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ORIGINAL RESEARCH

Association Between Frailty and Atrial
Fibrillation in Older Adults: The Framingham
Heart Study Offspring Cohort

Ariela R. Orkaby “&, MD, MPH; Jelena Kornej "=, MD, MSc; Steven A. Lubitz “*', MD, MPH;
David D. McManus, MD, ScM; Thomas G. Travison, PhD; Jason A. Sherer, MD, MPH; Ludovic Trinquart “, PhD;
Joanne M. Murabito, MD, ScM; Emelia J. Benjamin "=, MD, ScM; Sarah R. Preis, ScD, MPH

BACKGROUND: Frailty is associated bidirectionally with cardiovascular disease. However, the relations between frailty and atrial
fibrillation (AF) have not been fully elucidated.

METHODS AND RESULTS: Using the FHS (Framingham Heart Study) Offspring cohort, we sought to examine both the associa-
tion between frailty (2005-2008) and incident AF through 2016 and the association between prevalent AF and frailty status
(2011-2014). Frailty was defined using the Fried phenotype. Models adjusted for age, sex, and smoking. Cox proportional
hazards models, adjusted for competing risk of death, assessed the association between prevalent frailty and incident AF.
Logistic regression models assessed the association between prevalent AF and new-onset frailty. For the incident AF analysis,
we included 2053 participants (56% women; mean age, 69.7+6.9 years). By Fried criteria, 1018 (50%) were robust, 903 (44%)
were prefrail, and 132 (6%) were frail. In total, 306 incident cases of AF occurred during an average 9.2 (SD, 3.1) follow-up
years. After adjustment, there was no statistically significant association between prevalent frailty status and incident AF (pre-
frail versus robust: hazard ratio [HR], 1.22 [95% ClI, 0.95-1.55]; frail versus robust: HR, 0.92 [95% Cl, 0.57-1.47]). At follow-up,
there were 111 new cases of frailty. After adjustment, there was no statistically significant association between prevalent AF
and new-onset frailty (odds ratio, 0.48 [95% Cl, 0.17-1.36]).

CONCLUSIONS: Although a bidirectional association between frailty and cardiovascular disease has been suggested, we did
not find evidence of an association between frailty and AF. Our findings may be limited by sample size and should be further
explored in other populations.

Key Words: association study m atrial fibrillation m frailty

of atrial fibrillation (AF) will continue to increase.

Frailty, a common geriatric syndrome that is as-
sociated with increased risk of morbidity and mortality,?
is associated with both subclinical and overt cardio-
vascular disease (CVD).>* To date, the only proven
approach for frailty prevention involves physical ac-
tivity,> which is also a component of AF prevention.5®
However, the relations between frailty and AF have are

As the population successfully ages, the incidence

not fully understood and may present an important op-
portunity for prevention of both AF and frailty.

Many factors have been associated with an in-
creased risk of frailty, including age, low physical ac-
tivity, smoking, metabolic syndrome, and CVD, all of
which are also risk factors for AR50 A survey sent
to 41 centers that participate in the European Heart
Rhythm Association Electrophysiology Research
Network reported that the prevalence of AF in frail
patients was 72%, more common than heart failure
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CLINICAL PERSPECTIVE

What Is New?

e The relationship between cardiovascular dis-
ease and frailty is thought to be bidirectional.

e Atrial fibrillation (AF) and frailty are associated
in cross-sectional studies, but whether AF
and frailty share a bidirectional relationship is
unclear.

e In this study of 2053 participants in the FHS
(Framingham Heart Study), we did not find a
statistically meaningful relationship between AF
and frailty.

What Are the Clinical Implications?

e |t is possible that the development of AF may
have differing mechanisms than atherosclerotic
cardiovascular disease, which is closely associ-
ated with development of frailty.

e Further work is needed to understand the rela-
tionship between AF and frailty.

Nonstandard Abbreviations and Acronyms

ARIC  Atherosclerosis Risk in Communities
CHS Cardiovascular Health Study
FHS Framingham Heart Study

(69%), diabetes mellitus (36%), or coronary artery dis-
ease (31%)."" In a cohort of 132 older adults (mean age,
73 years) who were hospitalized with AF in Poland,
frailty was diagnosed in 60%.'

We hypothesized that AF and frailty are reciprocally
related. We sought to examine whether (1) frailty is as-
sociated with increased risk of incident AF and (2) AF
is associated with increased risk of new-onset frailty.

METHODS

The FHS (Framingham Heart Study) data used in this
publication are available at dbGaP, BioLINCC, and
the FHS data service center (https:/framinghamheart
study.org/fhs-for-researchers/data-available-overv
iew/).

