Clinical Interventions in Aging

Dove

ORIGINAL RESEARCH

Silent Myocardial Infarction and Long-Term Risk of
Frailty: The Atherosclerosis Risk in Communities

Study

Fanghui Li, ' Dongze Li, '
Jing Yu,2 Yu Jia,I Yi Liu,I
Yanmei Liu,3 Qingin Wu,4
Xiaoyang Liao,” Zhi Zeng,'
Zhi Wan,I Rui Zeng"6

'Department of Emergency Medicine and
National Clinical Research Center for
Geriatrics, Research Laboratory of
Emergency Medicine, Disaster Medicine
Center, West China Hospital, Sichuan
University, Chengdu, People’s Republic of
China; 2West China School of Nursing,
West China Hospital, Sichuan University,
Chengdu, People’s Republic of China;
3Chinese Evidence-Based Medicine Center,
West China Hospital, Sichuan University,
Chengdu, People’s Republic of China;
“Health Management Center, West China
Hospital, Sichuan University, Chengdu,
People’s Republic of China; Department of
General Practice and National Clinical
Research Center for Geriatrics, West China
Hospital, Sichuan University, Chengdu,
People’s Republic of China; ®Department of
Cardiology, West China Hospital, Sichuan
University, Chengdu, People’s Republic of
China

*These authors contributed equally to this
work

Correspondence: Rui Zeng; Zhi Wan
Department of Cardiology, West China
Hospital, Sichuan University, 37 Guoxue
Road, Chengdu, 610041, Sichuan, People’s
Republic of China

Tel +86-28-85422461; +86-28-85421036
Fax +86-28-85422288

Email zengrui_0524@126.com;
303680215@qq.com

Background: Silent myocardial infarction (SMI) accounts for more than half of all MIs, and
common risk factors and pathophysiological pathways coexist between SMI and frailty. The
risk of frailty among patients with SMI is not well established. This study aimed to examine
the association between SMI and frailty.

Methods and Results: This analysis included data from the Atherosclerosis Risk in
Communities study. Patients without MI at baseline were eligible for inclusion. SMI was
defined as electrocardiographic evidence of MI without clinical MI (CMI) after the baseline
and until the fourth visit. Frailty was assessed during the fifth visit. A total of 4953
participants were included with an average age of 52.2+5.1 years. Among these participants,
2.7% (n=135) developed SMI, and 2.9% (n=146) developed CMI. After a median follow-up
time of 14.7 (14.0-15.3) years, 6.7% (n=336) of the participants developed frailty. Patients
with SMI and CMI were significantly more likely to become frail than those without MI
(15.6% vs 6.2%, P<0.001 and 16.4% vs 6.2%, P<0.001, respectively). After adjusting for
confounders, SMI and CMI were found to be independent predictors of frailty (odds ratio
[OR]=2.243, 95% confidence interval [CI]=1.307-3.850, P=0.003 and OR=2.164, 95%
CI=1.259-3.721, P=0.005, respectively). The association was consistent among the sub-
groups of age, sex, race, diabetes, and hypertension.

Conclusion: In conclusion, both SMI and CMI were found to be associated with a higher
risk of frailty. Future studies are needed to confirm the beneficial effects of screening for SMI
as well as to implement standardized preventive treatment to reduce the risk of frailty.
Clinical Trial Registration: URL: https://www.clinicaltrials.gov; Unique identifier:
NCT00005131.
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Introduction
Frailty is a complex clinical syndrome that is defined as an increased vulnerability
to stressors resulting from multiple impairments across different systems. It partly
accounts for the heterogeneity between biological and chronological age.'
Generally, the prevalence of frailty increases with increasing age, and its incidence
in community-dwelling older adults (>65 years of age) ranges from 10% to 30%.'
Moreover, frailty is an independent predictor of falls, worsening mobility, disability,
hospitalization, and death, subsequently becoming a public issue worldwide.*
Previous studies have demonstrated that cardiovascular disease and frailty are
common and often coexist among older adults,” risk factors and pathophysiological
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pathways may be shared between these two entities.
A structured review found that nearly a third of older
adults presenting to the hospital with acute coronary syn-
drome (ACS) are frail or pre-frail.° In addition, studies
have found that frailty is a crucial prognostic determinant
among older adult patients with myocardial infarction
(MI)."71 Studies have shown an upward trend of frailty
from 5.0% to 37% after 10—13 years of clinical MI (CMI),
and individuals with frailty are 2-5 times more likely to
die or have major adverse cardiovascular events."'

