalization for COPD and 
the role of triple therapy in post-discharge outcomes.28 
As of 2015, COPD is one of the conditions targeted by 
the Centers for Medicare and Medicaid Services (CMS) 
Hospital Readmissions Reduction Program (HRRP), which 
aims to reduce hospital readmissions through enhanced 
communication and care coordination29; however, only 
modest changes in COPD readmissions have been observed 
since program implementation.30-32 There remains a need 
for improvement and consideration of treatment strategies 
that could further reduce posthospitalization events. 

Timely initiation of triple therapy following a COPD hos-
pitalization could be an important treatment consideration 
to help avoid future COPD hospitalizations, outpatient 
exacerbations, and unnecessary costs. Therefore, the objec-
tives of this study were to assess the risk of subsequent 
exacerbations and the impact on health care resource 
utilization and health care costs associated with delayed 
triple therapy initiation after a severe COPD exacerbation 
requiring hospitalization.

Methods
STUDY DESIGN AND DATA SOURCE
This retrospective observational study used health insur-
ance claims from the Merative MarketScan Commercial, 
Medicare Supplemental, and Multi-State Medicaid Research 
Databases, January 1, 2009, to March 31, 2020. All patient 
records were deidentified and certified to be fully compli-
ant with US patient confidentiality requirements set forth in 
the Health Insurance Portability and Accountability Act of 
1996. Because this was a secondary database analysis, insti-
tutional review board approval was not required. 

PATIENT SELECTION AND COHORT ASSIGNMENT
The patients included in this analysis were a subset of the 
patients in the recent PRIMUS study17 of triple therapy ini-
tiation among patients with 2 or more moderate or 1 or 
more severe COPD exacerbations in the prior year. In the 
PRIMUS study, patients were first identified who had 1 or 
more nondiagnostic inpatient or outpatient claims with a 
COPD diagnosis from January 1, 2010, to March 31, 2020, 
using International Classification of Diseases, Ninth and 
Tenth Revision, Clinical Modification diagnosis codes (ICD-
9-CM and ICD-10-CM) (Supplementary Table 1, available in 
online article). Evidence of open or closed triple therapy 

and estimated the odds of subsequent exacerbations, change in 
the number of exacerbations, and change in health care costs dur-
ing 12-month follow-up associated with each 30-day delay of triple 
therapy initiation.

RESULTS: A total of 6,772 patients met inclusion criteria (2,968 [43.8%] 
prompt, 1,998 [29.5%] delayed, and 1,806 [26.7%] very delayed). The 
adjusted odds of any exacerbation and a severe exacerbation during 
12-month follow-up increased by 13% (odds ratio [95% CI]: 1.13 [1.11-
1.15]) and 10% (1.10 [1.08-1.12]), respectively, for each 30-day delay 
in triple therapy initiation, and the mean number of exacerbations 
increased by 5.4% (95% CI = 4.7%-6.1%). There was a 3.0% increase 
(95% CI = 2.2%-3.8%) in mean all-cause costs and a 3.7% increase (95% 
CI = 2.9%-4.6%) in total COPD-related costs for each 30-day delay of 
triple therapy initiation.

CONCLUSIONS: Longer delays in triple therapy initiation after a 
COPD hospitalization result in greater risk of subsequent exacer-
bations and higher health care resource use and costs. Adequate 
post-discharge follow-up care and earlier consideration of triple ther-
apy may improve clinical and economic outcomes among patients 
with COPD.

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
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ICS, LABA, and LAMA with 14 or more consecutive and 30 
or more total overlapping days of supply in a 90-day period. 
Closed triple therapy was defined as a claim for a single 
product containing ICS + LABA + LAMA.

was required between January 1, 2011, and March 31, 2019; 
the date of the first closed triple therapy claim or the last 
component of open triple therapy was patients’ index treat-
ment date. Open triple therapy was defined as claims for 

 
All patients 
(N = 6,772)

Prompta 
(n = 2,968)

Delayedb 
(n = 1,998)

Very delayedc 
(n = 1,806) P value

Age, mean (SD) 63.7 (11.3) 64.1 (11.1) 63.8 (11.6) 62.7 (11.2) < 0.001

Sex, n (%)

