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ORIGINAL RESEARCH

Time- Dependent Risk of Cardiovascular 
Events Following an Exacerbation in 
Patients With Chronic Obstructive 
Pulmonary Disease: Post Hoc Analysis 
From the IMPACT Trial
Mark T. Dransfield , MD; Gerard J. Criner, MD; David M. G. Halpin , MD; MeiLan K. Han, MD;  
Benjamin Hartley, MMath; Ravi Kalhan , MD; Peter Lange , MD; David A. Lipson , MD;  
Fernando J. Martinez, MD; Dawn Midwinter, MSc; Dave Singh, MD; Robert Wise, MD; Ken M. Kunisaki , MD

BACKGROUND: The association between chronic obstructive pulmonary disease exacerbations and increased cardiovascular 
event risk has not been adequately studied in a heterogenous population with both low and high cardiovascular risk.

METHODS AND RESULTS: This post hoc analysis of the IMPACT (Informing the Pathway of COPD Treatment) trial (N=10 355 
symptomatic patients with chronic obstructive pulmonary disease at risk of exacerbations) evaluated time- dependent risk 
of cardiovascular adverse events of special interest (CVAESI) following exacerbations and impact of exacerbation history, 
cardiovascular risk factors, and study treatment on this association. Risk (time- to- first) of CVAESI or CVAESI resulting in hos-
pitalization or death was assessed during and 1 to 30, 31 to 90, and 91 to 365 days after resolution of moderate or severe 
exacerbations. CVAESI risk was compared between the period before and during/after exacerbation. CVAESI risk increased 
significantly during a moderate (hazard ratio [HR], 2.63 [95% CI, 2.08– 3.32]) or severe (HR, 21.84 [95% CI, 17.71– 26.93]) exac-
erbation and remained elevated for 30 days following an exacerbation (moderate: HR, 1.63 [95% CI, 1.28– 2.08]; severe: HR, 
1.75 [95% CI, 0.99– 3.11; nonsignificant]) and decreased over time, returning to baseline by 90 days. Risk of CVAESI resulting 
in hospitalization or death also increased during an exacerbation (moderate: HR, 2.46 [95% CI, 1.53– 3.97]; severe: HR, 41.29 
[95% CI, 30.43– 56.03]) and decreased in a similar time- dependent pattern. Results were consistent regardless of exacerba-
tion history, cardiovascular risk at screening, or study treatment.

CONCLUSIONS: Overall risk of cardiovascular events was higher during and in the 30 days following chronic obstructive pulmo-
nary disease exacerbations, even among those with low cardiovascular risk, highlighting the need for exacerbation prevention 
and vigilance for cardiovascular events following exacerbations.
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The natural history of chronic obstructive pulmonary 
disease (COPD) is characterized by acute exacer-
bations that, over time, contribute to poorer health 

outcomes, including reduced lung function1,2 and in-
creased mortality.3,4 Cardiovascular disease (CVD) is a 
common comorbidity in patients with COPD, affecting 
between 28% and 70% of patients,5 and COPD has 
also been shown to increase the risk of CVD.5,6 Tobacco 
smoke exposure is a common risk factor for both COPD 
and CVD (including coronary heart disease, stroke, and 
vascular disease),7 and atherosclerosis is exaggerated 
in smokers with COPD compared with smokers with-
out COPD and nonsmokers with COPD.8 In addition, 
several common cardiovascular comorbidities including 
heart failure, hypertension, and peripheral vascular dis-
ease are associated with increased COPD exacerbation 

risk.9,10 Consequently, COPD with comorbid CVD is as-
sociated with worse outcomes than with COPD or CVD 
alone.11,12 CVD is a frequent cause of mortality among 
patients with COPD,5,11 and patients with COPD who 
experience cardiovascular events, specifically myocar-
dial infarction (MI), are at greater risk of death and hos-
pital readmissions for recurrent MI than patients without 
COPD.12

Mechanisms behind the increased CVD risk in 
COPD remain to be fully elucidated, but heightened 
systemic inflammation may be one pathway, given 
that it is common in COPD and is linked to higher CVD 
risk,13– 17 and reducing levels of inflammatory media-
tors has been shown to improve cardiovascular out-
comes.18 The SUMMIT (Study to Understand Mortality 
and Morbidity in COPD) trial19 was a prospective, 
double- blind, event- driven study that assessed the 
effects of treatment with fluticasone furoate/vilanterol 
(FF/VI) compared with placebo on survival in patients 
with moderate COPD who had a history of, or were at 
increased risk of, CVD.19 Previous studies, including a 
post hoc analysis of the SUMMIT trial, suggest a link 
between COPD exacerbations and an increased risk of 
subsequent cardiovascular events, with a significantly 
elevated risk of serious cardiovascular events.20– 25 
However, the generalizability and/or validity of many of 
these studies were limited by use of only administrative 
data and lack of prospective, standardized cardiovas-
cular event ascertainment procedures or inclusion of 
COPD populations only at particularly high risk of car-
diovascular events.20,21,23– 25