Study Sample

The present study was based on the FHS Offspring
cohort.'3* FHS procedures have been described
previously.'*'® Briefly, the FHS Original cohort began
in 1948 with the enrollment of 5209 study partici-
pants residing in the community of Framingham,
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MA. In 1971, the children of the Original cohort par-
ticipants and their spouses were enrolled into the
FHS Offspring cohort. Offspring participants were
invited to an in-person study examination every 4
to 8 years.'®'* The Offspring examinations included
detailed information obtained by trained study per-
sonnel on medical history, laboratory measures, and
assessments of cognitive and physical function. All
study participants provided informed consent to par-
ticipate in this study. All protocols were approved by
the Institutional Review Board at Boston University
Medical Center (Boston, MA).

Our study sample was derived from the 3021
participants who attended Offspring cohort exam-
ination cycle 8 (2005-2008), the index examination.
Participants were excluded if they were aged <60 years
at the time of their study visit (0=693), had missing or
incomplete Fried frailty scores (defined as missing >2
components of the Fried score; n=63), or were missing
covariate information for smoking status (n=3).

The present analysis is based on 2 different ana-
lytic samples. For the first analysis of the association
between the Fried frailty status and incident AF, we ex-
cluded participants who had prevalent AF at the time of
their index examination (n=205) or had no AF follow-up
information (n=4), resulting in a final sample size of 2053.
For the second analysis of the association between
prevalent AF at the index examination and new-onset
frailty at the follow-up examination, we excluded partic-
ipants who did not attend examination 9 (n=572), had a
missing or incomplete Fried frailty score at examination
9 (n=72), or had prevalent frailty at the index examination
(n=52). In a secondary analysis, we reconstructed the
samples using the Rockwood frailty definition, as pre-
viously defined in a prior Framingham study."” Details of
the study sample selection are shown in Figure 1.

Frailty

In FHS, frailty was defined according to 2 leading def-
initions: the phenotypic characterization developed
by Fried and colleagues in the CHS (Cardiovascular
Health Study)® and the deficit accumulation model
demonstrated by Rockwood and associates in the
Yale Precipitating Events Project and elsewhere.'"9
Our primary analysis was done using a modified Fried
method, and a secondary analysis was done apply-
ing the Rockwood frailty definition. Briefly, the Fried
method is based on a physical phenotype of frailty
that includes 5 measures of function.® Individuals
are frail if they have at least 3 of the following: unin-
tentional weight loss of >10 pounds in the past year,
self-reported exhaustion, weakness (as measured by
grip strength), slow walking speed, and decreased
physical activity. Those with 1 to 2 deficits are prefrail,
whereas those with O deficits are nonfrail. Participants


https://framinghamheartstudy.org/fhs-for-researchers/data-available-overview/
https://framinghamheartstudy.org/fhs-for-researchers/data-available-overview/
https://framinghamheartstudy.org/fhs-for-researchers/data-available-overview/
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3,021 FHS Offspring participants attended Exam 8 —l
EXCLUDED
_ 693 aged <60 years
" 63 with missing or incomplete Fried frailty score
3 with missing covariate information
v
2,262 FHS Offspring participants aged=60
years with complete information on Fried
frailty score and covariates
— | EXCLUDED
EXCLUDED 572 who did not attend exam 9
4 with missing AF follow-up <+
205 with prevalent AF at exam 8 v

v

2,053 Offspring participants eligible for the
primary analysis of the association between
prevalent frailty per Fried criteria at exam 8
and incident AF

EXCLUDED
53 with missing or incomplete -
Rockwood frailty score at exam 8

v

2,000 Offspring participants eligible for
the secondary analysis of the association
between prevalent frailty per Rockwood
criteria at exam 8 and incident AF

1,690 FHS Offspring participants

attended Exam 9

5 | EXCLUDED

72 with missing or incomplete
Fried frailty score at exam 9
52 with prevalent frailty at
exam 8 per Fried criteria

v

1,566 Offspring participants eligible for
the primary analysis of the association
between prevalent AF at exam 8 and
Fried frailty status at exam 9

|, | EXCLUDED

27 with missing or incomplete Rockwood
frailty score at exam 8

79 with missing or incomplete Rockwood
frailty score at exam 9

241 with prevalent frailty at exam 8 per
Rockwood criteria

v

1,343 Offspring participants eligible for the
secondary analysis of the association between
prevalent AF at exam 8 and Rockwood frailty
status at exam 9

Figure 1. Study sample selection.

AF indicates atrial fibrillation; Exam, examination; and FHS, Framingham Heart Study.

who were unable to complete the walk test and/or
grip strength test because of a noted physical limita-
tion were classified as having a deficiency.

