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Background: Frailty is a risk factor for acute myocardial infarction (AMI). This study examined the association between the modified 
frailty index (MFI) and adverse outcomes in patients with critical AMI.
Methods: Data were obtained from the Medical Information Mart for Intensive Care IV database. Logistic and Cox regression models 
and a competing risk model were applied.
Results: Of 5003 patients, 1496 were non-frail and 3507 were frail. Frailty was significantly associated with in-hospital mortality (per 
point, OR 1.13, 95% CI: 1.05–1.21; frail vs non-frail, OR 1.31, 95% CI: 1.04–1.65) and 1-year mortality (per point, HR 1.15, 95% CI: 
1.11–1.20; frail vs non-frail, HR 1.37, 95% CI: 1.20–1.58). Frailty was significantly associated with post-discharge care needs (per 
point, OR 1.23, 95% CI: 1.14–1.33; frail vs non-frail, OR 1.47, 95% CI: 1.22–1.78). In the competing risk models, frailty was 
significantly associated with a lower probability of being discharged from the ICU (per point, HR 0.87, 95% CI: 0.85–0.90; frail vs 
non-frail, HR 0.73, 95% CI: 0.68–0.79) and hospital (per point, HR 0.82, 95% CI: 0.80–0.85; frail vs non-frail, HR 0.62, 95% CI: 
0.57–0.68). Subgroup analyses showed the association of frailty with in-hospital and 1-year mortality was stronger in patients with 
a SOFA score ≤2 than in those with a SOFA score >2 (both p<0.05 for interaction).
Conclusion: Frailty assessed by the MFI was an independent predictor of adverse outcomes in patients with critical AMI and may be 
helpful for prognostic risk stratification.
Keywords: frailty, modified frailty index, acute myocardial infarction, critically ill patients, prognosis

Background
Frailty is an age-related biological syndrome that describes a state of increased vulnerability when maintaining home-
ostasis following an external stress due to decreased physiologic reserves. Frailty is characterized by poor mobility, 
weakness, reduced muscle mass, poor nutritional status, and cognitive decline and is associated with poor outcomes such 
as falls, hospitalization, and mortality.1 Frailty affects millions of older people worldwide, with a prevalence of 14.8% 
among people over 65 years of age.2 A population-based meta-analysis of 62 countries worldwide showed that the 
prevalence of frailty was as high as 12%, indicating that this issue has become a serious global public health burden.3

Cardiovascular disease (CVD), which affects most elderly people and is the second leading cause of mortality 
worldwide, triples the likelihood of frailty.4 The prevalence of frailty is high in patients with acute coronary 
syndrome (ACS), ranging from 20.8–48.5%, and the prevalence is related to the use of different frailty measures.5 

There is substantial evidence that frailty is independently associated with adverse outcomes such as mortality and 
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bleeding in patients with acute myocardial infarction (AMI), highlighting the importance of frailty assessment in 
the clinical management of AMI.5,6 The European Society of Cardiology clinical practice guidelines recommend 
conducting a frailty evaluation in patients with ACS for risk stratification and therapeutic decisions.7

With the exploration and development of frailty assessments in CVD, various frailty assessment tools have 
been used in patients with AMI, such as the Fried frailty phenotype (FFP),8 Edmonton Frail Scale,9 FRAIL 
Scale,10 and Canadian Study of Health and Aging Clinical Frailty Scale (CSHA-CFS).11,12 The modified frailty 
index (MFI) is a modification of the CSHA-Frailty Index that has been previously validated in other populations 
and can also be conveniently used in an intensive care unit (ICU) setting.13,14 The MFI may also predict adverse 
outcomes in patients undergoing aortic valve replacement with moderate predictive efficacy.15 The components of 
the MFI can be easily and objectively captured from inpatient information, eliminating the inter-operator varia-
bility and assessment burden of commonly used frailty tools. To our knowledge, no previous study has investi-
gated the use of the MFI in patients with AMI, especially those with critical AMI.

In the present study, we analyzed data from the Medical Information Mart for Intensive Care (MIMIC)-IV database 
2.0 to examine the association between frailty (as assessed by the MFI) and short- and long-term adverse outcomes in 
patients with critical AMI.

