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Temporal Trends in Treatment and Outcomes of Acute Myocardial
Infarction in Patients With Chronic Obstructive Pulmonary Disease:

A Nationwide Population-Based Observational Study
Tse-Hsuan Su, MD; Shang-Hung Chang, MD, PhD; Pei-Chun Chen, PhD; Yi-Ling Chan, MD, PhD

Background—Acute myocardial infarction is a major cause of hospitalization and death in patients with chronic obstructive
pulmonary disease (COPD); however, temporal trends in the management and clinical outcomes of these patients remain unclear.

Methods and Results—We conducted an observational study by using a representative sample of 1 million beneficiaries from the
Taiwan National Health Insurance Research Database. Comorbidities, in-hospital treatment, and outcomes were compared for
patients with acute myocardial infarction with and without COPD between 2004 and 2013. Temporal trends in treatment and
outcomes were analyzed. We included 6770 patients admitted to hospitals with acute myocardial infarction diagnoses, of whom
1921 (28.3%) had COPD. Fewer patients with COPD received -blockers (adjusted odds ratio 0.66, 95% Cl 0.59—-0.74), angiotensin-
converting enzyme inhibitors/angiotensin Il receptor blockers (adjusted odds ratio 0.83, 95% Cl 0.73—0.93), statins, anticoagulants,
dual antiplatelets, and coronary interventions. These patients had higher mortality (in hospital: adjusted hazard ratio 1.25 [95% CI
1.11-1.41]; 1 year: adjusted hazard ratio 1.20 [95% Cl 1.09—1.32]) and respiratory failure risk during admission. Temporal trends
showed little improvement in mortality in patients with COPD over 10 years. Multivariable logistic regression indicated that dual
antiplatelets, B-blockers, angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers, statins, coronary angiography,
and coronary artery bypass grafting surgery were significantly correlated with improved mortality in patients with COPD.

Conclusions—In Taiwan, a lower proportion of patients with COPD received evidence-based therapies for acute myocardial
infarction than did patients without COPD, and their clinical outcomes were inferior. Limited improvement in mortality was
observed over the preceding 10 years and is attributable to the underuse of evidence-based treatments. (/ Am Heart Assoc.
2017;6:€004525. DOI: 10.1161/JAHA.116.004525.)
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hronic obstructive pulmonary disease (COPD) is a major
chronic iliness. COPD is projected to become the third
leading cause of death worldwide by 2020, and its prevalence,
morbidity, and mortality are increasing.! In patients with
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COPD, cardiovascular disease is the most common comor-
bidity and a major cause of hospitalization and mortality.>

The management of cardiovascular disease has progressed
considerably in recent years. With the development of
evidence-based pharmacological and interventional treat-
ments, the morbidity and mortality of patients with acute
myocardial infarction (AMI) have decreased. Nevertheless,
studies have reported that evidence-based therapies, such as
B-blockers and coronary angiography, are underused in
patients with both COPD and AMI.>® Moreover, updated
epidemiological data on AMI for patients with COPD are scant,
and even less is available for the Asian population in
particular. The extent to which patients with COPD have
received different AMI therapies compared with those
received by patients without COPD and the effect of this
difference on clinical outcomes remain unclear.

This observational study investigated differences in clinical
characteristics, hospital treatments, and outcomes between
patients with AMI with or without COPD in Taiwan by using
the nationwide population-based database.
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Materials and Methods

Data Collection and Patient Selection

We conducted a retrospective cohort study by using the
Taiwan National Health Insurance Research Database
(NHIRD). The NHIRD is a large database provided by Taiwan
National Health Insurance (NHI), which is a single-payer,
universal, and compulsory health care program covering >99%
of Taiwan residents. The NHIRD contains complete outpatient
and inpatient electronic claims records, which include
individual diagnoses, procedures performed, and medications
prescribed. These data are encrypted and deidentified for
research purposes. In this study, we used medical claims and
registration data retrieved from ~1 million people randomly
sampled from the 24 million beneficiaries of the Taiwan NHI
between 2003 and 2013.

This study was approved by the institutional review board
of Chang Gung Medical Foundation, which waived the
requirement for informed consent (approval number
104-7549B).

Study Populations and Associated Covariates

From the NHIRD, we identified patients admitted to all
hospitals with the diagnosis of AMI (/nternational Classifi-
cation of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] code 410.x) and included them in the study
cohort. We longitudinally followed the study cohort from
January 2004 to December 2013. Patients were included if
they were aged >20 years when they experienced the index
AMI attack. For each patient, the day of admission for
AMI  during the study period was assigned as the index
day. For patients with multiple admissions, we included only
the first admission during the study period. We excluded
patients who survived an AMI event but were hospitalized
for <2 days.” Furthermore, we categorized patients
into COPD and non-COPD groups. Patients were included
in the COPD group if they had received a diagnosis of
COPD at previous hospital discharge or in outpatient
departments within 12 months before the index day and
were prescribed associated treatment. The diagnosis of
COPD was identified with the ICD-9-CM codes 491, 492,
and 496.%

We retrieved records for associated comorbidities includ-
ing hypertension, diabetes mellitus, previous myocardial
infarction, ischemic heart disease, heart failure, stroke,
dyslipidemia, chronic kidney disease, and atrial fibrillation
for all patients from both inpatient and outpatient records
since 1 year prior to the index day. In addition, we recorded
patient age, sex, hospital length of stay (LOS), and complete
in-hospital medical treatments and procedures received
during the AMI event.