Female 4,077 (60.2) 1,745 (58.8) 1,207 (60.4) 1,125 (62.3)
0.055

Male 2,695 (39.8) 1,223 (41.2) 791 (39.6) 681 (37.7)

Payer, n (%)

Commercial 2,161 (31.9) 1,077 (36.3) 625 (31.3) 459 (25.4)

< 0.001Medicare Supplemental 2,573 (38.0) 1,191 (40.1) 753 (37.7) 629 (34.8)

Medicaid 2,038 (30.1) 700 (23.6) 620 (31.0) 718 (39.8)

Race and ethnicity—Medicaid patients, n (%)

American Indian or Alaska Native 11 (0.5) 5 (0.7) 4 (0.7) 2 (0.3)

0.081

Asian or Pacific Islander 15 (0.7) 4 (0.6) 7 (1.1) 4 (0.6)

Black 543 (26.6) 190 (27.1) 161 (26.0) 192 (26.7)

Hispanic 14 (0.7) 4 (0.6) 4 (0.7) 6 (0.8)

White 1,146 (56.2) 382 (54.6) 351 (56.6) 413 (57.5)

Other/unknown 309 (15.2) 115 (16.4) 93 (15.1) 101 (14.1)

US regiond—Commercial/Medicare patients, n (%)

Midwest 247 (5.2) 134 (5.9) 72 (5.2) 41 (3.8)

< 0.001

Northeast 860 (18.2) 436 (19.2) 264 (19.2) 160 (14.7)

South Atlantic 139 (2.9) 62 (2.7) 38 (2.8) 39 (3.6)

South Central 954 (20.2) 534 (23.5) 232 (16.8) 188 (17.3)

West 1,264 (26.7) 605 (26.7) 361 (26.2) 298 (27.4)

Unknown 1,270 (26.8) 497 (21.9) 411 (29.8) 362 (33.3)

Urban residence, n (%) 5,401 (79.8) 2,415 (81.4) 1,601 (80.1) 1,385 (76.7) 0.002

Insurance plan type, n (%)

Comprehensive/indemnity 2,676 (39.5) 1,046 (35.2) 831 (41.6) 799 (44.2)

< 0.001
EPO/PPO 2,133 (31.5) 1,098 (37.0) 574 (28.7) 461 (25.5)

HMO 1,268 (18.7) 511 (17.2) 402 (20.1) 355 (19.7)

Other/unknown 695 (10.3) 313 (10.6) 191 (9.6) 191 (10.6)

Year of index exacerbation, n (%)

2010-2014 4,281 (63.2) 1,895 (63.8) 1,195 (59.8) 1,191 (65.9)
< 0.001

2015-2019 2,491 (36.8) 1,073 (36.2) 803 (40.2) 615 (34.1)
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 https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf for states included in each region. EPO=exclusive provider organization; 
HMO = health maintenance organization; PPO = preferred provider organization.

TABLE 1 Demographic Characteristics on the Index Exacerbation Date

https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
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admissions within 90 days following discharge from a prior 
COPD-related admission. Readmissions were assessed for 
Commercial and Medicaid patients only. Because there 
is no patient responsibility for Medicare readmissions 
within 60 days, there are no health care claims generated 
for such readmissions, and they cannot be identified in 
the MarketScan database. COPD-related outpatient pre-
scriptions included pharmacy claims for ICS, LABA, LAMA, 
LABA/LAMA, ICS/LABA, short-acting β-agonists (SABA), 
short-acting muscarinic antagonists (SAMA), SABA/SAMA, 
and oral corticosteroids (Supplementary Table 2). All-cause 
and COPD-related health care costs were assessed overall 
and within each utilization category. Costs include payer 
plus patient payments, adjusted for inflation and standard-
ized to 2020 US dollars. Health care costs were reported for 
the 90% of Commercial and Medicare patients who had full 
paid amounts on their claims during the study period; costs 
for all Medicaid patients were reported.

BASELINE ASSESSMENTS
Demographic characteristics were assessed on the index 
exacerbation date, including age, sex, payer, insurance plan 
type, race and ethnicity (Medicaid only), geographic region, 
(Commercial/Medicare only), urban/rural residence, and 
index year. Clinical characteristics were assessed dur-
ing the 12-month baseline period, including the Elixhauser 
Comorbidity Index, other comorbid conditions, tobacco 
use, nebulizer use, oxygen therapy, and COPD medications. 
COPD-related office visits, ED visits, and inpatient admis-
sions were also assessed between the index exacerbation 
and index treatment dates.