Methods
Database and Study Design
The data analyzed in this retrospective cohort study were extracted from the MIMIC-IV database 2.0, which is an openly 
accessible critical care database from which data are derived with pre-existing institutional review board approval.16,17 

The MIMIC-IV database contains data for 76,943 ICU admissions from the Beth Israel Deaconess Medical Center 
(Boston, MA, USA) between 2008 and 2019. To gain access to the database, we completed the Collaborative Institutional 
Training Initiative examination (certification number: 10713670).

Inclusion and Exclusion Criteria
We considered all patients diagnosed with AMI during the analysis period, the same as in our previous study.18 We excluded 
patients with one or more of the following criteria: age <18 years; survival time <24 h or organ donors; pregnant patients or 
those with puerperal illness; and those missing key variables (demographic data, AMI type, Sequential Organ Failure 
Assessment [SOFA] score,19 items to construct the MFI, and vital status at hospital discharge and one year after ICU 
admission). For patients with more than one ICU stay, only the first ICU stay was included for analysis.

Data Collection
Two versions of the International Statistical Classification of Diseases and Related Health Problems (ICD) codes were 
used to record the diagnoses of specific diseases for patients in the MIMIC-IV database. All patients with AMI included 
in this study met the diagnostic criteria of the ICD-9 code 410 or ICD-10 code I21.

We extracted the following from the database as baseline patient data: demographic data (age, gender, ethnicity 
[Caucasian, African American, and other]); maximum SOFA scores within 24 h after ICU admission; medical history 
(cerebrovascular disease, chronic pulmonary disease, congestive heart failure, dementia, diabetes, malignant cancer, and 
renal disease); smoking history; AMI type (ST-segment elevation myocardial infarction [STEMI] and non-STEMI); systolic 
blood pressure (SBP); diastolic blood pressure (DBP); Body Mass Index (BMI) and laboratory parameters (hemoglobin, 
white blood cell [WBC] count, glucose, creatinine, and troponin T). ICU and hospital length of stay (LOS), discharge 
location, and vital status at hospital discharge and one year after ICU admission were extracted to define outcomes.

Modified Frailty Index (MFI)
The components of the MFI were available in the MIMIC database; therefore, the MFI was used to assess frailty for 
patients with AMI in this study. As previously described,13 the MFI was calculated as the sum of the number of 
confirmed items of the 11 items (one point per item) representing previous functional capacity (functional Status [Loss 
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Function]) and comorbid conditions and previous complications (history of diabetes mellitus; congestive heart failure; 
hypertension requiring medication; either transient ischemic attack or cerebrovascular accident; myocardial infarction; 
either peripheral vascular disease or rest pain; cerebrovascular accident with neurological deficit; either chronic 
obstructive pulmonary disease or pneumonia; either prior percutaneous coronary intervention, coronary artery bypass 
grafting, or angina; impaired sensorium). The components of the MFI include a medical history of myocardial infarction; 
thus, the MFI for patients in this study was ≥1 point. Patients were categorized as non-frail (MFI = 1–2) or frail (MFI 
≥3). The ICD codes used to extract the MFI components and the prevalence of each MFI component in the study 
population are shown in Table S1.

Outcomes
The primary outcomes were in-hospital and 1-year mortality. The secondary outcomes included subsequent care needs 
among discharge survivors (post-discharge care needs including hospice, home-care, and other healthcare facilities 
versus discharge home without a further need for nursing care)14 and prolonged ICU and hospital LOS. A prolonged 
LOS was defined as having an LOS longer than the 75th percentile (4.1 days for ICU LOS and 12.7 days for hospital 
LOS),20 and patients were censored at this time or at discharge.

