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Abstract

Background: Older adults with atrial fibrillation (AF) have multiple risk factors for disablement.
Long-term function and the contribution of strokes to disability have not been previously
characterized. Our objective was to determine long-term function among older adults with AF

and the relative contribution of stroke.

Methods: We used data from the nationally representative Health and Retirement Study (1992-
2014) with participants =65 years with incident AF. We examined the association of incident
stroke with three outcomes: independence with activities of daily living (ADL) and instrumental
activities of daily living (IADL) and residence outside a nursing home (community-dwelling).

We fit logistic regression models with repeated measures adjusting for comorbidities and
demographics to estimate the effect of stroke on function. We estimated the contribution of strokes
to the overall population burden of disability using the method of recycled predictions.
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Results: Among 3530 participants (median age 79 years, 53% women), 262 had a stroke

over 17,396 person-years. Independent of stroke and accounting for comorbidities, annually,
ADL independence decreased by 4.4%, IADL independence decreased by 3.9%, and community
dwelling decreased by 1.2% (p<0.05 for all). Accounting for comorbidities, of those who
experienced a stroke, 31.9% developed new ADL dependence, 26.5% developed new IADL
dependence, and 8.6% newly moved to a nursing home (p<0.05 for all). Considering all causes of
function loss, 1.7% of ADL disability-years, 1.2% of IADL disability-years, and 7.3% of nursing
home years could be attributed to stroke over 7.4 years.

Conclusion: Older adults lose substantial function over time following AF diagnosis,
independent of stroke. Stroke was associated with a significant functional decline and increase

in the likelihood of nursing home move, but stroke did not accelerate subsequent disability accrual.
Because of the high background rate of disability, stroke was not the dominant determinant of
population-level disability in older adults with AF.

Introduction

Atrial fibrillation (AF) is a significant health burden for older adults, affecting 1 in 25 of
those over age 60 and 1 in 10 over age 80.1 The prevalence of AF is projected to increase
alongside the aging of the US population. By 2030, an estimated 12 million adults will have
AF, and more than half of these patients will be over age 80.2

Stroke is the most dreaded consequence of AF for older adults, who often equate stroke
with abrupt and persistent loss of independence. Prior studies have clearly demonstrated
that compared with strokes occurring in people without AF, AF-related strokes result in
worse acute neurologic impairments and increased short-term disability.3# Yet long-term
functional outcomes for AF patients generally, and specifically before and after stroke,
remain uncharted. While many strokes result in sudden and life-altering disability, disability
can also result from an accumulation of impairments independent of stroke. Particularly in
older adults, AF frequently coexists with other medical conditions that increase the risk of
disability.>® Also, while often overlooked, geriatric syndromes, such as falls and cognitive
impairment, are important contributors to loss of independence in older AF patients.”-8

In large and nationally representative cohorts of older adults with AF, frailty, cognitive
impairment, and functional impairments are common.®:1 In the absence of longitudinal data
in older adults with AF, the contribution of stroke and factors besides stroke to long-term
disablement remain unclear.

Stroke is perceived as a dominant pathway to disability in patients with AF, yet information
assessing its actual population health burden is limited. Compared to the prevalence of other
risk factors for disability, stroke remains an uncommon occurrence even among AF patients.
Thus, many older adults with AF may be predisposed to disablement even in the absence of
stroke, but this has not been previously quantified.

Understanding the longitudinal course of independence of older patients with AF, and
whether and to what degree stroke affects their long-term trajectory, is vital to inform
treatment decision-making, advance care planning, and public health interventions. To
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address these gaps, we used a nationally representative cohort of older adults with incident
AF to determine long-term functional outcomes and the relative contribution of strokes.

Methods

Study design and participants

To examine the association between incident stroke and functional status in a cohort of
older adults with AF, we used data from 1992-2014 from the Health and Retirement Study
(HRS). The HRS is a longitudinal, nationally representative survey of more than 37,500
Americans age 50 and older, which amounts to 350,000 person-years of observation.11
Subjects are interviewed every two years by phone, in person or via internet surveys. The
goal of the HRS is to measure changes in health, wealth, social structure, and function

as participants retire, with questions covering four aging-related topics: economic security,
mental and physical health and function, work and retirement, and social connections. Proxy
interviewees, typically family members, are used for those who cannot participate because
of physical or cognitive impairment. The HRS is linked to Medicare insurance claims for
participants who consent.12 The HRS sampling design yields a nationally representative
sample of community-dwelling adults and nursing home residents in the US.13