Previous studies mostly focused on CMI, while silent
MI (SMI) was paid less attention on due to lack character-
istic chest pain symptoms.'*'> However, SMI constitutes
up to 54% of all Mls, and more than 60% of all MIs in
older adults (>60 years of age).'*'® The prevalence of
SMI ranges from 0.5% to 8.0% in the general population,
rising to 27% in patients with suspected coronary artery
disease (CAD).">'""'® Thus, SMI is also a concern that
need to be placed emphasis on. The risk of sudden cardiac
death (SCD), heart failure (HF), and other adverse out-
comes have been observed in both SMI and CMI, but have
been worse among patients with SMI.'® With this in mind,
SMI patients with frail may have worse outcomes.
Additionally, SMI can be easily diagnosed by electrocar-
diogram (ECG). Thus, early identification of SMI and
timely intervention may benefit in preventing and treating
frailty.

However, there are limited data regarding the preva-
lence of SMI among individuals who later developed
frailty in the general population, and the relationship
between SMI and onset of frailty is not well established
so far. Therefore, this study aimed to determine the pre-
valence of SMI and long-term frailty among the general
population for individuals without any history of CAD.
Moreover, this study compared the associations of SMI
and CMI with frailty and examined the consistency of
these associations in subgroups stratified by sex, race,
and HF risk factors.

Materials and Methods
Study Population

Atherosclerosis Risk in Communities (ARIC) is a large,
long-term  prospective study involving participants
between the ages of 45 and 64 years in four communities
in the United States. The baseline survey was conducted
from 1987 to 1989, the second, third, fourth, and fifth

follow-ups was conducted from 1990 to 1992, 1993 to

1995, 1996 to 1998, and 2011 to 2013, respectively.
During the follow-up period, trained professionals
assessed the participants’ demographic characteristics,
medical history, lifestyle, and hospitalization events
through a standardized program to determine the partici-
pants’ health status and events. The experimental protocol
was established according to the ethical guidelines of the
Helsinki Declaration. Each study site was approved by the
institutional review boards at the collaborating medical
centers: Medical Center
Institutional Review Board (Jackson Field Center); Wake

Forest University Health Sciences Institutional Review

University of Mississippi

Board (Forsyth County Field Center); University of
Minnesota Institutional Review Board (Minnesota Field
Center); and the Johns Hopkins School of Public Health
Institutional Review Board (Washington County Field
Center). And all participants provided a written informed
consent during each follow-up. Data and materials can be
obtained from the website: https://biolincc.nhlbi.nih.gov/

home/.

During the fifth follow-up, 6538 participants were
assessed for frailty for the first time. Therefore, this ana-
lysis used the fifth follow-up population as the research
outcome and the data from the first survey as the baseline.
Some participants were excluded due to missing or poor
quality ECG (671 participants), history of MI according to
self-reports or ECG at the first visit (97 participants),
history MI at the fifth visit (221 participants), lack of
frailty assessment (398 participants), and lack of key cov-
ariates (17 participants).

Frailty Phenotype

All participants were assessed for frailty in the fifth visit,
based on the definition of frailty phenotype previously
operationalized in the ARIC study.?>*' This definition
consists of five parts as follows: shrinking, weakness,
slowness, poor energy, and low physical activity level.
Shrinking is defined as weight loss and refers to the
unconscious loss of 5% of total body weight or 10 pounds
compared to the previous year. Weakness was assessed
using a hydraulic grip dynamometer adjusted for sex and
body mass index (BMI). Slowness was assessed by the
time needed to walk for a distance of 15 feet based on the
lowest quartile for sex and height. Poor energy was
defined through the participants’ answers to two state-
ments (“I felt everything I did was an effort” and “I
Center for
Baecke

could not get going”) based on the

Epidemiological ~ Study’s-Depression  scale.
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physical activity questionnaire’® was used to classify low
physical activity levels according to the lowest quartile for
sex. Participants were classified as “frail” if they met three
or more criteria, “pre-frail” if they meet one or two cri-
teria, and “robust” if they did not meet any criteria.

