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Background. Atrial fibrillation (AF) is associated with higher risk of dementia and Alzheimer’s disease. To better 
understand the mechanism, we examined neuropathologic changes seen with AF.

Methods. We analyzed data from an autopsy series arising from a population-based, prospective cohort study set 
within Group Health, an integrated health care delivery system. Participants were people aged 65 and older, community-
dwelling, and nondemented at study enrollment, who died during follow-up and underwent autopsy. AF was defined 
from medical records. Permanent AF was defined as having two or more electrocardiograms showing AF between 6 and 
36 months apart with no evidence of sinus rhythm in between. The primary study outcomes were gross infarcts, neuritic 
plaques, and neurofibrillary tangles, ascertained using consensus guidelines. Adjusted relative risks and 95% CIs were 
calculated using modified Poisson regression, weighted to account for selection into the autopsy cohort.

Results. Three hundred and twenty-eight participants underwent autopsy; 134 (41%) had AF. People with AF were 
more likely to have gross infarcts than those without AF (45% vs 31%; relative risk 1.82, 95% CI 1.23–2.71); in 30%, 
these infarcts were not clinically recognized before death. Alzheimer’s disease neuropathologic changes were not asso-
ciated with ever having AF but were more common in people with permanent AF. Adjusted relative risks for frequent 
neuritic plaques and neurofibrillary tangles were 1.47 (0.96–2.28) and 1.40 (0.79–2.49), respectively, for people with 
permanent AF versus no AF.

Conclusions. AF is associated with gross infarcts. Permanent AF may contribute to Alzheimer’s disease neuropatho-
logic changes, but more study is needed.
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DEMENTIA is common in older adults and imposes a 
heavy burden on individuals, their families, and society. 

Few modifiable risk factors have been identified (1). There 
is growing evidence that atrial fibrillation (AF) is associated 
with higher risk of dementia and Alzheimer’s disease (AD) 
(2–6), raising the possibility that interventions targeting AF 
might prevent or delay some cases of dementia.

A better understanding of the mechanism underlying 
the association between AF and dementia could guide 
future interventions. Possible mechanisms include embolic 
strokes (7,8), silent cerebral emboli (9), and cerebral 
hypoperfusion (10,11). It is not known whether AF con-
tributes to AD-associated neuropathologic changes such 
as neurofibrillary tangles and neuritic plaques. The only 
study to examine this question found that AF was associ-
ated with large ischemic lesions but not amyloid beta load 

or neurofibrillary degeneration (12). However, this study 
included few people with AF and observed no overall asso-
ciation between AF and dementia, so their neuropathology 
results are difficult to interpret.

We investigated neuropathologic changes associated 
with AF using data from a large, population-based autopsy 
series (13). We hypothesized that AF would be associated 
with ischemic changes but not AD-associated changes and 
that greater exposure to AF would be associated with more 
severe neuropathologic changes.

Methods

Setting
The Adult Changes in Thought (ACT) study is a pop-

ulation-based prospective cohort study of dementia risk 
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factors (14). It is set within Group Health (GH), an integrated 
health care delivery system in the Northwest United States. 
Participants gave written consent, and all procedures were 
approved by GH’s Human Subjects Review Committee.

Study Population
The ACT study recruits community-dwelling, nonde-

mented adults aged 65 and older from among GH members 
living in or near Seattle, Washington. The original cohort 
(n = 2,581) was enrolled between 1994 and 1996 and an 
expansion cohort (n = 811) between 2000 and 2002. In 
2004, the study began ongoing enrollment to replace peo-
ple who die, develop dementia, or drop out. In all phases, 
the sample was randomly selected. Biennial study visits 
include an interview and cognitive screening to detect pos-
sible dementia. The current analyses include people who 
died and came to autopsy for whom medical record review 
has been completed. To ensure adequate data, we required 
at least 5 years of GH enrollment and excluded people who 
disenrolled from GH more than 6 months before death. We 
also excluded people with unknown dementia status at the 
time of death because this information is needed to account 
for selection into the autopsy cohort (see later). Figure  1 
shows the flow of participants through the study.

