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Abstract

Background: The contribution of cardiovascular dysfunction to frailty in older adults is uncertain. This study aimed to define the relationship
between frailty and cardiovascular structure and function, and determine whether these associations are independent of coexisting abnormalities
in other organ systems.

Methods: We studied 3,991 older adults (mean age 75.6+5.0 years; 59% female) from the Atherosclerosis Risk in Communities (ARIC)
Study in whom the following six organ systems were uniformly assessed: cardiac (by echocardiography), vascular (by ankle-brachial-index and
pulse-wave-velocity), pulmonary (by spirometry), renal (by estimated glomerular filtration rate), hematologic (by hemoglobin), and adipose
(by body mass index and bioimpedance). Frailty was defined by the presence of >3 of the following: low strength, low energy, slowed motor
performance, low physical activity, or unintentional weight loss.

Results: Two hundred eleven (5.3%) participants were frail. In multivariable analyses adjusted for demographics, diabetes, hypertension,
and measures of other organ system function, frailty was independently and additively associated with left ventricular hypertrophy (odds
ratio [OR] = 1.72; 95% confidence interval [CI] = 1.30-2.40), reduced global longitudinal strain (reflecting systolic function; OR = 1.68;
95% CI = 1.16-2.44), and greater left atrial volume index (reflecting diastolic function; OR = 1.60; 95% CI = 1.13-2.27), which together
demonstrated the greatest association with frailty (OR = 2.10; 95% CI = 1.57-2.82) of the systems studied. Lower magnitude associations
were observed for vascular and pulmonary abnormalities, anemia, and impaired renal function. Cardiovascular abnormalities remained
associated with frailty after excluding participants with prevalent cardiovascular disease.

Conclusions: Abnormalities of cardiac structure and function are independently associated with frailty, and together show the greatest
association with frailty among the organ systems studied.
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Frailty is a state of increased vulnerability to stressors resulting of, and an increased risk for, frailty (4,5). Cardiovascular dysfunc-
from multisystem dysregulation that accompanies aging (1-3), tion may therefore play an important role in the development of
and is associated with a higher risk of impaired physical function- frailty. However, the extent to which alterations in cardiovascular
ing, institutionalization, and mortality among older adults (1,2). structure and function relate to frailty remains unclear. Higher left

Cardiovascular diseases are associated with a higher prevalence ventricular (LV) mass and surrogates of atherosclerosis have been
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related to frailty in some populations (6-8) but not in others (9-11),
while studies using conventional echocardiography have not con-
sistently observed worse LV function in frail individuals (6,10,12).
Furthermore, impairments in multiple other organ systems are
related to frailty, including the pulmonary, renal, and hematopoietic
systems, and adiposity (13-15). Given that multiple comorbidities
often coexist and overlap in older adults, it is unknown whether
cardiovascular dysfunction is associated with frailty after account-
ing for coexisting alterations in other organ systems. This study used
cross-sectional data from a large community-based sample of older
adults in the Atherosclerosis Risk in Communities (ARIC) study at
the fifth study visit to address the hypothesis that abnormalities of
cardiovascular structure and function are associated with frailty in
older adults independent of coexisting abnormalities in the pulmo-
nary, renal, hematologic, and adipose systems.

Methods

Study Population

The study design and procedures of the ARIC study have been pre-
viously described in detail (16). ARIC is an ongoing, prospective
observational study that originally enrolled 15,792 participants aged
45-64 years recruited between 1987 and 1989 (visit 1) from four
communities in the United States: Forsyth County, North Carolina;
Jackson, Mississippi; Minneapolis, Minnesota; and Washington
County, Maryland. In this analysis, 6,538 surviving participants
attending Visit 5 (2011-2013) were evaluated. We excluded those
whose race was neither black nor white (7 = 18) or with missing
data at Visit 5 for echocardiography (7 = 491), ankle-brachial index
(ABL n = 457), pulse wave velocity (PWV; n = 541), or spirometry
(n = 1,040), resulting in 3,991 individuals included in the present
analysis. Institutional review boards from each site approved the
study, and informed consent was obtained from all participants.

