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1.  INTRODUCTION
According to the World Health Organization, ischemic heart 
disease has been the leading cause of death worldwide in 
recent years. The mortality rate is 8.93 million deaths annually, 

accounting for nearly 16% of all-cause mortality.1 Despite the 
standard medical treatment recommended by American Heart 
Association/European Society of Cardiology, and the evolution 
of interventional therapy, acute myocardial infarction (AMI) 
still causes tremendous morbidity and mortality, thereby bur-
dening the healthcare system.2 Thus, the factors related to AMI 
influencing mortality should be addressed.

Chronic obstructive pulmonary disease (COPD), with a prev-
alence rate of approximately 11.7%, causes serious and long-
term disability and early death, accounting for approximately 
3.2 million deaths annually.1 COPD and AMI share common 
risk factors that promote inflammation, characterized by the 
enhanced production of chemokines and cytokines such as inter-
leukin (IL)-1, IL-6, and tumor necrosis factor-alpha, which enter 
the circulation from the lungs. Moreover, inflammation deterio-
rates preexisting comorbidities and may initiate lung cancer.3

Despite the pharmacological management of AMI, sys-
temic inflammation due to COPD promotes atherosclerosis, 
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endothelial dysfunction, and arterial stiffness;4 thereby reducing 
treatment efficacy and survival in patients with AMI. Meanwhile, 
the main underlying causes of COPD in Asian populations are a 
high prevalence rate of cigarette smoking and a very high level 
of air pollution.5 Whether the different causes of COPD influ-
ence the outcome of AMI needs clarification.

Furthermore, the medications for secondary prevention after 
AMI, such as beta-blockers, have been associated with reduced 
mortality in patients with COPD.6 On the other hand, the safety 
of COPD medications, such as inhaled bronchodilators and cor-
ticosteroids, has yet to be investigated in patients with AMI.7,8 
Therefore, this nationwide population-based cohort study aimed 
to investigate the long-term impact of COPD and the safety of 
COPD medications in patients with AMI.

2.  METHODS

2.1.  Data collection
We conducted a nationwide cohort study in Taiwan, including 
all hospitalized patients with a primary diagnosis of AMI, which 
was approved by the Human Research Committee of Kaohsiung 
Veterans General Hospital. Data were retrieved from a full-
population dataset from Taiwan’s National Health Insurance 
Research Database (NHIRD). Taiwan launched the National 
Health Insurance (NHI) program in 1995 and enrolled 99.9% 
of citizens and legal residents. This dataset contains data for 
approximately 23 million people whose registration files, diag-
nosis codes, medications, examinations, and procedures were 
recorded for reimbursement and research.9 The accuracy of 
claimed diagnosis codes have been validated in different studies.10

2.2.  Study design
We identified all hospitalized patients with a primary diagnosis 
of AMI (International Classification of Diseases, Ninth Revision 
[ICD-9], 410-410.92) for the first time between January 2000 
and December 2012 in Taiwan. Patients aged <18 years, >120 
years, and those with unclear insurance records were excluded. In 
addition, patients with AMI and a concurrent diagnosis of COPD 
(ICD-9 codes 491, 492, or 496) were included. Propensity score 
matching was performed using a 1:1 matching protocol based on 
sex, age group, comorbidities, and interventions (percutaneous 
coronary intervention, coronary artery bypass graft, and intra-
aortic balloon pump). Patients with AMI were further divided 
into ST-elevation myocardial infarction (STEMI) and non-STEMI 
(NSTEMI) subtypes. Patients with AMI diagnosed as both 
STEMI and NSTEMI were excluded. Patients with either subtype 
in the AMI cohort with a concurrent diagnosis of COPD were 
identified individually by ICD-9 codes, whereas patients with 
either subtype in the AMI cohort without COPD were selected by 
propensity score matching and designated as the control group. 
We used ICD-9 codes to identify AMI subtypes and comorbidities 
and anatomical therapeutic chemical codes to analyze the survival 
influence of COPD and AMI medications during hospitalization.

2.3.  Outcome analysis
All enrolled patients were followed up until December 31, 2012, 
or death, whichever occurred first. The study’s primary endpoint 
was mortality, defined as the end date of NHI coverage. The 
criteria for mortality are reliable in Taiwan because NHI is man-
datorily paid monthly, even in low-income households (the gov-
ernment offers premium subsidies). Thus, the difference between 
the date of admission and the end date of NHI coverage should 
be within one month.

2.4.  Statistical analyses
Data were analyzed using SAS software (version 9.4; SAS 
Institute, Inc., Cary, NC). Categorical data are presented as 

percentages and compared using Chi-square tests. Continuous 
variables are presented as means and SDs and compared using 
paired t-tests. A Cox proportional hazards model was used to 
calculate hazard ratios and 95% CIs. Kaplan-Meier analysis 
was performed to estimate the cumulative survival and differ-
ences between patients with AMI and COPD and the control 
group. A log-rank test was performed to evaluate differences 
between curves. Differences with a two-tailed p value <0.05 
were considered statistically significant.

