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Background: To investigate the effect of frailty on the long-term prognosis of elderly patients with acute myocardial infarction 
(AMI).
Methods: The data of 238 AMI patients (aged ≥75 years) were retrospectively reviewed. They were divided into two groups 
according to the Modified Frailty Index (mFI): frailty group (mFI≥0.27, n=143) and non-frailty group (mFI<0.27, n=95). The major 
adverse cardiovascular and cerebrovascular events (MACEs) and Kaplan–Meier survival curves of the two groups were compared. 
Multivariate Cox regression analysis was used to identify the risk factors for MACEs.
Results: The frailty group showed a significantly older age as well as a higher N-terminal proB-type natriuretic peptide level, Global 
Registry of Acute Coronary Events score, and CRUSADE bleeding score compared with the non-frailty group (P<0.05). 
A significantly greater proportion of patients with combined heart failure, atrial fibrillation, comorbidity, and activities of daily living 
score of <60 was also observed in the frailty group compared with the non-frailty group (P<0.05). At 36 months after AMI, the frailty 
group vs the non-frailty group showed a significantly poorer survival (log-rank P=0.005), higher incidence of MACEs (50.35 vs 29.47, 
P=0.001), higher overall mortality rate (20.98% vs 7.37%, P=0.006), higher 30-day mortality rate (13.99% vs 5.26%, P=0.033), higher 
major bleeding rate (14.69% vs 5.26, P=0.018), and lower repeat revascularization rate (2.10% vs 8.42%, P=0.03). Frailty, type 2 
diabetes, and N-terminal proB-type natriuretic peptide ≥1800 pg/mL were independent risk factors for MACEs.
Conclusion: Frailty is an independent risk factor affecting the long-term prognosis of elderly patients with AMI.
Keywords: myocardial infarction, frailty, MACEs, risk factors, prognosis

Introduction
With the aging of the population worldwide, the proportion of elderly patients with cardiovascular diseases (CVDs) is 
gradually increasing. A recent epidemiological report by the American Heart Association indicates that the prevalence of 
CVDs is 75–77% in people aged 60–79 years old and 89–90% in people aged over 80 years old.1 Acute myocardial 
infarction (AMI) is one of the most severe CVDs. Elderly patients with AMI often have multiple comorbidities, a longer 
hospital stay, and a worse prognosis compared to young patients.2 However, age is not the only factor affecting the 
prognosis of patients with AMI. A study by Rizzuto et al has revealed that AMI leads to decreased physiological function 
in elderly patients.3–5 Frailty, which refers to a clinical state of increased vulnerability and reduced stress resistance 
resulting from the age-associated decline in physical and cognitive reserve and function, is a reliable indicator for 
decreased physiological function. The clinical manifestations of frailty include multisystem dysfunction, chronic 
inflammatory status, cachexia, and muscle loss. How frailty affects the prognosis of elderly patients with AMI warrants 
further investigation. A study comprising a large sample size of AMI patients aged 65 years and older showed that 
approximately 1/6 of the patients exhibited frailty.6 Among AMI patients aged 75 years and above, the prevalence of 
frailty was reported to be between 35% and 48%.

Frailty often coexists with CVDs due to their common pathophysiological mechanisms. Persistent, chronic, low-grade 
inflammation in patients with frailty has been identified as a key contributor to the development of atherosclerotic 
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CVDs.7 Increasing evidence has demonstrated that frailty not only leads to an increased incidence of multiple CVDs but 
also affects the choice of treatment options and disease prognosis. Therefore, frailty has been used as a reliable indicator 
for anesthesia and surgery risk assessment in elderly patients.8,9 It also has been recognized as an independent predictor 
for a poor prognosis in elderly patients with AMI and heart failure.10–13 However, most studies have focused on the 
effects of frailty on in-hospital durations and the one-year mortality rate in elderly patients with AMI, and the follow-up 
time is short.14,15 In the present study, we investigated the effect of frailty on the long-term prognosis, mostly the 
occurrence of major adverse cardiovascular and cerebrovascular events (MACEs), in elderly patients with AMI using 
a simple frailty assessment tool.