Outcome Measurements

The primary outcome was in-hospital mortality. Secondary
outcomes included 90-day mortality, 1-year mortality, and
development of respiratory failure and shock during hospital-
ization. Death was defined as a patient’s withdrawal from the
NHI program.’ The date of withdrawal from the Taiwan NHI
program has been recognized as an accurate proxy for
mortality date.’®'" In-hospital mortality was defined as
withdrawal within 7 days of discharge, and 90-day and
1-year mortality was defined as dropping out of the NHI
program within 90 days or 1 year of the index day, respec-
tively. The follow-up duration lasted from the index day until a
patient’s death or the end of 2013. Respiratory failure was
defined on the basis of the use of invasive or noninvasive
mechanical ventilatory support. A shock episode was defined
according to the use of norepinephrine, dopamine, epinephr-
ine, or intra-aortic balloon pumping during admission.

Sensitivity Analysis

Three sensitivity analyses were performed to examine the
robustness of results. First, we matched patients in the COPD
and non-COPD groups by using a propensity score that
included age, sex, socioeconomic status, comorbidities, and
year of the index AMI event in the model. Second, we
recategorized patients with asthma (ICD-9-CM code 493) and
bronchiectasis (ICD-9-CM code 494) into the COPD group and
reperformed the analyses. Finally, because AMI and unstable
angina present similar clinical symptoms, a separate analysis
was performed in patients with acute coronary syndrome
(ACS; ICD-9-CM codes 410, 411.1, and 411.8). However, this
analysis included only patients receiving ACS-associated
treatment, namely, dual antiplatelets, anticoagulants, percu-
taneous coronary intervention (PCl), fibrinolysis, or coronary
artery bypass grafting.

Statistical Analysis

Data are reported as median (interquartile range) for contin-
uous variables and as proportion (percentage) for categorical
variables. Continuous variables were analyzed using the
Mann—Whitney U test. Categorical variables were analyzed
using a chi-square test. We first compared the difference in in-
hospital treatment and outcomes between the COPD and non-
COPD groups by using the multivariable logistic regression
model. Variables such as age, sex, socioeconomic status, year
of hospitalization, hospital LOS, and comorbidities (diabetes
mellitus, hypertension, previous myocardial infarction,
ischemic heart disease, congestive heart failure, stroke,
dyslipidemia, chronic kidney disease, and atrial fibrillation)
were adjusted in the model. In addition, we used the
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univariable and multivariable logistic regression models to
evaluate the effect of other medications and treatments
received during hospitalization on the use of individual
cardiovascular medications. The medications and treatments
evaluated included inhalation therapy (bronchodilator, ster-
oids, or mucolytics), theophylline, oral B-agonists, mucolytic
agents, cough and cold preparations, antibiotics, diuretics,
and antiarrhythmics.

We then used Cox proportional hazard models to compare
mortality outcomes (in-hospital, 90-day, and 1-year mortality)
between the COPD and non-COPD groups. The survival time
was measured from the index day until the date of death or
the end of the study (December 31, 2013), whichever
occurred earlier. The proportional hazards assumption was
evaluated graphically and found to be appropriate. Variables
such as age, sex, socioeconomic status, comorbidities,
hospital LOS, and year of hospitalization were adjusted in
the survival models. Adjusted survival curves were presented
using the corrected group prognosis method. '?

We estimated temporal trends in in-hospital treatments and
outcomes by using logistic regression in the COPD and non-
COPD groups. We categorized the year of the AMI index event

into 5 categories and used them as explanatory variables. A P
value of <0.05 indicated a positive trend toward an increasing or
decreasing use of the specific treatment with time. In addition,
an interaction between the COPD group indicator and the index
year was analyzed separately.

We evaluated the effect of in-hospital treatment on
patients with COPD by using univariable and multivariable
logistic regression models in which baseline confounding
factors, including age, sex, socioeconomic status, comorbidi-
ties, hospital LOS, and year of hospitalization were adjusted.
Variables in the univariable analysis with P values of <0.15
were subjected to multivariable analysis. A 2-tailed P value of
<0.05 indicated statistical significance. The relative risk was
calculated using a modified Poisson regression model with
robust error variance.'®

For propensity score matching in the sensitivity analyses,
we estimated the propensity of patients with COPD by using
the logistic regression model. The following variables were
included in the model: age, sex, socioeconomic status,
comorbidities, hospital LOS, and year of hospitalization. We
performed the 1:1 matching by using the nearest neighbor
algorithm without replacement and a caliper width of 0.05. A

1 million randomly selected

in 2000 (LHID2000)

beneficiaries from Taiwan NHI

A

AMI admission records
between 2004 and 2013

(n=1921)

(n=8413)
Excluding
* Age<20(n=1)
» Survived but admitted <2 days
for AMI (n = 185)
A * Duplicated admission records
6770 patients (n=1457)
included in this study
COPD diagnosed before AMI event
with associated treatment prescribed
Yes No
COPD group Non-COPD group

(n=4849)

Figure 1. Flow diagram demonstrating patient inclusion and exclusion. AMI indicates acute myocardial
infarction; COPD, chronic obstructive pulmonary disease; NHI, National Health Insurance.
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total of 1800 patients with COPD were matched with 1800
patients without COPD. The matched samples were well
balanced, with all absolute standardized differences of <0.1.
After matching, the odds ratio was calculated using the
general estimating equation, and survival data were calculated
using Cox proportional hazards models with a robust variance
estimator.*

Analyses were performed using SAS version 9.4 (SAS
Institute, Inc.).