The IMPACT (Informing the Pathway of COPD 
Treatment) trial evaluated the effects of single- inhaler 
fluticasone furoate/umeclidinium/vilanterol (FF/UMEC) 
triple therapy versus FF/VI and UMEC/VI dual therapy 
on exacerbations in a large population of patients with 
symptomatic COPD at risk of exacerbations. Results 
showed a significant reduction in the rate and risk of 
moderate/severe exacerbations with triple versus both 
dual therapies.26 The IMPACT trial was designed to 
reflect real- world clinical practice more closely, allow-
ing enrollment of patients with or without significant 
CVD.26 The objective of this post hoc analysis of the 
IMPACT trial was to quantify the risk of cardiovascu-
lar events during and over various time periods up to 
a year following an exacerbation. It also evaluated the 
risk based on preexisting cardiovascular risk factors, 
exacerbation history, and study treatment.

METHODS
Data Availability
Anonymized individual participant data and study 
documents can be requested for further research from 
www.clini calst udyda tareq uest.com.

CLINICAL PERSPECTIVE

What Is New?
• The association between chronic obstructive 

pulmonary disease (COPD) exacerbations and 
increased cardiovascular event risk has not 
been fully elucidated.

• This post hoc analysis of IMPACT (Informing the 
Pathway of COPD Treatment; n=10 355 patients 
with COPD at risk for COPD exacerbations) 
showed that cardiovascular event risk is higher 
during and in the 30 days following COPD exac-
erbations, returning to baseline by 90 days.

• This risk was especially strong during hospital-
ized exacerbations (hazard ratio, 21.8 [95% CI, 
17.7–  26.9]).

• The association between COPD exacerbations 
and cardiovascular event risk did not differ by 
exacerbation history, cardiovascular risk at 
screening, or study treatment.

What Are the Clinical Implications?
• Providers and patients with COPD should be 

vigilant for cardiovascular events during and fol-
lowing COPD exacerbations, particularly in ex-
acerbations requiring hospitalization.

Nonstandard Abbreviations and Acronyms

CVAESI cardiovascular adverse event of special 
interest

FF fluticasone furoate
FEV1 forced expiratory volume in one 

second
UMEC umeclidinium
VI vilanterol

http://www.clinicalstudydatarequest.com
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Study Design
The IMPACT trial (study CTT116855, NCT02164513) 
was a Phase III, multicenter, randomized, double- blind, 
parallel- group study conducted in 37 countries be-
tween June 2014 and July 2017.26 Following a 2- week 
run- in period, during which patients continued their 
existing COPD medications, patients were randomized 
(2:2:1) to receive triple therapy with FF/UMEC/VI 
100/62.5/25 μg or dual therapy with FF/VI 100/25 μg or 
VI 62.5/25 μg for 52 weeks, all administered once daily 
via the Ellipta dry powder inhaler.26,27 Rescue medica-
tion (salbutamol) was available on an as- needed basis.

Study Population
Full eligibility criteria for the IMPACT trial have been re-
ported previously.26,27 Patients were ≥40 years of age 
with symptomatic COPD (COPD Assessment Test 
score ≥10) and either had a postbronchodilator forced 
expiratory volume in 1 second (FEV1) <50% predicted 
and a history of ≥1 moderate/severe exacerbation, or a 
postbronchodilator FEV1 50% to <80% predicted and 
≥2 moderate or ≥1 severe exacerbation in the previous 
12 months. Exclusion criteria included a concomitant 
diagnosis of asthma or other respiratory disorders and 
pneumonia or other respiratory tract infections not re-
solved ≤14 days or ≤7 days before screening, respec-
tively. Patients who had unstable or life- threatening 
cardiovascular disease were excluded, although partic-
ipants could enroll if previous MI was >6 months before 
screening, heart failure was New York Heart Association 
Class 1 to 3, or previous unstable/life- threatening ar-
rhythmia requiring intervention was >3 months before 
screening. Patients using ≤3 L/min of supplemental 
oxygen at rest at screening were eligible to participate.

All patients provided written informed consent. 
The study was conducted in accordance with Good 
Clinical Practice guidelines and the provisions of the 
Declaration of Helsinki and received approval by local 
ethics review boards of the participating sites.

Outcomes
Outcomes assessed in this analysis were risk (time- 
to- first) of cardiovascular adverse events of special 
interest (CVAESI) or CVAESI resulting in or prolonging 
hospitalization or resulting in death during and 1 to 
30, 31 to 90, and 91 to 365 days after resolution of a 
moderate or severe exacerbation. CVAESI resulting in 
or prolonging hospitalization or resulting in death are 
referred to as serious CVAESI hereafter.