STATISTICAL ANALYSES
Descriptive statistics were reported for each triple therapy 
cohort (prompt [≤ 30 days to initiation], delayed [31-180 
days],27,28 and very delayed [181-365 days]), including means, 
SDs, and medians for continuous variables and frequen-
cies and proportions for categorical variables. Analyses of 
variance and Kruskal-Wallis tests compared continuous 
variables between groups and chi-square tests compared 
categorical variables. Multivariable logistic regression 
models estimated the effect of each 30-day delay of triple 
therapy initiation on the odds of another severe exacer-
bation, any exacerbation, any inpatient admission, any ED 
visit, a COPD-related ED visit, and a 90-day COPD read-
mission during follow-up. Multivariable negative binomial 
regression estimated the effect of each 30-day delay of 
triple therapy on the number of COPD exacerbations dur-
ing follow-up. Generalized linear models with log-link and 

Patients with COPD with triple therapy were required to 
have 1 or more severe or 2 or more moderate exacerbations 
during the 12 months before the index treatment date to 
qualify. Severe exacerbations were defined as inpatient 
claims with a primary diagnosis of COPD, and moderate 
exacerbations were defined as nondiagnostic outpatient 
claims with a COPD diagnosis in any position and either (1) a 
procedure code for a corticosteroid injection on the same 
claim (Supplementary Table 1) or (2) a prescription claim for 
a short course of antibiotics or systemic corticosteroids 
within ±7 days. The earliest of the first severe or second 
moderate exacerbation was patient’s index exacerbation 
date in the PRIMUS study. Patients were required to be aged 
40 years or older on the index exacerbation date and have 
12 months or more of continuous enrollment with medical 
and pharmacy benefits before (baseline) and after (follow-
up) the index exacerbation. Patients were excluded if they 
had evidence of interstitial fibrosis, sarcoidosis, pulmonary 
embolism, or malignancy (other than basal/squamous cell 
skin cancer) during baseline or follow-up (Supplementary 
Table 1). Patients were also excluded if they showed any 
overlap in claims for ICS, LABA, and LAMA during the 
baseline period or between their index exacerbation and 
index treatment dates (ie, overlap not meeting the minimum 
requirement for open triple therapy). 

This analysis is focused on patients meeting the above 
criteria for the PRIMUS study whose index exacerba-
tion was severe. Qualifying patients with an index severe 
exacerbation were stratified based on the time between 
their index exacerbation and their index treatment date: 
prompt (≤   30 days), delayed (31-180 days), and very delayed 
(181-365 days).

OUTCOMES ASSESSMENT
Primary outcomes were assessed during the 12-month fol-
low-up period after the index exacerbation, including number 
and type of COPD exacerbations, health care resource 
utilization, and health care costs. Moderate and severe 
exacerbations were defined as described above; 14 days or 
more were required between events to be considered sepa-
rate exacerbations. All-cause and COPD-related health care 
resource utilization included inpatient admissions, 90-day 
readmissions, emergency department (ED) visits, outpatient 
office visits (including primary care and pulmonologists), 
other outpatient visits, and outpatient prescriptions. COPD-
related inpatient admissions included inpatient claims with 
a primary diagnosis of COPD (ie, a severe exacerbation), and 
COPD-related outpatient encounters included outpatient 
claims with a COPD diagnosis in any position. Ninety-day 
COPD-related readmissions were defined as COPD-related 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
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Results
STUDY SAMPLE AND CHARACTERISTICS

Out of 24,770 patients who met all criteria for the PRIMUS 
study, 6,772 (27.3%) had a severe index exacerbation and 

γ distribution estimated the change in all-cause and COPD-
related health care costs per 30-day delay of triple therapy. 
All multivariable models controlled for demographics and 
baseline clinical characteristics, exacerbations, and health 
care utilization.