Results

Baseline Characteristics

From the sample of 1 million people, we included 6770 patients
with AMI (Figure 1). Among them, 1921 (28.3%) patients had
received a diagnosis of COPD. The median age of the patients
with AMI was 70 years (interquartile range 58-79 years).
Compared with the patients without COPD, the patients with
COPD were older and had more comorbidities (Table 1).

Table 1. Demographic Data of the Study Cohort

Non-COPD
COPD Patients Patients
Characteristics (n=1921) (n=4849) P Value
Patient characteristics
Age, y, median (IQR) 77 (68-83) 67 (55-77) | <0.0001
Male, n (%) 1306 (68.0) 3323 (68.5) | 0.6642
Socioeconomic status: <0.0001
monthly income
(TWD), n (%)
>40 000 41 (2.1) 276 (5.7)
20 000-39 999 507 (26.4) 1453 (30.0)
1-19 999 1158 (60.3) 2632 (54.3)
Dependent 215 (11.2) 488 (10.1)
Medical history, n (%)
Hypertension 1375 (71.6) 2801 (57.8) | <0.0001
Diabetes mellitus 768 (40.0) 1727 (35.6) | 0.0008
Previous myocardial 190 (9.9) 335 (6.9) <0.0001
infarction
Ischemic heart disease | 822 (42.8) 1426 (29.4) | <0.0001
Heart failure 449 (23.4) 489 (10.1) <0.0001
Stroke 432 (22.5) 645 (13.3) <0.0001
Dyslipidemia 495 (25.8) 1236 (25.5) | 0.8131
Chronic kidney disease | 288 (15.0) 545 (11.2) <0.0001
Atrial fibrillation 160 (8.3) 152 (3.1) <0.0001

COPD indicates chronic obstructive pulmonary disease; IOR, interquartile range; TWD,
Taiwan dollars.

In-Hospital Treatment and Clinical Outcomes

The median hospital LOS was 6 days (interquartile range
4-12 days). The patients with COPD had longer LOS than did
the patients without COPD (median 8 [interquartile range
4-15] versus 6 [interquartile range 4—11] days, P<0.0001).
The patients with COPD had a lower likelihood of receiving
evidence-based pharmacological and interventional
treatments for AMI, namely, antiplatelets, anticoagulants,
B-blockers, angiotensin-converting enzyme inhibitors/
angiotensin Il receptor blockers (ACEI/ARB), statins, coronary
angiography, PCl, and coronary artery bypass grafting
(Table 2). We observed an increasing trend of calcium channel
blocker use in the patients with COPD (Table 2). This
observation remained consistent after adjusting for age, sex,
socioeconomic status, hospital LOS, and comorbidities.

The use of some cardiovascular medications appeared to
be affected by other medications and treatments received
during hospitalization. The patients receiving theophylline or
antibiotics were less often prescribed dual antiplatelets,
anticoagulants, B-blockers, and ACEI/ARB. The patients
receiving oral B-agonists less often received statins and
B-blockers. In contrast, the patients receiving cough and
cold preparations or diuretics more often received cardio-
vascular medications (Table S1). Importantly, COPD remains
an independent factor that is correlated with the underuse of
several cardiovascular prescriptions.

Regarding clinical outcomes, the patients with COPD had
higher risks of in-hospital, 90-day, and 1-year mortality and
respiratory failure during hospitalization. The risk of shock
episodes, however, did not significantly differ between the 2
groups (Table 2). Moreover, survival curves significantly
differed between these 2 groups (Figure 2).

Temporal Trends in Treatment and Outcomes

With respect to treatment trends between 2004 and 2013, we
observed an increasing use of dual antiplatelets, anticoagu-
lants, and statins in all patients with AMI (Figure 3). Coronary
angiography and PCl were also more frequently performed in
the patients with AMI (Figure 3). More patients with COPD
received [-blockers with time; however, their percentage
remained lower than that of the patients without COPD
(Figure 3). The trends of ACEI/ARB use showed no significant
change in either group (Figure 3; Table S2).