Silent and Clinical Myocardial Infarction
During follow-up, trained staff used a MACPC (Marquette
Electronics Inc, Milwaukee, WI) ECG to obtain a supine
12-lead ECG for each participant. All ECG results were
read by two physicians who had received training in study-
ing ECG. In the event of a discrepancy between the results
by the two physicians, a senior practitioner made the
decision. The presence of MI was defined by the
Minnesota Code (MC) ECG classification as a minor Q/
QS wave abnormality (MC 1.3) plus a major ST-T
abnormality (MC 4.1, MC 4.2, MC 5.1, or MC 5.2) or
new appearance of a major Q/QS wave abnormality (MC
1.1 or MC 1.2). CMI was determined by physicians based
on chest pain, ECG evidence, history of coronary heart
disease (CHD), and other relevant information. SMI was
defined as a new MI, based on ECG evidence during the
follow-up visit, without the presence of CMI at baseline.
CMI and SMI were assessed after the baseline and until
the fourth visit.

Baseline Covariates

At baseline (first visit), age, sex, race, alcohol consump-
tion, smoking, and education levels were self-reported.
The BMI was calculated by dividing weight in kilograms
by height in meters squared. Blood samples were collected
after fasting for 12 hours and tested in the central labora-
tory. The physical activity score is a score of sport index
during leisure time based on the Baecke Questionnaire.”
Hypertension was defined as a systolic blood pressure
(SBP) >140 mmHg, diastolic blood pressure >90 mmHg,
or the use of antihypertensive medications. Diabetes was
defined as a fasting blood glucose level >126 mg/dL, non-
fasting blood glucose level >200 mg/dL, physician’s
reported diagnosis, or the use of hypoglycemic medica-
tions. CHD was defined as a history of MI, angina pec-
toris, or coronary revascularization.

Assessment of Cognitive, Cardiac

Function and Kidney Function
The cognitive assessment of each participant was per-
formed based on three cognitive tests in Visit 5. These

tests included a delayed word recall test (DWRT), digit
symbol substitution test (DSST), and word fluency test
(WFT), which measured memory, executive function, and
language function, respectively.?*>® The global cognition
z-score was calculated as an average of the three indivi-
dual z-scores and standardized using the global z-score
mean and standard deviation (SD) of Visit 5.

Cardiac function was assessed using left ventricular
ejection fraction (LVEF) based on echocardiography in
Visit 5. According to the ARIC protocol, trained and
certified sonographers performed echocardiographic exam-
inations at the S5th visit, and quantitative measurements
were done by the well-trained analysts at the central
laboratory as recommended by the American Society of
Echocardiography (ASE).?’? In addition, the results were
re-read by certified sonographers, which further ensured
the accuracy of these measurements.

Kidney function was assessed by measuring creatinine in
serum or plasma specimens collected at the 5th visit. And
creatinine was measured by a modified kinetic Jaffé

method.>*

Statistical Analysis
Parametric variables were reported as mean + standard
deviation and compared using variance analysis.
Nonparametric variables were reported as median and
interquartile range (25th—75th percentiles) and compared
using the Mann—Whitney U-test. Categorical variables
were reported as frequency and percentage and compared
using the chi-square test.

To examine the association of SMI between the first
and fourth visits with the incident frailty at the fifth visit,
a logistic regression model was used. To further determine
whether these relationships were independent of risk fac-
tors, the model was adjusted according to demographic
variables (age, sex, race, education, annual household
income, smoking, and alcohol consumption), physiological
variables (BMI, SBP, and heart rate), laboratory findings
(total cholesterol, low-density lipoprotein, high-density
lipoprotein, triglycerides, and creatinine), and chronic
medical conditions (hypertension, diabetes, and CHD). In
addition, after adjusting for confounding factors, the logis-
tic regression model analyzed the association between MI
status and frailty in different subgroups, such as age, sex,
race, hypertension, and diabetes and these interactions
were examined. In order to calculate the indirect effect
of MI status on frailty through cardiac (left ventricular
ejection fraction [LVEF]),

kidney (creatinine), and
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cognitive function (cognition score), path analysis by
structural equation modeling was performed. The results
of this analysis were reported using standardized regres-
sion coefficients (B) to describe the direct and indirect
effects on frailty.*®