Definition of Frailty

Frailty was defined using a validated measure (17), that was based
on available data and previous work in other cohorts (1,6,18), and
consisted of five binary criteria: (a) Low energy expenditure, based
on gender-specific 20th percentile rank of the Baecke leisure sports
activity index; (b) Low walking speed, based on the bottom gender-
and height-specific quintile of time to walk 4 m; (c) Lack of energy
(exhaustion), defined as present if the participant responded “some of
the time” or “most of the time” to either of the following questions:
“I felt everything I did was an effort” or “I could not get going”;
(d) Low grip strength: based on the bottom gender- and body mass
index-specific grip strength quintile; (e) Unintentional weight loss,
defined as 10% unintentional weight loss between Visits 4 (1996—
1998) and 5 or body mass index <18.5kg/m? at Visit 5. Frailty was
defined by the presence of at least three of these criteria.

Assessment of Cardiovascular Parameters

The echocardiographic protocol, including reproducibility metrics,
has been previously described in detail (19). All studies were digi-
tally acquired on Philips IE33 machines and quantitative analysis
was performed by a central echocardiography reading center that
was blinded to clinical information. Cutpoints for defining abnormal
values for echocardiographic measures were based on sex-specific
95th percentile limits derived from a subgroup of healthy partici-
pants who underwent echocardiography at ARIC Visit 5 and had
no prevalent cardiac disease (prior heart failure hospitalization or

self-report; coronary heart disease, including history of myocardial
infarction or regional wall motion abnormality on echocardiogra-
phy; atrial fibrillation; or moderate or greater valvular disease) or
cardiovascular risk factors (hypertension, active smoking, diabetes,
body mass index >30 or <18.5kg/m?, QRS duration >120 msec, or
estimated glomerular filtration rate <60 mL/min/1.73 m? at Visit
5). LV mass was indexed to body surface area and LV hypertrophy
was defined as LV mass index >105g/m? in men and >89g/m? in
women. Left atrial volume was indexed to body surface area and
was considered abnormal if >34mL/m? in men and >32mL/m? in
women. Septal E/E” was considered abnormal if >15 in men and >17
in women. LV ejection fraction was considered abnormal if <59%
in men and <58% in women. Global longitudinal strain (GLS) was
derived from speckle-tracking echocardiography and was considered
abnormal if >-15% in men and women.

Carotid-femoral PWV was measured using a ColinVP-1000 plus
system (Omron Co., Komaki, Japan) and was considered abnormal
if >1,300cm/s (20). ABI was considered abnormal if <0.9 (21).

Assessment of Noncardiovascular Parameters
Abnormalities in four noncardiovascular physiological systems were
defined as follows: pulmonary: percent of predicted forced expira-
tory volume in 1 second (FEV,) <80% or percent of predicted forced
vital capacity (FVC) <80% as assessed by spirometry (22); renal:
estimated glomerular filtration rate <60 mL/min/1.73 m (2) using the
CKD-Epi equation (23); hematologic: anemia (hemoglobin <13g/
dL in men and <12g/dL in women) (24); adipose: obesity (body
mass index > 30kg/m?) or body fat percentage >25% in men and
>35% in women as assessed by bioelectric impedance (Tanita Body
Composition Analyzer, TBF-300A) (25). All of the above cardiovas-
cular and noncardiovascular parameters were obtained at Visit 5.

Assessment of Covariates

Hypertension was defined as a self-report of antihypertensive medi-
cation use or blood pressure >140/90 mmHg. Diabetes mellitus was
defined as fasting glucose >126 mg/dL, nonfasting glucose >200 mg/
dL or a self-report of anti-diabetic medication. Coronary artery
disease was defined as previous myocardial infarction or coronary
intervention. Heart failure was defined based on adjudicated heart
failure hospitalization since 2005 or hospitalization with a heart
failure ICD code prior to 2005 (26). Overt peripheral artery disease
was defined as a self-report of physician diagnosis or a history of
claudication.