All patients 
(N = 6,772)

Prompta 
(n = 2,968)

Delayedb 
(n = 1,998)

Very delayedc 
(n = 1,806) P value

Elixhauser comorbidity index, mean (SD) 4.1 (8.2) 3.5 (7.7) 4.2 (8.4) 5.0 (8.7) < 0.001

Tobacco use, n (%) 2,451 (36.2) 990 (33.4) 712 (35.6) 749 (41.5) < 0.001

Any long-acting maintenance medication, n (%) 3,781 (55.8) 1,422 (47.9) 1,156 (57.9) 1,203 (66.6) < 0.001

ICS 593 (8.8) 197 (6.6) 190 (9.5) 206 (11.4) < 0.001

LABA 126 (1.9) 37 (1.2) 39 (2.0) 50 (2.8) 0.001

LAMA 1,324 (19.6) 524 (17.7) 412 (20.6) 388 (21.5) 0.002

LAMA/LABA 73 (1.1) 31 (1.0) 25 (1.3) 17 (0.9) 0.634

ICS/LABA 2,339 (34.5) 877 (29.5) 682 (34.1) 780 (43.2) < 0.001

Number of long-acting medication claims, mean (SD) 2.8 (4.0) 2.4 (3.8) 2.9 (3.9) 3.4 (4.3) < 0.001

Any short-acting medication, n (%) 5,168 (76.3) 2,099 (70.7) 1,542 (77.2) 1,527 (84.6) < 0.001

SABA 4,205 (62.1) 1,696 (57.1) 1,241 (62.1) 1,268 (70.2) < 0.001

SAMA 447 (6.6) 133 (4.5) 131 (6.6) 183 (10.1) < 0.001

SABA/SAMA 1,319 (19.5) 427 (14.4) 377 (18.9) 515 (28.5) < 0.001

Oral corticosteroid 3,486 (51.5) 1,321 (44.5) 1,037 (51.9) 1,128 (62.5) < 0.001

Number of short-acting medication claims, mean (SD) 5.7 (7.5) 4.3 (5.8) 5.6 (7.2) 8.2 (9.6) < 0.001

No long- or short-acting medications, n (%) 1,252 (18.5) 710 (23.9) 330 (16.5) 212 (11.7) < 0.001

Nebulizer use, n (%) 812 (12.0) 257 (8.7) 232 (11.6) 323 (17.9) < 0.001

Oxygen therapy, n (%) 1,317 (19.4) 364 (12.3) 401 (20.1) 552 (30.6) < 0.001

Any COPD-related primary care visit, n (%)

Commercial/Medicare 1,227 (25.9) 497 (21.9) 381 (27.6) 349 (32.1) < 0.001

Medicaid 791 (38.8) 238 (34.0) 254 (41.0) 299 (41.6) 0.005

Number of COPD-related primary care visits, mean (SD)

Commercial/Medicare 0.59 (1.35) 0.42 (0.99) 0.62 (1.32) 0.91 (1.89) < 0.001

Medicaid 1.03 (1.91) 0.74 (1.46) 1.04 (1.77) 1.31 (2.32) < 0.001

Any COPD-related pulmonologist visit, n (%)

Commercial/Medicare 529 (11.2) 171 (7.5) 172 (12.5) 186 (17.1) < 0.001

Medicaid 54 (2.6) 12 (1.7) 16 (2.6) 26 (3.6) 0.082

Number of COPD-related pulmonologist visits, mean (SD)

Commercial/Medicare 0.24 (0.84) 0.13 (0.54) 0.28 (0.90) 0.41 (1.16) < 0.001

Medicaid 0.05 (0.33) 0.03 (0.22) 0.04 (0.29) 0.07 (0.42) 0.030
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.
COPD = chronic obstructive pulmonary disease; ICS = inhaled corticosteroid; LABA = long-acting β-agonist; LAMA = long-acting muscarinic antagonist;  
SABA = short-acting β-agonist; SAMA = short-acting muscarinic antagonist. 

TABLE 2 Clinical Characteristics During the 12-Month Baseline Period



1371
Prompt initiation of triple therapy following hospitalization for a chronic obstructive  

pulmonary disease exacerbation in the United States: An analysis of the PRIMUS study

Vol. 28, No. 12 | December 2022 | JMCP.org

(23.6%), chronic cough (22.8%), and pneumonia (20.6%) 
were the most common baseline comorbidities among all 
patients (Supplementary Table 3), and more than one-third 
of patients (36.2%) had evidence of tobacco use during 
baseline (Table 2).