Statistical Analyses
The normality of the data was tested using the Shapiro–Wilk test. Continuous variables are described as the mean ± 
standard deviation (SD) or median (interquartile range). Categorical variables are described as counts (percentages). 
Student’s t-test, Mann–Whitney U-test, and χ2 test were used for analyses, as appropriate. To investigate the relationship 
between frailty and adverse outcomes, frailty was assessed as a continuous and categorical variable. A logistic regression 
model was used to examine the association of frailty with in-hospital mortality and discharge with the need for nursing 
care. A Cox regression model was used to investigate the association between frailty and 1-year mortality. A competing 
risk model was applied to assess the association of frailty with prolonged ICU and hospital LOS, considering death as 
a competitor for both ICU and hospital discharge. Age, gender, ethnicity, smoking, SOFA scores, AMI type, SBP, DBP, 
BMI, hemoglobin, WBC count, glucose, creatinine, and troponin T were adjusted in the multivariable model. Restricted 
cubic spline curves with five knots were used to display the associations between the MFI and in-hospital mortality, 
1-year mortality, and discharge with the need for nursing care. Subgroup analyses were conducted in multivariable 
models to examine the associations between the MFI (continuous variable) and primary outcomes in the following 
subgroups: age (<65 or ≥65 years), SOFA score (0–2 or >2), and AMI type (STEMI or non-STEMI). Interactions 
between the MFI and subgroups were also tested. All statistical analyses were performed in Stata, version 17.0 
(StataCorp) and R (version 4.1.2) using a 2-tailed p-value <0.05 to define statistical significance.

Results
Baseline Characteristics
A total of 5237 patients with AMI were admitted to the ICU for the first time between 2008 and 2019. Of these, 5003 
patients were eligible for the final analyses. Detailed selection procedures for the study population are shown in Figure S1. 
The baseline demographic and clinical characteristics of the included patients are presented in Table 1. The mean (± SD) 
age of the included patients was 69.8 ± 13.1 years, and 3169 patients (63.3%) were men. The mean MFI score was 3.3 ± 1.3 
points, and the MFI score distribution for the study population is shown in Figure 1. There were 1496 (29.9%) non-frail and 
3507 (70.1%) frail patients. Both frail and non-frail patients were predominantly male, and frail patients were older and 
with a higher proportion of women (38.6% vs 32.0%, p<0.001) as compared with non-frail patients. As expected, patients 
reporting frailty had a higher SOFA score and prevalence of smoking habits, cerebrovascular disease, chronic pulmonary 
disease, congestive heart failure, dementia, diabetes, and renal diseases compared to patients who did not. The non-frail 
group had a higher prevalence of STEMI (46.7% vs 32.6%, p<0.001) than the frail group. SBP, BMI, glucose, and 
creatinine were higher in the frail group than in the non-frail group, while DBP, hemoglobin, and troponin T were lower.
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Association of Frailty with In-Hospital Frailty and 1-Year Mortality
A total of 690 patients (13.8%) died during hospitalization. Frail patients had a higher rate of in-hospital mortality than 
non-frail patients (Table 2). In an unadjusted logistic regression model, the MFI was significantly associated with in- 

Table 1 Characteristics of Included Patients According to Frailty Status as Assessed by the MFI (n=5003)

Variable All (n = 5003) Non-frail (n = 1496) Frail (n = 3507) p-value#

Age, mean (SD), years 69.8 ± 13.1 66.2 ± 14.2 71.3 ± 12.3 <0.001

Males, n (%) 3169 (63.3%) 1017 (68.0%) 2152 (61.4%) <0.001

Ethnicity, n (%) <0.001

White 3224 (64.4%) 948 (63.4%) 2276 (64.9%)

Black 347 (6.9%) 70 (4.7%) 277 (7.9%)

Other 1432 (28.6%) 478 (32.0%) 954 (27.2%)

Smoking, n (%) 2519 (50.3%) 693 (46.3%) 1826 (52.1%) <0.001

Medical history, n (%)