Statistical Analysis

Continuous variables are expressed as mean = standard deviation
for normally distributed data or median (25th, 75th percentiles) for
non-normally distributed data. Categorical variables are expressed
as number of subjects and proportions. Differences in clinical and
demographic features between frail and nonfrail groups were evalu-
ated by unpaired #-test and chi-square test.

Differences in measures of the six studied systems (cardiac, vas-
cular, pulmonary, renal, hematologic, and adipose) between frail
and nonfrail participants were first assessed by linear or logistic
regression adjusting for age, sex, race, and field center. This analy-
sis included measures of the following three domains of the cardiac
system: LV structure, LV systolic function, and LV diastolic func-
tion. The presence of abnormal LV structure was represented by
LV hypertrophy. Within the LV systolic and LV diastolic function
domains, multivariable logistic regression was employed to identify



the measure that differed most significantly between the frail and
nonfrail groups, and identified GLS and LAVI, respectively. As a
result, cardiac abnormality was defined as the presence of abnormal
LV structure (LV hypertrophy), LV systolic function (represented by
abnormal GLS), or LV diastolic function (represented by abnormal
LAVI). Abnormality of other organ systems for which there were
multiple measures was defined by the presence of an abnormality of
any component measure that also showed an independent associa-
tion with frailty after adjusting for age, sex, race, and field center:
Abnormal vascular function was defined as abnormal PWV or ABI;
Abnormal pulmonary function was defined as abnormal percent
FEV, or FVC; Abnormal adiposity was defined as a body mass index
>30kg/m?.

To identify organ systems for which abnormal function was inde-
pendently associated with frailty, a multivariable logistic regression
model was constructed including dichotomous variables representing
abnormal function of each organ system (cardiac, vascular, and each
noncardiovascular system) in addition to age, sex, race, field center,
hypertension, and diabetes. In an additional analysis, component
measures of cardiac dysfunction (LV hypertrophy, abnormal GLS,
abnormal LAVI) were entered together in this model in place of a sin-
gle dichotomous variable for cardiac dysfunction to assess the inde-
pendent association of components cardiac impairment with frailty.
The likelihood ratio test was used to assess interactions between the
studied variables and frailty by gender, by race, and by the presence of
cardiovascular diseases (coronary artery disease, heart failure, atrial
fibrillation, peripheral artery disease, and previous stroke). To assess
for the potential impact of Visit 5 nonattendance, we also determined
the association of the studied variables with frailty in inverse prob-
ability of attrition weighted models. Finally, to determine whether a
graded relationship exists between number of frailty criteria and car-
diovascular and noncardiovascular organ dysfunction, we performed
parallel analyses dividing the study sample into three groups: robust,
if no frailty criteria were present (n = 1,932); prefrail, if one or two
frailty criteria were present (7 = 1,848); and frail, if three or more
criteria were present (7 = 211).

A two sided p-value <.05 was considered significant. Statistical
analysis was performed using Stata software Version 13.1 (Stata
Corp LP, College Station, TX).

Results

The mean age was 75.6 = 5.0 years, 59.1% were female, 23.4% were
black, and 5.3% were frail. Frail participants were more likely to
be older, female, had higher pulse pressure and heart rate, and had
higher prevalence of cardiovascular comorbidities and cardiovascu-
lar disease (Table 1).

Frail participants had higher prevalence of LV hypertrophy and
demonstrated worse LV systolic function based on GLS, although the
prevalence of abnormal LV ejection fraction did not differ between
groups (Table 2). LV diastolic function was also worse based on mul-
tiple measures, with the greatest between group differences noted for
LAVL Frailty was associated with worse vascular function, reflected
in a higher prevalence of both abnormal ABI and PWV. Frail par-
ticipants were also more likely to have worse lung function, as evi-
denced by higher prevalence of abnormal FEV, and FVC, worse
renal function, and anemia. Obesity was more prevalent in the frail,
although no differences in percentage of body fat were noted.