A two-tailed P<0.05 was considered significant for all
tests. All statistical analyses were performed using SPSS
version 26.0 (IBM Corp, Armonk, NY, USA) and
R software 3.5.0 (Vienna, Austria).

Results

Baseline Characteristics

A total of 4953 participants with an average age of 52.2
+5.1 years were included in this study. Among them, 2.7%
(n=135) and 2.9% (n=146) developed SMI and CMI,
first
Compared to non-MI, participants with SMI or CMI

respectively, between the and fourth visits.
were more likely to be male; older; have chronic medical
conditions, such as hypertension, diabetes, and CHD; have
lower education level; and have more cardiovascular risk
factors at the first visit. Baseline characteristics are

described and compared in Table 1.

Myocardial Infarction Status and Frailty
After a median follow-up time of 14.7 (14.0-15.3) years,
the average age of the participants at the 5th visit was 75.8
+5.3 years. The total number of participants classified as
pre-frail, frail, and robust were 46.7% (n=2309), 6.7%
(n=336), and 46.6% (n=2308), respectively. Participants
with SMI and CMI were significantly more likely to
become frail after around 15 years than individuals with-
out MI (15.6% vs 6.2%, 16.4% vs 6.2%, P<0.001 for all,
respectively) (Figure 1).

In the logistic regression analysis, the unadjusted odds
ratios (ORs) for SMI and frailty and CMI and frailty
compared to participants without MI were 2.773 (95%
confidence interval [CI]: 1.716-4.483, P<0.001) and
3.111 (95% CI: 1.990-4.862, P<0.001), respectively.
After adjusting for confounders, SMI and CMI were
found to be independent predictors of frailty (OR=2.243,
95% CI: 1.307-3.850, P=0.003; OR=2.164, 95% CI:
1.259-3.721, P=0.005) (Table 2).

Subgroup Analysis

The association between MI status and frailty was
consistent among the subgroups of age, sex, race, dia-
betes, and hypertension (Figure 2). However, the risk

of frailty associated with SMI was slightly higher, but
not significant, for overweight than that for normal-
(P for interaction=0.065), and
than that for (P for

weight individuals

for nonsmokers smokers

interaction=0.097).

Path Analysis

SMI and frailty were found to be significantly associated
with LVEF and composite cognition score by path analysis
(P<0.05). In the structural equation modeling, the indirect
effects of SMI on frailty by LVEF and composite cogni-
tion score were 27.9% (p=0.314, 95% CI: 0.113-0.486)
and 8.0% (B=0.091, 95% CI: 0.021-0.178), respectively
(Figure 3). The direct effect of SMI on frailty was 64.1%
(B=0.722, 95% CI: 0.160-1.284). Creatinine were not
shown to be mediators of SMI and frailty. For patients
with CMI (Table 3), the effects on frailty were mediated
by LVEF (14.2%), composite cognition score (11.4%), and
creatinine (5.3%).

Discussion

This study found that patients with SMI and CMI were
significantly more likely to be frail after around 15
years of MI. After adjusting for confounders, SMI
and CMI were found to be independent predictors of
frailty.

In our study, SMI was associated with a more than
2-fold increased risk of frailty while being independent of
traditional cardiovascular risk factors. CMI was shown to
have similar associations. However, previous studies have
shown that patients with CMI are at an increased risk of
adverse events, such as HF and SCD, than those with
SMI*"*® This could be due to the underdiagnosis of
SMI, which can be easily screened by ECG. The preva-
lence of frailty in community-dwelling older adults (> 60
years of age) ranges from 3.9% to 51.4% and its presence
is a risk factor for multiple adverse health outcomes that
ultimately leads to hospitalization, falls, institutionaliza-
tion, and death.>® Therefore, identifying individuals with
SMI is of great importance and allows for earlier interven-
tions against frailty and consequently, adverse health
outcomes.

