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BACKGROUND: There is a lack of comprehensive view of
the association between acute exacerbation of COPD
(AECOPD) and the risk of acute cardiovascular events.
OBJECTIVE: To determine the association of AECOPD
with 30-day and 1-year incidences of acute cardiovascu-
lar event.
DESIGN: Self-controlled case series analysis using
population-based datasets from three US states from
2005 through 2011.
PARTICIPANTS: Patients aged ≥ 40 years with AECOPD.
MAIN MEASURES: The primary outcome was a compos-
ite of an ED visit or hospitalization for acute cardiovascu-
lar events, including acute myocardial infarction, heart
failure, atrial fibrillation, pulmonary embolism, and
stroke.We compared the incidence of each patient’s acute
cardiovascular event during the first 30-day period before
the index AECOPD (30-day reference period) in compari-
son with that during the 30-day period after the index
AECOPD. Likewise, with the 1-year period before the in-
dex AECOPD as reference, we also estimated incidence
rate ratios (IRRs) for each patient’s outcomes during 1-
year period after the index AECOPD.
KEY RESULTS: Overall, there were 362,867 patients with
an ED visit or hospitalization for AECOPD. Compared with
the 30-day reference period, the incidence of acute cardio-
vascular event in the 30-day period after the AECOPD was
significantly higher (IRR, 1.34; 95%CI, 1.30–1.39;
P <0.001). Likewise, compared with the 1-year reference
period, the incidence during the 1-year period after the
AECOPD was also higher (IRR, 1.20; 95%CI, 1.18–1.22;
P < 0.001). For each of acute cardiovascular conditions,
the associations remained significant (all P<0.05).
CONCLUSIONS: AECOPD was associated with increased
30-day and 1-year incidences of acute cardiovascular event.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a major
public health problem worldwide.1 The estimated prevalence
of COPD is 12% globally, affecting nearly 400 million indi-
viduals in 2010.2 The literature has reported that COPD is
associated with a high prevalence of concomitant cardiovas-
cular diseases, such as ischemic heart disease, heart failure
(HF), atrial fibrillation (AF), pulmonary embolism (PE), and
stroke.3,4 These diseases are the commonest comorbidities
underlying causes of death in patients with COPD.5–7 In this
context, the American Thoracic Society and the European
Respiratory Society have encouraged studies to examine rela-
tionships between COPD and comorbidities.8

Acute exacerbation of COPD (AECOPD) is an important
adverse event during the clinical course of COPD9 accounting
for 700,000 hospitalizations in the USA each year.10 A few
community-based studies have reported that AECOPD may
contribute to short-term risk of acute cardiovascular events
(acutemyocardial infarction [AMI]11 and ischemic stroke11,12).
Furthermore, there are plausible biological mechanisms linking
AECOPD to cardiovascular events, e.g., AECOPD-related
increased inflammation and hypoxia lead to endothelium dys-
function, arterial and venous thromboembolic events, right
heart strain, and cardiac remodeling.13–15 These studies sug-
gest that AECOPD is associated with the risk of developing
acute cardiovascular events. However, there is a lack of com-
prehensive view of the association between AECOPD and the
risk of acute cardiovascular events including long-term risks.
Better understanding of the risks of acute cardiovascular events
after AECOPD would present an opportunity to implement
preventive measures on this population at high risk.
To address these knowledge gaps, we analyzed large,

population-based databases from three US states, over several
years, to examine the association of AECOPD with short- and
long-term incidences of acute cardiovascular events.