The prevalence of frailty was directly related to the number of
abnormal organ systems (p for trend < 0.001; Figure 1). In multivari-
able logistic regression analysis adjusting for abnormalities in the six
studied organ systems, demographic variables, diabetes, and hyper-
tension, abnormality of each organ system except obesity was associ-
ated with frailty (Figure 2). Notably, cardiac abnormalities showed
the greatest association with frailty (odds ratio [OR] = 2.10; 95%
confidence interval [CI] = 1.57-2.82), while associations of lower
magnitude were observed for vascular (OR = 1.44; 95% CI = 1.06—
1.95) and pulmonary (OR = 1.46; 95% CI = 1.07-1.98) abnormali-
ties, anemia (OR = 1.39; 95% CI = 1.01-1.93), and impaired renal
function (OR = 1.38; 95% CI = 1.01-1.87). In addition, analysis
including individual component measures of cardiac dysfunction
(LV hypertrophy, abnormal GLS, and abnormal LAVI) demonstrated
an independent association of each of these components with frailty
(Table 3).

In multivariable-adjusted analyses stratified by sex, race, and
the presence of cardiovascular diseases, results were similar to those
reported in the whole sample (Supplementary Tables 1-3). Frailty
was associated with higher odds of anemia in men, of abnormal lung
function in blacks, and of impaired renal function and obesity in

Table 1. Clinical and Demographic Characteristics of Studied Participants

Variable Nonfrail (7 = 3,780) Frail (n = 211) p Value
Female, 7 (%) 2,210 (58) 148 (70) <.001
Age, years 75.5+4.9 78.6+5.5 <.001
Black, # (%) 875 (23) 59 (28) a1
Systolic blood pressure, mmHg 13017 13120 27
Diastolic blood pressure, mmHg 67+10 6511 .003
Pulse pressure, mmHg 6314 6716 <.001
Heart rate, bpm 62+10 66=11 <.001
Hypertension, 7z (%) 3,074 (81) 194 (92) <.001
Diabetes mellitus, 7 (%) 1,089 (29) 99 (47) <.001
Smokers, 7 (%) 224 (6) 12 (6) .85
Cardiovascular diseases
Coronary artery disease, 7 (%) 465 (12) 36 (17) .042
Previous myocardial infarction, 7 (%) 233 (6) 23 (11) .006
Atrial fibrillation, 7 (%) 246 (7) 35(17) <001
Heart failure, 7 (%) 121 (3) 31 (15) <.001
Previous stroke, 7 (%) 92 (2) 14 (7) <.001
Peripheral artery disease, 7 (%) 157 (4) 22 (10) <.001

Note: Continuous variables are presented as mean = standard deviation.



Table 2. Cardiac and Noncardiac Physiological Measures of Nonfrail and Frail Participants

