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Background: Whether there is a difference in prognosis between elderly patients with ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI) remains mysterious.

Methods: We conducted a retrospective cohort study by analyzing the data in the Longitudinal Health Insurance Database (LHID) in Taiwan to explore differences between STEMI and NSTEMI with respect to in-hospital and long-term (3-year) outcomes among older adult patients (aged ≥65 years). Patients were further stratified based on whether they received coronary revascularization.

Results: In total, 5,902 patients aged ≥65 years with acute myocardial infarction (AMI) who underwent revascularization (2,254) or medical therapy alone (3,648) were included. In the revascularized group, no difference was observed in cardiovascular (CV) and all-cause mortality during hospitalization or at 3-year follow-up between the two AMIs. Conversely, in the non-revascularized group, patients with NSTEMI had higher crude odds ratio (cOR) for all-cause death during hospitalization [cOR: 1.33, 95% confidence interval (CI) = 1.07–1.65] and at 3-year follow-up (cOR: 1.47, 95% CI = 1.21–1.91) relative to patients with STEMI. However, after multivariable adjustments, only NSTEMI indicated fewer in-hospital CV death [adjusted odds ratio (aOR): 0.75, 95% CI = 0.58–0.98] than STEMI in non-revascularized group. Moreover, major bleeding was not different between patients with STEMI or NSTEMI aged ≥65 years old.

Conclusion: Classification of AMI is not associated with the difference of in-hospital or 3-year CV and all-cause death in older adult patients received revascularization. In a 3-year follow-up period, STEMI was an independent predictor of a higher incidence of revascularization after the index event. Non-ST-elevation myocardial infarction had more incidence of MACE than patients with STEMI did in both treatment groups.
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KEY POINTS

What is already known about this subject?

The patient characteristics and management procedures are quite different between STEMI and NSTEMI. Results of the studies with respect to the short-term and long-term outcomes of these two types of AMIs were inconsistent, and especially data were scarce in the elderly population.

What might this study add?

In this retrospective study comprising 5,902 AMI patients aged 65 years and older, no difference was observed in CV and all-cause mortality during hospitalization or at 3-year follow-up between the two AMIs in the revascularized group, but NSTEMI could indicate fewer in-hospital CV death than STEMI in non-revascularized group. Major bleeding was not different between STEMI and NSTEMI patients older than 65 years old.

How might this impact on clinical practice?

Our study delineated the prognostic information of STEMI and NSTEMI among old adult patients, which could provide useful information to develop treatment and follow-up strategies.



INTRODUCTION

Acute myocardial infarction (AMI) is a leading cause of hospital admissions and mortality in Taiwan and around the world (1). Rapid diagnosis, treatment, and early revascularization can substantially improve the outcomes of patients with AMI (2–4). Differences in short- and long-term mortalities have been reported between ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI) (5–8). Compared with patients with NSTEMI, those with STEMI encounter greater myocardial damage, which entails an increased risk of early mortality. However, multimorbidity and multivessel coronary disease have been more common in patients with NSTEMI than in patients with STEMI, leading to a higher risk of long-term mortality in patients with NSTEMI (9, 10). Although most studies have reported higher in-hospital fatality rates among patients with STEMI (11) than in patients with NSTEMI, results from the Global Registry of Acute Coronary Events indicated lower post-discharge mortality rates in patients with STEMI than in patients with NSTEMI (12). However, due to the prevalent use of primary percutaneous coronary intervention (PCI) for STEMI, the in-hospital death rate of patients with STEMI has decreased significantly and is now even lower than that of patients with NSTEMI (11). The results of studies regarding the long-term prognosis of these two MI types have remained inconclusive (5, 11–14). Older adults with MI have more risk factors or comorbidities and are considered susceptible to complications from PCI or coronary artery bypass surgery (CABG). Only a few studies have evaluated the differences in the prognosis of STEMI and NSTEMI among older adult patients.

The goal of this study was to investigate the differences in short- and long-term outcomes between STEMI and NSTEMI among older adult patients ≥65 years. This study also determined whether AMI types were associated with major bleeding during hospitalization.