MATERIALS AND METHODS

Study Design and Setting

This is a self-controlled case series study using population-
based data from the State Emergency Department Database
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(SEDD) and State Inpatient Database (SID) of three US states
(California, Florida, and Nebraska) from January 1, 2005
through December 31, 2011. This study design relies on intra-
person comparisons in a population of subjects with both the
exposure and outcome of interest.16 This design enables each
subject to serve as his/her own control, and therefore, no
separate control subjects are needed. Additionally, it has
advantages that both measured and unmeasured time-
invariant confounders are implicitly eliminated.17 The SEDD
and SID are a component of the Healthcare Cost and Utiliza-
tion Project (HCUP) sponsored by the Agency for Healthcare
and Research Quality. The HCUP includes the largest collec-
tion of longitudinal hospital care data in the USA with all-
payer, encounter-level information. The SEDD captures all
treat-and-release ED visits from short-term, acute-care, non-
federal hospitals in participating states. The SID captures all
inpatient discharges from short-term, acute-care, non-federal,
general, and other specialty hospitals. Additional details of the
SEDD and SID may be found elsewhere.18 The study period
was chosen based on the availability of databases across these
three US states. The institutional review board of Massachu-
setts General Hospital approved this study.

Study Population

We identified all ED visits and hospitalizations made by
patients aged ≥ 40 years19 with a primary discharge diagnosis
of COPD (ICD-9-CM diagnosis codes: 491.21, 491.22, 491.8,
491.9, 492.8, 493.20, 493.21, 493.22, and 496) or those with a
primary diagnosis of respiratory failure (ICD-9-CM diagnosis
codes: 518.81, 518.82, 518.84, and 799.1) and a secondary
diagnosis of COPD (see earlier codes).20 The use of these
ICD-9-CM diagnosis codes to identify AECOPD had a high
specificity and a positive predictive value (both > 90%).21,22

To accommodate analyses of the 1-year period before the
index ED visit or hospitalization for AECOPD (index
AECOPD) and 1-year period after the index AECOPD, we
included patients with an ED visit or hospitalization for
AECOPD between January 1, 2006 and December 31, 2010.
Additionally, to isolate the effect of the exposure (an ED visit
or hospitalization for AECOPD) on the outcomes (acute car-
diovascular events) within individuals using the self-
controlled case-series design, we included only patients with
one ED visit or hospitalization for AECOPD during 1-year
periods before and after the index AECOPD.We excluded ED
visits and hospitalizations by patients who left the hospital
against medical advice, died in-hospital during their ED visit
or hospitalization, transferred to another acute-care facility,
and were out-of-state residents.

Outcome Measures

The primary outcome measure was a composite of an ED visit
or non-elective hospitalization for acute cardiovascular events,
including AMI (ICD-9-CM code 410.x1),23 HF (ICD-9-CM
codes 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,

404.13, 404.91, 404.93, and 428),24,25 AF (code 427.31),26

PE (code 415.1x),27 and stroke (codes 433.x1, 434.x1, and
436 for ischemic stroke; codes 430 and 431 for hemorrhagic
stroke).28 For the secondary outcome measures, we examined
ED visits and hospitalization for each of six acute cardiovas-
cular conditions separately. The use of ICD-9-CM codes to
identify these outcomemeasures was validated in the literature
(e.g., positive predictive value of 97% for heart failure,29 96%
for coronary artery diseases,29 and 94% for ischemic stroke30).

Statistical Analysis
First, we described the baseline characteristics of patients who
met the inclusion criteria. Next, we compared the incidence of
each patient’s acute cardiovascular event (i.e., the outcomes as
count variable) during the first 30-day period before the index
AECOPD (30-day reference period) in comparison with that
during the 30-day period after the index AECOPD. We com-
puted incidence rate ratios (IRRs) by fitting conditional Pois-
son regression models with the generalized estimating equa-
tions to account for the correlation over time. Likewise, with
the 1-year period before the index AECOPD as reference, we
also estimated IRRs for each patient’s outcomes during 1-year
period after the index AECOPD.
We also performed a series of sensitivity analyses to exam-

