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Abstract

Introduction: The presence of chronic obstructive pulmonary disease (COPD)
can impact the management of acute myocardial infarction (AMI) and is as-
sociated with higher mortality. Few studies addressed COPD impact on heart
failure hospitalisations (HFHs) in AMI survivors.

Material and methods: Adult survivors of an AMI between January and June
2014 were identified from the US Nationwide Readmissions Database. The
impact of COPD on HFH within 6 months, fatal HFH and the composite of
in-hospital HF or 6-month HFH was studied.

Results: Of 237,549 AMI survivors, patients with COPD (17.5%) were older,
more likely female, had a higher prevalence of cardiac comorbidities and
a lower coronary revascularization rate. In-hospital HF was more frequent
in patients with COPD (47.0% vs. 25.4%; p < 0.001). HFH within 6 months
occured in 12,934 (5.4%) patients, at a 114% higher rate in patients with
COPD (9.4% vs. 4.6%, OR = 2.14, 95% Cl : 2.01-2.29; p < 0.001), which was
attenuated to a 39% higher adjusted risk (OR = 1.39, 95% Cl: 1.30-1.49).
Findings were consistent across subgroups of age, AMI type, and major HF
risk factors. Mortality during a HFH (5.7% vs. 4.2%, p < 0.001) and the rate
of the composite HF outcome (49.0% vs. 26.9%, p < 0.001) were significantly
higher in patients with COPD.

Conclusions: COPD was present in 1 of 6 AMI survivors and was associated
with worse HF related outcomes. The increased HFH rate in COPD patients
was consistent across several clinically relevant subgroups and these find-
ings highlight the need for optimal in-hospital and post-discharge manage-
ment of these higher-risk patients.

Key words: chronic obstructive pulmonary disease, chronic obstructive
pulmonary disease, acute myocardial infarction, heart failure.

Introduction

In recent years, patients suffering an acute myocardial infarction (AMI)
have had improved survival due to reperfusion therapies, which has in
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turn also led to an increased number of patients
living with heart failure (HF) [1, 2]. HF is well es-
tablished as a common complication of AMI, with
up to a 50% of HF incidence in patients post-Ml
[3]. HF in AMI patients has been associated with
poor prognosis and a three to four times increase
in mortality during the index AMI hospitalization
and even after discharge [4, 5]. Given the high in-
cidence of morbidity and mortality from post-MI
HF, a strong understanding of risk factors for HF in
AMI survivors is essential for implementing proper
clinical care for co-management of conditions in
AMI survivors.

Chronic obstructive pulmonary disease (COPD)
has been established as a risk factor for cardio-
vascular diseases, related hospitalizations and
mortality, and is associated with worse outcomes
in patients with chronic HF [6-8]. Patients with
COPD who have an AMI are less aggressively treat-
ed than those without COPD, which result in in-
creased in-hospital mortality as well as long-term
mortality [9-11]. Prior research revealed a higher
risk of subsequent new-onset HF after Ml in COPD
patients [12]. It was also established that COPD, in
addition to predicting long-term mortality in pa-
tients with AMI, is also a confounding factor for
the diagnosis of HF [13]. Only a few studies ad-
dressed HF hospitalisations after AMI in patients
with COPD, and these analyses are either less con-
temporary, utilized smaller sample sizes, studied
patients with existing HF or left ventricular systol-
ic dysfunction, or studied patients predominantly
from Europe [12, 14]. There is a dearth of recent,
population-level research addressing differenc-
es in HF hospitalizations based on COPD status
among all-comers cohort of AMI survivors in the
United States.

Therefore, the aim of the current paper is to
evaluate the impact of COPD on the 6-month HF
hospitalization rate in AMI survivors using a Unit-
ed States population representative national da-
tabase.