Investigators or site staff were responsible for doc-
umenting or reporting these cardiovascular events, 
and serious CVAESIs were adjudicated by an inde-
pendent clinical end point committee. CVAESIs in-
cluded in this analysis were defined by Standardized 
Medical Dictionary for Regulatory Activities Queries,28 

which are groups of validated, predetermined sets of 
Preferred Terms aiming to capture all plausible events 
linked to a disease process.29 CVAESIs included new 
or worsened cardiac arrhythmia, cardiac failure, isch-
emic heart disease, hypertension, and central nervous 
system hemorrhages and cerebrovascular conditions. 
CVAESIs were determined from investigator- assessed 
adverse events or serious adverse events reported 
during IMPACT, with serious adverse events and deaths 
independently adjudicated. A sensitivity analysis of 
time- to- first CVAESI and time- to- first serious CVAESI, 
excluding hypertension events during and after moder-
ate and severe exacerbation was also conducted.

Moderate exacerbations were defined as exacerba-
tions requiring treatment with oral/systemic corticoste-
roids and/or antibiotics (not involving hospitalization or 
resulting in death). Severe exacerbations were defined 
as exacerbations requiring hospitalization or resulting 
in death. Exacerbation duration was determined by in-
vestigators’ assessment based on guidance in the trial 
protocol and recorded in electronic clinical records. 
The date of onset was the first of at least 2 consec-
utive days of worsening COPD symptoms, confirmed 
by the investigator. The date of resolution was based 
on when the investigator and/or patient determined 
that the COPD symptoms had returned to preexac-
erbation levels or to a new exacerbation- free period. 
Cardiovascular events occurring between the start and 
resolution of the exacerbation were considered as oc-
curring during the exacerbation event.

Time- to- first CVAESI during and following moderate 
and severe exacerbations was also assessed in sub-
groups of patients derived from the intention- to- treat 
(ITT) population based on cardiovascular risk factors 
at screening (no risk factors; 1 risk factor, or ≥2 risk 
factors), exacerbation history (<2 moderate exacerba-
tions in year prior; or ≥2 moderate or ≥1 severe), and 
treatment group (FF/UMEC/VI, FF/VI, or UMEC/VI). 
The following past or current medical conditions were 
classed as cardiovascular risk factors: angina pectoris, 
coronary artery disease, MI, arrhythmia, congestive 
heart failure, hypertension, cerebrovascular accident, 
carotid or aortofemoral vascular disease, diabetes, 
and hypercholesterolemia.

Statistical Analysis
The ITT population was defined as all patients ran-
domized to treatment, except those randomized in 
error.27 Time- to- first on- treatment CVAESI and time- 
to- first on- treatment serious CVAESI following an 
exacerbation were analyzed using a time- dependent- 
covariate Cox model with covariates for time period 
following exacerbation, study treatment, age, sex, 
body mass index, race, ethnicity, region, cardiovas-
cular risk factors, smoking status, prior exacerbation 
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history, and percentage of predicted postbronchodi-
lator FEV1. For this post hoc analysis, the hazard for a 
CVAESI was compared between the period between 
randomization and the first exacerbation (termed 
the “exacerbation- free on study treatment” period— 
referred to as “exacerbation- free period” throughout) 
and the period during or after an exacerbation over 
the trial duration (Figure 1); these analyses were re-
peated for each subgroup. Subgroup analyses by 
IMPACT study cardiovascular risk factor at screen-
ing and exacerbation history were performed using 
the same model and covariates, with the exclusion 
of the covariates of cardiovascular risk factors and 
exacerbation history, respectively. The hazard was 
compared using 2 different methods of analysis: 
the primary analysis method assumed that for exac-
erbations and CVAESIs that occurred on the same 
day, the exacerbation occurred first. The secondary 
method assumed that the CVAESI occurred before 
the exacerbation.

RESULTS
Study Population
The ITT population included 10 355 patients. Baseline 
demographics and clinical characteristics are reported 

in Table  1. Overall, 1.9% of patients experienced a 
CVAESI during a moderate exacerbation, and 11.3% of 
patients experienced a CVAESI during a severe exac-
erbation (Table 2).

Risk of CVAESI in ITT Population
CVAESI risk increased significantly from an 
exacerbation- free period level during a moderate exac-
erbation (hazard ratio [HR], 2.63 [95% CI, 2.08– 3.32]), 
and decreased over time from 1.6- fold increased 
risk 1 to 30 days after a moderate exacerbation to 
exacerbation- free period risk levels 91 to 365 days after 
exacerbation. Risk of serious CVAESI also increased 
significantly during a moderate exacerbation (HR, 2.46 
[95% CI, 1.53– 3.97]) and decreased over time from 2- 
fold increased risk 1 to 30 days after a moderate exac-
erbation to exacerbation- free period risk levels 91 to 
365 days after exacerbation (Figure 2; Table 2).
CVAESI risk was markedly increased during a severe 
exacerbation (HR, 21.84 [95% CI, 17.71– 26.93]) and 
followed a similar temporal pattern, decreasing to 
≈1.7- fold 1 to 30 days after an exacerbation, returning 
to exacerbation- free period levels after 30 days. The 
risk of serious CVAESI increased over 40- fold during 
a severe exacerbation (HR, 41.29 [95% CI, 30.43– 
56.03]) declining to 4.4- fold 1 to 30 days following the 