Materials and Methods
Study Population
In this retrospective study, the clinical data of patients who were diagnosed with type 1 AMI and hospitalized in the 
Department of Cardiology, Beijing Chaoyang Hospital, between May 2017 and October 2019 were obtained from the electric 
medical record system and reviewed. The diagnosis of type 1 AMI was in accordance with the American College of 
Cardiology, the American Heart Association, the European Society of Cardiology, and the World Heart Federation criteria. 
Patients who were aged ≥75 years old, treated either with medications alone or with invasive therapy, and with complete 
hospitalization and follow-up data were qualified for screening. The exclusion criteria were as follows: (1) incomplete 
demographic or clinical data; (2) death during hospitalization; (3) combined with malignant tumors, severe hepatic or renal 
insufficiency, or immune disorders. This study was reviewed and approved by the Ethics Committee of Beijing Chaoyang 
Hospital. All methods were performed in accordance with the relevant guidelines and regulations. Written informed consent 
was waived by the ethical committee in accordance with the national legislation and the institutional requirements. All data 
were anonymized and kept confidential, in compliance with the ethical guidelines of the Declaration of Helsinki.

Methods
The Modified Frailty Index (mFI) was used to stratify the patients based on their level of frailty. It includes 11 variables: 
history of diabetes mellitus; changes in daily activity; lung problems; history of congestive heart failure; history of myocardial 
infarction; history of percutaneous coronary intervention (PCI), cardiac surgery, or angina; hypertension; peripheral vascular 
disease; clouding or delirium; transient ischemic attack; and cerebrovascular accident with deficit. The presence of each 
variable equals 1 point, and the total points are divided by 11 to obtain the final mFI score (range: 0–1.0). An mFI of ≥0.27 is 
considered frailty.16 The Charlson Comorbidity Index (CCI) was used to assess comorbidity. A CCI of ≥2 indicates 
comorbidity.17 The Barthel index was applied to evaluate the activities of daily living (ADL).18 MACEs included all-cause 
death, recurrence of myocardial infarction, stroke, major hemorrhage, repeat revascularization, and hospitalization because of 
heart failure.19,20 Major hemorrhage was defined as meeting one of the following criteria: (1) fatal bleeding; (2) symptomatic 
bleeding in a critical area or organ, such as intracranial, intraductal, intraocular, retroperitoneal, intraarticular, or fascial 
compartment syndrome; (3) bleeding resulting in a decrease in the hemoglobin level of ≥20 g/L (1.24 mmol/L), or resulting in 
transfusion of two or more units of whole blood or red blood cells. The primary endpoint of this study was a MACE.

Statistical Analysis
SPSS 25.0 software was used for all data analyses. All continuous variables were tested for normality. Normally 
distributed data were expressed as the mean±standard deviation and compared by the independent samples t-test. 
Categorical data were expressed as a number and percentage, and compared by the chi-squared test. The cumulative 
survival rate of patients in both groups was plotted by the Kaplan–Meier method and compared using the Log rank test. 
Multivariate Cox regression analysis including the following factors was performed to identify the influencing factors for 
MACEs: age, body mass index (BMI), atrial fibrillation, heart failure, blood glucose levels, creatinine levels, left 
ventricular ejection fraction (LVEF)<50%, comorbidity, ADL score<60, N-terminal proB-type natriuretic peptide (NT- 
proBNP)≥1800 pg/mL, CRUSADE score>50, and GRACE score>140. A P-value of less than 0.05 was considered 
statistically significant.

https://doi.org/10.2147/CIA.S433221                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2023:18 2022