Material and methods
Data source

In this retrospective observational study, data
were collected from the publicly available 2014 US
Nationwide Readmissions Database (NRD). The
NRD is part of the Healthcare Cost and Utilization
Project (HCUP) that is sponsored by the Agency
for Healthcare Research and Quality (AHRQ) and
is a database of all-payer hospital inpatient stays
that can be used to generate national estimates of
readmissions [15]. The NRD is drawn from HCUP
State Inpatient Databases, which contain verified
patient linkage numbers that can be used to track
a person across readmissions while maintaining

privacy. Unweighted, the 2014 NRD contains data
from approximately 15 million discharges from
22 geographically dispersed states accounting
for 51.2% of the total US resident population and
49.3% of all hospitalizations. Weighted, it esti-
mates roughly 35 million discharges.

Patient population and baseline
characteristics

The study sample included all patients > 18
years who were discharged alive, and who are
therefore at risk of readmission, between January
and June 2014 with a primary discharge diagnosis
of an AMI (International Classification of Diseas-
es, Ninth Edition, Clinical Modification (ICD-9-CM)
codes 410.x1). NRD 2014 was utilized because it
is the latest yearly dataset that allows ICD-9 based
analysis which was previously validated to study
HF outcomes [16, 17]. This time period was cho-
sen so that our study patients could be tracked
until the end of 2014 for any HF hospitalization,
thereby allowing for analysis of 6-month read-
missions. Patients with cardiogenic shock were
excluded as they represent a complex phenotype
associated with heightened acute and post-dis-
charge mortality [17]. COPD was defined as the
presence of chronic bronchitis, emphysema, or
chronic obstructive asthma. Similar methodology
was utilized in prior studies [10, 18].

Baseline patient characteristics identified were
age, sex, insurance status, median household
income, AMI type, and comorbidities including
anemia, connective tissue disease, carotid artery
disease, prior MI, prior coronary revascularization,
prior ischemic cerebrovascular event, atrial fibril-
lation, coronary artery disease, cancer, chronic
lung disease, smoking, depression, drug abuse,
diabetes mellitus, hypertension, hypothyroidism,
fluid-electrolyte imbalances, liver disease, obesi-
ty, peripheral vascular disease, pulmonary circu-
lation disorders, chronic kidney disease, and HF
during the index admission, discharge disposition,
in-hospital outcomes including percutaneous cor-
onary intervention (PCl), coronary artery bypass
grafting (CABG), any mechanical revasculariza-
tion, and acute kidney injury. Hospital characteris-
tics (bed-size and teaching status) were also iden-
tified. Elixhauser comorbidity data were extracted
from the NRD.

Study outcomes

The primary outcomes of this study were crude
and risk-adjusted differences in the rate of HF
hospitalization within 6 months (180 days) from
discharge after an AMI in patients with and with-
out COPD. In patients with recurrent HF readmis-
sions, only the first HF hospitalization was count-
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ed towards the outcome. A composite outcome
of 6-month HF readmission or all-cause mortality
during a non-HF related admission was studied
in the overall cohort and certain subgroups. The
primary outcome was evaluated in subgroups
of pre-specified cardiovascular risk factors (age,
sex, hypertension, dyslipidemia, obesity, atrial
fibrillation, chronic kidney disease), AMI type, re-
vascularization status, and in patients with and
without HF at the time of index AMI. Secondary
outcomes were crude rates of fatal HF readmis-
sion and the composite of in-hospital HF during
the index admission and a 6-month readmission
for HF between patients with and without COPD.
HF hospitalizations were identified as those that
had a primary discharge diagnosis of HF within
180 days from discharge [15]. Fatal HF hospital-
ization was defined as a readmission primarily for
HF during which the patient died.

Statistical analysis

The NRD has a complex semi-random mul-
tistage sampling survey design and survey de-
sign-based statistical tests using weighted data
were utilized for all analyses. Categorical vari-
ables are expressed as percentages, and continu-
ous variables as mean * standard deviation (SD).
Baseline patient characteristics, comorbidities,
procedures, hospital characteristics, and out-
comes were compared between patients with and
without COPD, and in patients with and without
a 180-day HF readmission using the Rao-Scott 2
test for categorical variables and student t-test for
continuous variables.