METHODS


Patient and Public Involvement Statement

The data for this study were obtained from the National Health Insurance Research Database, which contains medical records of >99% of Taiwan's residents that have been documented since 1995. We used a subset of this data set, called the Longitudinal Health Insurance Database (LHID), that contains 1 million randomly selected patients, who were followed up until 2013. The LHID comprises data on outpatient visits, admission records, prescription, and treatment information. Data on diagnosis and therapy were recorded according to the International Classification of Diseases, Ninth Revision and Tenth Revision, Clinical Modification (ICD-9-CM and ICD-10-CM, respectively). This study was approved by the institutional review board of China Medical University Hospital Research Ethics Committee (CMUH104-REC2-115[AR-4]).



Study Design and Population

This was a retrospective study spanning 13 years. For the study, we included people ≥65 years old who were diagnosed with AMI (ICD-9-CM code 410) at any time between 2000 and 2010. Coronary revascularization was defined as the presence of either PCI or CABG or both. We first divided patients into two groups, namely those who received coronary revascularization, including PCI (ICD-9-CM procedure code 36.0) or CABG (ICD-9-CM procedure code 36.1) and those who did not. Patients in each group were further divided into STEMI (ICD-9-CM codes 410.0–410.5) and NSTEMI (ICD-9-CM codes 410.6–410.9) groups.



Outcome Measurements and Confounders

The outcome measurements were in-hospital outcomes, in-hospital major bleeding events (revascularized group), and long-term (3 years) outcomes. In-hospital outcomes included mechanical circulatory support (MCS) comprised of extracorporeal membrane oxygenation (ECMO; ICD-9-CM procedure codes 37.62 and 39.65), and intra-aortic balloon pump (IABP; ICD-9-CM procedure code 37.61); congestive heart failure (CHF; ICD-9-CM code 428), stroke (ICD-9-CM codes 430–438), cardiovascular (CV) death, all-cause death, and length of hospital stay, and intensive care unit (ICU) stay. Cardiovascular death was defined as a diagnosis of CV disease within 3 months before the date of death (ICD-9-CM codes 390–459). Three-point major adverse cardiovascular events (three-point MACE) consisted of CHF, stroke, and CV death. The long-term events comprised revascularization after index event, CHF, stroke, recurrent MI, CV death, and death within 3 years after discharge. Four-point MACE were made of CHF, stroke, recurrent MI, and CV death.

We also included the following comorbidities into the analysis: diabetes (ICD-9-CM code 250), hypertension (ICD-9-CM codes 401–405), hyperlipidemia (ICD-9-CM code 272), coronary heart disease (ICD-9-CM code 410–414), cerebrovascular accident (ICD-9-CM codes 430–438), prior MI (ICD-9-CM code 410), prior PCI (ICD-9-CM procedure code 36.0), chronic kidney disease (ICD-9-CM codes 580–589), peripheral arterial occlusion disease (ICD-9-CM codes 440–444), and atrial fibrillation (ICD-9-CM code 427.31). Furthermore, the involvement of related medications, which were aspirin, clopidogrel, angiotensin-converting-enzyme inhibitors/angiotensin II receptor blockers (ACEI/ARB), beta blockers, and statins, was discussed.



Statistical Analysis

The differences in the distribution of sex, age, comorbidities, and medication between STEMI and NSTEMI groups were examined using a chi-square test and Student's t-test. A logistic regression model was applied to estimate the adjusted odds ratio (aOR) of in-hospital outcomes between two types of AMI by including sex, age, and comorbidities. We used a Poisson regression model to compare the difference in the length of hospital stay between the two types of MI. The risk of long-term outcome among STEMI and NSTEMI patients was determined using the Cox regression model.




RESULTS

We recruited 5,902 patients with AMI aged ≥65 years in this study. Among these patients, 2,254 had received coronary revascularization (STEMI: 966 patients; NSTEMI: 1,288 patients) and 3,648 had not (STEMI: 930 patients; NSTEMI: 2,718 patients). The demographic characteristics of the study population are presented in Table 1. Both treatment groups had a higher proportion of men. Furthermore, the proportions of both sexes were equal in the STEMI and NSTEMI groups among those who were revascularized, but the proportion of women in the NSTEMI group was higher than that in the STEMI group among those who were non-revascularized. Patients with NSTEMI were older than patients with STEMI in both revascularized (NSTEMI: 76.0 ± 6.58 vs. STEMI: 74.6 ± 6.45) and non-revascularized (NSTEMI: 78.4 ± 7.38 vs. STEMI: 76.9 ± 6.87) groups. Notably, in the non-revascularized group, 18.8% of patients were older than 85 years old (13.4% in the STEMI group, and 20.6% in the NSTEMI group), whereas only 9% patients of the revascularized group were ≥85 years old.