Figure 1. Graphic representation of analysis of order of exacerbation and CVAESIs.
Black bars start at study randomization for all patients and indicate exacerbation- free on study treatment periods. Blue arrows 
indicate exacerbation start and end dates. Purple bars indicate exacerbation duration. Blue, green, and yellow bars indicate fixed- 
length postexacerbation risk periods of 1 to 30 days, 31 to 90 days, and 91 days to 1 year after exacerbation, respectively. Red 
stars indicate cardiovascular events, no further risk periods are applicable after a cardiovascular event. The representations depict 
scenarios of event patterns in this analysis. (1) No exacerbation and no cardiovascular event; (2) no exacerbation, but cardiovascular 
event in exacerbation- free period; (3) exacerbation (start and end date indicated with blue arrows) with cardiovascular event in the 
fixed- length postexacerbation risk period; (4) exacerbation with cardiovascular event during exacerbation period; and (5) multiple 
exacerbations with no cardiovascular event –  the fixed- length postexacerbation events are reset following each exacerbation. CVAESI 
indicates cardiovascular adverse events of special interest.

Baseline Period

Exacerbation End Date

Second Exacerbation End DateFirst Exacerbation End Date

First Exacerbation Start Date Second Exacerbation Start Date

Exacerbation Start Date

Exacerbation Start Date

1

2

3

4

5
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exacerbation and returning to exacerbation- free period 
levels after 30 days (Figure 3; Table 2).

The type of CVAESIs experienced during and after 
exacerbations are shown in Table S1. The breakdown of 
events was similar regardless of exacerbation severity, 
and cardiac arrythmia, cardiac failure, and hypertension 
comprised most events. There were 26 patients expe-
riencing cardiac arrythmia events, 26 experiencing car-
diac failure events, and 14 experiencing hypertension 
events during moderate exacerbations (Table S1). There 
were 44 patients experiencing cardiac arrythmia events, 
45 experiencing cardiac failure events, and 25 experi-
encing hypertension events during severe exacerba-
tions (Table S1). These numbers decreased sharply post 
event and remained low in all postexacerbation periods.

Risk of Nonhypertension CVAESIs in ITT 
Population: Sensitivity Analysis
Results from the sensitivity analysis excluding hyper-
tension events, conducted using the primary analysis 
method, were consistent with the primary analysis that 
included all CVAESI. Nonhypertension CVAESI risk in-
creased significantly during a moderate exacerbation 
(HR, 2.77 [95% CI, 2.14– 3.58]) and decreased over 
time from ≈1.7- fold increased risk 1 to 30 days after 

a moderate exacerbation to exacerbation- free period 
risk levels 91 to 365 days after exacerbation. Serious 
nonhypertension CVAESI risk was also significantly 
increased during a moderate exacerbation (HR, 2.40 
[95% CI, 1.47– 3.92]) and decreased over time from 
2.1- fold 1 to 30 days after a moderate exacerbation 
to exacerbation- free period risk levels 91 to 365 days 
after exacerbation (Figure S1).

In this sensitivity analysis, nonhypertension CVAESI 
risk was also markedly increased during a severe 
exacerbation (HR, 23.47 [95% CI, 18.73– 29.40]), de-
creasing to 2.2- fold 1 to 30 days after exacerbation, 
1.9- fold 31 to 90 days after exacerbation, and return-
ing to exacerbation- free period levels after 90 days. 
The risk of serious nonhypertension CVAESI increased 
40- fold during a severe exacerbation (HR, 40.40 [95% 
CI, 29.66– 55.02]) declining to 4.5- fold 1 to 30 days fol-
lowing the exacerbation and returning to exacerbation- 
free period levels after 30 days (Figure S2).

Risk of CVAESIs in ITT Population: 
Secondary Analyses
The secondary analysis method, which assumed 
that the CVAESI occurred before the exacerbation for 
events occurring on the same day, produced results 

Table 1. Patients Demographics and Baseline Characteristics

Demographic/characteristic
FF/UMEC/VI
N=4151

FF/VI
N=4134

UMEC/VI
N=2070

Overall
N=10 355

Age, y, mean (SD) 65.3 (8.2) 65.3 (8.3) 65.2 (8.3) 65.3 (8.3)

Sex, male, n (%) 2766 (67) 2748 (66) 1356 (66) 6870 (66)

Body mass index, mean (SD), kg/m2 26.6 (6.2) 26.7 (6.1) 26.6 (5.9) 26.6 (6.1)

Race, n (%)

American Indian or Alaskan Native 87 (2) 86 (2) 45 (2) 218 (2)

Asian 668 (16) 676 (16) 335 (16) 1679 (16)

Black 122 (3) 99 (2) 43 (2) 264 (3)

Native Hawaiian or other Pacific Islander 2 (<1) 3 (<1) 2 (<1) 7 (<1)

White 3231 (78) 3224 (78) 1628 (79) 8083 (78)

Multiple 41 (<1) 45 (1) 17 (<1) 103 (<1)

Smoking status, n (%)

Current smoker 1436 (35) 1423 (34) 728 (35) 3587 (35)

Former smoker 2715 (65) 2711 (66) 1342 (65) 6768 (65)