A multivariable logistic regression model (de-
signed to test for 95% confidence intervals (Cls)
and a two-sided p-value threshold of < 0.05) and
accounting for the sample design of the NRD was
created to identify risk-adjusted differences in the
rate of the primary outcome between patients
with and without COPD. The regression model in-
cluded all the variables which achieved a p-value
< 0.2 in unadjusted analysis stratified by the pri-
mary outcome. Results of the logistic regression
analyses were reported as odds ratios (ORs) and
95% Cls. The regression model had a c-statistic
of 0.8 indicating a strong model [19]. We retained
this regression model to also analyze the impact
of COPD on the primary outcome in pre-specified
subgroups of age (< 65 and > 65 years), sex, pres-
ence of diabetes mellitus, atrial fibrillation, dys-
lipidemia, chronic kidney disease, hypertension,
HF at time of index AMI, obesity, AMI type, and
coronary revascularization status during the AMI.

To partially account for the competing risk of
death on the occurrence of the primary HF out-
comes, we performed a sensitivity analysis exclud-
ing patients who died during a non-HF admission

during the 6-month follow-up period before the
occurrence of a HF admission, and also evaluat-
ed the impact of COPD on a composite outcome
of 6-month HF readmission or all-cause mortali-
ty during a non-HF admission. Less than 0.5% of
data were missing for the variables: insurance
status, median household income and discharge
disposition. Missing values were replaced with the
dominant categories. All analyses were performed
using SPSS version 25.0 (IBM Corp., Armonk, NY,
USA). The two-tailed significance level was set at
p < 0.05.

Results
Baseline characteristics

Our study sample consisted of 237,549 AMI
survivors. The mean age of the study sample was
66.9 £13.9 years and 37.9% of the study sample
were female. Of these, 41,708 (17.5%) patients
had COPD. Baseline characteristics stratified by
COPD status are presented in Table I. Compared to
patients without COPD, patients with COPD were
older, more likely female, and had a significantly
higher prevalence of smoking, obesity, hyperten-
sion, atrial fibrillation, atherosclerotic vascular
disease, diabetes mellitus, anemia, cancer, chronic
kidney disease, connective tissue diseases, coagu-
lopathy, depression, hypothyroidism, liver disease,
and fluid and electrolyte disorders (p < 0.001).

Alternatively, COPD patients were significantly
less likely to have dyslipidemia and less likely to
be discharged home compared to patients with-
out COPD. The majority of patients had a NSTEMI
(71.9%), and this presentation was more common
among patients with COPD than patients with-
out COPD (82.1% vs. 69.7%, p < 0.001). Patients
with COPD were less likely to undergo mechanical
coronary revascularization during the index AMI
admission (50.1% vs. 64.2%, p < 0.001), including
PCl (39.8% vs. 55.9%, p < 0.001), however were
more likely to undergo CABG (11.0% vs. 9.0%,
p < 0.001). HF was present in 29.2% of all patients
during the index admission, and was significantly
more prevalent in patients with COPD (47.0% vs.
25.5%, p < 0.001).

Outcomes

Overall, 12,934 (5.4%) patients were readmitted
within 6 months after discharge for HF and 599 pa-
tients (0.3%) died during the readmission. Patients
with COPD had a 114% higher rate of 6-month HF
hospitalization compared to those without COPD
(9.4% vs. 4.6%, OR = 2.14, 95% Cl: 2.01-2.29;
p < 0.001), a 181% higher rate of fatal HF hos-
pitalization (0.5% vs. 0.2%, OR = 2.81, 95% Cl:
2.09-3.79; p < 0.001), and a 161% higher rate of
composite outcome of HF during index admission
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Table I. Differences in the baseline characteristics, comorbidities, in-hospital complications, and procedural utiliza-
tion among acute myocardial infarction survivors