Even though other studies have shown that older
female adults with hypertension and diabetes are at an

1% the association

increased risk of becoming frai
between different types of MI and frailty did not signifi-
cantly differ by age, sex, and chronic medical conditions in

our study. These results were similar to the study of the
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Table | Baseline (Visit-1, 1987—1989) Participant Characteristics Stratified by Myocardial Infarction Status

Characteristic Non-MI Silent Ml Clinical Ml P
(N=4672) (N=135) (N=146)

Demographic Variables
Age, years 52.1 £5.1 535+49 538+54 <0.001
Male sex 1939 (41.5) 80 (59.3) 96 (65.8) <0.001
Race (Black) 833 (17.8) 20 (14.8) 26 (17.8) 0.652
Physical activity score 25+08 24 %07 25+08 0.117
Education <0.001

Less than high school 569 (12.2) 26 (19.3) 35 (24.0)

High school 1525 (32.6) 41 (30.4) 46 (31.5)

College 2578 (55.2) 68 (50.4) 65 (44.5)
Smoking <0.001

Never 2335 (50.0) 49 (36.3) 52 (35.6)

Ever 1568 (33.6) 47 (34.8) 59 (40.4)

Current 769 (16.5) 39 (28.9) 35 (24.0)
Drinking 0.405

Never 1090 (23.3) 24 (17.8) 33 (22.6)

Ever 638 (13.7) 31 (23.0) 27 (18.5)

Current 2944 (63.0) 80 (59.3) 86 (58.9)
Income, US$ 0.213

<16,000 518 (11.1) 11 (8.1) 21 (14.4)

16,000-35,000 1546 (33.1) 51 (37.8) 55 (37.7)

>35,000 2608 (55.8) 73 (54.1) 70 (47.9)
Physiological and Lab Variables
Body mass index, kg/m2 27.0 £ 4.8 284 + 4.8 284 + 4.4 0.002
SBP, mmHg 1159 + I5.5 120 + 16.8 119.7 £ 17 <0.001
DBP, mmHg 723 £99 745 % 1.1 74.6 £ 105 0.002
Heart rate,/min 654+ 95 64.6 £9.2 65 + 89 0.615
Total cholesterol, mmol/l 5410 56+ 1.0 58+ 12 <0.001
HDL, mmol/l 1.4 +04 12 £04 12 £04 <0.001
LDL, mmol/l 35+ 1.0 3709 38+ 1.1 <0.001
Triglycerides, mg/dl 1.4 +09 1.5+08 18+ 1.0 <0.001
Creatinine, mg/mL 1.1 £02 1.1 £02 1.1 £0.2 <0.001
Blood glucose,mmol/l 100.8 + 21.7 105.9 + 34.7 106.6 + 27.2 <0.001
Chronic Medical Conditions
Hypertension 880 (18.9) 36 (26.7) 56 (38.6) <0.001
Diabetes mellitus 178 (3.8) 6 (4.5) 16 (11.0) 0.001
Cancer 227 (4.9) 9 (6.7) 7 (4.8) 0.662
COPD 128 (2.7) 9 (6.7) 9 (6.3) 0.008
Coranary heart disease 58 (1.3) 4 (3.1) 29 (20.7) <0.001

Notes: Values are expressed as n (%), mean + SD, and median (25th, 75th).

Abbreviations: M|, myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; LDL, Low density lipoprotein; COPD, chronic

obstructive pulmonary disease.
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Figure | The prevalence of frailty in different Ml status. *P<0.001. *P<0.001.
Abbreviation: MI, myocardial infarction.

association between SMI and risk of heart failure.
Moreover, the same study reported that the risk of heart
failure associated with SMI was higher in younger
patients, but no such associations were found to be sig-
nificant in our study.