3.  RESULTS

3.1.  Descriptive characteristics of the study groups
Between January 2000 and December 2012, 186 326 patients with 
a primary diagnosis of AMI for the first time were hospitalized. 
Based on the exclusion criteria, 214 patients were excluded (Fig. 1), 
and 186 112 patients with AMI were included. Patients with AMI 
were categorized into STEMI (73  148 patients) and NSTEMI 
(112  408 patients) cohorts for further analysis. Patients with a 
concomitant COPD diagnosis were selected. There were 23 704 
patients in the overall AMI cohort (6569 in the STEMI cohort 
and 17 089 in the NSTEMI cohort). Patients without COPD were 
propensity score matched (1:1) for each cohort (Fig. 1). Patient 
demographic and clinical characteristics (Table 1) revealed that, 
in both groups of all cohorts, most patients were male and >65 
years of age. No significant differences were observed in comor-
bidities and coronary vessel interventions between groups, except 
in the AMI cohort, which had a higher proportion of patients 
with STEMI and concomitant COPD (32.29% vs. 27.7%; p < 
0.0001). In each cohort, patients with COPD were administered 
more calcium channel blockers, short- and long-acting bronchodi-
lators, Xanthiums, and corticosteroids than those without COPD. 
In addition, patients without COPD received more antiplatelets, 
angiotensin-converting enzyme inhibitors (ACEIs), angioten-
sin receptor blockers (ARB), statins, beta-blockers, and heparin 
or low-molecular-weight heparin than patients with COPD. No 
significant differences were observed in the use of vasopressors 
(dopamine or norepinephrine) and interventions (percutaneous 
coronary intervention, coronary artery bypass graft, and intra-
aortic balloon pump) between the two groups.

3.2.  Survival analysis
During the 12-year follow-up, Kaplan-Meier curves suggested 
that patients with COPD had a higher mortality risk than those 
without COPD in all cohorts (AMI, STEMI, and NSTEMI). 
Differences in mortality remained among subgroups for sex, 
age, hypertension, diabetes mellitus, and percutaneous coronary 
intervention (log-rank, all p < 0.0001; Figs. 2–4). The mortality 
rates (p < 0.0001) were 77.65% and 67.89% in patients with 
and without COPD in the AMI cohort, respectively; 74.12% 
and 61.85% in patients with and without COPD in the STEMI 
cohort, respectively; and 78.99% and 70.52% in patients with 
and without COPD in the NSTEMI cohort, respectively.

Cox proportional hazards regression analysis revealed that 
the mortality rate in AMI patients was higher in males, those 
≥65 years of age, and those with hypertension, diabetes mellitus, 
peripheral vascular disease, heart failure, end-stage renal disease, 
and cerebral vascular accidents (Table 2). COPD in patients with 
AMI was associated with a 12% higher mortality rate (20% 
higher in patients with STEMI and 7% higher in patients with 
NSTEMI). The negative impacts of age and comorbidities on 
mortality risk were similar in all cohorts (Table  2). Post-AMI 
medications such as antiplatelets, beta-blockers, ACEI/ARB, 
and statins substantially reduced mortality risk in all cohorts. 
However, corticosteroids, short-acting beta-agonists (SABA), 
and short-acting muscarinic antagonists (SAMA) significantly 
increased mortality risk in the AMI cohort. The adverse effects 
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of corticosteroids and short-acting bronchodilators were consist-
ent in all cohorts. In contrast, long-acting beta-agonists (LABAs), 
long-acting muscarinic antagonists (LAMA), and Xanthiums 
significantly increased survival rates in the AMI cohort. Similar 
results were observed in the NSTEMI cohort; however, no signifi-
cant survival benefit was observed in the STEMI cohort.

4.  DISCUSSION
In this nationwide population-based cohort and propensity 
score-matched study, AMI, STEMI, and NSTEMI patients with 

COPD had higher mortality rates than those without COPD. 
Guidelines suggest that post-AMI medications reduce the mor-
tality rate in all patients with AMI, irrespective of COPD sta-
tus. However, post-AMI medications are lesser administered to 
patients with a history of COPD. In contrast, medications for 
COPD may be misused in patients with AMI without COPD 
and underused in those with COPD. In patients with AMI, 
SABA, SAMA, and corticosteroids were associated with a 
higher mortality rate in all cohorts, whereas LABA, LAMA, and 
Xanthium were associated with a reduced mortality rate in AMI 
and NSTEMI cohorts.