Regarding clinical outcomes over the 10-year period, in-
hospital, 90-day, and 1-year mortality and the occurrence of
respiratory failure and shock episodes decreased in the
patients without COPD (Figure 4). In the COPD group,
although only 1-year mortality and the occurrence of respi-
ratory failure decreased, a decreasing trend of in-hospital
mortality was observed (Figure 4; Table S3).
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Table 2. In-Hospital Treatments and Clinical Outcomes of the Study Cohort

COPD Patients Non-COPD Patients
Outcomes/Therapies n % n % aOR/aHR 95% ClI P Value
In-hospital treatment
Aspirin 1579 82.2 4276 88.2 0.74 0.63-0.86 0.0002
Dual antiplatelets 1375 716 3754 77.4 0.82 0.72-0.94 0.0050
Anticoagulants* 1458 75.9 4066 83.9 0.76 0.66-0.88 0.0002
f3-Blockers 885 46.1 2965 61.2 0.66 0.59-0.74 <0.0001
Calcium channel blockers 778 40.5 1664 343 1.11 0.98-1.25 0.0866
ACEI/ARB 1155 60.1 3286 67.8 0.83 0.73-0.93 0.0017
Statins 754 39.3 2362 48.7 0.85 0.75-0.96 0.0080
Coronary angiography 1037 54.0 3296 68.0 0.76 0.67-0.86 <0.0001
PCI 780 40.6 2571 53.0 0.78 0.69-0.88 <0.0001
CABG 59 3.1 256 5.3 0.57 0.41-0.77 0.0003
Outcomes
In-hospital mortality 489 25.5 751 15.5 1.257 1.11-1.41 0.0003
90-day mortality 577 30.0 924 19.1 1.187 1.06-1.32 0.0028
1-year mortality 769 40.0 1217 25.1 1.20° 1.09-1.32 0.0002
Respiratory failure 573 29.8 1069 22.1 1.16 1.01-1.32 0.0324
Shock episodes 840 43.7 1889 39.0 0.97 0.86-1.09 0.5783

All models were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay, and comorbidities (diabetes mellitus, hypertension, previous myocardial
infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic renal disease, and atrial fibrillation). ACEI/ARB indicates angiotensin-converting enzyme
inhibitors /angiotensin Il receptor blockers; aHR, adjusted hazard ratio; aOR, adjusted odds ratio; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; PCI,

percutaneous coronary intervention.

*Only 189 (2.7%) patients received fibrinolysis. These patients were combined into the anticoagulant group.

TAdjusted hazard ratio.

Influence of Possible In-Hospital Treatment on
In-Hospital Mortality and Sensitivity Analysis

We investigated the effect of in-hospital treatment on the in-
hospital mortality of the patients with COPD. After adjusting
for baseline covariates, we observed that several treatment
modalities were associated with a decreased risk of in-
hospital mortality, namely, dual antiplatelets, B-blockers,
ACEI/ARB, statins, coronary angiography, and coronary artery
bypass grafting (Table 3). The B-blockers and ACEI/ARB were
associated with a substantially lower relative risk of in-
hospital mortality (the risk differences were 16% and 43%,
respectively). Compared with patients without COPD, the
patients with COPD still had a higher risk of in-hospital
mortality after adjustment for dual antiplatelets, anticoagu-
lants, and coronary angiography; however, further adjustment
for ACEI/ARB or [-blockers rendered the difference non-
significant (Figure 5). Moreover, in-hospital, 90-day, and 1-
year mortality did not differ between the patients with COPD
who received dual antiplatelets, B-blockers, statins, ACEl/
ARB, and coronary revascularization and the patients without
COPD (Table S4). In contrast, the patients with COPD who did

not receive cardiac catheterization had higher in-hospital
mortality and an increasing trend of 90-day and 1-year
mortality than did the patients without COPD (Table S4).

In the sensitivity analysis, in-hospital, 90-day, and 1-year
mortality were consistently higher in the COPD group. In
addition, all 3 analyses consistently demonstrated that the
COPD group had a lower likelihood of receiving evidence-
based treatments for AMI during hospitalization (Table S5).

Discussion

The results of our population-based observational study of the
patients with AMI in Taiwan between 2004 and 2013 revealed
significant differences in in-hospital treatment and clinical
outcomes between the patients with and without COPD. Over
these 10 years, a higher proportion of the patients with AMI
received improved cardiac therapies and coronary angiogra-
phy, bringing about a decrease in both short- and long-term
mortality in the patients without COPD. The patients with
COPD, however, had a lower likelihood of receiving evidence-
based pharmacological or interventional treatments. These
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Figure 2. Survival curves of patients with acute myocardial infarction with and without chronic
obstructive pulmonary disease (COPD). The adjusted survival curves were adjusted for age, sex,
socioeconomic status, year of hospitalization, hospital length of stay, and comorbidities (diabetes mellitus,
hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke,
dyslipidemia, chronic kidney disease, and atrial fibrillation).

patients also exhibited higher short- and long-term mortality,
with only limited improvement over the past 10 years. Our
findings are consistent with those of a previous study
conducted in the United States.® The Worcester Heart Attack

Study reported that patients with COPD in their cohort were
less likely to receive anticoagulants, B-blockers, statins or
lipid-lowering agents, or cardiac invasive treatment between
1997 and 2007. Calcium channel blockers were used more
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Figure 3. Temporal trends in in-hospital treatment of acute myocardial infarction between 2004 and 2013. Black lines represent patients with
chronic obstructive pulmonary disease (COPD); gray lines represent patients without COPD. *P<0.05, **P<0.01 between patients with and
without COPD; TP<0.01 for trend. ACEI/ARB indicates angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; CABG,
coronary artery bypass grafting; Cath, coronary angiography; CCB, calcium channel blockers; DAPT, dual antiplatelet therapy; PCI, percutaneous

coronary intervention.
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Figure 4. Temporal trends in (A) mortality and (B) morbidities of acute myocardial infarction between
2004 and 2013. Black lines represent patients with chronic obstructive pulmonary disease (COPD); gray
lines represent patients without COPD. *P<0.05, **P<0.01 between patients with and without COPD;

Tp<0.01 for trend.

often in patients with COPD; however, the use of dual
antiplatelets and ACEI/ARB did not decrease.’