Previous studies have confirmed that SMI leads to
cardiac dysfunction,®® and abnormalities of cardiac
structure and function are independently associated
with frailty.** Therefore, the increased risk of frailty in
patients with SMI may be mediated by cardiac dysfunc-
tion, which was established in the path analysis per-
formed in our study. According to our results, the
indirect effects of SMI on frailty mediated by cardiac
dysfunction (expressed by LVEF) accounted for about
28%. Only HF with reduced ejection fraction is reflected
by LVEF, but SMI could lead to HF with preserved
ejection fraction.®® Therefore, the actual mediating
effect value may be larger than the statistical value.
Cognitive dysfunction, chronic kidney disease, and
lung disease may also be mediators of SMI and
frailty.*> Expectedly, cognition function accounted for
8% of the indirect effect of SMI on frailty in our

study. This result emphasizes the importance of the
heart-brain-frailty axis and could be an important inter-
vention target.** Chronic kidney disease, expressed as
creatinine (5.3%), was shown to be a mediator of frailty
in patients with CMI, but this was not observed in
patients with SMI. Patients with CMI may have had
a larger infarct size, whereas those with SMI are likely
to remain subclinical due to the presence of small
infarct size. Therefore, patients with CMI could be at
an increased risk of developing kidney disease com-
pared with those with SMI.

Limitations
This study has several limitations. Only participants
diagnosed with MI between the first and fourth visits
were included to analyze the relationship between MI
and the risk of frailty over a span of 15 years. The
baseline frailty status of the study population could not
be obtained, thus a causal relationship could not be
proven. In addition, frailty was diagnosed based on
the frailty phenotype, and it is unclear whether this
would be relevant when wusing other proposed
criteria. Since the assessment of lung function was
only conducted in the first and second visits of the
study, it were not included in the path analysis.
older adult frail

increased risk of early-onset death and loss to follow-

Moreover, individuals are at an
up, leading to selection bias and uncertainty of the
research conclusion. However, this is almost an inevi-
table problem in most studies. Although confounders
were adjusted for in this study, there may still be
potential variables that were not included. Finally,
CMI may be derived from recurrent MI of the popula-
tion with SMI, thus, the true SMI events may be
underestimated.

Table 2 Adjusted ORs (95% CI) for the Association of Silent Ml and Clinical MI with Incident Frailty

Diagnose Unadjusted Model | Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Ml status <0.001 <0.001 <0.001 <0.001
Non-Ml Ref. - Ref. - Ref. - Ref. -
Silent Ml 2.773 (1.716-4.483) | <0.001 | 2.788 (1.708-4.550) | <0.001 | 2.423 (1.432—4.099) | 0.001 2.243 (1.307-3.850) | 0.003
Clinical MI | 3.111 (1.990-4.862) | <0.001 | 3.032 (1.912-4.808) | <0.001 | 2.062 (1.210-3.513) | 0.008 | 2.164 (1.259-3.721) | 0.005

Notes: Model |: adjusted by age, sex, center-race. Model 2: adjusted by model | plus education (<high school, high school, or >high school), annual household income
(<16,000, 16,000 to 35,000, >35,000), and body mass index, smoking (never, former, current), drinking (never, former, current), systolic blood pressure, heart rate. Model 3:
adjusted by model 2 plus physical activity score, total cholesterol, low density lipoprotein, high density lipoprotein, triglycerides, creatinine, hypertension, diabetes, and

coronary heart disease. Unexplained variables are regarded as continuous variables.
Abbreviations: M|, myocardial infarction; OR, odds ratio; Cl, confidence interval.
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Subgroup

Age*®
<51

Gender
Female

Male

Race
White

Black

Body mass
index
<25 kg/m2

225 kg/m2

Hypertension
No

Diabetes
No

Current
smoking
No

Diagnose

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical M1

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical Ml

Non-MI
Silent MI
Clinical Ml

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical MI

Non-MI
Silent MI
Clinical Ml

Number of
event/participants
(%)

94/2277 (4.0)
6/51 (10.5)
7150 (12.3)

197/2104 (8.6)
15/63 (19.2)
18/71 (20.2)

197/2536 (7.2)
10/45 (18.2)
12/38 (24.0)

94/1845 (4.8)
11/69 (13.8)
13183 (13.5)

228/3611 (5.9)
16/99 (13.9)
19/101 (15.8)

631770 (7.6)
5/15 (25)
6/20 (23.1)