Fig. 1  A, Flow chart for the selection of patients with AMI with and without COPD from the Taiwan National Health Insurance Research Database. B, Flow chart 
for the selection of STEMI and NSTEMI cohorts with and without COPD from the Taiwan National Health Insurance Research Database. AMI = acute myocardial 
infarction; COPD = chronic obstructive pulmonary disease; NSTEMI = non-ST-elevation myocardial infarction; STEMI = ST-elevated myocardial infarction.
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AMI is associated with higher inhospital, short-term, and 
long-term mortality.11 The largest retrospective study conducted 
in the UK showed that both inhospital and 180-day mortality 
increased in patients with AMI and COPD.12 A systematic review 
and meta-analysis, including observational studies from Europe 
and the US, demonstrated that mortality risk is 26% higher in 
patients with AMI and COPD than in those with AMI without 
COPD.13 However, the heterogeneity of the meta-analysis was 
high (I2 = 74%), the number of patients included was <10 000, 
and the follow-up duration was variable (1-7 years). Our study 
used data from a nationwide, full-population database that pro-
vided long-term follow-up data. Our study suggests that COPD 
is an independent risk factor for long-term mortality in patients 
with AMI. This result was also observed in the STEMI and 
NSTEMI cohorts.

An analysis using the largest nationwide AMI registry in the 
US showed that STEMI was associated with higher mortality 
within 90 days than NSTEMI, but the difference was reduced 
after multivariant adjustment after 90 days.14 Our study demon-
strated that patients with STEMI had lower long-term mortality 
than those with NSTEMI. This may be because patients with 
STEMI received more medications for secondary prevention and 
had a higher incidence of coronary artery interventions than 
those with NSTEMI (Table 1). STEMI has been associated with 
early mortality; however, our findings suggest that patients with 

NSTEMI require more aggressive evidence-based management 
than those with STEMI.

In the West, patients with AMI and COPD have received 
fewer evidence-based AMI medications.13–15 Our study revealed 
a similar trend of medication underusage, which is common in 
Taiwan. It is not surprising that the beta-blocker prescription 
rate is lower in patients with AMI and COPD. The use of beta-
blockers in COPD raises concerns regarding acute exacerbation 
despite recent studies proving its safety.16 Underusing standard 
postmyocardial infarction medications has been shown to cause 
inferior outcomes.13,17

The present study showed that SABA and SAMA were 
associated with 30% and 20% higher mortality rates, respec-
tively (Table 2). Intriguingly, no adverse effect on survival was 
observed using long-acting bronchodilators. A previous sys-
tematic review and meta-analysis investigating the association 
between inhaled bronchodilators and AMI revealed that tio-
tropium had a protective effect against myocardial infarction 
(26% risk reduction). Still, short-acting beta-2 agonists slightly 
increased the risk of myocardial infarction after the first inha-
lation.18 The differences in mortality rate due to short- and 
long-acting inhaled bronchodilators may be due to long-acting 
bronchodilators relieving airway obstruction and deflating 
the lungs. Hyperinflation of the lungs increases intrathoracic 
pressure and subsequently decreases the preload of the right 

Table 1

Demographic and clinical characteristics of AMI, STEMI, and NSTEMI patients with and without COPD

Variables 

All AMI

p 

STEMI

p 

NSTEMI

p 

With COPD Without COPD With COPD Without COPD With COPD Without COPD 

(n = 23 704) (n = 23 704) (n = 6569) (n = 6569) (n = 17 089) (n = 17 089)