Cerebrovascular disease 690 (13.8%) 52 (3.5%) 638 (18.2%) <0.001

Chronic pulmonary disease 1248 (24.9%) 194 (13.0%) 1054 (30.1%) <0.001

Congestive heart failure 2544 (50.8%) 392 (26.2%) 2152 (61.4%) <0.001

Dementia 219 (4.4%) 51 (3.4%) 168 (4.8%) 0.029

Diabetes 2055 (41.1%) 96 (6.4%) 1959 (55.9%) <0.001

Malignant cancer 377 (7.5%) 106 (7.1%) 271 (7.7%) 0.430

Renal disease 1463 (29.2%) 169 (11.3%) 1294 (36.9%) <0.001

STEMI 1841 (36.8%) 698 (46.7%) 1143 (32.6%) <0.001

SOFA scores, mean (SD), points 4.8 ± 3.4 4.1 ± 3.4 5.2 ± 3.4 <0.001

MFI, mean (SD), points 3.3 ± 1.3 1.7 ± 0.4 3.9 ± 1.0 <0.001

SBP, mean (SD), mm Hg 115.4 ± 14.8 113.5 ± 13.2 116.2 ± 15.3 <0.001

DBP, mean (SD), mm Hg 61.9 ± 10.8 64.2 ± 10.6 60.9 ± 10.7 <0.001

Body Mass Index, mean (SD), kg/m2 28.8 ± 5.2 28.4 ± 4.7 29.0 ± 5.3 <0.001

Hemoglobin, mean (SD), g/dL 11.1 ± 2.1 11.7 ± 2.1 10.8 ± 2.0 <0.001

WBC count, mean (SD), ×103/μL 12.9 ± 8.6 12.9 ± 10.1 12.9 ± 7.9 0.930

Glucose, mean (SD), mg/dL 155.3 ± 66.1 133.6 ± 48.4 164.5 ± 70.3 <0.001

Creatinine, mean (SD), mg/dL 1.6 ± 1.6 1.2 ± 1.2 1.8 ± 1.7 <0.001

Troponin T, median (IQR), ng/mL 0.6 (0.2–1.9) 0.8 (0.2–2.5) 0.5 (0.2–1.7) <0.001

Hospital LOS, median (IQR), days 7.8 (4.5–12.7) 5.9 (3.1–9.1) 8.8 (5.2–13.8) <0.001

ICU LOS, median (IQR), days 2.2 (1.3–4.1) 1.8 (1.1–3.0) 2.5 (1.3–4.8) <0.001

Discharge with nursing support, n* (%) 3285 (76.2%) 857 (63.2%) 2428 (82.1%) <0.001

Notes: *The total number of surviving patients whose discharge location is known = 4313 patients; #A comparison between frail and non-frail patients. 
Abbreviations: STEMI, ST-segment elevation myocardial infarction; SOFA, sequential organ failure assessment; MFI, modified frailty index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; WBC, white blood cell; LOS, length of stay; ICU, intensive care units.
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Figure 1 Distribution of MFI among study population and association of MFI with in-hospital mortality, 1-year mortality and discharge with need for nursing care. Spline 
curves showing the association of MFI with (a) in hospital mortality, (b) 1-year mortality and (c) discharge with need for nursing care. The density curve describes the 
distribution of MFI for more than 99% individuals in the study population. The dotted line indicates the cutoff score for non-frail and frail which is also the reference standard 
for association between frailty and outcomes (3 points for MFI). Spline curves were adjusted for age, gender, ethnicity, smoking, SOFA scores, AMI type (STEMI vs non- 
STEMI), SBP, DBP, BMI, hemoglobin, WBC, glucose, creatinine, and troponin T.
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hospital mortality both as a continuous (per point increase, odds ratio [OR] 1.23, 95% confidence interval [CI]: 1.16– 
1.30) and categorical variable (frail vs non-frail, OR 1.82, 95% CI: 1.50–2.22). The association between the MFI score 
and in-hospital mortality persisted in the adjusted multivariable model (per point increase, OR 1.13, 95% CI: 1.05–1.21; 
frail vs non-frail, OR 1.31, 95% CI: 1.04–1.65; Table 2, Figure 1).

A total of 1474 patients (29.5%) died within the 1-year follow-up period. One-year mortality was higher in frail than 
in non-frail patients (Table 2). In an unadjusted Cox model, the MFI score was significantly associated with 1-year 
mortality both as a continuous (per point increase, hazard ratio [HR] 1.29, 95% CI: 1.24–1.34) and categorical variable 
(frail vs non-frail, HR 2.06, 95% CI: 1.81–2.36). The MFI score was also significantly associated with 1-year mortality in 
the adjusted multivariable model (per point increase, HR 1.15, 95% CI: 1.11–1.20; frail vs non-frail, HR 1.37, 95% CI: 
1.20–1.58; Table 2, Figure 1). There was a significant, nonlinear association between MFI (assessed as a continuous 
variable) and 1-year mortality (p = 0.007 for nonlinearity; Figure 1).