Parameter Total COPD P-value
(N = 237,549) No Ves
(N = 195,841) (N = 41,708)

Age [years] mean (SD) 66.9 (13.9) 66.2 (14.2) 70.0 (11.8)

Age [years]: < 0.001
18-65 105,587 (44.4%) 91,753 (46.9%) 13,834 (33.2%)
65 and above 131,961 (55.6%) 104,087 (53.1%) 27,873 (66.8%)

Female sex 90,031 (37.9%) 71,972 (36.8%) 18,059 (43.3%) < 0.001

Presenting diagnosis: < 0.001
STEMI 66,723 (28.1%) 59,256 (30.3%) 7,467 (17.9%)
Non-STEMI 170,827 (71.9%) 136,585 (69.7%) 34,242 (82.1%)

Median household income: < 0.001
1# quartile 70,001 (29.5%) 55,644 (28.4%) 14,356 (34.4%)
2" quartile 67,167 (28.3%) 54,561 (27.9%) 12,605 (30.2%)
3 quartile 54,944 (23.1%) 46,246 (23.6%) 8,698 (20.9%)
4% quartile 45,435 (19.1%) 39,388 (20.1%) 6,047 (14.5%)

Insurance status: < 0.001
Insured 224,865 (94.7%) 184,638 (94.3%) 40,227 (96.4%)
Uninsured 12,683 (5.3%) 11,202 (5.7%) 1,480 (3.6%)

Comorbidities:
Hypertension 177,076 (74.5%) 144,794 (73.9%) 32,282 (77.4%) < 0.001
Dyslipidemia 157,739 (66.4%) 130,777 (66.8%) 26,962 (64.6%) < 0.001
Atrial fibrillation 40,151 (16.9%) 30,663 (15.7%) 9,487 (22.7%) < 0.001
Carotid artery disease 5,764 (2.4%) 4,020 (2.1%) 1,743 (4.2%) < 0.001
Diabetes mellitus 88,685 (37.3%) 71,408 (36.5%) 17,277 (41.4%) < 0.001
Anemia 39,090 (16.5%) 29,542 (15.1%) 9,547 (22.9%) < 0.001
Cancer 6,811 (2.9%) 4,967 (2.5%) 1,844 (4.4%) < 0.001
Coronary artery disease 194,732 (82.0%) 160,547 (82.0%) 34,185 (82.0%) 0.965
Chronic kidney disease 49,881 (21.0%) 38,299 (19.6%) 11,482 (27.8%) < 0.001
Rheumatoid arthritis/collagen 6,181 (2.6%) 4,823 (2.5%) 1,358 (3.3%) < 0.001
vascular diseases
Coagulopathy 11,462 (4.8%) 8,811 (4.5%) 2,650 (6.4%) < 0.001
Prior stroke/TIA 21,940 (9.2%) 16,912 (8.6%) 5,027 (12.1%) < 0.001
Prior myocardial infarction 30,012 (12.6%) 23,219 (11.9%) 6,792 (16.3%) < 0.001
Prior coronary revascularization 52,418 (22.1%) 41,254 (21.1%) 11,163 (26.8%) < 0.001
Smoking 104,244 (43.9%) 77,908 (39.8%) 26,335 (63.1%) <0.001
Depression 19,844 (8.4%) 14,697 (7.5%) 5,146 (12.3%) < 0.001
Drug abuse 6,705 (2.8%) 5,273 (2.7%) 1,431 (3.4%) < 0.001
Hypothyroidism 27,721 (11.7%) 22,135 (11.3%) 5,586 (13.4%) < 0.001
Liver disease 3,915 (1.6%) 2,958 (1.5%) 956 (2.3%) < 0.001
Fluid and electrolyte disorders 50,648 (21.3%) 38,957 (19.8%) 11,690 (28.0%) < 0.001
Obesity 41,393 (17.4%) 33,357 (17.0%) 8,035 (19.3%) < 0.001
Peripheral vascular disease 29,103 (12.2%) 19,890 (10.2%) 9,122 (21.9%) < 0.001
Pulmonary circulation disorder 160 (0.1%) 92 (0.1%) 67 (0.2%) < 0.001