Men, n (%) 17524 (73.93) 17514 (73.89) 0.9167 5149 (78.38) 5144 (78.31) 0.9157 12342 (72.22) 12336 (72.19) 0.9422
Age ≥65 y, n (%) 21033 (88.73) 21041 (88.77) 0.9074 5694 (86.68) 5698 (86.74) 0.9181 15299 (89.53) 15308 (89.58) 0.8735
Comorbidities, n (%)
  Hypertension 16810 (70.92) 16813 (70.93) 0.9758 4214 (64.15) 4212 (64.12) 0.971 12564 (73.52) 12559 (73.49) 0.9511
  Dyslipidemia 7720 (32.57) 7707 (32.51) 0.8986 2164 (32.94) 2154 (32.79) 0.8527 5542 (32.43) 5522 (32.31) 0.8172
  Diabetes mellitus 9334 (39.38) 9373 (39.54) 0.7140 2327 (35.42) 2349 (35.76) 0.6885 6992 (40.92) 7026 (41.11) 0.7085
  Peripheral vascular disease 1294 (5.46) 1276 (5.38) 0.7150 272 (4.14) 270 (4.11) 0.9301 1016 (5.95) 1011 (5.92) 0.9088
  Heart failure 3783 (15.96) 3782 (15.96) 0.9900 722 (10.99) 715 (10.88) 0.8449 3057 (17.89) 3037 (17.77) 0.7775
  End-stage renal disease 839 (3.54) 840 (3.54) 0.9802 145 (2.21) 144 (2.19) 0.9526 693 (4.06) 692 (4.05) 0.9781
  Cerebrovascular accident 1000 (4.22) 998 (4.21) 0.9635 253 (3.85) 246 (3.74) 0.7494 746 (4.37) 739 (4.32) 0.8527
STEMI 6568 (27.71) 7654 (32.29) <0.0001       
Interventions, n (%)
  Percutaneous coronary intervention 7422 (31.31) 7425 (31.32) 0.9763 3130 (47.65) 3123 (47.54) 0.9027 4274 (25.01) 4263 (24.95) 0.8907
  Coronary artery bypass graft 1261 (5.32) 1263 (5.33) 0.9674 389 (5.92) 390 (5.94) 0.9705 866 (5.07) 867 (5.07) 0.9803
  Intra-aortic balloon pump 1021 (4.31) 1019 (4.30) 0.9639 414 (6.30) 412 (6.27) 0.9427 604 (3.53) 607 (3.55) 0.9301
Medications, n (%)
  Antiplatelet 18437 (77.78) 19202 (81.01) <0.0001 5609 (85.39) 5789 (88.13) <0.0001 12790 (74.84) 13375 (78.27) <0.0001
  ACEI or ARB 12463 (52.58) 13331 (56.24) <0.0001 4112 (62.60) 4248 (64.67) 0.0136 8323 (48.70) 9006 (52.70) <0.0001
  Statin 4830 (20.38) 5586 (23.57) <0.0001 1479 (22.51) 1650 (25.12) 0.0005 3340 (19.54) 3940 (23.06) <0.0001
  Beta-blocker 7629 (32.18) 10817 (45.63) <0.0001 2455 (37.37) 3335 (50.77) <0.0001 5159 (30.19) 7447 (43.58) <0.0001
  Calcium channel blocker 9612 (40.55) 8176 (34.49) <0.0001 2320 (35.32) 1820 (27.71) <0.0001 7280 (42.60) 6507 (38.08) <0.0001
  Heparin or LMWH 14210 (59.95) 15408 (65.00) <0.0001 4711 (71.72) 4983 (75.86) <0.0001 9466 (55.39) 10348 (60.55) <0.0001
  Dopamine 5070 (21.39) 4998 (21.09) 0.4188 1565 (23.82) 1470 (22.38) 0.0492 3495 (20.45) 3498 (20.47) 0.9679
  Norepinephrine 2877 (12.14) 2914 (12.29) 0.2207 657 (10.00) 662 (10.08) 0.8846 2165 (12.67) 2324 (13.60) 0.0109
  Spironolactone 3374 (14.23) 2994 (12.63) <0.0001 840 (12.79) 707 (10.76) 0.0003 2529 (14.80) 2311 (13.52) 0.0007
  Long-acting muscarinic antagonist 31 (0.47) 4 (0.06) <0.0001 31 (0.47) 4 (0.06) <0.0001 189 (1.11) 12 (0.07) <0.0001
  Long-acting beta-agonist 221 (3.36) 32 (0.49) <0.0001 221 (3.36) 32 (0.49) <0.0001 886 (5.18) 128 (0.75) <0.0001
  Xanthium 2371 (36.09) 642 (9.77) <0.0001 2371 (36.09) 642 (9.77) <0.0001 6172 (36.12) 1925 (11.26) <0.0001
  Corticosteroid 1504 (22.90) 566 (8.62) <0.0001 1504 (22.90) 566 (8.62) <0.0001 5884 (34.43) 2890 (16.91) <0.0001
  Short-acting muscarinic antagonist 3050 (46.43) 1386 (21.10) <0.0001 3050 (46.43) 1386 (21.10) <0.0001 9380 (54.89) 5114 (29.93) <0.0001
  Short-acting beta-agonist 2384 (36.29) 1067 (16.24) <0.0001 2384 (36.29) 1067 (16.24) <0.0001 6525 (38.18) 3527 (20.64) <0.0001

ACEI = angiotensin-converting enzyme inhibitor; AMI = acute myocardial infarction; ARB = angiotensin receptor blocker; COPD = chronic obstructive pulmonary disease; LMWH = low-molecular-weight 
heparin; NSTEMI = non-ST-elevated myocardial infarction; STEMI = ST-elevated myocardial infarction.
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ventricle. In addition, pulmonary vessels are also compressed by 
alveolar overdistension.19 An observational study demonstrated 
that COPD compromised the circulatory system to compensate 
for the hemodynamic changes during AMI.20 Inhalation of long-
acting bronchodilators has been shown to increase the stroke 
volume and cardiac index by 10% in both left and right ven-
tricles without altering heart rate and blood pressure.21,22 We 

hypothesized that long-acting bronchodilators contributed to 
sustained lung deflation for over 24 hours, thereby reducing the 
cardiac load and oxygen demand, which might provide protec-
tive effects after an AMI event. In contrast, short-acting bron-
chodilators have a shorter half-life, making it difficult to achieve 
a similar magnitude of bronchodilation and lung deflation for 
over 24 hours.