Association Between Frailty and Post-Discharge Care Needs
Among the 4313 survivors at discharge, 3285 patients (76.2%) needed subsequent nursing care. This percentage was 
higher for frail than for non-frail patients (82.1% vs 63.2%, Table 1). The MFI score was significantly associated with 

Table 2 Association Between Frailty and Outcomes

Proportion of Events Unadjusted Model Model 1# Model 2†

In-hospital mortality 0.14 (0.13–0.15) Odds ratio (95% confidence interval)

MFI (per score) 1.23 (1.16–1.30) 1.19 (1.12–1.27) 1.13 (1.05–1.21)

Non-frail 0.09 (0.08–0.11) Reference Reference Reference

Frail 0.16 (0.15–0.17) 1.82 (1.50–2.22) 1.62 (1.33–1.98) 1.31 (1.04–1.65)

1-year mortality 0.30 (0.28–0.31) Hazard ratio (95% confidence interval)

MFI (per score) 1.29 (1.24–1.34) 1.25 (1.29–1.28) 1.15 (1.11–1.20)

Non-frail 0.18 (0.16–0.20) Reference Reference Reference

Frail 0.34 (0.33–0.36) 2.06 (1.81–2.36) 1.76 (1.54–2.01) 1.37 (1.20–1.58)

Discharge with need for nursing care* 0.76 (0.75–0.77) Odds ratio (95% confidence interval)

MFI (per score) 1.58 (1.49–1.68) 1.44 (1.35–1.53) 1.23 (1.14–1.33)

Non-frail 0.63 (0.61–0.66) Reference Reference Reference

Frail 0.82 (0.81–0.84) 2.68 (2.32–3.10) 2.20 (1.89–2.57) 1.47 (1.22–1.78)

ICU discharge 0.70 (0.69–0.71) Hazard ratio (95% confidence interval)

MFI (per score) 0.84 (0.82–0.86) 0.84 (0.82–0.87) 0.87 (0.85–0.90)

Non-frail 0.80 (0.78–0.82) Reference Reference Reference

Frail 0.66 (0.64–0.67) 0.64 (0.60–0.69) 0.65 (0.60–0.70) 0.73 (0.68–0.79)

Hospital discharge 0.65 (0.64–0.66) Hazard ratio (95% confidence interval)

MFI (per score) 0.78 (0.76–0.80) 0.79 (0.76–0.81) 0.82 (0.80–0.85)

Non-frail 0.79 (0.77–0.81) Reference Reference Reference

Frail 0.59 (0.58–0.61) 0.53 (0.49–0.57) 0.55 (0.51–0.59) 0.62 (0.57–0.68)

Notes: *The total number of surviving patients whose discharge location is known = 4313 patients. #Model 1 adjusted for age and gender; †Model 2 adjusted 
for age, gender, ethnicity, smoking, SOFA scores, AMI type (STEMI vs non-STEMI), SBP, DBP, BMI, hemoglobin, WBC, glucose, creatinine, and troponin T. 
Abbreviations: MFI, modified frailty index; SOFA, sequential organ failure assessment.

https://doi.org/10.2147/CIA.S439454                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2023:18 2134

Bai et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

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


discharge with the need for nursing care in the adjusted multivariable model (per point increase, OR 1.23, 95% CI: 1.14– 
1.33; frail vs non-frail, OR 1.47, 95% CI: 1.22–1.78; Table 2). Figure 1 shows that the OR of discharge with the need for 
nursing care increased with an increasing MFI score.

Association Between Frailty and Prolonged ICU and Hospital LOS
Frail patients had longer ICU and hospital LOS than non-frail patients (Table 1). The results of a multivariable competing 
risks analysis, which considered death as a competitor for both ICU and hospital discharge, showed that an increasing MFI 
score was significantly associated with a progressively lower probability of being discharged from the ICU (per point 
increase, HR 0.87, 95% CI: 0.85–0.90) and hospital (per point increase, HR 0.82, 95% CI: 0.80–0.85). When assessed as 
a categorical variable, frailty was also significantly associated with a lower probability of being discharged from the ICU 
(frail vs non-frail, HR 0.73, 95% CI: 0.68–0.79) and hospital (frail vs non-frail, HR 0.62, 95% CI: 0.57–0.68; Table 2).

Subgroup Analyses
The results of subgroup analyses for the association between frailty and in-hospital mortality are shown in Figure 2. 
Patients aged ≥65 years had a higher risk of in-hospital mortality for each point increase in MFI (OR 1.14, 95% CI: 1.05– 
1.24). The MFI score was not significantly associated with in-hospital mortality in patients aged <65 years (OR 1.14, 
95% CI: 0.99–1.32). There was a statistically significant (p = 0.025) interaction between frailty and the SOFA score: the 
association between frailty and in-hospital mortality in patients with a SOFA score ≤2 (OR 1.26, 95% CI: 1.02–1.56) was 
significantly stronger than that in patients with a SOFA score >2 (OR 1.09, 95% CI: 1.01–1.18).