63/1690 (3.6)
5139 (11.4)
2127 (6.9)

22812690 (7.8)
16/75 (17.6)
23194 (19.7)

209/3556 (5.6)
12/87 (12.1)
12177 (13.5)

81/799 (9.2)
9127 (25.0)
13/43 (23.2)

26414209 (5.9)
19/108 (15.0)
19/111 (14.6)

26/152 (14.6)
214 (33.3)
6/10 (37.5)

23913660 (6.1)
15/81 (15.6)
22189 (19.8)

52/715 (6.8)
6/33 (15.4)
3132 (8.6)

L 4

L 4

vy

L 2

L 4

vy

L 3

>

+

v

v

L 4

*

vy

g

L 3

0

OR (95%Cl)

Ref.
2.324 (0.815-6.621)
2.643 (0.934-7.477)

Ref.
2.167 (1.141-4.116)
2.058 (1.081-3.921)

Ref.
2.259 (1.017-5.020)
2.786 (1.273-6.097)
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Figure 2 Adjusted ORs (95% Cls) for the association of Ml status with incident frailty in different subgroups. Model was adjusted by age, sex, center-race, education (<high
school, high school, or >high school), annual household income (<16,000, 16,000 to 35,000, >35,000), and body mass index, smoking (never, former, current), drinking
(never, former, current), systolic blood pressure, heart rate, physical activity score, total cholesterol, low density lipoprotein, high density lipoprotein, triglycerides,

creatinine, hypertension, diabetes, and coronary heart disease.
Abbreviations: M|, myocardial infarction; OR, odds ratio; Cl, confidence interval.
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27.9%

64.1% \

o O /

Silent MI
&> ( (4
~7c,® @ N
{r;"f g
441
Cognitive decline
Effect Variables B coefficient 95%CI SE
Direct Silent Ml 0.722 0.160-1.284  0.286
Indirect Gemposite 0.091 0.021-0.178  0.080
cognition score
Indirect LVEF 0.314 0.113-0.486 0.176

Figure 3 Direct and indirect effects of silent Ml on frailty. B coefficient was calculated by standard regression equation. Composite cognition score was calculated by mean
of Digit Symbol Substitution Test Z score, Word Fluency Test Z score, and Delayed Word Recall Z score.
Abbreviations: MI, myocardial infarction; LVEF, left ventricular ejection fraction; CI, confidence interval; SE, standard error.

Conclusions
This study found that individuals with MI were at an
increased risk of becoming frail. This association is

between SMI and frailty can be explained by the media-
tion of cardiac and cognitive function impairment.
Identifying individuals with SMI may allow for earlier

more important in patients with SMI as they are more interventions to prevent the progress of frailty.
likely to be underdiagnosed. In addition, the mechanism  Standardized preventive treatment needs to be
Table 3 Direct and Indirect Effects of Clinical Ml on Frailty

Effect Variables p Coefficient 95% CI SE

Direct Clinical Ml 0.394 0.160-0.628 0.120

Indirect Composite cognition score 0.079 0.035-0.121 0.015

Indirect LVEF 0.101 0.056-0.397 0.031

Indirect Serum creatinine 0.034 0.010-0.098 0.009

Notes: § coefficient was calculated by standard regression equation. Composite cognition score was calculated by mean of Digit Symbol Substitution Test Z score, Word

Fluency Test Z score, and Delayed Word Recall Z score.
Abbreviations: M|, myocardial infarction; LVEF, left ventricular ejection fraction.
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established to reduce the risk of frailty among patients
with SML

Abbreviations

ARIC, Atherosclerosis Risk in Communities; BMI, body
mass index; CAD, coronary artery disease; CHD, cor-
onary heart disease; CI, confidence interval, CMI, clin-
ical myocardial infarction; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; DBP,
diastolic blood pressure; ECG, electrocardiogram; HF,
heart failure; HDL, high density lipoprotein; LDL, Low
density lipoprotein; LVEF, left ventricular ejection frac-
tion; MI, myocardial infarction; OR, odds ratio; SMI,
SCD,
death; SBP, systolic blood pressure.

Silent myocardial infarction; sudden cardiac
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