Fig. 2  Kaplan-Meier survival curve for AMI comparing patients with and without COPD and in different subgroups, including sex, age, hypertension, diabetes 
mellitus, and percutaneous coronary intervention. AMI = acute myocardial infarction; COPD = chronic obstructive pulmonary disease.

Fig. 3  Kaplan-Meier survival curve for STEMI comparing patients with and without COPD and in different subgroups including sex, age, hypertension, diabetes 
mellitus, and percutaneous coronary intervention. COPD = chronic obstructive pulmonary disease; STEMI = ST-elevation myocardial infarction.
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This study also showed that approximately one to six patients 
with AMI without a history of COPD were prescribed SABA and 

SAMA (Table 1). This may be due to acute pulmonary edema 
resembling obstructive lung disease symptoms.23 On the other 

Fig. 4  Kaplan-Meier survival curve for NSTEMI comparing patients with and without COPD and in different subgroups, including sex, age, hypertension, diabetes 
mellitus, and percutaneous coronary intervention. COPD = chronic obstructive pulmonary disease; NSTEMI = non-ST-elevation myocardial infarction.

Table 2

Cox proportional hazards regression analysis in patients with AMI with and without COPD

Variables 

All AMI (n = 23 704) STEMI (n = 6569) NSTEMI(n = 17 089)

Adjusted HR (95% CI) p Adjusted HR (95% CI) p Adjusted HR (95% CI) p 

Male 1.09 (1.06-1.12) <0.0001 0.97 (0.92-1.01) 0.1587 1.10 (1.07-1.13) <0.0001
Age≥65y 2.24 (2.15-2.34) <0.0001 2.45 (2.25-2.66) <0.0001 2.10 (2.00-2.20) <0.0001
Comorbidities
  COPD 1.12 (1.09-1.14) <0.0001 1.20 (1.15-1.26) <0.0001 1.07 (1.04-1.10) <0.0001
  Hypertension 1.09 (1.07-1.12) <0.0001 1.15 (1.10-1.20) <0.0001 1.08 (1.05-1.11) <0.0001
  Diabetes mellitus 1.25 (1.22-1.28) <0.0001 1.31 (1.25-1.37) <0.0001 1.22 (1.18-1.25) <0.0001
  Peripheral vascular disease 1.36 (1.30-1.42) <0.0001 1.37 (1.24-1.51) <0.0001 1.32 (1.25-1.38) <0.0001
  Heart failure 1.27 (1.23-1.30) <0.0001 1.37 (1.29-1.46) <0.0001 1.26 (1.22-1.30) <0.0001
  End-stage renal disease 1.61 (1.52-1.70) <0.0001 1.60 (1.40-1.81) <0.0001 1.54 (1.45-1.64) <0.0001
  Cerebral vascular accident 1.06 (1.01-1.12) 0.0227 1.16 (1.05-1.29) 0.0049 1.08 (1.02-1.14) 0.0129
STEMI 0.91 (0.89-0.94) <0.0001     
Interventions
  Percutaneous coronary intervention 0.50 (0.49-0.51) <0.0001 0.49 (0.47-0.52) <0.0001 0.50 (0.49-0.52) <0.0001
  Coronary artery bypass graft 0.51 (0.49-0.54) <0.0001 0.53 (0.48-0.58) <0.0001 0.50 (0.47-0.57) <0.0001
  Intra-aortic balloon pump 1.99 (1.88-2.10) <0.0001 2.04 (1.87-2.23) <0.0001 1.85 (1.72-1.98) <0.0001
Medications
  Antiplatelet 0.75 (0.73-0.77) <0.0001 0.89 (0.84-0.95) 0.0003 0.71 (0.68-0.73) <0.0001
  ACEI or ARB 0.76 (0.47-0.78) <0.0001 0.77 (0.74-0.81) <0.0001 0.74 (0.72-0.77) <0.0001
  Statin 0.85 (0.81-0.88) <0.0001 0.83 (0.76-0.90) <0.0001 0.85 (0.81-0.90) <0.0001
  Beta-blocker 0.86 (0.84-0.88) <0.0001 0.90 (0.86-0.94) <0.0001 0.85 (0.83-0.88) <0.0001
  Long-acting muscarinic antagonist 0.82 (0.69-0.96) 0.0162 0.75 (0.46-1.21) 0.2342 0.80 (0.68-0.96) 0.0143
  Long-acting beta-agonist 0.87 (0.81-0.94) 0.0001 0.91 (0.77-1.07) 0.2458 0.89 (0.83-0.97) 0.0044
  Xanthium 0.94 (0.91-0.96) <0.0001 0.94 (0.89-1.00) 0.0336 0.93 (0.90-0.96) <0.0001
  Corticosteroid 1.10 (1.07-1.14) <0.0001 1.09 (1.02-1.16) 0.0104 1.12 (1.09-1.16) <0.0001
  Short-acting antimuscarinic agent 1.30 (1.26-1.34) <0.0001 1.42 (1.33-1.52) <0.0001 1.25 (1.20-1.30) <0.0001
  Short-acting beta-agonist 1.20 (1.16-1.23) <0.0001 1.17 (1.09-1.24) <0.0001 1.20 (1.16-1.25) <0.0001