Chronic obstructive pulmonary disease exacerbations in previous year, n (%)

<2 moderate and no severe 1198 (29) 1242 (30) 616 (30) 3056 (30)

≥2 moderate or ≥1 severe 2953 (71) 2892 (70) 1454 (70) 7299 (70)

Postbronchodilator forced expiratory volume in 1 
second % predicted, mean (SD)

45.7 (15.0) 45.5 (14.8) 45.4 (14.7) 45.5 (14.8)

Cardiovascular risk factors at screening*, n (%)

0 1365 (33) 1322 (32) 656 (32) 3343 (32)

1 1147 (28) 1158 (28) 580 (28) 2885 (28)

≥2 1639 (39) 1654 (40) 834 (40) 4127 (40)

FF indicates fluticasone furoate; UMEC, umeclidinium; and VI, vilanterol.
*As captured in the electronic case report form.
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generally consistent with the primary method. CVAESI 
risk during a moderate exacerbation increased signifi-
cantly (HR, 2.01 [95% CI, 1.55– 2.60]) and decreased 
over time, returning to exacerbation- free period levels 
after 30 days. Risk of serious CVAESI was not signifi-
cantly increased during a moderate exacerbation (HR, 
1.55 [95% CI, 0.90– 2.67]) but increased 2- fold 1 to 
30 days after exacerbation, returning to exacerbation- 
free period levels after 30 days (Table 2 and Figure S3).

During a severe exacerbation, CVAESI risk increased 
12- fold (HR, 11.75 [95% CI, 9.11– 15.16]), and decreased 
over time returning to exacerbation- free period levels 
after 90 days. Risk of serious CVAESI increased 15- fold 
during a severe exacerbation event (HR, 15.12 [95% 
CI, 10.11– 22.63]), declining to a 4- fold risk 1 to 30 days 
after exacerbation and returning to exacerbation- free 
period levels after 30 days (Table 2 and Figure S4).

Subgroup Analyses
Subgroup analyses suggested a trend consistent 
with the overall ITT population across all subgroups; 
CVAESI risk was highest during the exacerbation and 
declined over time. Increases in risk during a severe 
exacerbation were numerically greater compared 
with those during a moderate exacerbation (Figure S5 
through S7). The risk of CVAESI was similar across all 

study treatment groups, during or following moder-
ate or severe exacerbations (Figure  S5). CVAESI risk 
during or following a moderate or severe exacerbation 
was also similar regardless of patients’ exacerbation 
history in the previous year (Figure S6), or cardiovas-
cular risk factors at screening (Figure S7), and 95% CIs 
overlapped at all time points.

DISCUSSION
This analysis of cardiovascular risk during and follow-
ing COPD exacerbations was conducted in a popu-
lation of patients with symptomatic COPD at risk of 
exacerbation. Results demonstrated that on average, 
the risk of patients experiencing a CVAESI or a seri-
ous CVAESI during and after an exacerbation event 
was significantly higher and decreased over time. 
Importantly, this analysis shows that these findings re-
mained consistent irrespective of cardiovascular risk 
factors, exacerbation history, and randomized treat-
ment. Although patients on FF/UMEC/VI in IMPACT 
experienced fewer exacerbations than those on FF/
VI or UMEC/VI,26 once a patient had experienced an 
exacerbation, the risk of experiencing a CVAESI was 
similar.

This higher risk of CVAESI observed across the 
IMPACT patient population during and in the first 
30 days following an exacerbation highlights a need 
for exacerbation prevention and for physicians and 
patients to be vigilant for cardiovascular events follow-
ing exacerbations, particularly severe exacerbations. 
Indeed, building on findings from previous studies,20– 22 
this post hoc analysis showed that severe exacerba-
tions confer a higher risk than moderate exacerbations. 
The increase in risk of CVAESIs during severe exacer-
bations was 21.8- fold versus 2.6- fold during moderate 
exacerbations, and the increase in the risk of serious 
CVAESI was 41.3- fold during severe exacerbations ver-
sus 2.5- fold during moderate exacerbations. It is pos-
sible that severe exacerbations improve detection of 
CVAESIs because of closer observation of hospitalized 
patients versus detection when the patient is at home; 
for example, in a hospital setting it is possible to de-
tect elevated troponins indicating myocardial injury30 or 
atrial fibrillation on a routine electrocardiogram during 
admission. This suggests a possible methodological 
contribution to the observed elevated risk following a 
severe versus moderate exacerbation.