In a secondary analysis, we defined frailty accord-
ing to the cumulative deficit method developed by
Rockwood, using 37 variables related to cognition,
physical function, mood, and morbidity, as we have
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previously defined in the FHS." Frailty indexes were
calculated for each participant by dividing the num-
ber of accumulated deficits by the total number of
possible deficits.?® A score of 0 to 0.1 was consid-
ered robust, a score of >0.1 to 0.21 was considered
as prefrail, and a score of >0.21 was considered as
frail.2!
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AF and Coronary Heart Disease
Assessment

All cardiovascular events were adjudicated by a
panel of 3 FHS physicians based on a review of med-
ical records, ECGs, and physician/hospital reports,
as previously described.?? Ongoing surveillance for
CVD events is achieved through mailed medical his-
tory questionnaires and/or telephone interviews in
between the official study visits. AF was considered
present if either AF or atrial flutter was diagnosed on
ECG or Holter monitoring at an FHS research visit,
during examination by an outside clinician, or on in-
patient admission to hospital.?® Coronary heart dis-
ease was defined as the occurrence of myocardial
infarction, angina, coronary insufficiency, or coronary
heart disease—associated death. Diagnosis of con-
gestive heart failure was performed using standard-
ized criteria.?*

Covariates

All covariates were measured at the index examina-
tion to characterize participant phenotypes relevant
to downstream risks. Height and weight were as-
sessed using a standardized protocol. If a partici-
pant was missing height, we carried forward his/her
height measurements from prior FHS examinations,
if available. Smoking was classified as present if the
participant reported smoking cigarettes in the year
before the index examination. Systolic and diastolic
blood pressure values were taken as the average of
2 physician readings using a sphygmomanometer.
Antihypertensive and diabetes mellitus medications
were assessed as part of a systematic drug inventory.
Diabetes mellitus was defined as fasting blood glu-
cose >126 mg/dL or use of oral hypoglycemic medica-
tions or insulin, as indicated on medication inventory.
A clinically significant murmur was defined as having
a systolic murmur of grade >3 of 6 or any diastolic
murmur, as assessed by the research center physi-
cian. PR interval and left ventricular hypertrophy were
obtained from ECG obtained in the research center.

Statistical Analysis

Descriptive statistics were calculated using means
and SDs for continuous variables and frequency
counts and percentages for categorical variables.
For the analysis of prevalent frailty at the index exam-
ination and incident AF, participants were followed
up from the date of their index examination until AF
occurrence, death, loss to follow-up, or December
31, 2016, whichever occurred first. Cox proportional
hazards models were used to estimate hazard ratios
(HRs) and compute associated 95% Cls, quantifying
the association between frailty group (prefrail versus
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robust or frail versus robust) and incident AF. The
proportional hazards assumption was verified by in-
cluding a term for the interaction between the log of
the survival time and each predictor in the model. An
initial model (model 1) was adjusted for age and sex,
and a second model (model 2) was further adjusted
for current smoking. We additionally constructed
a third model that was further adjusted for height,
weight, systolic and diastolic blood pressure, antihy-
pertensive treatment, diabetes mellitus, PR interval,
left ventricular hypertrophy, murmur, prevalent coro-
nary heart disease, and prevalent heart failure. For all
models, the Fine-Gray model was used to account
for the competing risk of mortality.®

Unlike cardiovascular events, which are continu-
ously monitored in between study visits, frailty status is
only assessed during a participant’s study visit so it is
not possible to obtain the survival time for frailty onset.
Thus, logistic regression models were used for the
analysis of prevalent AF at the index examination, and
new-onset frailty (frail versus prefrail/robust) was as-
sessed at the follow-up examination (FHS examination
cycle 9 [2011-2014]). Multivariable models were ad-
justed for the same covariates used in the incident AF
analysis, described above. Frailty group was defined
using the Fried frailty criteria in our primary analysis,
and the Rockwood Index was used in our secondary
analysis. All analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC). A 2-sided P<0.05
was considered statistically significant.

RESULTS

For our analysis of the association between the Fried frailty
score and incident AF, our study sample included 2053
participants (56% women; mean age, 69.7+6.9 years). A
total of 306 incident cases of AF occurred during an av-
erage of 9.2+3.1 years of follow-up. Details of the study
sample selection are shown in Figure 1.

Table 1 shows a summary of the study sample
characteristics by Fried frailty category. Overall, frail
participants were older, were heavier, had slower
walking speeds, and were more likely to be current
smokers, have diabetes mellitus, use hypertensive
treatment, and have prevalent coronary heart dis-
ease and heart failure, compared with participants
who were robust or prefrail. Table 2 shows a sum-
mary of the study sample characteristics stratified by
the presence of AF at the time of the index examina-
tion. Participants with AF were older, were more likely
to be men, and were more likely to have a higher bur-
den of CVD risk factors as opposed to participants
without AF. Summary statistics for the secondary
analysis using the Rockwood frailty index are pre-
sented in Tables S1 and S2.
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Table 1. Study Sample Characteristics of the FHS Offspring Cohort Participants Included in the Analysis of Fried Frailty