In the subgroup analysis for the association between frailty and 1-year mortality, frailty and 1-year mortality were 
significantly associated, regardless of whether patients were older than 65 years (Figure 2), and there was no significant 
interaction between age and frailty (p = 0.196 for interaction). Conversely, there was a statistically significant (p <0.001) 
interaction between frailty and the SOFA score: the association between frailty and 1-year mortality in patients with 
a SOFA score ≤2 (HR 1.29, 95% CI: 1.17–1.42) was significantly stronger than that in patients with a SOFA score >2 
(HR 1.13, 95% CI: 1.08–1.18).

Frailty was significantly associated with both in-hospital and 1-year mortality in the AMI-type subgroup, but there 
was no significant interaction between AMI type and frailty (Figure 2).

Discussion
To our knowledge, this is the first study to examine the association between frailty as assessed by the MFI and short- and 
long-term adverse outcomes in patients with critical AMI. As expected, frail patients assessed by MFI were older, had 
a higher prevalence of common diseases, and had significant changes in physiological and laboratory parameters 
compared with non-frail patients. Our study demonstrated that frailty was not only significantly associated with in- 
hospital and 1-year mortality in ICU patients with AMI but was also an independent predictor of prolonged ICU and 
hospital LOS and post-discharge care needs.

More than a decade ago, the American Heart Association, Society of Geriatric Cardiology, and European Society of 
Cardiology called for an increased focus on frailty assessments in patients with CVD.21 At present, more than 30 frailty 
assessment tools have been developed and used in epidemiological research and clinical practice.22 The application of 
various frailty assessment tools in patients with ACS, especially in those with AMI, has been reported.5,6 Batty et al 
reported that frailty as assessed by the FFP was present in 27.5% of patients with non-STEMI undergoing revasculariza-
tion and was associated with adverse short- and long-term outcomes.8 In another study, 48.5% of patients with non- 
STEMI were assessed as frail by the CSHA-CFS, and the predictive value of CSHA-CFS for all-cause mortality at five 
years was reported.11 The prevalence of frailty assessed by the FRAIL scale was 19.7% in patients with STEMI aged ≥75 
years or older undergoing percutaneous coronary intervention and frailty was independently associated with in-hospital 
mortality.10 In our previous research,18 we reported on another frailty assessment method based on electronic medical 
record data called the Hospital Frailty Risk Score (HFRS),23 and its association with in-hospital and one-year mortality in 
the same population. The results showed that frailty, as assessed by the HFRS, was significantly associated with both in- 
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hospital and one-year mortality in critical acute myocardial infarction (AMI) patients. The use of the HFRS improved the 
ability to predict short- and long-term mortality in these patients.

However, frailty assessment methods based on self-report and/or objective measures such as the FRAIL scale,24 

Edmonton Frail Scale25 and FFP26 may not be feasible in the ICU setting, which are limited by patients’ state of 
consciousness and mobility. Conversely, frailty assessment methods based on electronic medical record data are easy to 
implement, which not only increase the objectivity of frailty assessments but also reduce the burden on physicians. Our 
study provides evidence for the use of MFI in patients with critical AMI. Notably, the MFI components incorporate 
various diagnoses related to cardiovascular and cerebrovascular diseases, which result in a high prevalence of frailty 
when using the MFI to assess frailty in patients with CVD or AMI. For the association with 1-year mortality in our study, 
HR was reduced at MFI=2. This may be due to the restriction of sample size (only 407 individuals with MFI=1), which 
could not conclude that MFI=1 was a protective factor for 1-year mortality compared with MFI = 3, so the HR at MFI = 
2 showed an illusion of decreasing.