Compared with the overall PRIMUS population, patients 
with a severe exacerbation were slightly older, less likely 
to have Medicaid, more likely to be Black (among Medicaid 
patients), and less likely to have evidence of tobacco use 
during the 12-month baseline period and had a higher 
comorbidity burden (Supplementary Table 4).

Within the severe exacerbation population, the fre-
quency and number of baseline prescription claims for 
any long- or short-acting maintenance medication was 
higher among delayed and very delayed patients, compared 
with prompt patients (Table 2). About 45% of all patients 
had no long-acting maintenance medication prescrip-
tion fills during baseline, including more than 50% of 
patients with prompt triple therapy. Nearly one-quarter 
(23.9%) of prompt patients had no evidence of any long- or 

were included in this analysis (Supplementary Figure 1). 
Patients with a severe exacerbation initiated triple therapy 
an average (±SD) of 104 (±116) days after discharge from 
their exacerbation. About 44% of patients initiated triple 
therapy within 30 days after discharge (prompt), 29.5% ini-
tiated 31 to 180 days after discharge (delayed), and 26.7% 
initiated 181 to 365 days after discharge (very delayed). The 
mean (±SD) time from index exacerbation to triple ther-
apy initiation was 5.3 (±8.5) days for prompt patients, 95.2 
(±44.6) days for delayed patients, and 275.5 (±52.6) days for 
very delayed patients.

Prompt initiators were slightly older, less likely to 
have Medicaid, and more likely to be covered by an 
exclusive or preferred provider organization insurance 
plan, compared with delayed and very delayed initiators 
(Table 1). Overall comorbidity burden, summarized by the 
Elixhauser Comorbidity Index, was higher among delayed 
and very delayed patients, compared with prompt (Table 2). 
Cardiovascular disease (545%), uncomplicated hyperten-
sion (52.5%), asthma (24.6%), acute bronchitis/bronchiolitis 

Prompta Delayedb Veryc prompt Prompt Delayed Very prompt Prompt Delayed Very prompt
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FIGURE 1 Proportion of Patients With 1, 2, 3, and 4+ Chronic Obstructive Pulmonary Disease 
Exacerbations, and Unadjusted Mean (SD) Number of Exacerbations per Group, 
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.
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https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials22132-1663102374.pdf
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After multivariable adjustment for baseline patient 
characteristics, each 30-day delay of triple therapy was 
associated with a 13% (95% CI = 11%-15%) increase in the 
odds of a moderate or severe exacerbation during 12-month 
follow-up (Figure 2). For the average patient in this study 
with 104 days to triple therapy, this equates to approxi-
mately 53% greater odds of another exacerbation within 
12 months compared with a patient who received triple 
therapy within 30 days. The odds of experiencing another 
severe exacerbation in the next 12 months increased by 10% 
(95% CI = 8%-12%) for each 30-day delay of triple therapy so 
that a patient with the mean time to triple therapy would 
have approximately 40% greater odds of another severe 
exacerbation within a year compared with a patient who 
received prompt triple therapy. There was also a 5% increase 
in the mean number of exacerbations during follow-up for 
each 30-day delay of triple therapy. The adjusted mean 
estimate for the number of exacerbations during follow-up 
was 0.97 (95% CI = 0.91-1.03) among prompt patients and 
increased to 1.81 (95% CI = 1.57-2.08) exacerbations among 
patients who initiated triple therapy 12 months after their 
index exacerbation (Supplementary Figure 3).

FOLLOW-UP HEALTH CARE UTILIZATION AND COSTS
In unadjusted analyses, the frequency and number of all-
cause and COPD-related health care encounters were 

short-acting COPD medication during the baseline period. 
SABA, oral corticosteroids, and ICS/LABA were the most 
common baseline maintenance medications among all 
groups. Delayed and very delayed patients also had more 
baseline COPD-related primary care and pulmonologist 
visits. Most of the delayed (79.0%) and very delayed patients 
(92.4%) had at least 1 COPD-related office visit, ED visit, 
or inpatient admission between their index exacerbation 
and triple therapy initiation, and the majority (56.7% and 
81.0%) had more than 1 COPD-related visit during that time 
(Supplementary Figure 2). 