Study Measures

Exposure.—Atrial fibrillation and flutter (henceforth 
abbreviated as AF) were assessed from GH medical 
records including automated electrocardiogram (EKG) 
data. Ninety-seven percent of participants had at least one 
EKG in the automated database. We defined AF as “perma-
nent” when AF was observed on two or more EKGs from 
6 to 36 months apart with no evidence of sinus rhythm in 
between, an approach we used in a prior study (15).

Outcomes.—We examined several neuropathologic out-
comes associated with AD: neurofibrillary tangles (Braak 
staging criteria) (16,17), neuritic plaques (Consortium 
to Establish a Registry for Alzheimer’s Disease staging) 
(18,19), and amyloid angiopathy (20). We also examined vas-
cular brain injury. Both sides of the brain were evaluated for 
cerebral infarcts observed grossly (including territorial and 
lacunar infarcts), and we also assessed the number of cerebral 
microinfarcts in standardized screening sections of brain as 
a measure of microvascular brain injury. We dichotomized 
outcomes using cutpoints associated with clinical dementia. 
For Braak stage, we compared stages V–VI versus 0–IV; for 
neuritic plaques, moderate or frequent versus none or sparse, 
and for amyloid angiopathy, grades 1–4 versus none (20). For 
cerebral microinfarcts, we compared individuals with three 
or more infarcts to those with zero to two infarcts, because 
this cutpoint was used in our prior study, which found higher 
dementia risk in people with three or more infarcts (13). As 

a descriptive analysis, we examined the number and type of 
pathologic changes present in subgroups of participants strat-
ified by the presence of AF and dementia. For these analyses, 
we defined AD neuropathologic changes as present when 
NIA-Reagan criteria (21) for intermediate or high likelihood 
of AD were met. These descriptive analyses also examined 
presence of Lewy bodies in brainstem, amygdala, and/or 
association cortex as previously described (22).

Covariates.—Dementia status was determined using 
standard ACT study procedures (14). Every 2 years, partici-
pants are screened with the Cognitive Abilities Screening 
Instrument (23). People scoring below 86 undergo detailed 
neurological and neuropsychological assessment. Results of 
recent cranial imaging are reviewed, if available. Cases are 
reviewed by a multidisciplinary consensus committee that 
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Figure 1.  Flow of potential participants through study.
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uses Diagnostic and Statistical Manual of Mental Disorders 
(fourth edition) (24) criteria to identify dementia cases.

ACT study interviews provided information about self-
reported race, education, and smoking history. Blood 
pressure was measured at the ACT baseline study visit. 
Participants provided blood samples for APOE geno-
typing (25,26). Medical records provided information 
about height and weight and history of stroke, transient 
ischemic attack, diabetes mellitus, congestive heart fail-
ure (CHF), hypertension, coronary artery bypass grafting 
(CABG), coronary angioplasty, myocardial infarction, 
and angina. From medical records, abstractors reviewed 
reports from cranial imaging performed as part of clini-
cal care, including recording whether infarcts were noted. 
Information about warfarin use came from GH electronic 
pharmacy data.

We dichotomized race as white versus other race. Because 
more than 90% of participants were white, there were so 
few people belonging to any other racial group that we 
grouped all of these categories together. Body mass index 
was calculated as weight in kilograms divided by the square 
of height in meters, using the weight obtained closest to age 
65 during routine clinical care. Obesity was defined as body 
mass index ≥ 30 kg/m2 (27). We dichotomized genotyping 
results as the presence of one or two versus zero copies of 
the APOE ε4 allele. Coronary artery disease was defined 
as any history of myocardial infarction, CABG, coronary 
angioplasty, or angina.