Zong et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Results
Basic Demographic and Clinical Characteristics
A total of 238 elderly patients with AMI were recruited, with a mean age of 81.17±4.30 years old. There were 113 
(47.47%) males. The patients were then divided into the frailty (n=143, 60.08%) and non-frailty (n=95, 39.91%) groups 
based on their mFI. The basic demographic and clinical characteristics of the two groups are shown in Table 1. The 
prevalence of frailty was 60.08%, with a higher prevalence in women than in men (56.64% vs 43.36%, P=0.145). There 
was no significant difference in sex, history of smoking, type 2 diabetes (T2DM), hypertension, myocardial infarction, 
rate of ST-segment elevation myocardial infarction (STEMI) or PCI, or the length of hospitalization stay between the two 
groups (all P>0.05). However, the patients with frailty showed a significantly older age and higher blood glucose levels, 
creatinine levels, number of cases with NT-proBNP≥1800 pg/mL, GRACE score, and CRUSADE score in comparison 

Table 1 Basic Demographic and Clinical Characteristics

Characteristic Non-Frailty  
Group (n=95)

Frailty  
Group (n=143)

P

Sex [male, number (%)] 51 (53.68) 62 (43.36) 0.145

Age (years) 79.82±3.95 82.07±4.30 0.000
BMI (kg/m2) 23.93±3.60 22.81±3.54 0.018

Smoking [number (%)] 48 (50.53) 63 (44.06) 0.355
History of myocardial infarction [number (%)] 17 (17.89) 35 (24.48) 0.334

History of coronary artery bypass grafting [number (%)] 3 (3.16) 4 (2.82) 1.000

Hypertension [number (%)] 69 (72.63) 103 (72.03) 1.000
T2DM [number (%)] 41 (43.20) 74 (51.70) 0.194

Application of insulin therapy for diabetes [number (%)] 19 (20.00) 33 (23.08) 0.633

Atrial fibrillation [number (%)] 13 (13.68) 35 (24.48) 0.048
Hyperlipidemia [number (%)] 43 (45.26) 79 (55.24) 0.146

History of heart failure [number (%)] 34 (35.79) 95 (66.43) 0.000

Cerebrovascular disease [number (%)] 21 (22.11) 44 (30.77) 0.181
Comorbidity [number (%)] 42 (44.21) 117 (81.82) 0.000

Systolic blood pressure (mmHg) 133.98±21.58 130.11±26.91 0.242

Heart rate (beats/min) 78.56±15.61 80.72±18.90 0.356
Hospital stay (days) 10.86±4.31 11.41±6.13 0.449

Blood glucose (mmol/L) 7.25±2.43 8.57±4.29 0.007

Creatinine (μmol/L) 95.31±34.56 116.39±64.95 0.024
LDL-C (mmol/L) 2.65±0.85 2.53±1.10 0.354

HDL-C (mmol/L) 1.19±0.35 1.14±0.33 0.281

TC (mmol/L) 4.30±0.95 4.20±1.11 0.500
TG (mmol/L) 1.38±0.56 1.41±0.74 0.779

NT-proBNP≥1800 pg/mL [number (%)] 42 (44.20) 101 (70.60) 0.000

LVEF (%) 60.93±11.30 55.14±12.61 0.000
LVEF<50% [number (%)] 15 (15.79) 52 (36.36) 0.001

LVEDD (mm) 49.43±6.45 50.00±6.53 0.512

ADL score<60 [number (%)] 12 (12.63) 114 (79.72) 0.000
GRACE score 177.38±27.75 193.70±32.92 0.000

GRACE score>140 [number (%)] 43 (45.26) 91 (63.64) 0.007

CRUSADE score 43.24±12.72 49.65±15.99 0.001
CRUSADE score>50 [number (%)] 31 (32.63) 73 (51.05) 0.005