ACEI = angiotensin-converting enzyme inhibitor; AMI = acute myocardial infarction; ARB = angiotensin receptor blocker; COPD = chronic obstructive pulmonary disease; HR, hazard ratio; NSTEMI = non-ST-
elevated myocardial infarction; STEMI = ST-elevated myocardial infarction.
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hand, <5% of patients with COPD had continued using either 
LABA or LAMA during AMI, while nearly half of the patients 
with COPD used short-acting bronchodilators (Table  1). 
Prescription of short-acting bronchodilators under the condi-
tions mentioned above led to higher mortality rates in patients 
with AMI. Higher mortality rates with short-acting bronchodi-
lators have also been observed in patients with AMI and COPD. 
Furthermore, LABA is often used in combination with inhaled 
corticosteroids. Sudden withdrawal of LABA during hospitali-
zation and interruption of inhaled corticosteroids increases the 
risk of acute exacerbation of COPD in patients with a history 
of exacerbation or high eosinophil counts.24 Therefore, it is 
suggested that a standard post-AMI pharmacological checklist 
should include long-acting bronchodilators.

Corticosteroids have anti-inflammatory effects and have been 
recommended in chronic obstructive lung disease guidelines for 
patients with group D COPD and COPD with a high eosinophil 
count. Steroids reduce the restenosis rate of bare metal stents.25 
In patients with high C-reactive protein levels, oral prednisolone 
reduced restenosis (relative risk: 0.18) and the risk of major car-
diovascular adverse events.26 However, the detrimental effects 
of corticosteroids in patients with AMI include impaired wound 
healing and thinning of the myocardial wall, leading to ventricu-
lar wall rupture.27 A meta-analysis of corticosteroid treatment 
in patients with AMI revealed a 26% reduction in mortality28; 
however, the mortality benefit was not evident when the analysis 
was restricted to randomized trials and larger studies. Notably, 
no conclusive harm was associated with corticosteroids in the 
meta-analysis. In contrast, our findings suggest that corticos-
teroid use is associated with a higher mortality rate, even in 
patients with COPD, with the STEMI and NSTEMI cohorts 
showing similar risks. The post-AMI care plan should consider 
weighing the benefits and risks of corticosteroids in patients 
with AMI and COPD.

Our study has several strengths. First, we analyzed a full-pop-
ulation dataset, which included data from 23 million Taiwanese 
residents. There was no selection bias resulting from the sam-
pling. Second, the results obtained from the NHIRD data-
set can be generalized to the entire population. Third, in our 
study, patients >65 years old compromised nearly 90% of those 
enrolled. Generally, elderly individuals are rarely enrolled in ran-
domized clinical trials.29 Our study analyzed long-term follow-
up data to identify the risk factors for mortality due to AMI and 
the effectiveness of medications.

On the other hand, our study also has several limitations. 
First, although we used propensity score matching to bal-
ance baseline characteristics between groups, unmeasurable 
confounding factors could have existed. Second, because the 
NHIRD database did not contain information about body 
mass index, smoking habits, and severity of COPD, we could 
not analyze their effects. Third, the diagnosis of AMI and 
COPD was based on the ICD-9. However, the accuracy of the 
main diagnosis in the NHIRD, including AMI and COPD, has 
been individually validated.30,31 Fourth, we could not evaluate 
adherence to evidence-based post-AMI medications during the 
follow-up period.

In conclusion, patients with AMI and COPD have higher mor-
tality rates than those without COPD. The STEMI and NSTEMI 
cohorts showed consistent results. Short-acting bronchodila-
tors and corticosteroids are associated with increased mortality 
during AMI. Long-acting bronchodilators are associated with 
reduced mortality risk; however, they are rarely prescribed for 
AMI. Our study emphasizes that COPD medications also affect 
AMI outcomes. Therefore, multidisciplinary care, incorporated 
with a pulmonologist to evaluate appropriate COPD medica-
tions after AMI, is crucial for improving survival.