ine the consistency of inferences. First, we modeled the out-
comes as binary variables by using conditional logistic regres-
sion models to compute the odds ratio (OR) for each patient’s
risk of outcome event during the study periods. Second, we
repeated the primary analysis (i.e., conditional Poisson regres-
sion) with stratification by age category (40–64 years and ≥
65 years) and sex. Third, we examined the exposure of inter-
est—ED visit (with no resulting hospitalization) and hospital-
ization for AECOPD—separately. Fourth, to address the po-
tential effect of loss to follow-up (e.g., out-of-hospital deaths
and emigration from the three study states), we conducted a
subgroup analysis limited to the patients who had any ED visit
or hospitalization (regardless of reason) after 1 year or more
from the index AECOPD. This subgroup analysis ensured that
all patients were alive in the state until at least 12 months after
the index AECOPD. Fifth, to address the potential association
between advanced age and natural progression of cardiovas-
cular risks, we analyzed the data using pre-AECOPD days 271
to 360 as the reference period and compared the incident rate
of outcomes in post-AECOPD days 1 to 90, days 91 to 180,
days 181 to 270, and days 271 to 360. Sixth, we analyzed data
with a consideration of the issue of exposure causing delaying
outcome. In this sensitivity analysis, we compared the inci-
dence of cardiovascular events during 7–37 days before
AECOPD and those during 30 days after AECOPD. Seventh,
we repeated the analysis with stratification by hospital state on
the primary outcome. Eighth, we conducted a subgroup anal-
ysis limited to patients with the primary diagnosis of COPD.
Ninth, we have repeated the primary analysis including
patients who had ≥ 1 ED visit or hospitalization for AECOPD
during 1-year periods before and after the index AECOPD (we
used the first ED visit or hospitalization for AECOPD when a
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patient had multiple AECOPD events). Tenth, to address the
potential suboptimal validity of outcome case definitions, we
conducted a sensitivity analysis using all-cause hospitalization
as an outcome measure. Lastly, we have analyzed data with
stratification by hospital length-of-stay (0–1, 2–5, and >
5 days) according to a previous study on the readmission risk
after hospitalization for AECOPD.31 All analyses were per-
formed using STATA 14.1 (StataCorp; College Station, TX).
All P values were two-tailed, with P < 0.05 considered statis-
tically significant.

Patient Involvement

No patients were involved in setting the research question or
the outcome measures, nor were they involved in developing
plans for design or implementation of the study. No patients
were asked to advise on interpretation or writing up of results.
There are no plans to disseminate the results of the research to
study participants or the relevant patient community.

RESULTS

From January 1, 2006 through December 31, 2010, there were
627,878 patients with ≥ 1 hospitalization for AECOPD during
2005–2011 in three US states, corresponding 1,254,792 hos-
pitalizations for AECOPD. Of these, we excluded 201,757
patients with hospitalization for AECOPD in 2005 or 2011,
64,254 patients who met the any of exclusion criteria (includ-
ing 30,289 patients with multiple AECOPD episodes during
1-year periods before and after the index AECOPD), and
remaining 362,867 patients were eligible for the primary anal-
ysis. Baseline characteristics of the study population are sum-
marized in Table 1. Overall, the median age was 70 years
(IQR, 59–79 years), and 57% of patients were women. Most
of patients were non-Hispanic white, Medicare beneficiaries,
and living in urban area.
Figure 1 describes the incidence of acute cardiovascular

events (ED visits or hospitalizations) within 30 days before
and after the index AECOPD, and the corresponding IRRs.
Compared with the 30-day reference period, significantly
more acute cardiovascular events occurred during the 30-day
period after the index AECOPD (7010 vs. 9414 acute cardio-
vascular events), with an IRR of 1.34 (95%CI, 1.30–1.39;
P < 0.001). In the analysis of secondary outcomes, this asso-
ciation remained significant across the six cardiovascular con-
ditions (all P < 0.05).
Figure 2 describes the incidence of acute cardiovascular

events within 1 year before and after the index AECOPD,
and the corresponding IRRs. Similar to the results using the
1-month periods, compared with the 1-year reference period,
significantly more acute cardiovascular events occurred during
the 1-year period after the index AECOPD (28,629 vs. 34,399
acute cardiovascular events) with an IRR of 1.20 (95%CI,
1.18–1.22; P < 0.001). For each of acute cardiovascular con-
ditions, this significant association persisted (all P < 0.001).