We identified a cohort of HRS subjects aged 65 and older with Medicare claims linkage
and continuous Medicare Part A and B enrollment (cohort flow diagram Supplementary
Figure S1). We included participants if their claims had one inpatient or two outpatient
claims for AF in the first or second position (427.31 from the /nternational Classification of
Diseases Ninth revision, Clinical Modification). Cases were defined as incident AF if they
had 12 months of continuous enrollment in Medicare Part A and B with no prior AF claims
diagnosis.1* To ensure accurate information about participants’ baseline characteristics,

we excluded those whose first interview occurred more than 2.5 years before their AF
diagnosis; a timeframe of 2.5 years was selected because of the variable biennial timing
between HRS interviews.1® To obtain longitudinal outcome and exposure information, we
excluded participants who had no interviews after a diagnosis of AF. Participants were
censored at the time of disenrollment from Medicare part A or B, HRS drop out, or death,
whichever came first.

Measures: Demographics and comorbidities

We used HRS interview data to characterize participants’ age, gender, education level, race,
ethnicity, education, marital status, and whether they lived alone. We report information

on comorbid conditions that are included in the CHA,DS,-VASc (Congestive heart failure,
Hypertension, Age, Diabetes mellitus, Stroke, Vascular disease, and Sex) score, the most
widely-used clinical prediction tool for estimating stroke risk in patients with AF.16 We
characterized patients as having a specific clinical comorbidity, including congestive heart
failure, hypertension, prior stroke, diabetes mellitus, prior myocardial infarction or angina,
or cancer (excluding skin cancer) if (1) they reported a physician had ever told them

they had a specific condition or (2) they met Medicare claims criteria (definitions found

in Supplementary Table S1). Prior studies have examined the validity of self-reported
cardiovascular comorbidities, such as those used in the CHA,DS,-VASCc score, finding self-

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.
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reported diagnoses to reflect medical charts and population-level estimates accurately.17-19
Clinical characteristics were used to compute a CHA,DS,-VASc score to estimate the risk of
ischemic stroke. We report participants’ baseline demographic and comorbidity information
from the most recent interview before their AF diagnosis.

Measures: Stroke

We used a claims-based definition of ischemic (ICD-9 codes: 434.x and 436.x; ICD10:
163.x) and hemorrhagic stroke (ICD9: 430.x and 431.x; ICD10: 161.x).20 To classify incident
stroke events, we identified subjects with an inpatient admission with a primary diagnosis
code for ischemic or hemorrhagic stroke. We examined the first stroke after AF diagnosis for
each participant in the analysis.

Outcomes: Function

Analysis

We measured the effect of strokes on three functional outcomes: activities of daily

living (ADL) impairment, instrumental activities of daily living (IADL) impairment, and
community dwelling. We defined ADL independence as a respondent stating that they did
not require help with any of 6 ADLs (walking, dressing, bathing, eating, transferring to
or from bed, and toileting). We defined IADL independence as a respondent stating that
they did not require assistance with any of 5 IADLs (preparing a hot meal, shopping for
groceries, making telephone calls, taking medicines, and managing money). We defined
nursing home move as spending =90 nights in a nursing home since the last interview.
We defined the outcome of community-dwelling as no nursing home move since the last
interview. All three functional outcomes were measured at each interview.

We measured the prevalence of cohort demographics and comorbidities at the most recent
interview prior to AF diagnosis. To determine the association between stroke and each
functional outcome, we fit separate random-effects logistic regression models with repeated
measures. We modeled the effect of stroke on function by including an interaction term
between stroke and time since AF diagnosis (modeling equation in Supplementary Text S1).
In each model, we adjusted for covariates, defined a priori, that contribute to stroke and
disability: age, sex, congestive heart failure, hypertension, prior stroke, diabetes mellitus,
prior myocardial infarction or angina, or history of cancer (excluding skin cancer). We
determined the log-odds for each outcome: ADL independence, IADL independence, and
nursing home residence. To visually illustrate the effect of stroke on the probability of
ADL independence, IADL independence, and nursing home residence, we present the
predicted population rates and the average marginal effects.1® We did not use significance
testing to determine which confounders to include in the regression models, consistent with
epidemiologic best practices.? If, during an otherwise completed interview, ADL, IADL,
nursing home status were not obtained, the participant was not included in the analysis for
that outcome in that time period (<4% of interviews). A substantial proportion of missing
interviews were exit interviews with next-of-kin (1.5% of all interviews). When an exit
interview was completed, next-of-kin reported ADL and IADL dependence >90% of the
time. As such, when exit interviews were missing, we imputed ADL and IADL status as
dependent.