ACKNOWLEDGMENTS
The authors would like to thank Yong-Chih Chiu, Hsiao-Chin 
Lin, Tzu-Jung Chuang, Hsiao-Ching Kuo, and Chia-Jung Chin 
for their assistance with statistical analyses.

REFERENCES
	 1.	 GBD 2017 Causes of Death Collaborators. Global, regional, and 

national age-sex-specific mortality for 282 causes of death in 195 coun-
tries and territories, 1980-2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet 2018; 392:1736–88.

	 2.	 Kochar A, Chen AY, Sharma PP, Pagidipati NJ, Fonarow GC, Cowper PA, 
et al. Long-term mortality of older patients with acute myocardial infarc-
tion treated in US clinical practice. J Am Heart Assoc 2018;7:e007230.

	 3.	 Sinden NJ, Stockley RA. Systemic inflammation and comorbidity in 
COPD: a result of ‘overspill’ of inflammatory mediators from the lungs? 
Review of the evidence. Thorax 2010;65:930–6.

	 4.	 Barnes PJ, Celli BR. Systemic manifestations and comorbidities of 
COPD. Eur Respir J 2009;33:1165–85.

	 5.	 Rhee CK, Chau NQ, Yunus F, Matsunaga K, Perng DW; on behalf of the 
COPD Assembly of the APSR. Management of COPD in Asia: a posi-
tion statement of the Asian pacific society of respirology. Respirology 
2019;24:1018–25.

	 6.	 Su TH, Chang SH, Kuo CF, Liu PH, Chan YL. β-blockers after acute 
myocardial infarction in patients with chronic obstructive pulmonary 
disease: a nationwide population-based observational study. PLoS One 
2019;14:e0213187.

	 7.	 Suissa S, Assimes T, Ernst P. Inhaled short acting beta agonist use in COPD 
and the risk of acute myocardial infarction. Thorax 2003;58:43–6.

	 8.	 Wang MT, Liou JT, Lin CW, Tsai CL, Wang YH, Hsu YJ, et al. 
Association of cardiovascular risk with inhaled long-acting bronchodi-
lators in patients with chronic obstructive pulmonary disease: a nested 
case-control study. JAMA Intern Med 2018;178:229–38.

	 9.	 Lin LY, Warren-Gash C, Smeeth L, Chen PC. Data resource profile: the 
National Health Insurance Research Database (NHIRD). Epidemiol 
Health 2018;40:e2018062.

	10.	 Hsieh CY, Su CC, Shao SC, Sung SF, Lin SJ, Kao Yang YH, et al. Taiwan’s 
national health insurance research database: past and future. Clin 
Epidemiol 2019;11:349–58.

	11.	 Goedemans L, Bax JJ, Delgado V. COPD and acute myocardial infarc-
tion. Eur Respir Rev 2020;29:190139.

	12.	 Rothnie KJ, Smeeth L, Herrett E, Pearce N, Hemingway H, Wedzicha 
J, et al. Closing the mortality gap after a myocardial infarction in peo-
ple with and without chronic obstructive pulmonary disease. Heart 
2015;101:1103–10.

	13.	 Rothnie KJ, Yan R, Smeeth L, Quint JK. Risk of myocardial infarction 
(MI) and death following MI in people with chronic obstructive pulmo-
nary disease (COPD): a systematic review and meta-analysis. BMJ Open 
2015;5:e007824.

	14.	 Vora AN, Wang TY, Hellkamp AS, Thomas L, Henry TD, Goyal A, et 
al. Differences in short- and long-term outcomes among older patients 
with ST-elevation versus non-ST-elevation myocardial infarction with 
angiographically proven coronary artery disease. Circ Cardiovasc Qual 
Outcomes 2016;9:513–22.

	15.	 Stefan MS, Bannuru RR, Lessard D, Gore JM, Lindenauer PK, Goldberg 
RJ. The impact of COPD on management and outcomes of patients 
hospitalized with acute myocardial infarction: a 10-year retrospective 
observational study. Chest 2012;141:1441–8.

	16.	 Wang WH, Cheng CC, Mar GY, Wei KC, Huang WC, Liu CP. Improving 
outcomes in chronic obstructive pulmonary disease by taking beta-
blockers after acute myocardial infarction: a nationwide observational 
study. Heart Vessels 2019;34:1158–67.

	17.	 Su TH, Chang SH, Chen PC, Chan YL. Temporal trends in treatment 
and outcomes of acute myocardial infarction in patients with chronic 
obstructive pulmonary disease: a nationwide population-based observa-
tional study. J Am Heart Assoc 2017;6:e004525.