In-hospital complications and procedures:
HF during index admission 69,457 (29.2%) 49,870 (25.5%) 19,586 (47.0%) < 0.001
AKI 33,951 (14.3%) 25,751 (13.1%) 8,200 (19.7%) < 0.001
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Table I. Cont.
Parameter Total COPD P-value
(N = 237,549) No Yes
(N = 195,841) (N = 41,708)
PCI 126,129 (53.1%) 109,528 (55.9%) 16,600 (39.8%) < 0.001
CABG 22,165 (9.3%) 17,568 (9.0%) 4,597 (11.0%) < 0.001
Coronary revascularization 146,540 (61.7%) 125,645 (64.2%) 20,894 (50.1%) < 0.001
Disposition: < 0.001
Home 208,766 (87.9%) 174,449 (89.1%) 34,317 (82.3%) < 0.001
Short-term hospital, nursing 28,782 (12.1%) 21,391 (10.9%) 7,390 (17.7%) < 0.001
home, or other facility
Hospital characteristics:
Teaching 152,433 (64.2%) 127,573 (65.1%) 24,859 (59.6%) < 0.001
Bed size: 0.827
Small 27,597 (11.6%) 22,776 (11.6%) 4,821 (11.6%)
Medium 64,835 (27.3%) 53,317 (27.2%) 11,517 (27.6%)
Large 145,116 (61.1%) 119,746 (61.1%) 25,369 (60.8%)

STEMI — ST-elevation myocardial infarction, NSTEMI — non-ST elevation myocardial infarction, COPD — chronic obstructive pulmonary
disease, HF — heart failure, TIA — transient ischemic attack, CABG — coronary artery bypass graft, AKI — acute kidney injury, PCl — per-

cutaneous coronary intervention, SD — standard deviation.

or a 6-month HF readmission (49% vs. 26.9%, OR
= 2.61, 95% Cl: 2.51-2.71; p < 0.001) (Table ).
Among patients who had a 6-month HF read-
mission, COPD patients had a significantly high-
er prevalence of fatal HF compared to patients
without COPD (5.7% vs. 4.2%, OR = 1.40, 95% Cl:
1.04-1.89; p < 0.001) (Figure 1).

Significant differences in baseline character-
istics were observed for patients who had the
primary outcome compared with those who did
not. In the risk adjusted multivariable analy-
sis, patients with COPD had 39% higher odds of
a 6-month HF admission compared with patients
without COPD (OR = 1.39; 95% Cl: 1.30-1.49). The
composite outcome of 6-month HF readmission or
all-cause mortality during a non-HF admission oc-

Table Il. Impact of COPD on heart failure outcomes

curred in 17,306 (7.3%) patients, at a 125% high-
er rate with COPD than without (12.8% vs. 6.1%;
OR =2.25,95% Cl: 2.12-2.39; p < 0.001). After risk
adjustment, patients with COPD had 48% higher
odds of the composite outcome compared with
patients without COPD (OR = 1.48; 95% Cl: 1.39—
1.58). In a sensitivity analysis excluding patients
who died during a non-HF admission during the
6-month follow-up period before the occurrence
of a HF admission (N = 4,382, 1.8%), results for
the primary outcome were consistent with the
main analysis and patients with COPD had 42%
higher odds of a 6-month HF admission compared
with patients without COPD (OR = 1.42; 95% Cl:
1.32-1.53).