These results validate and build upon the current 
understanding of cardiovascular risk associated with 
COPD exacerbations. Previous studies have shown an 
elevated risk of major adverse cardiovascular events 
following an exacerbation.20– 23 For example, a study of 
patients with COPD from a database in Taiwan, inves-
tigating the association between acute exacerbations 

Figure 2. Risk of a first cardiovascular event during and 
following a moderate exacerbation (primary analysis 
method) ***P<0.001; **P<0.01 versus exacerbation- free 
period.
The hazard for a CVAESI was compared assuming that for 
exacerbations and CVAESIs that occurred on the same day, the 
exacerbation occurred first. Serious CVAESI are CVAESI resulting 
in or prolonging hospitalization or resulting in death. CVAESI 
indicates cardiovascular adverse events of special interest.
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in the prior year and mortality of cardiovascular events, 
found that hospitalizations for acute exacerbations 
within the previous year were associated with higher 
risk of 90- day and overall mortality of cardiovascular 
events.25

In the SUMMIT study, the patient population had 
a mean age of 65 years, a mean body mass index of 
28 kg/m2, and 47% were current smokers.20 Results 
from this study showed a 3.8- fold higher risk of ex-
periencing a cardiovascular event in the 30 days fol-
lowing the start of an exacerbation, and 9.9- fold 
higher risk in the 30 days following the start of an ex-
acerbation requiring hospitalization, with both return-
ing to exacerbation- free period levels by 1 year after 
exacerbation.20 The current analysis supports this 
time- dependent risk of cardiovascular events follow-
ing COPD exacerbations, although the cardiovascular 
risk returned to exacerbation- free period levels by day 
90 after the investigator- determined end of the exac-
erbation event. It should be noted that the risk peri-
ods for cardiovascular events were not defined using 
the end dates of an exacerbation event for the analy-
sis in SUMMIT, limiting the ability to estimate the risk 
during versus after resolution of the exacerbation, as 
has been done uniquely in the current study.20,26 It is 
also worth noting that this analysis captured a broader 
range of CVAESIs than SUMMIT, which assessed only 

the risk of major adverse cardiovascular events.20 
Mean age, body mass index, and smoking status 
were similar in the IMPACT and SUMMIT patient pop-
ulations. However, exacerbation history differed, with 
54% and 15% of patients, experiencing ≥2 moderate 
or severe exacerbations respectively, in the previous 
year.20,26 Furthermore, SUMMIT was enriched for pa-
tients with heightened cardiovascular risk, as this was 
an inclusion criterion, with all patients having CVD or 
increased CVD risk.20 IMPACT also included patients 
with a heightened cardiovascular risk but had broader 
cardiovascular inclusion criteria than SUMMIT mean-
ing that patients with low cardiovascular risk were also 
included; 32% of patients in IMPACT had no cardiovas-
cular risk factors at screening.26

Whereas previous studies have examined the risk 
association between COPD exacerbations and cardio-
vascular events, these analyses of IMPACT are the first 
to show that the increase in risk is not significantly af-
fected by preexisting cardiovascular risk factors or ex-
acerbation history. This may indicate that a patient does 
not require a history of frequent or severe exacerbation 
events or a high cardiovascular risk to have an elevated 
cardiovascular risk after an exacerbation and further 
reinforces the need to prevent exacerbations as stated 
in the Global Initiative for Chronic Obstructive Lung 
Disease report31 and the importance of physicians and 
patients to be vigilant for cardiovascular events follow-
ing an exacerbation. Studies are required to determine 
optimal methods to monitor for cardiovascular events, 
in addition to identification of interventions that can re-
duce the risk of these events. Results from the analysis 
presented here contrast with a previous analysis of the 
UPLIFT (Understanding Potential Long- Term Impacts 
on Function With Tiotropium) trial, in which patients 
with a baseline cardiac disorder were at a greater in-
creased risk of cardiovascular event following exacer-
bation than those without.23 This could potentially be 
attributed to the differences between the studies in 
both the type of cardiac disease in the trial population 
at baseline, the types of cardiac adverse event being 
recorded following exacerbations, or the criteria used 
to define cardiac adverse events. In this study, the dis-
tribution of cardiovascular event type observed during 
and after exacerbations was similar to that observed in 
the baseline population, regardless of exacerbation se-
verity. Cardiac arrhythmia, cardiac failure, and hyper-
tension were the most frequently reported events and 
occurred in similar proportions, suggesting that no one 
type of event was disproportionately driving the higher 
risk of a CVAESI following exacerbation. Furthermore, 
the sensitivity analysis excluding hypertension events, 
which were potentially less clinically meaningful events, 
confirmed the findings of the overall analysis.

Although this study did not investigate mechanisms 
driving the greater risk of cardiovascular events during 