Nonfrail (rz = 3,780) Frail (n = 211) p Value®
Cardiac
LV structure
LVMI, g/m?* 7819 8825 <.001
LV hypertrophy, 7 (%) 597 (16) 70 (33) <.001
LV systolic function
Ejection fraction, % 65.5+6.4 64.1+8.0 .004
Abnormal ejection fraction, 7 (%) 374 (10) 25(12) .18
GLS, % -18.0£2.5 -17.3+3.0 <.001
Abnormal GLS, 7 (%) 448 (12) 47 (22) <.001
LV diastolic function
Septal E/E/ 12.1+4.3 13.5+5.2 .001
Abnormal septal E/E’, 7 (%) 480 (13) 46 (22) .003
LAVI, mL/m? 25.7+8.7 30.3+16.0 <.001
Abnormal LAV, 7 (%) 561 (15) 64 (30) <.001
Vascular
Pulse wave velocity, cm/s 1,159+330 1,272 470 .015
Abnormal pulse wave velocity, 7 (%) 1,011 (27) 87 (41) .012
Ankle-brachial index 1.2+0.1 1.1+0.2 .020
Abnormal ankle-brachial index, 7 (%) 231 (6) 28 (13) .030
Pulmonary
% predicted FEV, 95.0+21.2 90.7+21.9 <.001
Abnormal % predicted FEV , n (%) 822 (22) 57 (27) .007
% predicted FVC 96.5+20.4 90.6 £24.5 <.001
Abnormal % predicted FVC, 7 (%) 612 (16) 59 (28) <.001
Renal
Glomerular filtration rate, mL/min/1.73 m? 71.2+16.5 62.6+20.6 <.001
Abnormal glomerular filtration rate, 72 (%) 932 (25) 88 (42) <.001
Hematologic
Hemoglobin, g/dL 13.4=1.5 12.8+1.5 <.001
Anemia, n (%) 692 (18) 69 (33) <.001
Adipose
Body mass index, kg/m? 28.3+5.1 29.1+6.5 .001
Obesity, 72 (%) 1,212 (32) 81 (38) .005
% Fat mass 34.7+8.7 35.0£9.5 .38
Abnormal fat mass, 7 (%) 2,625 (69) 124 (59) .30

Notes: Continuous variables are presented as mean = standard deviation. LV hypertrophy was defined as LVMI >105 g/m? for M and >89 g/m? for W. Values of
LV ejection fraction <59% for M and <58% for W; GLS > -15% for both sexes; septal E/E” >15 for M and >17 for W; LAVI > 34 mL/m? for M and >32mL/m?
for W; pulse wave velocity >1,300 cm/s; ankle-brachial index <0.9; % predicted FEV,<80%j; % predicted FVC <80%; glomerular filtration rate <60 mL/min/1.73
m?; and fat mass >25% for M and >35% for W were considered abnormal. Anemia was defined as hemoglobin <13 g/dL for M and <12 g/dL for W and obesity
was defined as body mass index 230 kg/m* E/E’ = early transmitral inflow to early mitral relaxation velocity ratio; GLS = global longitudinal strain; FEV | = forced

expiratory volume in 1s; FVC = forced vital capacity; LAVI = left atrial volume index; LV = left ventricular; LVMI = LV mass index; M = men; W = women.

*p Values were adjusted for age, sex, race, and field center.

participants with cardiovascular diseases. To account for potential
bias due to nonattendance at Visit 5 of surviving cohort partici-
pants, multivariable analysis with inverse probability of attendance
weights did not meaningfully alter the associations between frailty
and system abnormalities (Supplementary Table 4). The associa-
tion of frailty with LV hypertrophy or cardiac abnormalities did
not significantly change when using the cutoff points recommended
by the American Society of Echocardiography for the diagnosis of
LV hypertrophy (LV mass index >115g/m? in men and >95g/m? in
women (27); Supplementary Table 5) or when indexing LV mass and
left atrial volume by height?”, rather than by body surface area, to
define LV hypertrophy and abnormal LAVI (Supplementary Table 6).

Adjusted multinomial logistic regression analysis was also per-
formed to assess for a graded relationship between organ system dys-
function and number of frailty criteria (reflected in three participant
groups: robust: 0 criteria; prefrail: 1-2 criteria; and frail: >3 criteria;
Supplementary Tables 7 and 8). Compared to robust participants as

reference, cardiac and vascular abnormalities were associated with
frailty, but not with prefrailty (Supplementary Figure 1). In contrast,
abnormal lung function, anemia and obesity were related to both
prefrailty and frailty in a graded fashion.