STEMI [number (%)] 44 (46.32) 79 (55.24) 0.188

PCI [number (%)] 35 (36.84) 51 (35.67) 0.891

Abbreviations: BMI, body mass index; T2DM, type 2 diabetes; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TC, total cholesterol; TG, triglycerides; NT-proBNP, N-terminal pro B-type natriuretic peptide; LVEF, left ventricular ejection fraction; 
LVEDD, left ventricular end-diastolic diameter; ADL, activities of daily living; GRACE, the Global Registry of Acute Coronary Events; CRUSADE, 
bleeding risk assessment; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention.
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with the non-frailty group (all P<0.05). The proportion of patients combined with heart failure, atrial fibrillation, 
comorbidity, and an ADL score of <60 was significantly higher, while BMI and LVEF were significantly lower in the 
frailty group vs the non-frailty group (all P<0.05).

Vascular Lesions
Among the 238 patients, 85 underwent PCI (non-frailty group: n=35, frailty group: n=51). There was no significant 
difference in the proportion of patients receiving emergency PCI or elective PCI, or with triple vessel disease or left main 
coronary lesions between the two groups (all P>0.05) (Table 2).

MACEs
All clinical events that occurred in the in-hospital and out-of-hospital phases were registered, with a mean follow-up time 
of 31.98±10.92 months. A total of 100 MACEs occurred, with an incidence rate of 41.15%. As shown in Table 3, the 
incidence of MACEs was greater in the frailty group than in the non-frailty group (50.35% vs 29.47%, P<0.05). The 
frailty group also showed a significantly greater incidence of all-cause death (20.98% vs 7.37%, P<0.05;) 30-day 
mortality (13.99% vs 5.26%, P<0.05), and major hemorrhage (14.69% vs 5.26, P<0.05) as well as a lower incidence 
of repeat revascularization (2.10% vs 8.42%, P<0.05) compared with the non-frailty group. There was no significant 
difference in death after 30 days, recurrence of myocardial infarction, stroke, or hospitalization due to heart failure 
between the two groups (all P>0.05).

Cox Regression Analysis of MACEs
Multivariate Cox regression analysis was then performed to identify the influencing factors for the primary endpoint 
MACE. The characteristics that were significantly different between the two groups were included (ie, age, BMI, atrial 
fibrillation, heart failure, comorbidity, blood glucose levels, creatinine levels, NT-proBNP≥1800 pg/mL, LVEF<50%, 
ADL score<60, GRACE score>140, and CRUSADE score>50). The results showed that frailty, T2DM, and NT- 
proBNP≥1800 pg/mL were independent risk factors for MACEs (Table 4).

Table 2 Vascular Lesions

Non-Frailty  
Group (n=35)

Frailty  
Group (n=50)

P

Emergency PCI [number (%)] 20 (57.14) 39 (78.00) 0.056

Elective PCI [number (%)] 14 (40.00) 12 (24.00) 0.152
Triple vessel disease [number (%)] 30 (85.71) 36 (72.00) 0.187

Left main coronary lesions [number (%)] 11 (31.43) 10 (20.00) 0.308

Abbreviation: PCI, percutaneous coronary intervention.

Table 3 Follow-Up and MACEs

Non-Frailty  
Group (n=95)

Frailty  
Group (n=143)

P

MACEs [number (%)] 28 (29.47) 72 (50.35) 0.001

All-cause death [number (%)] 7 (7.370) 30 (20.98) 0.006
30-day mortality [number (%)] 5 (5.26) 20 (13.99) 0.033

Death after 30 days [number (%)] 2 (2.11) 10 (6.70) 0.131

Recurrence of myocardial infarction [number (%)] 5 (5.26) 11 (7.69) 0.538
Stroke [number (%)] 3 (3.16) 7 (4.90) 0.513

Major hemorrhage [number (%)] 5 (5.26) 21 (14.69) 0.018

Repeat revascularization [number (%)] 8 (8.42) 3 (2.10) 0.030
Hospitalization because of heart failure [number (%)] 19 (20.00) 23 (16.08) 0.489

Abbreviation: MACEs, major adverse cardiac and cerebrovascular events.
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Kaplan–Meier Analysis of Survival
Kaplan–Meier analysis showed that the cumulative survival of the frailty group was significantly worse than that of the 
non-frailty group at 36 months (P=0.005), as shown in Figure 1.