In the overall sample Total COPD 0Odds ratio P-value
(N = 237,549) No Yes . (95% C!)
(N =195841) (N = 41,708) or univariate
comparison
Primary outcome:
Six-month HF 12,934 (5.4%) 9,022 (4.6%) 3,911 (9.4%) 2.14 (2.01-2.29) < 0.001
hospitalization
Secondary outcomes:
Fatal HF hospitalization 599 (0.3%) 375 (0.2%) 224 (0.5%) 2.81 (2.09-3.79) < 0.001
(index cohort)
Fatal HF hospitalization 599 (4.6%) 375 (4.2%) 224 (5.7%) 1.40 (1.04-1.89) < 0.001
(among those with
a 6-month HF admission)
Composite of HF during 73,192 (30.8%) 52,758 (26.9%) 20,433 (49.0%) 2.61 (2.51-2.71) < 0.001
index and a 6-month HF
readmission
COPD — chronic obstructive pulmonary disease, HF — heart failure.
Arch Med Sci Atheroscler Dis 2022 e39
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>

4.6

Six-month heart failure
hospitalizations (%)

No COPD COPD

Heart failure during AMI or a 6-month (™
heart failure hospitalization (%)

No COPD COPD

Subgroup analysis

The impact of COPD status on the risk of the
primary outcome in clinically relevant subgroups
which could impact the occurrence of HF admis-
sion are presented in Figure 2. The higher HF read-
mission risk with COPD was consistent in younger
and older patients, in males and females, in STEMI
and NSTEMI, in revascularized and medically
treated patients, in patients with and without HF
during index admission, and across categories of
important cardiovascular and HF risk factors (Fig-
ure 2).

Discussion

The aim of our study was to elucidate differ-
ences across COPD status in HF hospitalization
outcomes in a United States nationally-represen-
tative population of all-comers AMI survivors. We
report several important findings regarding the
influence of COPD on HF outcomes following an
AMI, which have significant clinical relevance. AMI
survivors with COPD had a significantly higher
risk of HF requiring hospitalization and fatal HF
within the following 6-month period compared
to those without COPD. Patients with COPD had
worse baseline characteristics, in-hospital out-
comes, and lower revascularization rates, but the
increased HF hospitalization risk in COPD patients
persisted (although attenuated) even after adjust-
ing for these differences. The higher HF readmis-
sion risk in COPD patients was present in both
NSTEMI and STEMI subtypes, and higher across
categories of age, sex and several cardiovascular
risk factors. Our study findings confirm findings

4.2

Fatal heart failure hospitalization ©Q
(%)

No COPD COopPD

Figure 1. Differences in heart failure outcomes ac-
cording to chronic obstructive pulmonary disease
status. Patients with any chronic obstructive pul-
monary disease had significantly higher rates of
6-month heart failure hospitalizations (A), fatal
heart failure hospitalizations (B), and the compos-
ite outcome of either in-hospital heart failure or
6-month heart failure hospitalization (C) compared
with patients without any chronic obstructive pul-
monary disease

from prior reports and also suggest the need for
closer follow-up and careful monitoring for the
development of HF in COPD patients with an AMI
to prevent the occurrence of HF requiring hospi-
talization.

COPD is a risk factor for cardiovascular dis-
eases and is associated with increased cardio-
vascular-related hospitalizations and death from
cardiovascular events [20]. COPD and cardiovas-
cular diseases share several risk factors such as
advanced age and cigarette smoking among oth-
ers. Besides shared risk factors, COPD-related fac-
tors, such as systemic inflammation and hypoxia,
underlie the pathophysiological interaction be-
tween COPD and AMI [14]. In addition to these
similarities in risk profiles and pathophysiological
milieu, patients with underlying COPD are less
aggressively treated during an AMI. These factors
impact the outcomes of AMI during the in-hospi-
tal and the follow-up period and increase the risk
of AMI-related complications, particularly HF [9,
14]. Stefan et al. retrospectively analyzed 6,290
patients with AMI between years 1997 and 2007
(17% with COPD) and found that patients with
COPD had a 59% increased risk of HF during index
hospitalization compared to those without COPD
(OR = 1.59, 95% Cl: 1.37-1.83) [11]. Similar find-
ings of higher HF during the AMI in COPD patients
(47.0%) compared with those without (25.5%)
were observed in our study.