Discussion

This study has three major novel findings. First, frail subjects have
a higher prevalence of abnormal cardiac and vascular physiologi-
cal measures when compared to nonfrail and prefrail individuals,
after accounting for impairments in pulmonary, renal, hematologic,
and adipose systems. These findings persisted in analyses restricted
to participants without overt cardiovascular diseases. Second, mul-
tiple cardiac abnormalities, including impaired measures of LV sys-
tolic and diastolic function and LV hypertrophy are independently
and additively associated with frailty. Third, cardiac abnormali-
ties show the greatest association with frailty of the organ systems
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Figure 2. Logistic regression analysis between frailty status and systems
abnormalities. Binary logistic regression analysis between systems
abnormalities and frailty status adjusted for age, sex, race, field center,
hypertension, diabetes, and all systems abnormalities simultaneously. LVH
was defined as left ventricular mass index >105g/m? in men or >89g/m?
in women. Values of GLS >-15% for both sexes; LAVI >34mL/m? for men
and >32mL/m? for women; PWV >1,300cm/s; ABI <0.9; % predicted FEV,
<80%; % predicted FVC <80%; and GFR <60 mL/min/1.73 m? were considered
abnormal. Anemia was defined as hemoglobin <13g/dL for men and <12g/
dL for women and obesity was defined as BMI >30kg/m?. ABI = ankle-
brachial index; BMI = body mass index; FEV, = forced expiratory volume in
1s; FVC = forced vital capacity; GFR = glomerular filtration rate; GLS = global
longitudinal strain; LAVI = left atrial volume index; LVH = left ventricular
hypertrophy; PWV = pulse wave velocity. *p < .05.

studied, while lower magnitude associations were seen for vascu-
lar and pulmonary abnormalities, anemia, and impaired renal
function. Together, these findings demonstrate that cardiovascular

Table 3. Multivariable Logistic Regression Analyses Between Frail-
ty and Abnormal Cardiac and Components

Variable OR [95% CI] p Value
Left ventricular hypertrophy 1.72 [1.30-2.40] .002
Abnormal global longitudinal strain 1.68 [1.16-2.44] .006
Abnormal left atrial volume index 1.60 [1.13-2.27] .008

Note: The dependent variable used in the models was: non-frailty (0); frailty
(1). The model included left ventricular hypertrophy, abnormal global longitu-
dinal strain, abnormal left atrial volume index, age, sex, race, field center, hy-
pertension, diabetes, abnormal lung function, impaired renal function, anemia,
obesity, and vascular abnormalities (composite of abnormal ankle-brachial in-
dex or pulse wave velocity) as independent variables. CI = confidence interval;
OR = odds ratio.

abnormalities are independently associated with frailty, particularly
impairments in cardiac function and structure, and raise the hypoth-
esis that cardiovascular dysfunction may contribute to the patho-
physiology of this syndrome.

Frailty results from multi-system dysregulation that accompanies
aging (1,3), but the contribution of cardiac impairments to frailty in
older adults is unclear. Previous studies suggest that frailty is asso-
ciated with higher LV mass and left atrial volume, although these
findings have been inconsistent (6,10). Furthermore, none of these
reports accounted for impairments in other organ systems, which
may be a relevant limitation as multiple comorbidities usually coex-
ist in older adults and concomitant impairments in noncardiac
systems may confound the association between cardiac alterations
and frailty. In the present study, LV mass and the prevalence of LV
hypertrophy were higher in frail participants compared to those
without frailty. These findings are in accordance with data from the
Cardiovascular Health Study (6), which showed greater LV mass
in frail participants. Importantly, LV hypertrophy remained signifi-
cantly associated with frailty in our study after accounting for meas-
ures of vascular, respiratory, renal, hematopoietic function, adiposity,
and measures of LV function.