Discussion
The prevalence of frailty has been gradually increasing in recent years with the growth of the aging population 
worldwide. In China, approximately 7–10% of the elderly in the communities are frail, and the number is even higher 
in hospitals.21 Research teams from Japan and Spain have reported that the prevalence of frailty in elderly patients with 
AMI is 25–58%.22,23 Current available frailty assessment scales include the Fried Frailty Syndrome Criteria, the 
Rockwood Frailty Index, the Clinical Frailty Scale (CFS), the Frailty Index (FI), the Frailty Screening Questionnaire, 
the FRAIL scale, and the mFI. Currently, the most commonly used assessment tools for frailty in clinical settings are the 
Fried Frailty Syndrome Criteria, the CFS, and the FI. The CFS is the preferred screening tool, while the FI is the optimal 
assessment tool. The CFS is typically the preferred screening tool, while the FI serves as the optimal assessment tool.24 

Due to the extensive number of FI entries and the multidomain assessment nature of the mFI, it serves as a better 
predictor of mortality rate, disability rate, and hospitalization rate compared to the FI, with better diagnostic accuracy.25 

Therefore, mFI was used in this study. The prevalence of frailty was 60.1% in this cohort, with a higher prevalence in 
women than in men. Gender differences may have resulted from biological, psychosocial, and behavioral factors. Women 
often exhibit a higher prevalence of “non-life-threatening” chronic diseases, and the long-term mortality rate for women 
with frailty is lower than that of men, a phenomenon often referred to as the “frailty paradox”.26 The discrepancies 

Table 4 Cox Regression Analysis of MACEs

P OR 95% CI

Frailty 0.046 2.356 1.013–5.477
T2DM 0.030 2.122 1.075–4.188

NT-proBNP≥1800 pg/mL 0.046 2.270 1.016–5.072

Abbreviations: MACEs, major adverse cardiovascular and cerebrovascular 
events; T2DM, type 2 diabetes; NT-proBNP, N-terminal proB-type natriuretic 
peptide; OR, odds ratio; CI, confidence interval.

Figure 1 The cumulative survival of the frailty and non-frailty groups.
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among different studies may be due to different assessment tools and varied disease spectrums of the enrolled 
population.27

Frailty has been shown to increase the morbidity and mortality in patients with CVDs. It is also an independent risk 
factor for a variety of MACEs, such as death, stroke, heart failure readmission, and postoperative cardiac 
complications.27–30 CVDs, in turn, exacerbate the progression of frailty. A recent study by Tashiro et al has demonstrated 
that 29.5% of the patients with STEMI and older than 80 years old experienced progression of frailty.31 They exhibited 
more severe illness, worse cardiac function, and increased dependency on mechanical circulatory support compared with 
those without frailty. In a meta-analysis including 274,976 elderly patients with AMI, the prevalence of frailty was 
increased after PCI, and the frailty group showed increased mortality, hemorrhage, and rehospitalization.32 Another 
study, in which patients with non-STEMI received invasive therapy and were followed for 5 years, has reported that 
frailty was independently associated with all-cause mortality, myocardial infarction, stroke, repeat revascularization, and 
significant major hemorrhage.33 In the present study, the patients in the frailty group were older and had a lower BMI, 
a higher GRACE score and CRUSADE score, a higher incidence of comorbidity and atrial fibrillation, poorer cardiac 
function, and a higher risk of hemorrhage and death in comparison with those in the non-frailty group. However, the 
proportions of patients with STEMI, different vascular lesions, and PCI treatment did not significantly differ between the 
two groups. These findings were different from the results of previous studies, which showed a lower rate of invasive 
treatment in STEMI patients (≥65 years) with frailty.11 These discrepancies may be explained by the different ages of the 
enrolled population, different classifications of heart attack, and different assessment tools for frailty.