Measures used in Models Accounting for Selection Into 
the Autopsy Cohort.— Statistical models used to account 
for selection bias (described later) included covariates from 
ACT study visits or GH electronic data. We could not use 
variables from medical record review because reviews were 
completed only for autopsied participants, and the selection 
models needed to include the entire cohort. At ACT inter-
views, participants were asked whether a physician had ever 
told them they had angina or a heart attack and whether 
they had ever had CABG or angioplasty. For the selection 
models, we defined AF as present if a person received an 
International Classification of Diseases, version 9 code for 
AF or had an EKG showing AF in the electronic database. 
Covariates were defined based on the information available 
at the time of the participant’s last study visit.

Statistical Analysis
The association between AF and neuropathologic out-

comes was examined using modified Poisson regression 
models for binary data estimated via generalized estimat-
ing equations (28), weighted to account for selection into 
the autopsy cohort as described later. These models uti-
lize a log link function to allow for estimation of relative 
risks. Analyses were conducted separately for each out-
come and compared risk in people with a history of AF to 

those with no history of AF. Primary analyses adjusted for 
age at death (continuous), ACT cohort (original, expan-
sion, or replacement), diabetes, hypertension, obesity, 
smoking (ever versus never), and coronary artery disease. 
Separate models were used to examine the impact of 
AF persistence, each comparing a subgroup (permanent 
AF or not permanent) to people without AF. Sensitivity 
analyses further adjusted for CHF and APOE status; these 
analyses excluded people missing APOE data (11%; see 
Table 1 footnote).

We used inverse probability weighting to account for 
selection into the autopsy cohort, because unweighted 
results will be biased if autopsied participants are not repre-
sentative of the broader population (29,30). Whether a par-
ticipant undergoes autopsy depends on whether he or she 
remains in the study, consents to autopsy, and dies. Each of 
these processes may be influenced by demographic, behav-
ioral, and clinical characteristics. We developed weights 
from a logistic regression model characterizing the proba-
bility of selection into the autopsy sample and incorporated 
these weights into our primary analytic models. We did not 
model the three processes listed earlier separately; associa-
tions observed in the selection model could be due to any or 
all of these processes. Variables in the selection model were 
dementia status, age, sex, race, education, ACT cohort, AF, 
coronary artery disease, and smoking history. We estimated 
standard errors for parameters in our primary regression 
models accounting for uncertainty in selection weights 
using a bootstrap approach to compute bias-corrected and 
accelerated bootstrap CIs (31), as we have in prior publica-
tions (13,32,33).

As sensitivity analyses, we repeated the primary analy-
ses excluding six people diagnosed with AF within 30 days 
prior to death and two who had AF only in the setting of 
CABG. In post hoc descriptive analyses, we stratified par-
ticipants according to dementia and AF status and described 
for each subgroup the number and type of coexisting 
pathologic changes, considering the following pathologic 
changes: NIA-Reagan criteria for AD (21), stroke, cerebral 
microinfarcts, and presence of Lewy bodies.

Analyses were carried out using Stata 10 (StataCorp. 2007. 
Stata Statistical Software: Release 10. College Station, TX: 
StataCorp LP) and R version 2.13.2 (34).

Results
Three hundred and twenty-eight individuals met inclu-

sion criteria. The mean age at death was 87.6 years, 55% 
were women and 97% were white (Table 1). A large pro-
portion had cardiovascular risk factors or diseases. One 
hundred and thirty-four participants (41%) were diagnosed 
with AF prior to death. Compared with people without 
AF, those with AF were more likely to have a history of 
stroke, diabetes, CHF, and coronary artery disease. Among 
those with AF, 43% (n = 57) met criteria for permanent AF. 
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Compared with those who never had permanent AF, those 
with permanent AF were slightly more likely to have a his-
tory of stroke or hypertension, to have at least one APOE 
ε4 allele, and to have become demented. Many (74%) of 
those with permanent AF and a smaller proportion (21%) of 
those with nonpermanent AF used warfarin long term (five 
or more medication fills) after their AF diagnosis.