Figure 3. Risk of a first cardiovascular event during and 
following a severe exacerbation (primary analysis method) 
***P<0.001 versus exacerbation- free period.
The hazard for a CVAESI was compared assuming that for 
exacerbations and CVAESIs that occurred on the same day, the 
exacerbation occurred first. Serious CVAESI are CVAESI resulting 
in or prolonging hospitalization or resulting in death. CVAESI 
indicates cardiovascular adverse events of special interest.
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or following severe compared with moderate exacerba-
tions, several hypotheses may explain these findings. 
Acute inflammation is a highly prothrombotic event,13 
and the severity of inflammation may account for the 
difference in risk seen between severe and moderate 
exacerbations in this analysis.32 Accordingly, increased 
concentrations of procalcitonin, an inflammatory bio-
marker, following exacerbations have shown to cor-
relate with severity of the preceding exacerbation.33 
Furthermore, COPD exacerbations are also often asso-
ciated with hypoxemia, with cardiac output increasing 
as a compensatory mechanism, and a hypoxic state is 
associated with an elevated inflammatory response.32 
COPD treatment could also influence the risk of car-
diovascular events following an exacerbation. Besides 
the causal explanation of systemic inflammation and 
prothrombotic risk, beta- agonists may contribute to 
cardiovascular risk.34 Furthermore, short- acting beta2- 
agonists are used for short- term symptomatic relief in 
exacerbating patients, and it is possible that their ele-
vated use in patients around the time of exacerbation 
could contribute to the risk of cardiac events associ-
ated with exacerbations.35– 37 Corticosteroid use has 
also been linked to an increased risk of MI in patients 
with COPD,38 although it should be noted that patients 
with COPD who receive inhaled corticosteroids gener-
ally have more severe COPD,31 which itself is associ-
ated with increased cardiovascular risk.39

This analysis had several strengths including the fact 
that it considered a large population of patients with 
symptomatic COPD at risk for exacerbation from mul-
tiple international sites, with diverse clinical history and 
baseline characteristics, including a range of cardio-
vascular risk factors.20– 22 Furthermore, the IMPACT trial 
used broad inclusion criteria and allowed enrollment of 
patients with significant concurrent CVD. Additionally, 
the current analysis examines a broader range of 
CVAESIs not limited to major adverse cardiovascular 
events.20– 22 Nevertheless, some limitations should also 
be considered. Although the analyses are based on 
controlled clinical trial data, only serious adverse events 
and deaths were independently adjudicated in the 
IMPACT trial. Furthermore, although the trial was ran-
domized by treatment, the analyses presented here are 
between nonrandomized groups of patients (those who 
exacerbate and those who do not) making it difficult to 
establish causality between exacerbations and cardio-
vascular events. However, the modeling analysis was 
adjusted for cardiovascular and exacerbation risk fac-
tors, and the reduction in the estimated cardiovascular 
risk back to exacerbation- free period levels for patients 
who experienced an exacerbation provides confidence 
that the differences between patients who exacerbate, 
and those who do not, have largely been adjusted out. 
Additionally, overall cardiovascular event rates were low 
and this can lead to imprecision in the risk estimated; 

although it is important to recognize that exacerba-
tions are associated with a significantly increased risk 
of subsequent cardiovascular events so extra vigilance 
over these patients should be exercised, this should 
be considered in the context that, in terms of absolute 
numbers, most patients did not experience cardiovas-
cular events following an exacerbation. Characterizing 
the critical risk period for these clinically significant 
cardiovascular events following an exacerbation can 
inform clinical practice, in terms of physician and pa-
tient vigilance and treatment, and could help refine clin-
ical care for patients. Future studies could investigate 
postexacerbation interventions that act to decrease or 
prevent this risk elevation. Finally, this analysis relied on 
investigator- reported events; measurements for spe-
cific cardiac biomarkers during and after the index ex-
acerbation would facilitate an increased understanding 
of drivers behind cardiovascular events.

Interpretation
In this post hoc analysis of the IMPACT trial, the risk of 
experiencing a CVAESI or a serious CVAESI was on av-
erage significantly higher during a moderate or severe 
exacerbation and remained elevated in the 30 days fol-
lowing an exacerbation. This was observed regardless of 
cardiovascular risk at screening or exacerbation history. 
These results extend our understanding of the increased 
risk of cardiovascular events during and in the period 
following an exacerbation seen in other studies,20– 23 
highlighting a need for exacerbation prevention and phy-
sicians and patients to be vigilant for adverse cardiovas-
cular events following exacerbation events.
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SUPPLEMENTAL MATERIAL



Table S1. Breakdown of CVAESI event types by time period and exacerbation type (primary analysis method)  

All CVAESIs are included, even if a patient had more than one CVAESI occur on the same day as their first CVAESI following exacerbation event. N 

(%) refers to the number (%) of patients, # refers to number of events. CVAESI, cardiovascular adverse events of special interest; CNS, central 

nervous system; SMQ, standardized Medical Dictionary for Regulatory Activities query. 

  Time period 

Exacerbation‐free 

‘Baseline’ 

(N=681) 

Post moderate exacerbation  Post severe exacerbation 

CVAESI  

N (%) [#] 

During event 

(N=80) 

1–30 days 

(N=74) 

31–90 days 

(N=49) 

91–365 days 

(N=61) 

During event 

(N=124) 

1–30 days 

(N=12) 

31–90 days 

(N=13) 

91–365 days 

(N=10) 

Any event   681 (100) [711]  80 (100) [83]  74 (100) [79]  49 (100) [52]  61 (100) [67]  124 (100) [136]  12 (100) [12]  13 (100) [13]  10 (100) [12] 

Cardiac arrhythmia  207 (30) [213]  26 (33) [27]  26 (35) [27]  13 (27) [13]  23 (38) [26]  44 (35) [45]  5 (42) [5]  4 (31) [4]  3 (30) [4] 