Group at Examination 8 and Incident AF (N=2053)

Fried Frailty Group
Characteristic All Participants (n=2053) Robust (n=1018) Prefrail (n=903) Frail (n=132)

Age, mean (SD), y 69.7 (6.9) 67.9 (6.1) 70.8 (7.0) 75.7 (7.3)
Women, n (%) 1153 (66.2) 535 (52.6) 540 (59.8) 78 (59.1)
Current smoker, n (%) 155 (7.6) 65 (6.4) 73(8.1) 17 (12.9)
Diabetes mellitus, n (%) 299 (14.9) 117 (11.6) 150 (17.1) 32 (27.1)
Height, mean (SD), in 65.3 (3.8) 65.9 (3.9) 64.9 (3.7) 641 (3.7)
Weight, mean (SD), Ib 171 (38) 169 (37) 174 (38) 172 (46)
Systolic blood pressure, mean (SD), mm Hg 131 (17) 130 (17) 131 (17) 132 (19)
Diastolic blood pressure, mean (SD), mm Hg 73 (10) 74 (10) 72 (10) 68 (10)
Antihypertensive treatment, n (%) 1104 (53.9) 498 (49.0) 519 (57.6) 87 (65.9)
PR interval, mean (SD), ms 17.0 (2.9) 16.9 (2.7) 17.0 (3.0) 17.5 (8.2
Heart murmur, n (%) 63 (3.2) 25 (2.6) 32 (8.7) 6(5.2)
Left ventricular hypertrophy, n (%) 15 (0.75) 5(0.50) 9 (1.0 1(0.82)
Prevalent heart failure, n (%) 25(1.2) 6 (0.59) 14 (1.6) 4(3.8)
Prevalent coronary heart disease, n (%) 212 (10.3) 80 (7.9) 108 (12.0) 24 (18.2)
Fried frailty score, mean (SD) 0.78 (0.97) 0(0.0 1.28 (0.45) 3.32 (0.51)
Rockwood Frailty Index score, mean (SD) 0.14 (0.11) 0.093 (0.065) 0.17 (0.098) 0.35 (0.13)
Usual walking speed, mean (SD), m/s 117 (0.27) 1.29 (0.21) 1.09 (0.25) 0.78 (0.20)

Participants with prevalent AF at examination 8 (n=205) were excluded. Characteristics were measured at examination 8. AF indicates atrial fibrillation; and

FHS, Framingham Heart Study.

Among the 2328 participants aged >60 years at
the index examination, =3% (n=63) were missing the
Fried frailty score (defined as missing >2 of 5 pos-
sible components) and =5% (n=112) were missing
the Rockwood frailty index (defined as missing >5
of 37 possible components). Compared with partic-
ipants with complete Fried frailty scores, those with
missing scores were older (80.0 versus 70.1 years;
P<0.0001), had lower diastolic blood pressure (69
versus 72 mm Hg; P=0.01), were more likely to be
women (70% versus 55%; P=0.02), and had a higher
prevalence of hypertension treatment (71% versus
55%; P=0.01), coronary heart disease (25% versus
13%; P=0.004), congestive heart failure (11% versus
3%; P=0.004), and AF (18% versus 9%; P=0.02) at
the index examination (Table S3). Participants with
missing Fried frailty scores were more likely to de-
velop incident AF (27% versus 15%) or to die (62%
versus 19%) during the follow-up period (P<0.0001).
Mean systolic blood pressure and percentage of cur-
rent smokers were similar between those with and
without missing Fried frailty status (Table S3).

Association Between Frailty Status at
Index Examination and Incident AF

Using the Fried criteria, 1018 (50%) participants were
robust, 903 (44%) were prefrail, and 132 (6%) were
frail at the index examination. After adjustment for age,
sex, and smoking, and accounting for the competing

J Am Heart Assoc. 2021;10:e018557. DOI: 10.1161/JAHA.120.018557

risk of mortality, we found no statistically significant
association between index frailty status and incident
AF (pre-frail versus robust: HR, 1.22 [95% CI, 0.95-
1.55] [P=0.11]; frail versus robust: HR, 0.92 [95% CI,
0.57-1.47] [P=0.72]), with similar results after full model
adjustment (Table 3). In secondary analysis using the
Rockwood frailty definition, there was a suggestion of
a positive association between frailty status and inci-
dent AF (prefrail versus robust: HR, 1.32 [95% CI, 1.01-
1.72] [P=0.04]; frail versus robust: HR, 1.32 [95% CI,
0.96-1.83] [P=0.09]). However, the results were attenu-
ated in the fully adjusted model and were comparable
to the results using the Fried criteria (Table 3). Model
results unadjusted for the competing risk of mortality
are presented in Table S4.