A series of sensitivity analyses demonstrated the robustness
of these findings. With modeling the outcomes as binary vari-
ables, the findings did not change materially from the primary
analyses (eFigures 1 and 2). In the stratification analysis by age,
a significantly higher incidence of acute cardiovascular events
in the 30-day and 1-year periods after the index AECOPD was
observed in most strata (eFigures 3 and 4). Similarly, in the
stratified analysis by sex, a higher incidence of acute cardio-
vascular events during the 30-day and 1-year periods after the
index AECOPD was observed across most strata (Figs. 3 and
4). Furthermore, in the sensitivity analysis that examined ED
visit and hospitalization for AECOPD separately, there was a
similar temporal pattern of the incidence for acute cardiovascu-
lar events (eFigures 5 and 6). In the subgroup analysis that
included only patients known to be alive until at least 1 year
after the indexAECOPD, evenwith its limited statistical power,
we observed a higher incidence of primary outcomemeasure in
the 30-day and 1-year periods after the index AECOPD (eFig-
ures 7 and 8; both P < 0.001). In the analysis using pre-
AECOPD days 271 to 360 as the reference period, the rate
increased significantly in the first 90-day period immediately
after the AECOPD hospitalization (Supplemental Table 1).
Then, in the subsequent 90-day periods, the rate decreased
gradually.With a consideration of the issue of exposure causing
delaying outcome, the IRRs of outcome measures remained
significant (all, P < 0.05; Supplemental Table 2). The IRR of
primary outcome (composite of cardiovascular events)
remained significant (P < 0.001) and was relatively higher
compared to the main findings, suggesting the potential

Table 1 Baseline Characteristics of Patients with Acute
Exacerbation of COPD Who Are at Risk for Acute Cardiovascular

Event

Characteristics n = 362,867

Age (year), median (IQR) 70 (59–79)
Women, n (%) 207,668 (57)
Race/ethnicity, n (%)
Non-Hispanic white 266,691 (71)
Non-Hispanic black 33,284 (9)
Hispanics 37,283 (10)
Asian or Pacific Islander 9629 (3)
Native American 360 (1)
Other 5815 (2)
Missing 21,413 (6)
Payment source, n (%)
Medicare 241,181 (64)
Medicaid 38,946 (10)
Private insurance 56,267 (15)
Self-pay 23,243 (6)
Other 3508 (1)
Missing 11,330 (3)
Quartiles for median household income, n (%)
1 (lowest) 118,259 (32)
2 101,592 (27)
3 86,438 (23)
4 (highest) 59,296 (16)
Missing 8890 (2)
Patient residence, n (%)
Urban 337,013 (90)
Rural 35,456 (9)
Missing 2006 (1)

COPD, chronic obstructive pulmonary disease; IQR, interquartile range
*Percentages may not equal to 100 due to rounding
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Figure 1 Incident rate ratios for acute cardiovascular event within 30 days after index acute exacerbation of COPD.

Figure 2 Incident rate ratios for acute cardiovascular event within 1 year after index acute exacerbation of COPD.
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transient delay on the outcomes (Supplemental Table 3). Of
282,458 patients who were hospitalized with the primary diag-
nosis of COPD in the original cohort, the associations of
AECOPD with the risk of subsequent cardiovascular diseases

were similar to the main findings (Supplemental Table 4). In the
sensitivity analysis of 393,156 patients who had multiple ED
visits or/and hospitalizations for AECOPD during 1-year peri-
ods before and after the index AECOPD, as for the 30-day

Figure 3 Incident rate ratios for acute cardiovascular event within 30 days after index acute exacerbation of COPD, by sex.