Table  2 shows the association between AF and neu-
ropathologic changes. People with AF were more likely 
than those without AF to have gross infarcts (45% vs 31%, 
adjusted relative risk 1.82 [95% CI, 1.23–2.71]). Among 
116 people with gross infarcts, 81 (70%) had a record of 
clinical stroke, transient ischemic attack, or silent infarct 
observed on cranial imaging done in the course of clini-
cal care. Within subgroups, according to AF status, 45/58 
(78%) of those with AF who had gross infarcts on autopsy 
had a record of clinical stroke, transient ischemic attack, 
or silent infarct on imaging, as did 36/58 (62%) of those 
without AF.

No other neuropathologic findings were significantly 
associated with AF. Estimates showing the impact of adjust-
ment and weighting are shown in Supplementary Table 1. 

Exploratory analyses showed that the greatest change in 
estimates between the main and sensitivity analyses came 
from adjusting for CHF, not APOE. Results were similar 
when we excluded people whose AF occurred only in the 
last 30 days of life or associated with CABG.

We examined neuropathologic findings according to 
AF persistence (Figure 2). People with permanent or non-
permanent AF were more likely to have gross infarcts on 
autopsy than people without AF, and the association was 
of similar magnitude regardless of AF persistence. Each 
of the three AD neuropathologic changes was 40%–50% 
more common in people with permanent AF than those 
without AF, but none of these associations were statisti-
cally significant. Supplementary Table  2 shows results 
from sensitivity analyses related to persistence of AF, 
with adjustment for APOE status and CHF. In these anal-
yses, the relative risks for AD neuropathologic changes 
in relation to permanent AF were of greater magnitude 
than in the main analysis, and the association between 
permanent AF and Braak neurofibrillary tangle stage 
became statistically significant (relative risk 1.91, 95% 
CI 1.01–3.61).

Table 1. Characteristics of the Sample, Overall, and by AF Status at Death 

Total (N = 328) Never AF (N = 194) AF, never permanent* (N = 77) Permanent AF* (N = 57)

n (%) n (%) n (%) n (%)

Age at death, y, mean (SD) 87.6 (6.8) 87.3 (7.1) 87.8 (6.5) 88.2 (6.0)
Female 181 (55.2) 110 (56.7) 40 (52.0) 31 (54.4)
White race 317 (96.7) 186 (95.9) 75 (97.4) 56 (98.3)
Education
 <High school 39 (11.9) 23 (11.9) 10 (13.0) 6 (10.5)
 Completed high school 80 (24.4) 48 (24.7) 22 (28.6) 10 (17.5)
 Some college 88 (26.8) 52 (26.8) 19 (24.7) 17 (29.8)
 Completed college 121 (36.9) 71 (36.6) 26 (33.8) 24 (42.1)
Smoking history
 Nonsmoker 137 (41.8) 79 (40.7) 34 (44.2) 24 (42.1)
 1–40 pack-years 90 (27.5) 56 (28.8) 21 (27.3) 13 (22.8)

 >40 pack-years 101 (30.8) 59 (30.4) 22 (28.6) 20 (35.1)

BMI, kg/m2, mean (SD)† 25.6 (4.3) 25.5 (4.2) 25.9 (3.9) 25.5 (5.2)
Cerebrovascular disease‡ 147 (44.8) 77 (39.7) 38 (49.4) 32 (56.1)
 Clinical stroke 82 (25.0) 36 (18.6) 22 (28.6) 24 (42.1)
 Transient ischemic attack 69 (21.0) 36 (18.6) 19 (24.7) 14 (24.6)
 Silent infarct on imaging 73 (22.3) 36 (18.6) 23 (29.9) 14 (24.6)
Diabetes 67 (20.4) 35 (18.0) 21 (27.3) 11 (19.3)
Congestive heart failure 178 (54.3) 77 (39.7) 57 (74.0) 44 (77.2)
Hypertension 225 (68.6) 130 (67.0) 51 (66.2) 44 (77.2)
Coronary artery disease 196 (59.8) 101 (52.1) 53 (68.8) 42 (73.7)