Table 1. Demographic characteristics of STEMI and NSTEMI in patients over 65-years-old with different treatment strategies.
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In both treatment groups, patients with NSTEMI had more comorbidities than patients with STEMI did. In both treatment groups, compared with STEMI patients, NSTEMI patients used more medications before AMI, which included aspirin, clopidogrel, ACEI/ARB, beta blockers, and statins.

Table 2 presents the in-hospital outcomes of the present study. Among patients with revascularization, the aOR of receiving MCS, including ECMO and IABP, in the NSTEMI group was 2.84 relative to the STEMI group [95% confidence interval (CI) = 1.13–7.11]. In the revascularized group, CHF, stroke, CV death, and all-cause death during hospitalization did not differ between the STEMI and NSTEMI groups. In the non-revascularized group, more all-cause deaths were observed among patients with NSTEMI than patients with STEMI. After confounders were controlled for, no more difference observed in all-cause death and other CV endpoints between patients with STEMI and NSTEMI, except for CV death (aOR: 0.75, 95% CI = 0.58–0.98, NSTEMI vs. STEMI). For both treatment strategies, patients in the NSTEMI group had a longer hospital and ICU stay than those in the STEMI group. Among AMI patients aged 65–74 years old, most in-hospital CV outcomes were not different between STEMI and NSTEMI, except for NSTEMI was risk for more MCS in the revascularized group, longer ICU and hospital stay in both treatment groups, and all-cause death (aOR: 1.55, 95% CI = 1.00–2.41) in non-revascularized group when compared to STEMI counterparts. Among AMI patients older than 75 years old, comparing to STEMI patients, NSTEMI ones had longer length of stay of ICU and hospital in both treatment groups and was observed to have fewer CV death (aOR: 0.70, 95% CI = 0.51–0.96) in the non-revascularized group. Nonetheless, other in-hospital CV outcomes were not different between two classes of AMI in both treatment groups (Supplementary Table 1).


Table 2. In-hospital outcomes of STEMI and NSTEMI in patients older than 65-year-old with different treatment strategies.
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The results in Table 3 demonstrate the bleeding events during hospitalization in STEMI and NSTEMI patients aged ≥65 years. The event of major bleeding between two classes of AMI patients were not significantly different no matter receiving coronary revascularization or not. Furthermore, non-revascularized AMI patients had numerically more in-hospital major bleeding events compared to revascularized counterparts (data not shown).


Table 3. Risk of bleeding from revascularization in patients older than 65 years with acute myocardial infarction.
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During long-term (3 years) follow up in both treatment groups, NSTEMI was an independent predictor of fewer rates of revascularization after index event [revascularized group: adjusted hazard ratio (aHR): 0.8, 95% CI = 0.67–0.96; non-revascularized group: aHR: 0.76, 95% CI = 0.60–0.98] (Table 4). In the revascularized group, NSTEMI patients had more incidence of CHF, stroke, recurrent MI, and four-point MACE in comparison with STEMI patients during 3-year follow-up. Similarly, in the non-revascularized group, NSTEMI patients had more long-term incidence of CHF, stroke, four-point MACE, and all-cause death. After multi-variable model analysis with controlling sex, age, and co-morbidities, other than revascularization after index event, STEMI or NSTEMI per se did not influence most long-term CV outcomes, except for that NSTEMI indicated more stroke (aHR: 1.27, 95% CI = 1.07–1.52) in revascularized group and more four-point MACE (aHR: 1.13, 95% CI = 1.01–1.27) in non-revascularized group.


Table 4. Long-term outcomes (3-year) of STEMI and NSTEMI in patients older than 65-year-old with different treatment strategies.
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DISCUSSION

Our study aimed to investigate the difference in CV outcomes between STEMI and NSTEMI in older adult patients (≥65 years). In the revascularized group, we found no difference in CV or all-cause mortality during hospitalization or 3-year follow-up between the two AMIs. In the non-revascularized group, patients with NSTEMI had more all-cause death during hospitalization and 3-year follow-up relative to patients with STEMI. After multivariable adjustment for the non-revascularized group, we found that AMI type was no longer a predictor for in-hospital or long-term all-cause death, though NSTEMI could predict fewer in-hospital CV death. Furthermore, the present study revealed that older adult patients with AMI (≥65 years) had a similar incidence of in-hospital major bleeding between two types of AMI either receiving revascularization or not.