Figure 4 Incident rate ratios for acute cardiovascular event within 1 year after index acute exacerbation of COPD, by sex.
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study period, the associations of interest did not change mate-
rially compared to the main findings (Supplemental Table 5).
By contrast, as for the 1-year study period, the IRRs were
relatively higher compared to the main findings. In the sensi-
tivity analysis using all-cause hospitalization as an outcome
measure, the magnitude of IRR for cardiovascular events was
relatively higher compared to that for all-cause hospitalizations
(Supplemental Table 6). Lastly, with stratification by hospital
length-of-stay, the IRR for cardiovascular events in the 30-day
period was relatively lower in patients with a longer length-of-
stay compared to those with a shorter length-of-stay. As for the
1-year study period, there were no apparent differences in IRR
between the different hospital length-of-stay groups (Supple-
mental Table 7).

DISCUSSION

In this self-controlled case series study using the large
population-based data of 362,867 patients with AECOPD,
AECOPD was associated with increased 30-day and 1-year
incidences of ED visits and hospitalizations for acute cardio-
vascular events. These associations remained significant
across the six cardiovascular conditions (AMI, HF, AF, PE,
ischemic stroke, and hemorrhagic stroke). Furthermore, the
observed higher incidences of acute cardiovascular event per-
sisted across several different analytic assumptions.
Few studies have reported the association betweenAECOPD

and the risks of developing AMI and stroke.11,12 A community-
based study of 25,857 patients with COPD from England
reported that AECOPD is associated with a 2.3-fold higher risk
of AMI within 1 to 5 days after exacerbation (defined by
prescription of both steroids and antibiotics) and a 1.3-fold
higher risk of ischemic stroke 1 to 49 days after exacerbation.
Similarly, another community-based study of 1556 patients
with COPD from Belgium reported that the risk of stroke
(composite of all types of stroke) during 7-week period after
severe AECOPD was sixfold higher than that of stable dis-
ease.12 Our observations are consistent with these earlier find-
ings, and we extend them by demonstrating both short- and
long-term incidences of acute cardiovascular events more com-
prehensively in the population-based data with a sample size
many times larger than any other prior studies on this topic.
We found that AECOPD is associated with a higher incidence

of HF, AF, and PE during both short- and long-term periods.
Although these three cardiovascular diseases are well-known
comorbid conditions of COPD,7,32 only a few studies have
investigated the association between AECOPD and the risk of
developing acute events. Within the sparse literature, an analysis
of 35 patients with COPD in Italy reported that impaired pulmo-
nary function, hypercapnia, and higher pulmonary artery systolic
pressure are predictors for new onset AF.33 A case-control study
from England (n = 3594) reported that the risk of venous throm-
boembolism did not differ between COPD patients with frequent
exacerbations and those without.34 However, these previous

studies were potentially limited by the small sample size, study
design (e.g., cross-sectional study), andmeasurement of exposure
(e.g., physiological values rather than AECOPD).34 By contrast,
the validity of our findings is buttressed by the self-controlled
case series design. This design enables each patient to serve as
her/his own control, which minimizes the effect of unmeasured
confounding that is inherent in traditional case-control and other
observational study designs.17 Our study meets the requirements
of the self-controlled case series design, in which we modeled a
discrete and transient exposure and outcome that was defined by
an acute event.
There are several plausible mechanisms linking