APOE ε4 allele present§ 91 (31.3) 52 (30.8) 17 (25.0) 22 (40.7)

Dementia|| 143 (43.6) 86 (44.3) 30 (39.0) 27 (47.4)
Any warfarin after AF diagnosis — — 28 (36.4) 46 (80.7)
≥5 warfarin fills after AF 

diagnosis
— — 16 (20.8) 42 (73.7)

Notes: AF = atrial fibrillation or flutter; APOE = apolipoprotein E; BMI = body mass index; SD = standard deviation.
*Permanent AF was defined as AF on electrocardiogram on two occasions from 6 to 36 mo apart with no evidence of sinus rhythm in between.
†From medical records.
‡Clinically recognized stroke, transient ischemic attack, or silent infarct on cranial imaging.
§Overall, 11.3% were missing APOE data, including 12.9% among those who never had AF, 9.0% who ever had AF, 11.7% with AF that was never permanent, 

and 5.3% with permanent AF. No data were missing for other variables in this table.
||Based on criteria from the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (24).

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt141/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt141/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt141/-/DC1
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Supplementary Table 3 shows the co-occurrence of dif-
ferent brain diseases for subgroups of people stratified by 
AF and dementia status. Among people with both AF and 
dementia, 47% had pathologic evidence of two or more 

diseases, compared with 35% of those with dementia only, 
17% of those with AF only, and 10% of those with neither 
condition. The most common combination was macro-
scopic infarct plus AD pathologic changes.

Table 2. Association Between Atrial Fibrillation (AF) and Neuropathologic Findings 

Never AF (N = 194) Ever AF (N = 134)

Adjusted and weighted relative risk (95% CI)*n (%) n (%)

Neuritic plaques†

 None or sparse 107 (55.2) 77 (57.5) Referent
 Intermediate or frequent 87 (44.9) 57 (42.5) 1.06 (0.73, 1.56)
Neurofibrillary tangles
 Braak stage 0–IV 132 (68.0) 104 (77.6) Referent
 Braak stage V–VI 62 (32.0) 30 (22.4) 0.79 (0.48, 1.33)
Amyloid angiopathy
 None 137 (71.4) 93 (69.9) Referent
 Any 55 (28.7) 40 (30.1) 1.01 (0.63, 1.65)
Cerebral microinfarcts
 0–2 172 (89.1) 110 (82.1) Referent
 3 or more 21 (10.9) 24 (17.9) 1.37 (0.61, 2.75)
Gross infarcts
 0 131 (69.3) 72 (55.4) Referent
 ≥1 58 (30.7) 58 (44.6) 1.82 (1.23, 2.71)
Atherosclerotic disease
 None or mild 87 (46.5) 50 (39.1) Referent
 Moderate or severe 100 (53.5) 78 (60.9) 1.13 (0.86, 1.52)

Notes: *Referent group is never AF. Weighting was used to account for selection into the autopsy cohort.
†Consortium to Establish a Registry for Alzheimer’s Disease scoring system.

Relative 
Riska 95% CI

0.82 (0.49, 1.43)
1.47 (0.96, 2.28)

0.42 (0.20, 0.87)

1.40 (0.79, 2.49)

1.65 (0.69, 3.42)

0.89 (0.23, 2.70)

1.81 (1.13, 2.84)

1.84 (1.12, 3.01)

1.12 (0.79, 1.57)

1.13 (0.76, 1.67)

0.74 (0.42, 1.30)

1.50 (0.78, 2.67)
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Figure 2.  Neuropathologic findings in relation to atrial fibrillation (AF) persistence. aReferent is people without AF. Models include weighting and adjustment as 
detailed in Methods section. bConsortium to Establish a Registry for Alzheimer's Disease scoring system.