FOLLOW-UP COPD EXACERBATIONS
About two-thirds (67.3%) of all study patients had at 
least 1 COPD exacerbation during the 12-month follow-up. 
Unadjusted results for the proportion of patients with 1 
to 4 or more COPD exacerbations and the mean (±SD) num-
ber of exacerbations in each group are depicted in Figure 
1. Delayed and very delayed patients were more likely to 
have any exacerbation and had more exacerbations, on 
average, compared with prompt patients. Delayed and 
very delayed patients were more than 2 times and 3 times 
as likely as prompt patients, respectively, to have a severe 
exacerbation during the 12 months after discharge from 
their index exacerbation. 

Results from logistic regression models controlling for age, sex, payer type, 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.
COPD = chronic obstructive pulmonary disease; ED = emergency department.

FIGURE 2 Adjusted Odds Ratios and 95% CIs for COPD Exacerbations and Health Care Resource Utilization 
During the 12-Month Follow-Up Period, per 30-Day Delay of Triple Therapy
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greater odds of an all-cause or COPD-related ED visit, 
respectively, compared with a prompt patient. There was a 
3% increase in the odds of a 90-day COPD readmission per 
30-day delay of triple therapy, though the association was 
not statistically significant (P = 0.07).

In unadjusted analyses among Commercial/Medicare 
patients, mean total all-cause health care costs during 
12-month follow-up were 33% and 57% greater among 
delayed and very delayed patients, respectively, compared 
with prompt patients (Supplementary Figure 6). Unadjusted 
mean total all-cause costs were 23% and 49% greater among 
delayed and very delayed Medicaid patients, compared with 
prompt Medicaid patients (Supplementary Figure 7). 

After adjusting for baseline patient characteristics 
among all patients, each 30-day delay of triple therapy 
was associated with a 3% increase (95% CI = 2-4) in 

higher among delayed and very delayed patients, compared 
with prompt patients, in nearly all service categories dur-
ing 12-month follow-up (Supplementary Figures 4 and 5) 
(Supplementary Table 5). Despite delayed and very delayed 
patients making up 56.2% of study patients, they contrib-
uted 73.5% of the all-cause hospitalizations and 79.9% of the 
COPD-related hospitalizations observed during 12-month 
follow-up.

After adjusting for baseline patient characteristics, each 
30-day delay of triple therapy was associated with signifi-
cant increases in the odds of an all-cause inpatient admission 
(9.1% [95% CI = 7.5%-10.7%]), an all-cause ED visit (5.6% [95% 
CI = 4.0%-7.2%]), and a COPD-related ED visit (6.8% [95% 
CI = 5.2%-8.4%]) (Figure 2). A patient with the average delay 
in triple therapy (104 days) would have approximately 36% 
greater odds of any inpatient admission and 21% and 26% 
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very delayed patients may result in a lack of prioritization 
of COPD by health care providers or concern of interac-
tion between triple therapy components and medications 
prescribed for other conditions. We observed significantly 
higher Elixhauser Comorbidity Index scores among delayed 
and very delayed patients, as well as greater prevalence of 
chronic conditions such as cardiovascular disease, asthma, 
and heart failure, compared with prompt patients. However, 
we did not assess the use of medications for other chronic 
conditions. In addition to timely initiation of appropriate 
COPD therapy, proper management of comorbidities as 
outlined by the GOLD report and others12,36 could improve 
COPD-related outcomes.

The pattern of these results regarding future exacerba-
tions, health care resource use, and health care costs is 
consistent with the overall PRIMUS study. However, greater 
relative odds of some clinical outcomes and a greater 
increase in health care costs associated with delayed 
triple therapy was observed among this subset of patients 
hospitalized for a severe exacerbation. For example, the 
odds of a subsequent severe exacerbation increased by 
6.5% per 30-day delay of triple therapy among all PRIMUS 
patients, compared with a 10% increase among the subset 
of patients with a severe index exacerbation. Additionally, 
the increase in all-cause and COPD-related health care 
costs was twice as high among patients with a severe 
exacerbation, compared with the overall PRIMUS cohort 
(all-cause: $1,266 vs $616 per 30-day delay; COPD-related: 
$383 vs $178 per 30-day delay). Although no statistical 
comparisons were made between this sample and PRIMUS 
patients with a moderate index exacerbation, these results 
suggest a greater clinical and economic impact of delayed 
triple therapy among patients who have been hospitalized 
for COPD. The increase in health care costs and the odds of 
a subsequent COPD hospitalization associated with delayed 
treatment are also in line with previous observations of 
higher costs and greater exacerbation risk among patients 
with delayed (31-180 days) vs prompt (≤ 30 days) triple 
therapy28,29 and other maintenance treatments25 after a 
COPD hospitalization or ED visit. Rather than only stratify-
ing by time to triple therapy, the current analysis provides 
additional insight by demonstrating the incremental effect 
of each month of delay of triple therapy up to 1 year after 
discharge on costs and the risk of subsequent exacerbations. 