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.
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To estimate the contribution of strokes to the overall population burden of functional
impairment in patients with AF, we used the method of recycled predictions.22:23 First, using
the regression model results (Supplementary Table S2) and the observed stroke rate, we
estimated the burden of dependence for the population that had a stroke and the population
that did not have a stroke projected over 7.4 (measured in disability-years). We chose

7.4 years because it was the 75! percentile of follow-up time. Next, we used the same
parameters to estimate the disability-years for the same population assuming no strokes

had occurred. The difference between the two measures of disability-years represents the
disability-years attributable to stroke (detailed methods and visual description presented in
Supplementary Text S2).

We performed all analyses using SAS 9.4 (Cary, NC) and STATA (Version 16.1, College
Station, TX). We report all results with 95% confidence intervals. STROBE statement
checklist can be found in Supplementary Table S3.

Cohort characteristics

We included 3,530 participants in our analysis with an average of 4.9 years of follow-up
time, amounting to 17,396 person-years of observation. At the time of AF diagnosis, the
median age was 79 years, 53% were women, 85% identified as white, 9.0% as Black,

and 10.0% were proxy interviews (Table). The most common comorbid condition among
participants was hypertension (79%), followed by prior myocardial infarction or angina
(58%), congestive heart failure (36%), diabetes (31%), prior stroke (23%), and cancer
(22%). The median CHA,DS,-VVASc score in the cohort was 5 (IQR 4, 7). During the
follow-up period after AF diagnosis, 262 participants, or 7.4%, had a stroke (1.5 strokes per
100 person-years). The median time from AF diagnosis to stroke was 2.8 years (IQR 0.8,
6.0).

Longitudinal functional outcomes

Figure 1 graphically represents three key findings for each of the three functional outcomes
—the baseline rate of lost function independent of stroke, the immediate loss of function
following stroke, and change in the baseline rate of lost function following stroke. We
present the full model results, including unadjusted results in Supplementary Table S2.

Independent of stroke and accounting for comorbidities, the absolute likelihood of ADL
independence decreased by 4.4% per year (average marginal effect [AME], 95% CI 4.0

to 4.8% per year) (Figure 1A). Assuming a stroke at 2.8 years, the median time to

stroke in this cohort, stroke was associated with a decrease in the predicted likelihood of
independence from 58% (pre-stroke) to 27% (post-stroke) (AME -32%, 95% CI -25 to
-39%). Stroke, however, was not associated with a change in the baseline rate of decline in
ADL independence; that is, the relative rate of ADL decline post-stroke did not differ when
compared to those without stroke.

Similar to ADL independence, independent of stroke and accounting for comorbidities, the
absolute likelihood of IADL independence decreased by 3.9% per year (AME, 95% CI 3.5

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.
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to 4.3% per year) (Figure 1B). Assuming a stroke at 2.8 years, stroke was associated with a
decrease in the predicted likelihood of IADL independence from 52% to 26% (AME -27%,
95% CI —20 to —33%). Stroke was not associated with a change in the baseline annual rate
of decline in IADL independence.

Finally, for community-dwelling, independent of stroke and accounting for comorbidities,
the absolute likelihood of community-dwelling decreased by 1.2% per year (AME, 95% ClI
1.0 to 1.4% per year) (Figure 1C). Assuming a stroke at 2.8 years, stroke was associated
with a decrease in the predicted likelihood of community-dwelling from 94% to 85% (AME
-8.6%; 95% CI —3.7 to —13.5%). Stroke was not associated with a change in the baseline
annual rate of decline in community-dwelling.

Population-level outcomes

Projected over 7.4 years, stroke accounted for a modest proportion of dependent-years
among older adults with AF (Figure 2). Stroke accounted for 1.7% (95% CI 1.3 to 2.1%)

of the population burden of ADL disability (for 100 person-years, 46.4 dependent-years
given observed stroke rate vs. 45.6 disability-years assuming no strokes; attributable burden
0.8 disability-years/100 person-years or 1.7%). For IADL impairment, 1.2% (95% CI 0.9
to 1.6%) of the population burden of IADL disability could be attributed to stroke (for

100 person years, 51.8 dependent-years given observed stroke rate vs. 51.1 dependent-years
assuming no strokes; attributable burden 0.6 dependent-years/100 person-years or 1.2%).
For loss of community-dwelling, 7.3% (95% CI 4.0 to 10.5%) of the population burden

of nursing home years could be attributed to stroke (for 100 person-years, 7.7 nursing
home-years given observed stroke rate vs. 7.2 nursing home-years assuming no strokes;
attributable burden 0.6 nursing home-years/100 person-years or 7.3%).