Cardiac failure (SMQ)  162 (24) [167]  26 (33) [27]  24 (32) [24]  14 (29) [15]  15 (25) [15]  45 (36) [46]  4 (33) [4]  6 (46) [6]  2 (20) [2] 

CNS hemorrhages and 

cerebrovascular 

conditions (SMQ)  

47 (7) [49]  4 (5) [4]  4 (5) [4]  3 (6) [3]  5 (8) [5]  3 (2) [3]  0  1 (8) [1]  2 (20) [2] 

Hypertension (SMQ)   174 (26) [175]  14 (18) [14]  16 (22) [16]  15 (31) [15]  14 (23) [14]  25 (20) [25]  1 (8) [1]  1 (8) [1]  1 (10) [1] 

Ischemic heart disease 

(SMQ)  

103 (15) [108]  11 (14) [11]  8 (11) [8]  6 (12) [6]  7 (11) [7]  17 (14) [17]  2 (17) [2]  1 (8) [1]  3 (30) [3] 



Figure S1. Risk of a first CV event (excluding hypertension) during and following a moderate 

exacerbation (sensitivity analysis; primary analysis method) 

 

***P<0.001 versus exacerbation‐free ‘baseline’ period. Sensitivity analysis of CVAESI risk excluding 

hypertention events. The hazard for a CVAESI was compared assuming that for exacerbations and 

CVAESIs that occurred on the same day, the exacerbation occurred first. Serious CVAESI are CVAESI 

resulting in or prolonging hospitalization or resulting in death. CI, confidence interval; CV, 

cardiovascular; CVAESI, cardiovascular adverse events of special interest. 



Figure S2. Risk of a first CV event (excluding hypertension) during and following a severe exacerbation 

(sensitivity analysis; primary analysis method) 

 

*P<0.05; **P<0.01; ***P<0.001 versus exacerbation‐free ‘baseline’ period. Sensitivity analysis of CVAESI 

risk excluding hypertention events. The hazard for a CVAESI was compared assuming that for 

exacerbations and CVAESIs that occurred on the same day, the exacerbation occurred first. Serious 

CVAESI are CVAESI resulting in or prolonging hospitalization or resulting in death. CI, confidence interval; 

CV, cardiovascular; CVAESI, cardiovascular adverse events of special interest. 



Figure S3. Risk of a first CV event during and following a moderate exacerbation (secondary analysis 

method) 

 

***P<0.001 versus exacerbation‐free ‘baseline’ period. The hazard for a CVAESI was compared assuming 

that for exacerbations and CVAESIs that occurred on the same day, the CVAESI occurred first. Serious 

CVAESI are CVAESI resulting in or prolonging hospitalization or resulting in death. CI, confidence interval; 

CV, cardiovascular; CVAESI, cardiovascular adverse events of special interest.   



Figure S4. Risk of a first CV event during and following a severe exacerbation (secondary analysis 

method) 

 

*P<0.05; **P<0.01; ***P<0.001 versus exacerbation‐free  ‘baseline’ period. The hazard for a CVAESI was 

compared assuming that for exacerbations and CVAESIs that occurred on the same day, the CVAESI 

occurred first. Serious CVAESI are CVAESI resulting in or prolonging hospitalization or resulting in death. 

CI, confidence interval; CV, cardiovascular; CVAESI, cardiovascular adverse events of special interest. 



Figure S5. Risk of a first CVAESI during and following a moderate or severe exacerbation by study treatment (primary analysis method) 

 

*P<0.05; **P<0.01; ***P<0.001 versus exacerbation‐free ‘baseline’ period. The hazard for a CVAESI was compared assuming that for exacerbations and 

CVAESIs that occurred on the same day, the exacerbation occurred first. CI, confidence interval; CVAESI, cardiovascular adverse events of special interest; 

FF, fluticasone furoate; UMEC, umeclidinium; VI, vilanterol. 



Figure S6. Risk of a first CVAESI during and following a moderate or severe exacerbation by exacerbation history in the previous year (primary 

analysis method) 

 

*P<0.05; **P<0.01; ***P<0.001 versus exacerbation‐free ‘baseline’ period. The hazard for a CVAESI was compared assuming that for 

exacerbations and CVAESIs that occurred on the same day, the exacerbation occurred first. Note: no events were recorded within 1–30 days 

post severe exacerbation in the <2 moderate and 0 severe exacerbations subgroup. CI, confidence interval; CVAESI, cardiovascular adverse 

events of special interest. 



Figure S7. Risk of a first CVAESI during and following a moderate or severe exacerbation by CV risk factors at baseline (primary analysis method) 

 

*P<0.05; **P<0.01; ***P<0.001 versus exacerbation‐free ‘baseline’ period. The hazard for a CVAESI was compared assuming that for 

exacerbations and CVAESIs that occurred on the same day, the exacerbation occurred first. Note: no events were recorded within 91–365 days 

post severe exacerbation in the 1 CV risk factor subgroup. CI, confidence interval; CV, cardiovascular; CVAE, cardiovascular adverse events of 

special interest. 
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