Consistent with previous study, the present study disclosed that patients with NSTEMI were older, were more often men, had more risk factors or comorbidities, including more prior CAD and PCI and took more medication before index events relative to patients with STEMI (9, 13, 14). Our study demonstrated that in the revascularized group, more patients with NSTEMI received MCS compared with patients with STEMI (1.94 vs. 0.62%, aOR: 2.84, p = 0.03). Nonetheless, a recent study that analyzed two US national registries of patients who underwent PCI for AMI complicated by cardiogenic shock reported that more MCS was used by patients with STEMI than by patients with NSTEMI (15). Another study analyzing an OPERA registry similarly reported more prevalent IABP placement in patients with STEMI than in patients with NSTEMI (14). The reason for such contradictory results may be that our study comprised older adults; specifically, studies have suggested that the proportion of NSTEMI with the complication of cardiogenic shock increases with age and that the time of urgent revascularization is relatively slower when NSTEMI is combined with shock relative to the STEMI counterpart (16). Our study also showed the ICU and total length of stay were longer among patients with NSTEMI than STEMI patients, regardless of their revascularization status.

However, CHF, stroke, CV death, or three-point MACE during hospitalization did not differ between the two AMIs in both the treatment groups. In the present study, in-hospital CV and overall death did not differ between patients with STEMI and patients with NSTEMI aged ≥65 years receiving coronary revascularization. Similar results were observed in revascularized patients aged 65–74 years and ≥75 years. The OPERA registry that included 2,151 patients with AMI in France reported similar results, that is, no difference in in-hospital mortality between the two AMI categories (14). However, the results of some studies on short-term AMI mortality are different from ours (13, 17); these results have suggested that the short-term mortality of patients with STEMI is higher than that of patients with NSTEMI. Traditionally, STEMI had been considered to be associated with higher mortality rates relative to NSTEMI in the acute phase possibly due to greater mechanical complications, cardiogenic shock, and stent thrombosis in STEMI (14, 18–20). However, with the wide-adoption of primary PCI and MCS, death among patients with STEMI caused by mechanical complication or cardiogenic shock has decreased significantly (18). In addition, there were too few studies have investigated the difference in in-hospital or long-term outcomes between AMI categories among the older adult to draw a solid conclusion. Among the older adult patients, in-hospital mortality of patients with NSTEMI may be higher than that of patients with STEMI due to the presence of risk factors and comorbidities associated with age, which might result in no significant difference in in-hospital death between the two AMI classes. Further studies are required to determine the difference in the outcomes of STEMI and NSTEMI in older adult patients.

Among the older adult patients with AMI, 62% did not receive coronary revascularization and 74.5% of the non-revascularized patients were NSTEMI. Our study found that NSTEMI was an independent predictor of fewer in-hospital CV mortality in this group. In-hospital all-cause death rate was greater in patients with NSTEMI than in patients with STEMI, but no difference was observed after confounders were adjusted for. In addition, NSTEMI consistently indicated fewer in-hospital CV death in non-revascularized patients aged ≥75-year-old but more all-cause death in the non-revascularized patients aged 65–74 years old. Scarce studies have investigated the outcomes of AMI among older adult patients without revascularization. According to a study of the Japan Acute Myocardial Infarction Registry, in-hospital CV and overall mortality of older adult patients with AMI without revascularization were higher in the STEMI group than in the NSTEMI group, which was not in line with our results (21). Older adult patients may not have received coronary revascularization partly due to the high procedural risk related to their frailty or presence of comorbidities. Because non-revascularized NSTEMI patients have more complex comorbidities than their counterparts with STEMI, logically, the cause of death in patients with NSTEMI is likely to be less cardiogenic.

Older adults have an increased risk of both ischemic and bleeding events (22). Furthermore, revascularization itself can increase the risk of in-hospital bleeding (23). In addition to the stress resulting from surgery or PCI, the need for administering heparin during PCI or CABG and dual anti-platelet therapy (DAPT) after stent implantation are the possible reasons underlying bleeding risk. It is highly dangerous for patients if they have just received coronary stenting but cannot use DAPT because of bleeding. Therefore, bleeding risk in older adult patients with AMI is a highly important factor related to the decision of whether to opt for invasive revascularization or conservative medical treatment. We compared bleeding risk between STEMI and NSTEMI patients who were ≥65 years old in both treatment groups. The major bleeding rate was not different between patients with STEMI and NSTEMI in both treatment groups.

