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4. Rationale:  



 

Left atrial (LA) myopathy, characterized by abnormalities in function and size of the left atrium, 
is associated with adverse cardiovascular outcomes. Increased LA size is an established risk 
factor for atrial fibrillation, heart failure, and ischemic stroke. Additionally, recent studies 
suggest that functional changes in the left atrium are also associated with multiple cardiovascular 
disease outcomes independent of LA size.1–4   
 Left atrial strain, measured by two-dimensional speckle-tracking echocardiography, is a 
useful and reproducible parameter for the assessment of LA function and LA myocardial 
deformation. Recent studies have demonstrated the importance and potential clinical application 
of LA strain to improve diagnosis and evaluation of cardiovascular disease outcomes. In the 
Copenhagen City Heart Study, Hauser et al. found that the incidence rate of atrial fibrillation in 
people with peak atrial longitudinal strain < 32% is more than 5 times greater than those with 
peak atrial longitudinal strain > 41%.5 Reduced LA strain is also linked with increased left 
ventricular filling pressure and heart failure.6,7 In a study among community-dwelling older 
adults, Potter and coauthors reported that a LA reservoir strain < 24% is associated with nearly 2 
times greater risk of incident heart failure after adjusting for confounders.8 In addition, lower LA 
function is associated with incident dementia.2      
 Frailty is a multifactorial metric to describe increased vulnerability to compromised 
outcomes following stressor events.9 The status of frailty is commonly seen in older adults and 
can be highly prevalent in people with cardiovascular diseases such as atrial fibrillation and heart 
failure. Prior studies have shown that the risk of frailty can be 6 times greater in people with 
heart failure and the prevalence of frailty in people with atrial fibrillation can be up to 75%.10–12 
Frail people with heart failure and/or atrial fibrillation have remarkably increased risk of 
hospitalization, reduced quality of life, and mortality.13 Therefore, early identification of people 
at high risk of frailty is of critical importance.  
 Current literature suggests that LA size is an independent predictor of frailty.14,15 However, 
it is not clear whether reduced LA function may also be a risk factor for frailty independent of 
prevalent cardiovascular conditions and dementia. In this study, we will investigate the 
association between LA function, measured by LA strain, and incident frailty in older adults. 
 
 
5. Main Hypothesis/Study Questions: 
Lower left atrial (LA) function is associated with increased risk of frailty, independent of 
cardiovascular conditions and dementia. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study Design 
  Prospective cohort study from Visit 5 to 7. 
 
Inclusion/Exclusion 
 The ARIC visit 5 will be used as the baseline. We will include participants with left atrial 
function measured by echocardiogram at visit 5. Participants with prevalent frailty at visit 5 will 
be excluded, as well as those who are neither African American nor white, and African 
Americans from the MN and MD centers. We will also exclude participants whose frailty status 

https://paperpile.com/c/twDFYr/uwLb+8J9U+RD5N+CtG7
https://paperpile.com/c/twDFYr/3weV
https://paperpile.com/c/twDFYr/IcCg+xqLH
https://paperpile.com/c/twDFYr/7pPw
https://paperpile.com/c/twDFYr/8J9U
https://paperpile.com/c/twDFYr/EJJU
https://paperpile.com/c/twDFYr/sx48+NaDZ+AtHE
https://paperpile.com/c/twDFYr/V0QN
https://paperpile.com/c/twDFYr/KZHP+r8pn


 

were not evaluated at either visit 6 or visit 7, for whom we lack their information of frailty status 
after visit 5.    
 
Variables 
Exposures:  Left atrial (LA) strain measured on two-dimensional speckle-tracking 
echocardiography at Visit 5, including 1.  LA reservoir strain, 2. LA contractile strain, and 3. LA 
conduit strain.  
 
Outcome: Incident frailty (dichotomized as frail vs pre-frail/robust) will be ascertained at V6 and 
V7, based on Fried frailty criteria. Weakness, slowness, exhaustion, weight loss, and low 
physical activity are the 5 primary components used to define frailty status. Participants were 
determined to be robust if they have no frailty components present, pre-frail if they have 1 or 2 
components, or frail if they have at least 3 of the 5 components. Participants who were frail at 
either visit 6 or visit 7 will be considered as having incident frailty during follow-up. Participants 
who were not detected as being frail at visit 6 or visit 7 will be considered as not having incident 
frailty during follow-up.  

 
Covariates: Age, sex, race-ARIC field center, BMI, diabetes, SBP, antihypertensive medication 
use, prevalent stroke, prevalent AF, prevalent HF, prevalent dementia, CHD, and left ventricular 
function evaluated on two-dimensional Doppler echocardiogram.    
 
Data analysis 
 Baseline characteristics of participants will be described using means and proportions 
stratified by frail vs. not frail.   
 For our primary analysis, logistic regression will be used to explore the relationships 
between LA strain and frailty. The 3 LA strain variables will be analyzed as continuous variables 
per-standard deviation decrement and as categorical variables in quintiles (highest quintile as 
reference). 
 The following models will be used -  
 Model 1 will adjust for age, sex, and race-ARIC field center.   
 Model 2 will additionally adjust for baseline cardiovascular characteristics/comorbidities 
such as BMI, diabetes, SBP, antihypertensive medication use, prevalent stroke, prevalent AF, 
prevalent HF, prevalent dementia, and CHD.   
 Model 3 will further adjust for cardiac function evaluated on two-dimensional Doppler 
echocardiogram such as left atrial volume index, E/e’ ratio, and LV longitudinal strain.  
 We will evaluate interactions by sex and race and perform sex- and race-stratified analyses. 
 Sensitivity analysis will be performed by excluding participants with prevalent stroke, 
prevalent AF, prevalent HF, or prevalent dementia. Further, stabilized inverse probability 
weighting (sIPW) will be used to account for bias due to selective participation in frailty 
assessments and attrition over follow-up. 
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