Our results also suggest a potential role for prompt 
triple therapy in preventing readmissions after a COPD 
hospitalization. Although Medicare readmissions as defined 
by the CMS HRRP (readmission within 30 days) were not 
assessed, we did observe more frequent all-cause and 
COPD-related hospitalizations during the year after a 
COPD hospitalization among patients with delayed and very 

total all-cause health care costs, equating to an average 
increase of $1,266 per patient per month of delay. Each 
30-day delay of triple therapy was associated with a 4% 
(95% CI = 3%-5%) increase in total COPD-related health 
care costs, equating to an average increase of $383 per 
patient per month of delay. The difference between the 
adjusted mean costs for patients with 1 to 12 months vs 
less than 1 month to triple therapy are depicted in Figure 3, 
illustrating excess all-cause costs exceeding $15,000 and 
excess COPD-related costs up to $4,600 associated with 
delayed triple therapy. Adjusted estimates of total costs 
during 12-month follow-up for delayed and very delayed 
patients with the average time to triple therapy within 
those groups (95.2 and 275.5 days, respectively) were 9% 
($3,322) and 30% ($10,940) greater than prompt patients 
(5.3 days) for all-cause costs and 12% ($974) and 39% 
($3,280) greater than prompt patients for COPD-related 
costs. After multivariable adjustment, the changes in all-
cause and COPD-related inpatient costs per 30-day delay 
of triple therapy were not statistically significant.

Discussion
This is the first study to report a 6-month or greater delay 
in triple therapy initiation among more than half of patients 
experiencing a hospitalization for COPD and to describe 
patients who initiated triple therapy up to 1 year after 
hospitalization. Patients with delayed triple therapy, par-
ticularly those with very delayed initiation (> 6 months to 
1 year), were more likely to have Medicaid insurance, had 
greater comorbidity burden, were more likely to be current 
or former tobacco users, and had indicators of more severe 
disease during baseline (eg, more maintenance medications 
and more pulmonologist visits). Notably, delayed and very 
delayed patients often had health care encounters after 
their COPD hospitalization in which they were still not 
escalated to triple therapy. Most had at least 1 COPD-related 
office, ED, or inpatient encounter between their index exac-
erbation and triple therapy initiation. The first of such 
encounters may have triggered treatment escalation for 
some, although nearly 60% of delayed and more than 80% of 
very delayed patients had at least 2 post-discharge COPD-
related encounters before initiating triple therapy. These 
missed opportunities for treatment escalation may sug-
gest therapeutic inertia among providers’33 and/or patients’ 
reluctance to change treatment. Even exacerbations expe-
rienced after delayed triple therapy initiation could be 
associated with the delay, because the index exacerbation 
may have accelerated lung function decline,34 which may 
have been slowed by triple therapy.35 It is also possible 
that multiple chronic comorbidities among delayed and 
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treatments rather than initiating triple therapy. The initia-
tion of triple therapy was based on filled prescriptions; it 
was assumed that patients used their medications as pre-
scribed, although adherence, administration technique, 
and persistence were not assessed. Because this study 
was limited to patients with employer-sponsored com-
mercial or Medicare Supplemental insurance, or those 
with Medicaid coverage, the results may not be general-
izable to patients without insurance or who purchased 
plans directly from the Health Insurance Marketplace. We 
also required at least 24 months of continuous enrollment 
in the MarketScan Databases, thus potentially introduc-
ing bias wherein patients without the requisite amount of 
enrollment, including those who died within 12 months 
after a COPD hospitalization, may be systematically differ-
ent from patients who met enrollment criteria. 