Although it is known that COPD patients have
an increased risk of HF development, only a few
studies addressed the impact of COPD on sub-
sequent HF hospitalization risk following an AMI
[14]. In a sub-study of the Valsartan in Acute
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Subgroup COPD No COPD 0dds ratio 95% confidence intervals
(primary outcome rate, %) LL UL
Overall sample 9.4 4.6 | B — 1.39 1.30 1.49
|
Age: |
< 65 years 7.1 2.7 : —  m— 150 1.32 1.72
> 65 years 10.5 6.3 1 P — 1.36 1.26 1.47
Sex: |
Male 8.8 3.8 : e m— 1.42 1.28 1.56
Female 10.2 6.0 1 —_—l— 1.36 1.22 1.50
HF during index AMI: :
Yes 15.6 12.3 | —— 1.30 1.20 1.40
No 3.8 2.0 I —_——162 1.41 1.86
Chronic kidney disease: :
Yes 16.4 10.9 1 —_— 1.38 1.25 1.53
No 6.7 3.1 1 N 1.37 1.24 1.50
Hypertension: :
Yes 9.6 4.9 | B 1.37 1.26 1.49
No 8.7 3.6 | _— 1.46 1.25 1.70
Diabetes mellitus: :
Yes 12.4 6.8 | P — 1.37 1.24 1.51
No 7.3 33 | —_— 1.41 1.27 1.56
Obesity: :
Yes 9.4 45 1 R E— 1.32 1.13 1.54
No 9.4 46 | — . 1.40 1.30 1.52
Dyslipidemia: :
Yes 9.1 4.4 | —a— 1.42 1.30 1.56
No 10.0 5.1 : [ — 1.35 1.21 1.50
Atrial fibrillation: 1
Yes 13.4 8.8 1 —— 1.38 1.22 1.57
No 8.2 3.8 | — . 139 1.28 151
AMI type: |
STEMI 6.4 3.0 | i 1.37 1.13 1.67
NSTEMI 10.0 53 : —— 1.38 1.29 1.49
Revascularization 1
Yes 7.0 3.0 ! —a— 153 1.36 1.72
No 11.8 7.5 : —a— 1.28 1.17 1.40
|
1
0.75 1.00 1.25 1.50 1.75 2.00

v

Better in COPD

Worse in COPD

Figure 2. Sub-group analyses and Forest plots for 6-month heart failure readmission outcome. Among survivors of
an acute myocardial infarction, patients with COPD had a higher risk of 6-month heart failure readmission across

all the subgroups studied

COPD — chronic obstructive pulmonary disease, HF — heart failure, AMI — acute myocardial infarction, LL — lower confidence

interval, UL — upper confidence interval.

Myocardial Infarction Trial (VALIANT) that includ-
ed 14,703 AMI patients with either HF or left
ventricular systolic dysfunction and published in
2003, 8.6% of patients had COPD (n = 1,258) [21].
The authors reported that the adjusted risk of HF
hospitalization at 25-month follow-up was 19%
higher in patients with COPD (hazard ratio = 1.19,
95% Cl: 1.05-1.34). In another study of 81,191 pa-
tients with AMI enrolled between years 2005 and
2010 into the Swedish SWEDEHEART registry (6%
with COPD), Andell et al. showed that after adjust-
ment for potential confounders, including comor-
bidities and treatment, patients with COPD had
a 35% higher rate of new-onset HF (hazard ratio =
1.35, 95% Cl: 1.24-1.47) [12]. These studies also

reported that patients with COPD frequently had
an atypical presentation, less often underwent
revascularization and less often received guide-
line-recommended secondary preventive medica-
tions of established benefit in AMI [11, 12, 21].
Differences in in-hospital management in patients
with COPD compared with their non-COPD coun-
terparts were also evident in our study.