Regarding clinical outcomes, in our study, the patients with
COPD had higher in-hospital, 90-day, and 1-year mortality than
did the patients without COPD. In previous studies, however,
higher in-hospital mortality was not observed consis-
tently.>®">"% The overall mortality in our study was higher

than that in the Worcester study. This might be attributable to
the difference in ethnicity'” or possibly to the underuse of
evidence-based AMI treatment. '® The underuse of medications
such as B-blockers and ACEI/ARB is not infrequent in Asian
countries (Table 4).>"-"9"2" |n the 2005-2007 Worcester
study cohort, >90% of patients received B-blockers; however, in
our cohort, only 57% of the patients received B-blockers. If we

Table 3. Univariable and Multivariable Models of Acute Treatment on In-Hospital Mortality of Patients With Both COPD and AMI

Outcomes: In-Hospital Mortality Univariable Multivariable

Acute Treatment RR 95% ClI P Value RR 95% Cl P Value
Dual antiplatelets 0.41 0.35-0.48 <0.0001 0.85 0.72-0.99 0.0423
Anticoagulants 0.53 0.46-0.62 <0.0001 0.92 0.79-1.06 0.2346
(3-Blockers 0.46 0.39-0.56 <0.0001 0.84 0.71-1.00 0.0476
Calcium channel blockers 0.82 0.70-0.95 0.0107 1.04 0.91-1.19 0.5421
ACEI/ARB 0.33 0.27-0.39 <0.0001 0.57 0.48-0.68 <0.0001
Statins 0.40 0.32-0.50 <0.0001 0.69 0.56-0.85 0.0005
Dobutamine 1.33 1.14-1.56 0.0004 1.18 1.04-1.35 0.0137
Dopamine/norepinephrine 5.13 4.22-6.23 <0.0001 4.33 3.57-5.25 <0.0001
Coronary angiography 0.38 0.31-0.46 <0.0001 0.59 0.44-0.80 0.0005
PCl 0.45 0.37-0.56 <0.0001 1.05 0.76-1.45 0.7620
CABG 0.37 0.16-0.86 0.0211 0.35 0.15-0.84 0.0193

All models were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay, and comorbidities (diabetes mellitus, hypertension, previous myocardial
infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease, and atrial fibrillation). ACEI/ARB indicates angiotensin-converting enzyme

inhibitors /angiotensin Il receptor blockers; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; PCl, percutaneous

coronary intervention; RR, relative risk.
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p value
Baseline model & 0.0003

+ DAPT and anticoagulants = 0.0018
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caronary anglography

Model 1: Baseline model + DAPT,

anticoagulants and coronary angio
+ B-blockers 0.0521
+ ACEI/ARB & 0.0572
+ statin & 0.0131
+ B-blockers and ACEI/ARB 0.0811
+ B-blockers and statin = 0.1557
+ ACEI/ARB and statin 5 0.0811
+ B-blockers, ACEI/ARB and statin 0.3052
+ CABG 5 0.0049
+ CABG and B-blockers = 0.1218
+ CABG and ACEI/ARB & 0.0521
+ CABG and statin & 0.0111
+ CABG, B-blockers and ACEI/ARB 0.2714
+ CABG, B-blockers and statin & 0.1342
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Figure 5. In-hospital mortality risk of acute myocardial infarction between patients with and without
chronic obstructive pulmonary disease. The baseline model was adjusted for age, sex, socioeconomic
status, hospital length of stay, year of hospitalization, and comorbidities (diabetes mellitus, hypertension,
ischemic heart disease, dyslipidemia, congestive heart failure, stroke, chronic renal disease, and atrial
fibrillation); Model 1 was further adjusted for dual antiplatelets, anticoagulants, and coronary angiography.
ACEI/ARB indicates angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers; aHR,

adjusted hazard ratio; CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapy.

assume that the patients in our cohort who did not receive -
blockers (n=2920) had 20% mortality, then the mortality
difference between the 2 studies can be accounted for. With
respect to other treatments, the proportions of patients who
received ACEI/ARB, anticoagulants, PCl, or coronary artery
bypass grafting were similar in the 2 studies.