Residual confounding from unobservable patient char-
acteristics may be present. Confounding by indication 
may exist in comparisons between study groups, because 
it is possible that physicians provide different levels of 
counseling to patients based on the perceived severity of 
their disease. Different patients may therefore be more 
or less likely to fill prescribed medications, fill them in a 
timely manner, and use them regularly and correctly. We 
addressed this bias to some extent by including proxies 
for baseline disease severity (eg, medication use and 
pulmonologist visits) in multivariable modeling. Some 
patients with a severe exacerbation may have been pre-
scribed triple therapy but did not fill their prescriptions 
during the study period; outcomes were not assessed 
among those patients because triple therapy initiation 
was a requirement for inclusion. Similarly, we did not 
assess outcomes among patients with a severe exacerba-
tion who were never prescribed triple therapy. Healthy 
adherer bias may also be present, because patients 
who promptly filled triple therapy prescriptions may 
be more likely to adhere to COPD treatment and other 
recommended behaviors (eg, quit smoking). Multivariable 
models also attempted to reduce this bias by controlling 
for behaviors that can be assessed in claims, such as 
baseline tobacco use and use of COPD maintenance 
therapies. There may also be unmeasured provider or 
health plan characteristics (eg, level of provider knowl-
edge of guidelines; formulary step therapy requirements) 
that contribute to the timing of triple therapy and post-
discharge outcomes after a severe exacerbation. 

Conclusions
Delaying triple therapy after a severe COPD exacerba-
tion requiring hospitalization can increase risk for future 

delayed triple therapy. Although they made up only 56% of 
the study population, delayed and very delayed patients 
accounted for 80% of the COPD-related hospitalizations 
during follow-up. GOLD advises that long-acting broncho-
dilators (LAMA, LABA, or both), with or without ICS, be 
either continued during a COPD hospitalization or initiated 
before discharge.12 We did not assess medications admin-
istered during index hospitalizations, but we did observe 
that 62% of delayed or very delayed patients had evidence 
of long-acting maintenance medication use before their 
index hospitalization. Although we cannot say whether 
those treatments were continued or changed during the 
hospitalization, and the GOLD advice is not specifically a 
recommendation for triple therapy, the current study does 
suggest that initiating triple therapy soon after discharge 
may produce more favorable outcomes than other treat-
ment approaches. Clinical trials and real-world studies have 
demonstrated superiority of triple therapy (vs dual therapy) 
in reducing exacerbations among patients without prior 
maintenance treatment37,38 or with prior monotherapy37,38 
or dual therapy,13-16,37,38 and there is growing consensus that 
prompt triple therapy initiation could improve outcomes 
over the step-up approach among patients who remain 
symptomatic or experience even a single severe exacerba-
tion on other maintenance treatments.39 

It should also be noted that prescription claims data 
reflect both prescriber and patient behavior; some patients 
may have been prescribed triple therapy at discharge 
but delayed filling their prescriptions. There is also some 
evidence that lack of early (within 1 month) post-discharge 
follow-up can substantially increase the risk of a COPD 
readmission.40 Consideration of triple therapy earlier, either 
in-hospital or during early post-discharge follow-up, in 
addition to sufficient patient education and coordination 
with outpatient care, may improve patient outcomes and 
avoid excess morbidity and costs.

LIMITATIONS
These results should be interpreted with consideration 
of some limitations. First, no direct measures of disease 
severity are available in the MarketScan Databases, so 
the definition of a severe exacerbation was limited to data 
available from health care claims (ie, diagnosis and set-
ting). Claims data are also subject to coding limitations, 
thereby introducing the potential for misclassification of 
outcomes and other variables. However, any misclassifica-
tion is not expected to differ among study groups. There 
is also no standard definition of open triple therapy, so 
our requirement of a minimum number and duration of 
overlapping days of supply was developed to minimize 
misclassification of patients who were switching between 
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hospitalizations and subsequent out-
patient exacerbations, leading to 
higher health care resource utiliza-
tion and health care costs. Ensuring 
patients hospitalized for COPD are 
discharged with proper therapy and 
follow-up care, including early consid-
eration of triple therapy, could reduce 
the clinical and economic impacts of 
COPD.
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