We also found that frailty was associated with impairments in
both LV systolic and diastolic function, even after adjusting for meas-
ures of other organ systems. Previous studies have not found an asso-
ciation between frailty and impaired LV systolic function assessed by
LV ejection fraction (6,10,12), similar to our finding. However, we
found that GLS was significantly worse in frail participants. GLS is
a novel measure of systolic function that appears more sensitive and
prognostic than LV ejection fraction (28), particularly when ejec-
tion fraction is grossly preserved (19). Therefore, our results suggest
that LV ejection fraction may not be the optimal measure to detect
impairments in systolic function across the frailty spectrum. Our
analysis also showed that frail participants had worse LV diastolic
function, as demonstrated by higher E/E’ ratio and a higher LAVI,
indicating that abnormalities in multiple components of cardiac
function are related to frailty. It is noteworthy that in our sample
the presence of cardiac abnormalities was independently associated
with frailty even in the absence of overt cardiovascular diseases. Our
finding that frail individuals have a higher rate of subclinical cardiac
functional and structural alterations may help explain the increased
risk of incident heart failure associated with frailty (29).

Previous reports show inconsistent results regarding the relation-
ship between markers of vascular impairment and frailty in general
population samples (6-9,11). In the present study, vascular dysfunc-
tion, defined as abnormal PWV or ABI, was independently related to



frailty in analyses adjusted for demographic factors and abnormali-
ties in other systems. The mechanisms relating vascular damage to
frailty are not known. One possible explanation is that these meas-
ures may reflect more widespread dysfunction of several vascular
beds and may be coupled with end-organ damage and consequent
impairments in physiologic reserve.

The prevalence of frailty is known to increase directly with the
number of abnormal physiological systems (30), a finding that was
reproduced in our study. However, the magnitude of association
between cardiac and vascular abnormalities with frailty relative to
and accounting for abnormalities in other organ systems remains
unknown. We found that cardiac abnormalities have the greatest
association with frailty when compared to vascular, pulmonary,
renal, hematologic, and adipose abnormalities. This finding suggests
that cardiac dysfunction may be an important contributor to the
frailty syndrome. Although causality cannot be established in this
cross-sectional analysis, this association also raises the question
of whether pharmacological strategies aiming to improve cardiac
remodeling and dysfunction would exert beneficial effects on the
frailty phenotype. Although the available literature on this topic is
very scarce, a previous observational study suggested that the use of
angiotensin receptor blockers was associated with lower prevalence
of frailty (31), particularly in women, indicating that this may be a
promising field to be explored in future studies.

Our study is one of the first, to our knowledge, to evaluate rela-
tionship of abnormalities of cardiac structure, systolic function,
and diastolic function to frailty—independent of other physiologi-
cal abnormalities across multiple systems—in a large community-
based sample of older adults. However, some limitations of this
analysis should be noted. First, as this is an observational and
cross-sectional study, the temporal relationship between frailty sta-
tus and cardiovascular phenotype cannot be determined, and the
observed associations cannot be considered to be causal. Second,
it is possible that attrition before Visit 5 may have introduced bias
in our analysis. However, our results did not significantly change
after applying inverse-probability-of-attrition weights to multivari-
able analyses. Third, the characterization of the hematopoietic and
renal systems based on quantitative measures was less comprehen-
sive than the cardiovascular system, which may have decreased
our sensitivity to detect dysfunction in these systems. Fourth, it is
unknown whether our frail participants would keep this diagnosis
according to other proposed criteria. However, we defined frailty
based on a well validated and widely used definition (1,5). Fifth,
even though there was no significant interaction between frailty
and abnormal cardiac characteristics according to race, the asso-
ciation between cardiac alterations and frailty was not statistically
significant in blacks. Finally, the generalizability of our findings to
younger samples or samples outside the general community setting
is unknown.

Conclusions

Abnormalities of cardiac structure, systolic function, and dias-
tolic function are independently associated with frailty in older
adults after accounting for impairments in vascular, pulmonary,
renal, hematologic, and adipose systems, even in the absence
of overt cardiovascular diseases. Cardiac abnormalities show
the greatest association with frailty among the organ systems
studied. Future prospective studies are necessary to determine
whether cardiac abnormalities contribute to the frailty syndrome
in older adults.
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