At 3-year follow-up, in both treatment groups, STEMI was an independent predictor of a higher incidence of revascularization after the index event. Patients with NSTEMI had more incidence of CHF, stroke, recurrent MI, and four-point MACE than patients with STEMI did in both treatment groups, although recurrent MI in the non-revascularized group did not reach statistical significance (p = 0.06). Non-ST-elevation myocardial infarction patients were also found to have more all-cause death in the non-revascularized group. However, after multivariate analysis, no difference was observed in most CV outcomes between the two AMI types, except for that NSTEMI indicated more stroke in revascularized group and four-point MACE in non-revascularized group. Previous studies have reported inconsistent results for long-term prognosis in patients with NSTEMI and STEMI (5, 9, 10, 13). Some studies have reported that STEMI may have a poorer long-term prognosis due to worse short-term outcomes (5, 10, 13). By contrast, in the present study, the difference in CV outcome was not evident between the two AMI categories during hospitalization, which may be one of the reasons for the absence of a significant difference in long-term CV outcomes. According to our findings, STEMI predicts a greater likelihood of coronary revascularization after the index event, which may stem from the principle that cardiologists prefer only to treat infarct-related artery (IRA) in the STEMI circumstances for a long time and further stage PCI for non-IRA lesions possibly leads to greater rate of revascularization after the index AMI than in NSTEMI. Patients with NSTEMI had more CHF, stroke, and four-point MACE at 3-year follow-up in both groups and more deaths in the non-revascularized group, which may be related to the presence of more risk factors and comorbidities. Therefore, according to the multivariate analysis, NSTEMI was not independent risk for long-term CHF, recurrent MI, or death but still risk for stroke in the revascularized group and four-point MACE in the non-revascularized group.



LIMITATIONS

Like other studies on claims databases, this study has certain limitations. The first is an inability to control for all potential confounders due to a lack of, for example, laboratory data, disease severity, total ischemic time, and lifestyle information (e.g., smoking status, obesity); this may result in bias in the prognostic analysis of the two AMI types. Because our study aimed to explore differences between patients with STEMI and NSTEMI, who have relatively similar characteristics, we further divided them into revascularization and non-revascularization groups; this allowed for some confounders to be controlled for.

The study included patients with AMI between 2000 and 2010 in Taiwan, which may be different from current treatment, including the improvement of medical devices and the concept of adoption of PCI and the secondary prevention.

Due to the limitation of database, we could not analyze the use of the first- and second-generation of drug-eluting stents (DES). Since the second generation of drug eluting stents were introduced in Taiwan around 2008–2010 and the first-generation DES were not immediately removed from the market, our study population might be used more first-generation DES than second-generation. Nonetheless, BMS has been used in certain proportion of CAD patients in Taiwan due to the criteria of reimbursement. Therefore, the type of stent used in our study population should be different from the condition in the OPERA and GRACE registry, which could influence the rate of in-stent restenosis and stent thrombosis and consequent the rate of further revascularization, recurrent MI, and even other CV outcomes.

The accuracy of the diagnosis of STEMI and NSTEMI can't be confirmed from our database due to no detail medical records available. However, according to the study of Cheng et al. (24), the positive predictive value of AMI diagnosis of NHIRD was 0.88 using cross-sectional study to find out the corresponding medical records for detailed review. They also reported the diagnostic consistency of comorbidities among AMI patients was 95.9%. Further, the definition of AMI proposed by the Joint European Society of Cardiology/American Heart Association/World Heart Federation Task Force, AMI can be divided into five types (25). The participants of our study could not be differentiated into these five types. ST-elevation myocardial infarction mostly belongs to type 1, whereas NSTEMI may partially belong to type 2; in particular, those who diagnosed as NSTEMI did not receive revascularization (26). Our results revealed that in the non-revascularized group, the overall in-hospital and 3-year mortality rate of NSTEMI was higher than that of STEMI, which was not observed in the revascularized group. However, after confounding factors were controlled for, NSTEMI was not a predictor of short-term and long-term overall mortality but the adjusted OR for in-hospital CV death was lower in patients with NSTEMI in the non-revascularized group.



CONCLUSION

Our study demonstrated that no significant difference exists in in-hospital and 3-year all-cause and CV death between the two types of AMIs aged ≥65 years old in both treatment groups, except for NSTEMI predicted fewer in-hospital CV death in the non-revascularized patients. In the future, further research on older adult patients is needed to determine the prognosis of STEMI and NSTEMI with different treatment strategies.
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