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt141/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt141/-/DC1
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Discussion
In this population-based autopsy series, AF was asso-

ciated with higher prevalence of gross infarcts, which in 
30% of participants were not clinically recognized prior 
to death. Although AF overall was not associated with AD 
neuropathologic changes, people with permanent AF were 
40%–50% more likely to have AD changes than people 
without AF, but these associations were not statistically 
significant.

Only one study has examined neuropathologic changes 
in people with AF. Rastas and coworkers (12) found that 
in people aged 85 and older, AF was associated with hav-
ing multiple large ischemic lesions but not with amyloid 
beta load or Braak neurofibrillary tangle stage. They did 
not examine neuropathologic changes in relation to AF per-
sistence nor did they account for selection bias. Compared 
with the prior study, ours includes many more AF cases who 
underwent autopsy (132 vs 55) and a younger population 
(mean age at baseline 73 vs 88 years). In addition, in their 
cohort as a whole, Rastas and coworkers did not observe an 
association between AF and dementia, whereas we did (2). 
This crucial difference makes their neuropathology results 
hard to interpret.

Our results regarding permanent AF and AD neuropatho-
logic changes raise important questions. The magnitude of 
association (40%–50% higher prevalence of AD changes) 
would be clinically important, although it did not reach 
statistical significance in the primary analysis. A  study 
including more people with permanent AF is needed to 
draw more definitive conclusions. An association between 
AF and AD neuropathologic changes is biologically plau-
sible; some animal studies have found that hypoxia and 
ischemia increase beta-amyloid production and neuritic 
plaque formation (35,36), though not all studies agree (37). 
If ischemia were the predominant mechanism, then better 
anticoagulation could in theory decrease AD neuropatho-
logic changes in people with AF. Alternatively, mechanisms 
such as neuroinflammation (38) or oxidative stress (39) 
could play an important role.

Strengths of this study include that participants were 
recruited from a well-defined, community-dwelling popula-
tion. Statistical modeling was used to account for selection 
bias, a known limitation in autopsy studies, which is rarely 
addressed quantitatively. These features increase general-
izability. Participants were followed over many years with 
repeated assessments using rigorous criteria, and medical 
records were reviewed to ascertain comorbid illnesses. 
The sample size is large relative to other community-based 
autopsy series. AF was defined from medical records, which 
are more accurate than self-report and likely more sensi-
tive than a onetime EKG. The study also has limitations. 
We could only detect AF that came to clinical attention and 
thus we may have missed some transient or asymptomatic 
cases. If all AF subtypes are associated with neuropatho-
logic changes, then this misclassification could bias results 

toward the null. Cranial imaging results in the ACT study 
came from imaging performed as part of clinical care, and 
thus results were not standardized or uniformly available. 
Despite our large sample size, we had relatively low power 
for analyses of permanent AF.

Our findings suggest that more research is needed. 
There is growing consensus that AF is associated with 
higher dementia risk (6). Because of the high and increas-
ing prevalence of AF, this association raises concern for 
an impending epidemic of AF-related dementia. However, 
this association also provides opportunities. Greater aware-
ness that dementia is a consequence of AF could result in 
more aggressive efforts to protect cognitive function in AF 
patients or perhaps to identify ways to prevent AF. Initiatives 
could include greater efforts to promote warfarin use, where 
appropriate, because warfarin has been proven to decrease 
stroke risk in AF but remains underutilized.

In conclusion, important questions remain about the neu-
ropathologic outcomes of AF, including whether permanent 
AF may contribute to AD neuropathologic changes. Greater 
understanding of these processes could influence AF treat-
ment and ultimately help prevent or delay many future 
dementia cases.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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