Mortality in our cohort was higher than that in the Taiwan
ACS Full Spectrum Registry, which recruited 3183 patients
between October 2008 and January 2010.2% In-hospital

mortality was only 1.6% and 1-year mortality was only 7.5%.
The difference in mortality between the registry and our
patient cohort may be attributable to differences in the
treatment received and the sampling method. The Taiwan ACS
Registry recruited patients from 39 hospitals, of which 19
were tertiary medical centers. PCl was performed in 84.4% of
patients, which almost doubled our proportion. Thus, this
cohort represents those patients who received aggressive
treatment for ACS in Taiwan. In contrast, in 2004 and 2005,
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Table 4. Medications Prescribed Proportions in Different Countries

Country or Lipid-Lowering
Studies Region B-Blockers ACEI/ARB Agents/Statins Year
Qian et al'” USA 98.5 93.6 945 2008
Daida et al'® Japan 495 785 778 2008-2009
Lee et al®’ Korea 727 81.5 77.2 2005-2008
Zubaid et al®?° Middle East 67.1 63.2 81.0 20062007
Our study Taiwan 64.5 67.5 64.0 2012-2013

ACEI/ARB indicates angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers.

only 57.7% and 34.7% of our patients without COPD
underwent coronary angiography and PCI, respectively.
Moreover, in 2008 and 2009, only 57.9% of our patients
without COPD received PCI. This finding suggests that our
patient cohort encompasses a broader range of hospital levels
and patient characteristics. Moreover, the registry required
informed consent, and 10% of patients were lost to follow-up
in the following year, thus mortality may have been under-
estimated. In contrast, we considered dropping out from the
NHI as an indicator of death. This may have resulted in the
overestimation of mortality.

We hypothesized that the higher mortality of patients with
COPD was due to the underuse of evidence-based treatment
modalities” 82324 therefore, we examined the individual
effect of in-hospital treatment on clinical outcomes. Our data
indicate that dual antiplatelets, B-blockers, ACEI/ARB, statins,
coronary angiography, and coronary artery bypass grafting
independently reduced in-hospital mortality in patients with
COPD. The B-blockers and ACEI/ARB were associated with a
substantially lower relative risk of in-hospital mortality. The
risk of in-hospital mortality persisted in the patients with
COPD after adjusting for dual antiplatelets, anticoagulants,
and coronary angiography; however, after further adjusting for
B-blockers or ACEI/ARB, the risk became nonsignificant.
Mortality did not differ between the patients with COPD who
received a combination of dual antiplatelets, B-blockers,
statins, ACEI/ARB, and coronary revascularization and the
patients without COPD. These data indicate that the risk of
mortality was lower in patients with COPD who received
evidence-based treatment modalities. Consequently, we sug-
gest that all evidence-based pharmacological and interven-
tional treatments should be aggressively used in all patients
with AMI, particularly in those with COPD. The underuse of -
blockers in patients with both COPD and AMI has been
reported.>?>"?® Past research has indicated that the main
concern is bronchospasm; however, recent studies have
reported that cardioselective B-blockers generally do not
cause bronchospasm, and the use of [B-blockers may even
reduce the risk of exacerbations in patients with COPD.?% 32

We believe that B-blockers exert beneficial effects on patients
with both COPD and AMI, lowering their mortality.

In this study, we could not evaluate whether a patient was
indicated or contraindicated for a specific treatment modality.
The patients with COPD who did not receive coronary
angiography had a higher risk of in-hospital mortality than
those without COPD. This may have occurred because the
patients could not tolerate the procedure or their physicians
withheld the treatment owing to concerns about risk.
Nevertheless, the exact reason could not be established.
Considering the nature of the claims database, we could not
differentiate between the 2 scenarios. Likewise, the reason
for the nonadministration of B-blockers or ACEI/ARB to the
patients with COPD could not be evaluated. Because of our
data limitations, we could not investigate whether this
nonadministration was because of the concern regarding
bronchospasm or owing to the patient having already
developed hypotension, preventing their use. This situation
possibly generated confounding results, that is, more severely
ill patients who were unable to receive B-blockers or ACEl/
ARB might have contributed to the increased mortality of
patients not receiving medications. Nevertheless, considering
that B-blockers and ACEI/ARB remain the standard adjunct
therapy in AMI, we continue to advocate for their use in
patients with COPD. These treatments should be adminis-
trated to those patients who have no contraindications for a
specific AMI treatment.

Our study has several limitations. First, we used data
extracted from the NHIRD, which is a claims database and
does not provide additional information, such as cigarette
smoking, body mass index, or the lifestyle of the beneficiary.
Clinically relevant data including disease manifestation,
laboratory data, and examination results (eg, the lung function
test) are also not provided; therefore, unspecified potential
confounders may have been overlooked. Second, the diagno-
sis of AMI and COPD relied solely on the presence of
diagnostic codes in a beneficiary’s record. Miscoding could
have happened but was difficult to identify. Moreover, we
could not validate the diagnosis of COPD with respect to the
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standard diagnostic criteria (ie, the ratio between the forced
expiratory volume in 1 second and the forced vital capacity).
A study conducted in Michigan identified patients with COPD
having postbronchodilator spirometry results and reported
that the ICD-9-CM codes (491, 492, 496, and 493.2) had only
76% and 67% sensitivity and specificity, respectively.®® To the
best of our knowledge, no study has validated the accuracy of
the NHIRD diagnostic codes for COPD. Moreover, because the
NHIRD does not contain laboratory or examination results, we
could not assess the sensitivity and specificity of the NHIRD
diagnostic codes for the classification of COPD. It is possible
that less symptomatic patients often do not receive a
diagnosis of COPD or that our patients with COPD were
more symptomatic than is usual. These circumstances may
have accentuated the difference in clinical outcomes. Regard-
ing the diagnosis of AMI, a study validated the NHIRD
diagnosis coding,®* and our sensitivity analysis of the patients
receiving ACS-specific treatment demonstrated consistent
results. Third, owing to the inherent limitations of observa-
tional studies, we could not address the unmeasurable and
unrecorded confounding factors; therefore, bias (eg, con-
founding by indications) may exist.