	18.	 Rottenkolber M, Rottenkolber D, Fischer R, Ibáñez L, Fortuny J, Ballarin 
E, et al. Inhaled beta-2-agonists/muscarinic antagonists and acute myo-
cardial infarction in COPD patients. Respir Med 2014;108:1075–90.

	19.	 Vogel-Claussen J, Schönfeld CO, Kaireit TF, Voskrebenzev A, Czerner 
CP, Renne J, et al. Effect of indacaterol/glycopyrronium on pulmo-
nary perfusion and ventilation in hyperinflated patients with chronic 

CA9_V86N2_Text.indb   189CA9_V86N2_Text.indb   189 13-Jan-23   14:17:0113-Jan-23   14:17:01



190� www.ejcma.org

Chiang et al.� J Chin Med Assoc

obstructive pulmonary disease (CLAIM). A double-blind, randomized, 
crossover trial. Am J Respir Crit Care Med 2019;199:1086–96.

	20.	 Wakabayashi K, Gonzalez MA, Delhaye C, Ben-Dor I, Maluenda 
G, Collins SD, et al. Impact of chronic obstructive pulmonary dis-
ease on acute-phase outcome of myocardial infarction. Am J Cardiol 
2010;106:305–9.

	21.	 Hohlfeld JM, Vogel-Claussen J, Biller H, Berliner D, Berschneider K, 
Tillmann HC, et al. Effect of lung deflation with indacaterol plus gly-
copyrronium on ventricular filling in patients with hyperinflation and 
COPD (CLAIM): a double-blind, randomized, crossover, placebo-con-
trolled, single-centre trial. Lancet Respir Med 2018;6:368–78.

	22.	 Stone IS, Barnes NC, James WY, Midwinter D, Boubertakh R, Follows 
R, et al. Lung deflation and cardiovascular structure and function in 
chronic obstructive pulmonary disease. A randomized controlled trial. 
Am J Respir Crit Care Med 2016;193:717–26.

	23.	 Tanabe T, Rozycki HJ, Kanoh S, Rubin BK. Cardiac asthma: new insights 
into an old disease. Expert Rev Respir Med 2012;6:705–14.

	24.	 Avdeev S, Aisanov Z, Arkhipov V, Belevskiy A, Leshchenko I, Ovcharenko 
S, et al. Withdrawal of inhaled corticosteroids in COPD patients: ration-
ale and algorithms. Int J Chron Obstruct Pulmon Dis 2019;14:1267–80.

	25.	 Ribichini F, Tomai F, De Luca G, Boccuzzi G, Presbitero P, Pesarini G, 
et al.; CEREA-DES Investigators. Immunosuppressive therapy with oral 
prednisone to prevent restenosis after PCI. A multicenter randomized 
trial. Am J Med 2011;124:434–43.

	26.	 Versaci F, Gaspardone A, Tomai F, Ribichini F, Russo P, Proietti I, et 
al. Immunosuppressive therapy for the prevention of restenosis after 
coronary artery stent implantation (IMPRESS study). J Am Coll Cardiol 
2002;40:1935–42.

	27.	 Bulkley BH, Roberts WC. Steroid therapy during acute myocardial 
infarction. A cause of delayed healing and of ventricular aneurysm. Am 
J Med 1974;56:244–50.

	28.	 Giugliano GR, Giugliano RP, Gibson CM, Kuntz RE. Meta-analysis of 
corticosteroid treatment in acute myocardial infarction. Am J Cardiol 
2003;91:1055–9.

	29.	 Alexander KP, Newby LK, Armstrong PW, Cannon CP, Gibler WB, Rich 
MW, et al; American Heart Association Council on Clinical Cardiology; 
Society of Geriatric Cardiology. Acute coronary care in the elderly, part 
II: ST-segment-elevation myocardial infarction: a scientific statement for 
healthcare professionals from the American heart association council on 
clinical cardiology: in collaboration with the society of geriatric cardiol-
ogy. Circulation 2007;115:2570–89.

	30.	 Cheng CL, Lee CH, Chen PS, Li YH, Lin SJ, Yang YH. Validation of 
acute myocardial infarction cases in the national health insurance 
research database in Taiwan. J Epidemiol 2014;24:500–7.

	31.	 Ho TW, Ruan SY, Huang CT, Tsai YJ, Lai F, Yu CJ. Validity of ICD9-CM 
codes to diagnose chronic obstructive pulmonary disease from national 
health insurance claim data in Taiwan. Int J Chron Obstruct Pulmon 
Dis 2018;13:3055–63.

CA9_V86N2_Text.indb   190CA9_V86N2_Text.indb   190 13-Jan-23   14:17:0113-Jan-23   14:17:01