Our study revealed that frailty significantly affected both the short-term and long-term prognoses in patients with 
AMI. The survival rate was significantly lower in the frailty group than in the non-frailty group, implying that frailty may 
have an adverse effect on the prognosis of patients. Furthermore, we found an increased incidence of MACEs, all-cause 
death, 30-day mortality, and major hemorrhage in the frailty group, which may be explained by the fact that frail patients 
are often combined with multiple comorbidities and therefore given more medications, possibly leading to more adverse 
drug reactions and making them less likely to receive guideline-recommended drug therapy. There is a discrepancy 
between guidelines and the actual clinical care for acute coronary syndrome, with frail older adults being significantly 
less likely to receive guideline-indicated treatments, including PCI (6.7–43.7% vs 30.4–69.5%).34,35 Our study showed 
that PCI did not significantly differ between the two patient groups; however, patients in the frailty group exhibited 
a worse prognosis. Previous evidence has revealed a lower proportion of frail patients undergoing complete revascular-
ization, lower utilization of statins and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, and 
a higher frequency of adverse drug reactions.5 Patients with AMI often require anticoagulation and antithrombotic 
therapy for 12 months, and frail patients have at a higher risk of bleeding.36 Consequently, these patients are more likely 
to experience interruptions in antithrombotic drug therapy due to adherence or bleeding. The risk of hemorrhage and 
thrombosis should be evaluated in AMI patients with frailty. In AMI patients with frailty, it is crucial to carefully 
consider the benefits and risks of vascular intervention. The incidence of repeat revascularization was significantly less in 
the frailty group than in the non-frailty group, possibly because patients with frailty have a reduced physiological 
function and thus are more prone to undergo invasive examinations and treatments, which may lead to a series of 
complications. Thus, both the European Society of Cardiology and the American Heart Association underscore the 
significance of evaluating frailty and comorbidities in the management of older patients with acute coronary syndrome.15

Our Cox regression analysis showed that frailty, T2DM, and NT-proBNP≥1800 pg/mL were independent risk factors 
for MACEs. Although there was a significant difference in the proportion of patients with a history of heart failure 
between the two groups, it did not affect MACEs in the multifactorial regression analysis, as it was not identified as an 
independent risk factor for MACEs. However, the NT-proBNP levels were associated with the severity of heart failure 
and were therefore correlated with MACEs. Patients with diabetes mellitus tend to have combined multibranch 
vasculopathy or diffuse vasculopathy; therefore, they are more susceptible to recurrent thrombotic events or ischemic 
heart failure. Patients with diabetes mellitus often exhibit concurrent multivessel disease or diffuse vascular disease, 
making them more vulnerable to recurrent thrombotic events or ischemic heart failure. Thus, early diagnosis and 
intervention of frailty may improve their survival.
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The limitations of the present study should be acknowledged. First, this was a single-center study with a small sample 
size. Second, only retrospective analyses were performed. Third, the prognostic impact of these drugs was not evaluated. 
Future prospective, multicenter studies are needed to further evaluate the prognosis of this population.

Conclusions
In conclusion, the current study identified frailty as an independent risk factor for the long-term prognosis of elderly 
patients with AMI. This information may facilitate the development of clinical interventions for frailty and therefore 
improve the prognosis of these patients.
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CVD, cardiovascular disease; AMI, acute myocardial infarction; MACEs, major adverse cardiovascular events; mFI, 
Modified Frailty Index; STEMI, ST-segment elevation acute myocardial infarction; PCI, percutaneous coronary inter-
vention; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol; TC, total cholesterol; TG, triglyceride; NT-proBNP, N-terminal B-type natriuretic peptide precursor; LVEF, left 
ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; GRACE, Global Registry of Acute 
Coronary Events.
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