Conclusion

In our study, patients with COPD were less likely than those
without COPD to receive evidence-based pharmacological
and interventional treatments during hospitalization for AMI.
They also had inferior clinical outcomes compared with
those of the patients without COPD. Limited improvement of
clinical outcomes was observed during the 10-year study
period. Several evidence-based treatments, especially B-
blockers and ACEI/ARB, were significantly correlated with
survival.
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Table S1. Effects of in-hospital medications and cardiovascular prescriptions in the study cohort.

Dual antiplatelets Anticoagulants B-blockers CCB ACEI/ARB Statins

OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI
COPD 0.87* 0.75-1.00 0.82* 0.70-095 0.71* 063-080 1.04 091-1.17 0.82* 0.73-093 0.89 0.79-1.01
Inhalation therapy¥ 0.93 0.81-1.07 1.24* 1.07-1.43 0.85* 0.74-0.98
Theophylline 0.80* 0.66-0.97 0.75* 0.61-0.91 0.60* 0.50-0.71 1.22* 1.02-1.46 0.97 0.80-1.18
Oral B-agonists 0.83 0.65-1.07 0.85 0.65-1.10 0.73* 0.58-0.93 0.99 0.78-1.25 0.67* 0.51-0.88
Mucolytic agents 1.43* 1.18-1.74 110 0.97-1.25
Cough and cold preparations 1.37* 1.20-1.57 1.34* 1.16-1.55 1.34* 1.19-1.50 1.01  0.85-1.22 1.31* 1.17-1.48
Antibiotics 0.45* 0.39-0.52  0.46* 0.39-053 0.69* 061077 111 098126 055 049-0.63 0.65* 0.58-0.74
Diuretics 154* 1.34-1.77 153* 1.32-1.79 1.55* 1.37-1.75 1.61* 1.42-1.82 1.78* 1.57-2.01
Anti-arrhythmics 1.36* 1.15-1.60 0.78* 0.68-0.89 0.78* 0.68-0.88 0.82* 0.72-0.93

For each cardiovascular medication in the first row of the table, we performed univariable analysis that included variables in the first column of
the table. Variables with P values of <.15 were subjected to multivariable analysis. * P < .05

All models (both univariable and multivariable) were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay,

and comorbidities.
tInhalation therapy included bronchodilator inhalation, steroid inhalation, and mucolytic inhalation therapy.

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker; CCB, calcium channel blockers; Cl,

confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio.



Table S2. Temporal trends of in-hospital treatment in acute myocardial infarction
patients with or without chronic obstructive pulmonary disease between 2004 and 2013.

Treatment received (%) 2004/05 2006/07  2008/09  2010/11  2012/13  Ptrends

Dual antiplatelets

COPD 46.7 62.1 72.3 78.4 81.8 <.0001

non-COPD 59.1 73.9 81.1 83.0 89.4 <.0001
Anticoagulants

COPD 70.7 71.6 74.6 77.1 80.8 .0003

non-COPD 79.5 82.2 84.2 84.0 89.1 <.0001
B-blockers

COPD 354 44.5 45.2 48.9 49.9 .0003

non-COPD 60.2 59.5 61.9 59.1 64.7 .0784
CCB

COPD 44.1 39.1 43.1 38.7 394 .2690

non-COPD 374 34.8 35.1 33.2 313 .0035
ACEI/ARB

COPD 55.9 62.5 58.4 63.7 58.6 .6390

non-COPD 69.8 66.5 68.5 66.4 67.5 .2986
Statin

COPD 23.6 25.6 39.1 45.6 49.1 <.0001

non-COPD 313 38.4 51.4 56.9 64.0 <.0001
Coronary angiography

COPD 42.4 44.5 57.4 55.9 60.8 <.0001

non-COPD 57.7 62.9 70.5 69.5 78.4 <.0001
PCI

COPD 24.0 32.2 43.1 43.5 48.7 <.0001

non-COPD 34.7 48.2 57.9 57.1 66.3 <.0001
CABG

COPD 3.1 3.2 2.8 2.3 4.0 6114

non-COPD 6.7 6.8 54 4.3 35 .0001

Interaction of group indicator of COPD with time: significant in B-blockers (P =.0075) and
CABG (P =.0311) groups.



Abbreviations: ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin Il receptor
blocker; CABG, coronary artery bypass grafting; CCB, calcium channel blockers;
COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention.



Table S3. Temporal trends in clinical outcomes in acute myocardial infarction

patients with and without chronic obstructive pulmonary disease (COPD) between

2004 and 2013.