Discussion

In this nationally representative cohort, we determined that older adults with AF experience
a significant loss of function over time. First, following AF diagnosis and independent of
stroke, we found a high rate of loss of function and nursing home moves—annual increases
of 4.4% in ADL dependence, 3.9% increase in IADL dependence, and 1.2% annual increase
in nursing home residence. Second, stroke was associated with an immediate and substantial
decline in function and an increase in the likelihood of nursing home move. In the years
following a stroke, stroke survivors and those who did not experience a stroke accrued
disability at similar rates; that is, the loss of independence did not accelerate following
stroke.

Contrary to prevailing wisdom, we found stroke was not the dominant determinant of
disability in older adults with AF on a population level. While a stroke results in striking loss
of function for the 1 in 13 that suffer a stroke, we found the high background rate of function
loss independent of stroke is the predominant pathway for population disability. In this AF
cohort, projected over seven years, stroke accounted for 1.7% of ADL disability-years, 1.2%
of IADL disability-years, and 7.3% of total time in nursing homes. Although AF-related
stroke causes substantial, sudden loss of function for individuals and represents a substantial
public health burden, most AF patients become disabled through other means.

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.
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These findings add to limited literature describing long-term functional outcomes among
older adults with AF. Two recent studies have compared the risk of disability among AF
patients versus those without AF. Marzona et al. showed that incident AF was associated
with increased loss of ADL independence, as well as rates of admission to long-term

care facilities, compared to those without AF.24 These associations were independent of
stroke. However, because this study drew from patients enrolled in randomized controlled
trials, with mean age a decade younger than in the current study, its results may be less
generalizable to the older AF population. In a cohort of adults over age 65, Wallace et al.
demonstrated that, even after adjusting for incident stroke or heart failure, incident AF was
associated with 50% shorter disability-free survival and 24% higher risk of ADL disability
than those without AF.25 The current study offers important insights because it used a larger
and more diverse nationwide prospective cohort. It also contextualizes the public health
burden of stroke in the AF population by quantifying it in relation to the high background
burden of disability.

The results of this study make clear that older adults with AF acquire disabilities through
multiple mechanisms. Thus, mitigating disability may require distinct interventions. To
ameliorate stroke-related disability, optimizing anticoagulant use and left atrial closure
devices continues to be a primary concern.28:27 While this study demonstrates the
importance of stroke-independent disability, the causes of stroke-independent disability

are not well defined. Some have postulated a direct link between the dysrhythmia itself

and function independent of stroke. For example, alterations in cardiac structure resulting
from AF impair cardiac output could reduce patients’ capacity for both cognitive and
physical activities.28 In addition to clinically diagnosed stroke, AF has also been associated
with subclinical ischemic events and resultant disability.2930 In this scenario, strategies
could target preventing the development of atrial fibrillation altogether or preventing its
cardiac remodeling effects. Rather than a causal connection between AF and disability,

AF may instead be a marker for multimorbidity, frailty, and other geriatric syndromes that
predispose to impairment. In this model, novel geriatric care models that address functional
impairment using multifaceted interventions may hold promise.3! In either circumstance,
when counseling patients and families regarding a diagnosis of AF, our results should
prompt a discussion of the risk of functional dependence in the years following diagnosis of
AF that is only partially mitigated by stroke prevention.

Our study has several limitations that should be considered when interpreting the results.
We relied on self-report for functional status measures, which are subject to recall bias,
as subjects may be reluctant to acknowledge these limitations or may not recall them due
to cognitive deficits. We excluded participants who lacked follow-up data, which could
have preferentially excluded those with more significant functional impairments who had
difficulty completing follow-up interviews. However, both limitations would likely result
in underestimating the true burden of disability and bias our results toward the null. The
HRS assesses functional status every two years, but functional deficits can develop rapidly,
as such important changes could be missed with this interval. Also, several studies have
shown that older adults can have periods of decline and recovery, but our data did not
allow for this degree of granularity.32 Nevertheless, although older adults often recover
from initial disability, an episode of disability is a strong predictor of chronic impairment,

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.
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so the overarching trajectory of function illustrated in our cohort remains informative.33
Participants with the most severe or deadly strokes may be differentially censored. To
mitigate this bias, we assumed that all participants who died and were missing outcome data
were disabled before death. In a sensitivity analysis, we examined if there was a differential
loss to follow-up following a stroke. We did not find a significant association between stroke
and differential loss to follow-up (Supplementary Table S4); this reduces the likelihood

but does not eliminate this potential bias. Finally, Medicare Part D prescription data are

only available from 2006 onward. Stroke severity and short-term disability are both reduced
by receipt of anticoagulant or antithrombotic medications, so this represents an important
unmeasured confounder in our results that should be evaluated in future studies.3*