Our study findings corroborate the currently
available data of the association between COPD
and HF in patients with AMI. Prior research has
established that COPD is an independent predic-
tor of increased mortality following an AMI [14,
20]. Despite this increased mortality risk for COPD
(which competes with the risk of HF admissions),
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patients with COPD still have a substantially high-
er HF hospitalization risk following an AMI, and
this was independent of the presence of HF at the
time of the AMI as seen in our study. Our study
evaluated more contemporary data and evaluat-
ed a larger nationally representative population of
all-comers AMI survivors and extends previously
reported findings to a more contemporary data-
set suggesting that changes in management that
could have occurred over the years did not great-
ly improve post-MI HF outcomes in patients with
COPD. Furthermore, we also studied the impact of
COPD on HF hospitalizations across categories of
several important cardiovascular and HF risk fac-
tors and report that the poor prognostic impact
of COPD was consistent across the categories of
cardiovascular risk factors and the effect size was
generally similar.

The current study underscores 1) the importance
of improving AMI care in patients with COPD; and 2)
highlights the necessity of early recognition of HF in
COPD patients and clinical co-management of care.
COPD patients typically present with atypical AMI
symptoms (most frequently dyspnea) and the con-
sequence of misleading symptoms is delayed diag-
nosis, lower rates of immediate intervention, and
the possibility of subsequent greater infarct size
and/or worse prognosis [12, 14]. In addition, the
utilization of certain pharmacologic therapies, par-
ticularly B-blockers with coexisting COPD has been
a subject of debate in clinical practice and these
agents are less frequently prescribed in patients
with COPD despite the evident survival benefit [9,
14]. In patients with COPD, optimal management
strategies at the time of the AMI and appropriate
guideline directed preventative therapies at dis-
charge should be utilized at similar rates compared
to patients without COPD whenever appropriate.

The symptoms and subjective signs, such as
dyspnea and fatigue, of COPD and HF are often
very similar, which can make clinical differentia-
tion challenging especially with HF with preserved
ejection fraction. COPD was recognized as a con-
founding factor for the diagnosis of HF following
an AMI [22]. Studies report a very high prevalence
of unrecognized HF (up to 20%) in COPD patients,
revealing a critical area for intervention and calling
attention to the critical need for multidisciplinary
coordination across specialties in high-risk popu-
lations [22]. Given the substantially worse prog-
nosis associated with post-MI| HF, evidence-based
monitoring protocols for HF in COPD patients,
optimal preventive therapies, and careful co-man-
agement by internists, pulmonologists, and cardi-
ologists are essential in this high-risk population.

The current study relies on inpatient claims-
based data that have inherent limitations. Due to
the inpatient nature of the data, we are unable to

capture outpatient information that has relevance
and may lead to some selection bias. Because
the primary outcome of our study was the differ-
ence in hospitalization for HF, patients who had
outpatient HF diagnoses may have been missed
from the analysis. ICD-9-CM codes used to extract
data are prone to coding errors; however, codes
for HF are very commonly used and therefore are
less prone to misclassification. More importantly,
the NRD does not include data on clinically rele-
vant parameters like medication use and dosages
during and after AMI, coronary anatomy, left ven-
tricular ejection fraction, race/ethnicity, spirome-
try, or the severity of AMI or HF, thereby prevent-
ing us from accounting for these factors in our
analysis. In addition, we could not estimate the
severity of COPD based on information available
in the NRD. Despite the above noteworthy limita-
tions, our study provides important estimates of
the problem and the large sample size in our study
lends credence to its findings.

In conclusion, in this study of a large United
States national representative sample of all-com-
ers AMI survivors, 1 in 6 patients had COPD and
it was associated with an increased risk of subse-
quent HF hospitalizations in the 6 months follow-
ing an AMI even after adjusting for differences in
comorbidities and in-hospital treatments. These
findings underscore the importance of improving
AMI care in patients with COPD and highlight the
need for closer follow-up, careful monitoring for
the development of HF and co-management of
COPD patients following an AMI to prevent the
onset of HF requiring hospitalization.
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