Association Between Prevalent AF and
New-Onset Frailty

In the analysis of new-onset frailty at the follow-up
examination, 86 (5.5%) participants had AF at the
index examination. There was a total of 111 new-
onset cases of frailty at the follow-up examination
(mean time between index and follow-up examina-
tion, 5.8+0.6 years). After adjustment for age, sex,
and smoking, there was no statistically significant
association between prevalent AF and incident frailty
(odds ratio [OR], 0.48 [95% CI, 0.17-1.36] [P=0.17]).
When using the Rockwood frailty definition, the
OR was 1.47 (95% CI, 0.79-2.73; P=0.22). Results
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Table 2. Study Sample Characteristics of the FHS
Offspring Cohort Participants Included in the Analysis of
Prevalent AF at Examination 8 and New-Onset Frailty, as
Defined Using Fried Criteria, at Examination 9 (N=1566)

Age, mean (SD), y 68.3 (6.2 68.2 (6.1) | 71.0(6.4)
Women, n (%) 861 (55.0) 831 (56.2) | 30(34.9)
Current smoker, n (%) 105 (6.7) 101 (6.8) 44.7)

Diabetes mellitus, n (%) 204 (13.2) 187 (12.8) | 17 (20.2)
Height, mean (SD), in 65.6 (3.8) 65.5(3.8) | 67.0(4.0)
Weight, mean (SD), Ib 173 (38) 172 (37) 190 (41)
Systolic blood pressure, 130 (17) 130 (17) 127 (18)

mean (SD), mm Hg

Diastolic blood pressure, 73 (10) 73 (10) 72 (9)
mean (SD), mm Hg

Antihypertensive treatment, 806 (51.5) 750 (60.7) | 56 (65.1)
n (%)

PR interval, mean (SD), ms 16.9 (2.8) 16.8 (2.7) | 18.2 (3.3
Heart murmur, n (%) 47 (3.1) 44 (3.1) 3(3.6)
Left ventricular hypertrophy, 9 (0.59) 8 (0.55) 1(1.27)
n (%)

Prevalent heart failure, n (%) 20 (1.3) 10 (0.68) 10 (11.6)
Prevalent coronary heart 157 (10.0) 129 (8.7) | 28(32.6)
disease, n (%)

Fried frailty score, mean (SD) 0.55 (0.69) 0.54 (0.68) | 0.70 (0.75)
Rockwood Frailty Index 0.12 (0.085) 012 0.16
score, mean (SD) (0.084) (0.091)
Usual walking speed, mean 1.22 (0.25) 1.22 (0.25) | 1.13(0.26)

(SD), m/s

Participants with prevalent frailty using Fried criteria at examination 8
(n=52) were excluded. Characteristics were measured at examination 8. AF
indicates atrial fibrillation; and FHS, Framingham Heart Studly.

were similar in the fully adjusted multivariable model
(Table 4).

DISCUSSION

In this prospective cohort study, we did not find evi-
dence of a statistically significant association between
frailty and incident AF or AF and new-onset frailty,
defined according to the 2 leading frailty definitions,
once the intervening influences of age, sex, and cur-
rent smoking status were considered (Figure 2). Data
on the association between AF and frailty have been
conflicting to date and largely have focused on preva-
lent conditions.

CVD and frailty are thought to share a bidirectional
relationship®; however, our findings do not support
this relationship for AF and frailty. The development
of AF may have differing mechanisms than athero-
sclerotic CVD, which is closely associated with de-
velopment of frailty. Normal physiologic aging of the

J Am Heart Assoc. 2021;10:e018557. DOI: 10.1161/JAHA.120.018557

Table 3. Subdistribution HRs and 95% Cls for the Association Between Frailty Status at Examination 8 and Incident AF

0.05
0.09

0.04
0.09
0.33
0.77

Referent
1.31 (1.01-1.72)
1.32 (0.96-1.82)

Referent
1.32 (1.01-1.72)
1.32 (0.96-1.83)

Referent
1.16 (0.86-1.56)
0.94 (0.64-1.39)

100/860

124/746
74/394
100/860

124/746
74/394
117/690
61/338

96/819
205). For the analysis using the Fried criteria, there were 306 AF events and 398 deaths over

0.11

0.75

0.72
0.50
012

0.1

Referent
1.22 (0.96-1.55)
0.93 (0.58-1.48)

Referent
1.22 (0.95-1.55)
0.92 (0.57-1.47)

Referent
1.09 (0.84-1.42)
0.64 (0.37-1.12)

128/1018

155/903

23/132
128/1018

1565/903
23/132
123/958
139/822
15/106

Robust

Prefrail

Frail
Robust

Prefrail
Frail
Robust
Prefrail
Frail

Age/sex

Age/sex/smoking

*Models are adjusted for age, sex, current smoking, height, weight, systolic and diastolic blood pressure, antihypertensive treatment, diabetes mellitus, PR interval, left ventricular hypertrophy, heart murmur, prevalent

coronary heart disease, and prevalent heart failure.