In conclusion, we found that long-term functional decline was common in older adults

with AF and mostly occurred in the absence of stroke. After seven years, one-third

of AF patients had ADL disability, one-half IADL disability, and one-tenth lived in a
nursing home. Considering the public health implications of AF in older adults, our results
demonstrate that although stroke represents a significant cause of functional decline, most
disability results from other causes. These results challenge the traditional thinking that the
long-term function of AF patients depends principally on stroke prevention. Taken together,
our findings emphasize the need to supplement stroke prevention along with multifaceted
interventions to prevent dependence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points:

. We found a high rate of function loss independent of stroke in this nationally
representative sample of older adults with atrial fibrillation.

. On a population level, because of the rarity of stroke and the high rate
of functional decline independent of stroke, stroke is not the dominant
determinant of disability in older adults with atrial fibrillation.
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Why does this paper matter?

This paper challenges the assumption that stroke primarily drives disability among older

adults with atrial fibrillation. These findings should be incorporated into shared decision-
making, and stroke prevention efforts should be coupled with multifaceted interventions

to prevent dependence.
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Figure 1:
Longitudinal likelihood of ADL independence, IADL independence, and community

dwelling and association with stroke

ADL - activity of daily living; IADL — instrumental activity of daily living

The slope represents the average marginal effect of a one-year change on independence,
adjusting for demographics and comorbidities. The blue line represents the predicted
likelihood of the outcome without stroke and the red line represents the predicted likelihood
of the outcome following stroke at 2.8 years (the median time to stroke in the cohort). For
the population who goes on to have a stroke, the blue line from 0 to 2.8 years represents
the pre-stroke trajectory and the red line describes the post-stroke trajectory. Functional
trajectory is displayed through 7.4 years, the 75t percentile of follow up time. The analysis
is based on 3530 participants; we excluded 26 person waves (0.3%) with missing ADL
outcome data, 213 person-waves (2.1%) with missing IADL outcome data, and 368 person-
waves (3.5%) with missing nursing home outcome data.
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Figure 2:

Contribution of strokes to population ADL independence, IADL independence, and

community-dwelling over 100 person-years

ADL - activity of daily living; IADL — instrumental activity of daily living

Each icon represents 0.5 person-years. Each panel contains 200 icons summing to 100

years attributable to stroke over 100 person-years (red icons,

person-years. Values are all rounded to the nearest 0.5. Exact values are presented in the text

of the results.

regression model results to calculate the likelihood of independence for each person based
on their comorbidities and accounting for their survey sampling weight over seven years.
Next, we used the same parameters to estimate the dependent-years for the same population

assuming no strokes had occurred. The difference between the two measures of dependent-

To estimate the population burden of dependence attributable to strokes, we used the
years represents the dependent
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each representing 0.5 person-years). The blue icons represent independent 0.5 person-years.
The yellow icons represent 0.5 dependent-years, not attributable to stroke.
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Table:

Baseline characteristics of the cohort of older adults with atrial fibrillation

Prevalence (95% CI)

n=3530
Sociodemographics
Age, median (IQR) 79 (72, 85)
Women 53% (52, 55)
Married or Partnered 53% (52, 55)
Lives alone 31% (30, 33)
Greater than high school education 68% (67, 70)
Race
White 85% (84, 86)
Black 9% (8, 10)
Other 2% (1, 2)
Hispanic ethnicity 5% (4, 5)
Proxy interview 10% (9, 12)
Medical comorbidities
Congestive heart failure (%) 36% (34, 38)
Hypertension (%) 79% (77, 80)
Diabetes mellitus (%) 31% (30, 33)
Prior stroke (%) 23% (22, 25)
History of vascular disease (%) 58% (56, 59)
Cancer (%) 22% (20,23)
CHA,DS,-VASc, median (IQR) ™ 5(4.7)
1 2% (1,2)
2 5%(5,6)
3 11% (10,12)
4 18% (16,19)
5 21% (19,22)
6 18% (17,20)
7 13% (12,14)
8 9%(8,10)
9 3% (3,4)
Function at baseline
ADL disability (%) 16% (15, 17)
IADL disability (%) 22% (20, 23)
Nursing home residence (%) 3% (2, 3)

IQR — interquartile range; CHA2DS2-VASC score - congestive heart failure/hypertension/age/diabetes/stroke/vascular disease

*
none with CHA2DS2-VASc score of 0

Characteristics from baseline interview prior to AF diagnosis.
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