Figure 2 Forest plots of subgroup analyses of the association between frailty and primary outcomes. The association between frailty and (a) in-hospital and (b) 1-year 
mortality. Models were adjusted for age, gender, ethnicity, smoking, SOFA scores, AMI type, SBP, DBP, BMI, hemoglobin, WBC count, glucose, creatinine, and troponin 
T. Continuous variables for age and SOFA score were still adjusted in the age and SOFA score subgroups, while adjustment for AMI type was omitted in the AMI type 
subgroup.
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To our knowledge, few studies have focused on ICU and hospital LOS and post-discharge care needs in critically ill 
patients with AMI. Our study explored these two questions and focused on mortality outcomes. We defined a prolonged 
LOS as an ICU or a hospital LOS exceeding the highest quartile. However, this small group of patients with a prolonged 
LOS consumed the most ICU (62.0%) and hospital (53.3%) bed days of all patients. Our findings suggest that frail 
patients with critical AMI are at a greater risk of a prolonged LOS than non-frail patients, which requires substantial 
resource utilization and is associated with an increased economic burden. This is also a challenge for the allocation and 
orderly use of hospital medical resources. Strengthening the identification of this group could facilitate the development 
of individualized management to reduce the individual and societal burdens caused by the increased medical needs of 
critically ill patients with AMI.27,28 Critically ill patients may experience functional deterioration at the time of discharge 
and may require temporary or permanent support from community social care and rehabilitation services, which greatly 
affects patients’ quality of life. Thus, maintaining independence and preserving or improving functional status are 
important treatment goals. In our study, we demonstrated that the MFI used as a frailty screening tool can identify 
patients at risk of discharge to a non-home location after surviving a critical AMI. This can facilitate targeted 
implementation of multidisciplinary post-acute rehabilitation, such as comprehensive geriatric assessments to reduce 
post-acute, long-term functional dependence and mortality.29

Frailty is traditionally described in the elderly and emphasizes the functional decline seen with aging.30 However, 
recent literature describes that frailty also affects the health status of younger people (aged <65 years),31 and our findings 
showed that frailty was significantly associated with 1-year mortality in patients aged <65 years. Although there was no 
significant association between frailty and in-hospital mortality in patients aged <65 years, the statistical results indicated 
that a significant association may be expected if the sample size is increased further. The results of the interaction 
analyses indicated that the association between frailty and increased mortality was more evident in patients with SOFA 
score ≤2, and frailty was poorly predictive of adverse outcomes in patients with critical AMI with severe systemic organ 
damage (as assessed by the SOFA score) and even disappeared with the aggravation of systemic organ damage. However, 
MFI also provides additional information for prognostic risk stratification in patients with milder systemic organ damage, 
and this result has also been reported in a recent study.14 Further research is needed on the use of the MFI to further 
stratify the prognosis of critically ill patients with AMI.

The strength of this study is that our findings were derived from a high-quality database with a large sample size. We 
believe that this is the first study to demonstrate the prognostic value of frailty as assessed by the MFI for various adverse 
outcomes in patients with critical AMI. There are also some limitations in our study. First, use of the ICD-10 code “R26” 
(abnormalities of gait and mobility) and the ICD-9 codes “7197” (difficulty in walking) and “7812” (abnormality of gait) 
to assess the functional status of patients might have led to slight inaccuracy of the MFI. Second, because we could not 
obtain the currently recognized prognostic scores associated with adverse outcomes in patients with AMI, such as the 
Global Registry of Acute Coronary Events/Thrombolysis in Myocardial Infarction risk score, from the database, we did 
not consider the influence of these scores on the model in the multivariable analysis. Third, it was found in a previous 
study that frail subjects present physical and cognitive decline.32 In frail elderly STEMI patients, those with lower gait 
speed test scores had the worst Mini-Mental State Examination (MMSE) scores.33 However, data on the global cognitive 
scores (eg, the Montreal Cognitive Assessment and MMSE) and physical activity measurement (eg, the 5-m gait speed 
test) were not available in the MIMIC database. The role of cognitive and physical impairment in frailty in the ICU 
setting is an interesting and important topic that deserves further exploration.

Conclusions
Frailty as assessed by the MFI was an independent predictor of in-hospital mortality, 1-year mortality, need for nursing 
care after discharge, and prolonged ICU and hospital LOS in patients with critical AMI. The MFI is a convenient tool for 
frailty assessment in the ICU setting, which may be helpful for further prognostic risk stratification of critically ill 
patients with AMI.

Data Sharing Statement
The datasets presented in the current study are available in the MIMIC-IV database 2.0 (https://doi.org/10.13026/7vcr-e114).
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