AECOPD to acute cardiovascular events, particularly
arterial and venous thromboembolic events. Most exac-
erbations of COPD are triggered by viral and/or bacte-
rial airway infection13 which also leads to systemic
inflammation with a rise in levels of plasma fibrinogen
and C-reactive protein.35 The former is directly associ-
ated with thromboembolic events, while the latter upre-
gulates other inflammatory mediators, leading to adhe-
sion of leukocytes to arterial endothelium.36 Further-
more, arterial stiffness rises acutely during AECOPD
particularly with airway infection.37 Acute infection in
the setting of AECOPD leads to these changes that play
a role in the pathobiology of acute cardiovascular
events.14 Another potential mechanism is hypoxemia
related to AECOPD. Hypoxemia increases pulmonary
artery pressures, thereby leading to right heart strain
and cardiac remodeling that contribute to AF pathobiol-
ogy.15 Hypoxemia also leads to endothelial dysfunction,
which predisposes to arterial and venous thromboembol-
ic events.38 In addition to these biological mechanisms,
non-biological iatrogenic factors (e.g., excessive use of
β2-agonist for AECOPD, cessation of β-blockers,39,40

and termination of aspirin in consideration of aspirin-
exacerbated respiratory diseases41) may also contribute,
at least in part, to the increased risk of acute cardiovas-
cular events in the long-term period after AECOPD.
Indeed, 10–15% of patients discontinued β-blockers af-
ter AECOPD.39,40 While our findings underscore the
importance of cardiovascular event risks in patients
who are hospitalized for AECOPD, our study does not
completely address the complexity of underlying mech-
anisms or specific prevention strategies. As recent stud-
ies have reported, further studies on specific prevention
strategies should be facilitated, e.g., the use of aspirin
may be beneficial for preventing not only cardiovascular
diseases but also COPD progression.42,43

Potential Limitations

Our study has several potential limitations. First, because this
analysis was based on the administrative data, misclassification
of hospitalizations is possible. Nevertheless, the HCUP data are
rigorously tested and widely used to estimate diagnoses and
healthcare utilization.44 The ICD-9-CM diagnosis codes that
are used to identify AECOPD and acute cardiovascular events
have high specificity and positive predictive values.21–23,28,29
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Furthermore, potential misclassifications should not vary sub-
stantially between study periods, and therefore, any potential
misclassifications are unlikely to have affected our inferences
substantially. Second, the administrative datasets (i.e., SEDD and
SID) do not include several helpful clinical variables, such as
chronic severity of COPD and inpatient/outpatient management
that are potentially associated with the risk of acute cardiovascu-
lar event. Nevertheless, our findings using the population-based
data reflect the impact of AECOPD (including that of AECOPD
management) on the risk of acute cardiovascular events in the
natural setting of a real population and current clinical practice.
Our findings should facilitate further investigation into the un-
derlying mechanisms of observed associations. Third, due to the
lack of out-of-hospital mortality data in the SEDD and SID, we
were unable to directly account for the competing risk of mor-
tality. However, this competing risk would have biased our
inferences toward the null. Moreover, the subgroup analysis that
included only patients known to be alive until at least 1 year after
the index AECOPD still demonstrated a higher incidence of
acute cardiovascular events after AECOPD, while this identifi-
cation method of survival might have missed some healthier
patients who survived but did not have any ED visits or hospital-
izations. Finally, because the study population was comprised of
patients with an ED visit or hospitalized for AECOPD, our
inferences may not be generalizable to patients with mild
AECOPD. Nevertheless, our study population has high morbid-
ity and contributes to a substantial public health burden.10 There-
fore, our findings are relevant to large numbers of high-risk and
costly patients with COPD.

CONCLUSIONS

In this self-controlled case series study using large, population-
based datasets of patients with COPD, over several years, we
found that AECOPDwas associated with increased 30-day and
1-year incidences of acute cardiovascular event (AMI, HF, AF,
PE, ischemic stroke, and hemorrhagic stroke). The observed
associations were robust across different analytic assumptions.
Our findings should encourage researchers to elucidate the
mechanisms linking AECOPD to the development of acute
cardiovascular events. For clinicians, our data support an im-
portance of AECOPD as an opportunity to implement cardio-
vascular prevention measures in this high-risk population.
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