All models are adjusted for the competing risk of mortality. Participants with prevalent AF at examination 8 are excluded (N
the course of the follow-up period. For the analysis using the Rockwood criteria, there were 298 AF events and 375 deaths over the course of the follow-up period. AF indicates atrial fibrillation; and HR, hazard ratio.

Multivariable*
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Table 4. ORs and 95% Cls for the Association Between Prevalent AF at Examination 8 and New-Onset Frailty at
Examination 9

Age/sex 111/1566 0.48 (0.17-1.36) 017 238/1343 1.47 (0.79-2.72) 0.22
Age/sex/smoking 111/1566 0.48 (0.17-1.36) 017 238/1343 1.47 (0.79-2.73) 0.22
Multivariable* 101/1447 0.50 (0.12-2.18) 0.36 218/1253 2.01(0.90-4.51) 0.09

The outcome is frail vs prefrail/robust (referent). Participants with prevalent frailty at examination 8 are excluded (n=52 for Fried criteria, and n=241 for

Rockwood criteria). AF indicates atrial fibrillation; and OR, odds ratio.

*Models are adjusted for age, sex, current smoking, height, weight, systolic and diastolic blood pressure, antihypertensive treatment, diabetes mellitus, PR
interval, left ventricular hypertrophy, heart murmur, prevalent coronary heart disease, and prevalent heart failure.

cardiovascular system includes adverse cardiac struc-
tural and electrophysiological remodeling with age,
which predisposes to arrhythmias, most commonly
AF.?® Aging-related changes in the electrical conduc-
tion system of the heart may not directly impact other
organ systems. This contrasts with other physiologic
changes throughout the cardiovascular system, which
are related to the development of frailty. For exam-
ple, the natural increase of collagen cross-linking and

reduction in elastin fibers with age lead to increased
risk of arterial stiffness and higher afterload and sys-
tolic pressure.?” Similarly, endothelial response to
endogenous nitrous oxide declines over the lifespan,
which increases the risk of coronary artery disease
and peripheral vascular disease.?® Neither of these
physiologic changes is limited to the heart and may
be implicated in the bidirectional relationship between
CVD and frailty. On the other hand, AF may represent

FRAILTY

+| ATRIAL FIBRILLATION Crr——
P (Sub)clinical CHF
o (Sub)clinical stroke
T Cognitive Impalrment
H (-------I bidirectional ? --------)
: Reduced physlical activity
) Inflammation
s Age

. Offspring cohort n=2,053

W Framingham Heart Study | * Age70i7y

N * Women 56%, 6% frail
Follow-up: 913 years

- [No association between incident AF and frailty |
N pre-frail vs. robust:  HR 1.0 (95% CI 0.84-1.42)
‘I’ frail vs. robust: HR 0.64 (95% CI1 0.37-1.12) ‘
. [No association between new-onset frailty and prevalent AF |
2 Frallvs robust:  OR 0.50 (95% C1 0.12-2.18)

Findings warrant further study

Figure 2. Study summary.

AF indicates atrial fibrillation; CHF, congestive heart failure; CVD, cardiovascular disease; HR, hazard ratio; and OR, odds ratio.
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a physiologic change of aging that on its own is not
associated with an increased risk of frailty, similar to
the development of cataracts, which occur as part of
the normal aging process in most people.'®

Data from the ARIC (Atherosclerosis Risk in
Communities) Study reported a higher prevalence of
AF among those who were frail (17% versus 7%),%° as
did data from the CHS (4.3% versus 1.5%).* The CHS
further examined the cross-sectional association be-
tween frailty and prevalent AF and found no statisti-
cally significant increase in the odds of AF in those who
were frail versus nonfrail (OR, 1.90; 95% Cl, 0.82-4.39;
P=0.33), similar to our study.* A systematic review
conducted in 2017 identified 10 observational cohort
studies that explored the relationship between AF and
frailty, defined in multiple ways.®° Results were incon-
clusive, with an overall suggestion that among those
with frailty, AF was common (48%-75%), whereas
for those with AF, frailty may be common (4%-75%).
Although one included study was longitudinal in design
for anticoagulation outcomes,®! none examined the re-
lationship between frailty and incident AF or AF and
incident frailty.

To our knowledge, most studies have instead ex-
amined the relationship between poor outcomes and
lower use of anticoagulation in those who are frail with
AF.3233 These are important clinical questions to im-
prove the management of older, frail patients; however,
they do not address the underlying questions about
whether AF and frailty are related.®* Further work is
needed to understand the interplay between these 2
conditions.

Our study has important limitations. We examined
an observational, cohort study; and although we have
accounted for many confounders, we cannot exclude
residual confounding or establish causal relations.
Only those who could complete the frailty assessment
for the Fried definition could be included. Participants
with missing frailty scores had more adverse risk fac-
tor profiles and a higher occurrence of both AF and
death, which may have biased the results. The number
of events was low, and we may have failed to detect
true associations of smaller magnitude between AF
and frailty. Results may be not be applicable to other
ages and races/ethnicities not represented in the FHS.

This study also has several strengths. FHS has de-
tailed and routinely ascertained covariates, including
adjudicated events, such as AF. Using longitudinal data,
we were able to examine the bidirectional relationship
between the development of AF and frailty. We were able
to define frailty according to the 2 leading definitions.

In conclusion, although a bidirectional associa-
tion between frailty and CVD has been suggested
in other studies, we did not find evidence of a rela-
tionship between frailty and AF. Our findings may be
limited by sample size and should be confirmed in

J Am Heart Assoc. 2021;10:e018557. DOI: 10.1161/JAHA.120.018557
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other populations. In addition, further exploration of
potential bias attributable to missing frailty status is
warranted.
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Table S1. Study Sample Characteristics of the Framingham Heart Study Offspring Cohort
Participants Included in the Analysis of Rockwood Frailty Group at Exam 8 and Incident

Atrial Fibrillation (N=2,000).

All Rockwood Frailty Group
Participants Robust Pre-frail Frail

(n=2,000) (n=860) (n=746) (n=394)
Age, years 69.6 (6.8) 67.7 (6.0) 70.0 (6.8) 72.8 (7.3)
Female 1,125 (56.3) | 455 (52.9) 429 (57.5) 241 (61.2)
Current smoker 149 (7.5) 55 (6.4) 54 (7.2) 40 (10.2)
Diabetes 292 (14.9) 37 (4.3) 145 (19.8) 110 (29.5)
Height, inches 65.4 (3.8) 65.9 (3.9) 65.2 (3.7) 64.6 (3.5)
Weight, pounds 171 (38) 165 (33) 174 (40) 180 (43)
Systolic BP, mm Hg 131 (17) 129 (17) 132 (16) 131 (18)
Diastolic BP, mm Hg 73 (10) 74 (9) 73 (10) 69 (11)
Antihypertensive treatment 1,078 (54.0) 351 (40.9) 446 (59.8) 281 (71.7)
PR interval, msec 17.0 (2.9) 16.7 (2.7) 17.0 (2.9) 17.4 (3.1)
Heart Murmur/VHD 63 (3.3) 19 (2.3) 22 (3.1) 22 (6.2)
Left ventricular hypertrophy 14 (0.72) 8 (0.94) 3(0.42) 3(0.80)
Prevalent heart failure 25 (1.3) 0 (0.0) 10 (1.3) 15 (3.8)
Prevalent coronary 207 (10.4) 39 (4.5) 88 (11.8) 80 (20.3)
heart disease
Fried Frailty score 0.76 (0.95) 0.31 (0.53) 0.77 (0.79) 1.73 (1.18)
Rockwood Frailty Index score | 0.14 (0.11) | 0.056 (0.028) | 0.15 (0.031) | 0.32 (0.089)
Usual walking speed, m/s 1.17 (0.26) 1.27 (0.23) 1.17 (0.24) 0.96 (0.25)

All values represent either mean (SD) or n (%). Participants with prevalent AF at exam 8
(n=205) are excluded. Characteristics are measured at exam 8.

msec; milliseconds

m/s; meters/second
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Table S2. Study Sample Characteristics of the Framingham Heart Study Offspring Cohort
Participants Included in the Analysis of Prevalent Atrial Fibrillation at Exam 8 and New-

Onset Frailty, as defined using Rockwood criteria, at Exam 9 (N=1,343).

All Participants Prevalent AF
(n=1,343) No Yes

(n=1,279) (n=64)
Age, years 68.1 (6.2) 68.0 (6.1) 70.3 (6.4)
Female 702 (53.0) 687 (54.4) 15 (24.2)
Current smoker 80 (6.0) 78 (6.2) 2 (3.2)
Diabetes 139 (10.6) 131 (10.4) 8 (13.1)
Height, inches 65.7 (3.9) 65.6 (3.8) 67.5 (3.9)
Weight, pounds 171 (37) 170 (36) 193 (39)
Systolic blood pressure, mm Hg 129 (17) 129 (17) 127 (17)
Diastolic blood pressure, mm Hg 74 (9) 74 (9) 73 (9)
Antihypertensive treatment 631 (47.7) 595 (47.2) 36 (58.1)
PR interval, msec 16.8 (2.8) 16.8 (2.7) 18.8 (3.2)
Heart murmur 34 (2.6) 33 (2.6) 1(1.7)
Left ventricular hypertrophy 9 (0.68) 8 (0.65) 1(1.7)
Prevalent heart failure 10 (0.76) 5 (0.40) 5(8.1)
Prevalent coronary heart disease 114 (8.6) 95 (7.5) 19 (30.7)
Fried Frailty score 0.48 (0.67) 0.48 (0.68) | 0.45(0.62)
Rockwood Frailty Index score 0.095 (0.053) |0.094 (0.053)| 0.11 (0.048)
Usual walking speed, m/s 1.24 (0.24) 1.24 (0.24) | 1.18 (0.24)

All values represent either mean (SD) or n (%). Participants with prevalent frailty using

Rockwood criteria at exam 8 (n=241) were excluded. Characteristics were measured at exam 8.

msec; milliseconds

m/s; meters/second
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Table S3. Summary statistics comparing those with missing or incomplete frailty scores to

those with complete frailty scores among FHS Offspring cohort participants aged >60 years
who attended examination cycle 8 (n=2,328).

Variable

Missing Fried Frailty

Score* at Exam 8

Missing Rockwood Frailty

Score* at Exam 8

No Yes P- No Yes P-
(N=2,265) (N=63) | value** | (N=2,216) | (N=112) | value**

Age, years 70.1(7.0) | 80.0(7.9) | <0.0001 | 70.0(7.0) | 77.3(8.4) | <0.0001
Systolic blood pressure, mm Hg 131 (17) 134 (23) 0.34 131 (17) 134 (20) 0.09
Diastolic blood pressure, mm Hg 72 (10) 69 (10) 0.01 72 (10) 70 (10) 0.02
Female sex 1237 (54.6) | 44 (69.8) 0.02 1216 (54.9) | 65 (58.0) 0.51
Current smoker 163 (7.2) 4 (6.4) 0.99 158 (7.1) 9 (8.0) 0.72
Hypertension treatment 1254 (55.4) | 45(71.4) 0.01 1231 (55.6) | 68 (60.7) 0.29
History of CHD 293 (12.9) | 16 (25.4) 0.004 291 (13.1) | 18(16.1) 0.37
History of CHF 71(3.1) 7(11.1) 0.004 68 (3.1) 10 (8.9) 0.004
History of AF 206 (9.1) 11 (17.5) 0.02 200 (9.0) 17 (15.2) 0.03
Follow-up status***

Censored 1350 (65.7) | 6(11.5) | <0.0001 | 1330(66.1) | 26 (27.7) | <0.0001

Incident AF case 307 (14.9) | 14 (26.9) 302 (15.0) | 19(20.2)

Died 398 (19.3) | 32 (61.5) 381 (18.9) | 49(52.1)

Table values are mean (SD) or n (%) unless otherwise indicated.

*Missingness was defined as >2 components for the Fried frailty score or >5 components for the

Rockwood frailty score.

**P-value calculated using either a t-test, Chi-square test, or Fisher’s Exact test, as appropriate.

***Excluding participants with prevalent AF at exam 8 (n=217) or missing AF follow-up

information. (n=4).
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Table S4. Hazard ratios (HR) and 95% confidence intervals (CI) for the association between frailty status at exam 8 and
incident AF, unadjusted for the competing risk of mortality.

Frailty Criteria
Njiament | ©roup iy Roclwons
f#AFevents # | i g50p gy | P |FARSVeN/# o o506 Iy [P-value
participants value| participants
Age/sex Robust 128/1,018 Ref 100/860 Ref
Pre-frail 155/903 1.25(0.98-1.59) | 0.07 124/746 1.33(1.02-1.74) | 0.04
Frail 23/132 1.26 (0.79-2.00) | 0.33 74/394 1.64 (1.19-2.25) | 0.002
Age/sex/smoking Robust 128/1,018 Ref 100/860 Ref
Pre-frail 155/903 1.24 (0.98-1.58) | 0.08 124/746 1.33(1.01-1.73) | 0.04
Frail 23/132 1.24 (0.78-1.97) | 0.38 74/394 1.63 (1.19-2.24) | 0.003
Multivariable * Robust 123/958 Ref 96/819 Ref
Pre-frail 139/822 1.10 (0.85-1.42) | 0.49 117/690 1.18 (0.88-1.58) | 0.27
Frail 15/106 0.81 (0.46-1.43) | 0.54 61/338 1.16 (0.79-1.70) | 0.44

*Models are adjusted for age, sex, current smoking, height, weight, systolic and diastolic blood pressure, antihypertensive treatment,
current smoking, diabetes, PR interval, left ventricular hypertrophy, heart murmur, prevalent coronary heart disease, and prevalent
heart failure.

Participants with prevalent AF at exam 8 are excluded (N=205).