Mortality (%) 2004/05  2006/07 2008/09  2010/11  2012/13  Ptrends
In-hospital

COPD 29.7 26.5 26.1 24.4 23.4 .0563

non-COPD 18.4 18.1 14.0 16.0 11.4 <.0001
90-days

COPD 33.2 30.0 30.5 311 27.3 1757

non-COPD 22.5 21.9 17.2 19.8 14.3 <.0001
1-year

COPD 46.3 43.5 40.6 41.6 33.1 .0004

non-COPD 29.1 27.2 23.7 26.0 19.8 <.0001
Respiratory failure

COPD 36.2 35.3 27.4 28.8 26.3 .0013

non-COPD 26.4 24.1 21.8 21.1 17.2 <.0001
Shock episode

COPD 47.6 47.0 41.6 42.4 42.8 1329

non-COPD 45.1 39.6 37.9 38.2 34.2 <.0001

Interaction of group indicator of COPD with time: all non-significant.



Table S4. The mortality of acute myocardial infarction between patients with and without chronic obstructive pulmonary disease

(COPD) that received specific treatment.

) In-hospital 90-days 1-year
Mortality

aHR 95% CI P value aHR 95% CI P value aHR 95% CI P value

DAPT, B-blockers, ACEI/ARB,

: . 1.15 0.60-2.24 6762 1.16 0.70-1.95 5615 1.33 0.89-1.98 1703
statin and coronary revascularization

Coronary angiography 1.14 0.91-1.43 2597 1.08 0.88-1.31 4719 1.12 0.95-1.32 1629

No coronary angiography 1.22 1.06-1.41 .0070 1.14 1.00-1.30 .0585 1.12 1.00-1.26 .0583

All models were adjusted for age, sex, socioeconomic status, year of hospitalization, hospital length of stay, comorbidities (diabetes mellitus,
hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease and

atrial fibrillation).

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker; aHR, adjusted hazard ratio; Cl, confidence
interval; COPD, chronic obstructive pulmonary disease; DAPT, dual-antiplatelet therapy.



Table S5. Results of sensitivity analyses: hazard ratio for mortality outcomes, and odds ratio for receiving specific treatment

and motility of different grouping of patients

Original model: Sensitivity analysis 1: Sensitivity analysis 2: Sensitivity analysis 3:
AMI population propensity score 1:1 Combine asthma and ACS population receiving
matching on baseline bronchiectasis patients specific treatment
characters into COPD group
COPD patient number 1921 1800 2309 2102
Non-COPD patient number 4849 1800 4461 5707
Clinical outcomes aHR 95% CI aHR 95% CI aHR 95% CI aHR 95% CI
In-hospital mortality 1257 1.11-1.41 128" 1.12-1.48 1287  1.13-1.44 1.24™  1.06-1.44
90-day mortality 118"  1.06-1.32 1.22"  1.08-1.38 1.18™  1.06-1.31 1.16 1.01-1.33
1-year mortality 1.20"™"  1.09-1.32 1.22""  1.09-1.35 1.19™"  1.08-1.30 1177 1.04-1.31
Respiratory failuref 1.16" 1.01-1.32 1.22"  1.05-1.42 1.19™  1.04-1.35 117" 1.01-1.36
Shock* 0.97 0.86-1.09 0.99 0.86-1.13 0.96 0.86-1.08 0.97 0.86-1.10
In-hospital treatments aOR 95% CI aOR 95% CI aOR 95% CI aOR 95% CI
Dual-antiplatelets 0.82"  0.72-0.94 0.83" 0.71-0.97 0.83"  0.73-0.95 0.80”  0.70-0.92
Anticoagulants 0.76™"  0.66-0.88 0.78"  0.66-0.93 0.817  0.70-0.93 1.01 0.77-1.31
B-blockers 0.66™"  0.59-0.74 0.68"™"  0.59-0.78 0.68™" 0.61-0.76 0.71™"  0.64-0.79

CCB 1.11 0.98-1.25 1.14 0.99-1.31 1.11 0.99-1.25 1.09 0.97-1.21



ACEI/ARB 0.83"  0.73-0.93 0.85" 0.74-0.98 0.84™  0.75-0.94 0.87" 0.77-0.97

KKk

Statin 0.85™ 0.75-0.96 0.85" 0.74-0.98 0.80 0.72-0.90 0.91 0.81-1.02
Coronary angiography 0.76™" 0.67-0.86 0.79"  0.68-0.91 0.79™  0.70-0.89 0.82"  0.72-0.93
PCI 0.78™"  0.69-0.88 0.79™ 0.69-0.91 0.80"™"  0.71-0.90 0.82"" 0.73-0.91
CABG 0.57"" 0.41-0.77 0.65" 0.46-0.93 0.69™ 0.52-0.91 0.66™ 0.51-0.86

*kk

“P <.05; 7P <.01; 7P <.001;

+ :adjusted odds ratio

All models were adjusted for age, sex, socioeconomic status, length of hospital stay, year of hospitalization and comorbidities (diabetes mellitus,
hypertension, previous myocardial infarction, ischemic heart disease, congestive heart failure, stroke, dyslipidemia, chronic kidney disease and

atrial fibrillation).

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin Il receptor blocker; ACS, acute coronary syndrome; aHR,
adjusted hazard ratio; AMI, acute myocardial infarction; aOR, adjusted odds ratio; CABG, coronary artery bypass grafting; CCB, calcium
channel blockers; CI, confidence interval; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention



