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Background-—Abnormal P-wave indices (PWIs)—reflecting underlying left atrial abnormality—are associated with increased risk of
stroke independent of atrial fibrillation. We assessed whether abnormal PWIs are associated with incident dementia and greater
cognitive decline, independent of atrial fibrillation and ischemic stroke.

Methods and Results-—We included 13 714 participants (mean age, 57�6 years; 56% women; 23% black) who were followed for
dementia through the end of 2015. (Abnormal P-wave terminal force in lead V1, ≥4000 lV9ms), abnormal P-wave axis (>75° or <0°),
prolonged P-wave duration (>120 ms), and advanced interatrial block were determined from ECGs at visits 2 to 4. Dementia was
adjudicated by an expert panel using data from cognitive tests and hospitalization International Classification of Diseases codes. Cognitive
function was measured longitudinally using 3 neuropsychological tests. Cox proportional hazards models were used to assess the
association between time-dependent abnormal PWIs with incident dementia. Linear regression models were used to evaluate PWIs with
cognitive function over time. At the conclusion of the study, 19%, 16%, 28%, and 1.9% of participants had abnormal P-wave terminal force in
leadV1, abnormal P-wave axis, prolongedP-waveduration, andadvanced interatrial block, respectively. Duringmean follow-upof18 years,
there were 1390 (10%) dementia cases. All abnormal PWIs except advanced interatrial block were associated with an increased risk of
dementia evenafter adjustment for incident atrialfibrillationand stroke:multivariablehazard ratio of abnormal Pwave terminal force in lead
V1=1.60, 95% CI, 1.41 to 2.83; abnormal P-wave axis, hazard ratio =1.36, 95% CI, 1.17 to 2.57; prolonged P-wave duration, hazard
ratio=1.60, 95% CI, 1.42 to 1.80. Only abnormal P-wave terminal force in lead V1 was associated with greater decline in global cognition.

Conclusions-—Abnormal PWIs are independently associated with an increased risk of dementia. This novel finding should be
replicated in other cohorts and the underlying mechanisms should be evaluated. ( J Am Heart Assoc. 2019;8:e014553. DOI: 10.
1161/JAHA.119.014553.)
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A trial fibrillation (AF) is the most common sustained
cardiac arrhythmia and is associated with elevated risks

of ischemic stroke, cognitive decline, and dementia.1,2 Recent
evidence indicates that electrocardiographic and echocardio-
graphic markers of left atrial abnormality or cardiomyopathy
are associated with ischemic stroke independent of AF.3–8

However, it is unclear whether these electrocardiographic
markers are also associated with greater cognitive decline
and increased risk of dementia.

Abnormal atrial conduction measured through analysis of
P-wave morphology—P wave indices (PWIs)—has been
associated with atrial remodeling9–13 and stroke.3,4,7,13–17
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An abnormal P-wave terminal force in lead V1 (aPTFV1) is a
manifestation of atrial pathology including fibrosis, atrial
dilatation, and elevated filling pressures.18–20 Other ECG
markers of atrial remodeling include prolonged P-wave
duration (PPWD), advanced interatrial block (aIAB), and
abnormal P-wave axis (aPWA).21,22 ECG indices of atrial
cardiomyopathy have been associated with diastolic dysfunc-
tion, risk of AF, hypertension, and other cardiovascular
disease but it is unknown whether these abnormal indices
are associated with cognitive function. We hypothesized that
abnormal PWIs are associated with greater cognitive decline
and increased risk of dementia independent of AF and
ischemic stroke. We tested this hypothesis in the ARIC-NCS
(Atherosclerosis Risk in Communities Neurocognitive Study),
a community-based cohort study.

Methods

Data Availability
The data, analytic methods, and study materials will be made
available to other researchers for purposes of reproducing the
results or replicating the procedure in accordance with ARIC
policies. Data are maintained by ARIC through the University
of North Carolina Collaborative Studies Coordinating Center.
The ARIC study data can be accessed by contacting the ARIC
Coordinating Center (aricpub@unc.edu).

Study Population
The ARIC Study is a community-based, prospective cohort
study of individuals from 4 US communities: Forsyth County,
North Carolina; Jackson, Mississippi; Minneapolis suburbs,

Minnesota; and Washington County, Maryland. The study
population consists of 15 792 mostly black and white men and
women, who were 45 to 64 years of age at the initial visit
(1987–1989).23 The ARIC field centers in all 4 communities
selected participants by probability sampling; the Mississippi
field center recruited only black people, the other sites
recruited according to the racial composition of the commu-
nities (15% black in the North Carolina site, predominantly
white in Minnesota and Maryland). After the first visit, there
were 5 additional exams: visit 2 (1990–1992), visit 3 (1993–
1995), visit 4 (1996–1998), visit 5 (2011–2013), and visit 6
(2016–2017). Additionally, ARIC participants have received
annual follow-up calls (semi-annual after 2012), with response
rates of ≥90% among survivors. Cognitive function was
evaluated at visit 2, visit 4, and visit 5. The study was
approved by each participating institution’s institutional review
board, and all participants provided written informed consent.

Cognitive scores were first measured at visit 2, which
serves as the baseline visit for this analysis. Of the 14 348
participants who attended visit 2, we excluded those with
missing PWIs (n=377), prevalent dementia (n=3), missing
baseline cognitive scores (n=141), nonwhite and nonblack
participants in all field centers, and blacks in the Minnesota
and Maryland sites because of small numbers (n=91), no
follow-up beyond baseline (n=3), and missing covariates
(n=19). After exclusions, our final sample size included
13 714 participants. A flow diagram of the study population
is provided in Figure 1.

Assessment of PWIs
PWIs were measured from resting 12-lead ECGs in sinus
rhythm at visit 2, visit 4, and visit 5. The ECGs obtained during
all study visits were recorded on MAC PC Personal Cardio-
graphs (Marquette Electronics Inc, Milwaukee, WI) and
processed at the EPICARE center (Wake Forest University,
Winston-Salem, NC) and EPICORE Center (University of
Alberta, Edmonton, Alberta, Canada).13 Our study focused
on 4 different PWIs. An abnormal PTFV1 is a marker of left
atrial pathology, which reflects a delayed electrical activation
of the left atrium. It is calculated as the product of the
duration (ms) and the absolute value of the depth (lV) of the
downward deflection (terminal portion) of the P wave in lead
V1. A value ≥4000 lV9ms was considered abnormal. P-wave
duration reflects the time that it takes for atrial depolarization
and is measured from the end of the onset of the P wave to
the return to baseline where the PR interval segment starts.
PPWD was defined as >120 ms. The axis of the P wave
describes the direction of atrial depolarization and is
measured by calculating the net deflection of the P wave on
each of the 6 limb leads of the ECG. It is a computer-
generated parameter reported routinely on all ECGs. A P-wave

Clinical Perspective

What Is New?

• In this large community-based cohort study with 25 years of
follow-up, we observed that ECG markers of atrial abnor-
mality are associated with an increased risk of dementia and
greater cognitive decline independent of incident atrial
fibrillation and stroke.

• Our observation suggests that atrial cardiomyopathy is
independently associated with increased risk of dementia
and greater cognitive decline.

What Are the Clinical Implications?

• More research is warranted to define the underlying
mechanisms to facilitate discovery of novel approaches to
prevent dementia.
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axis >75° or <0° was considered abnormal. Finally, an aIAB
defined as an interatrial conduction block in the Bachman’s
bundle causing a superior activation of the left atrium was
detected by P-wave prolongation and a biphasic P wave in
leads III and aVF (augmented Vector Foot) or a notched P
wave in lead II. Each individual abnormal PWI was defined by
the first ECG that showed the abnormal PWI and the
participant was considered to have that abnormal PWI for
the duration of the study period.

Ascertainment of Dementia
Dementia was adjudicated by an expert panel using a
predetermined algorithm incorporating data from the cogni-
tive evaluations at visits 2, 4, and 5. All surviving participants
were invited to an in-person assessment at visit 524 when a
full neuropsychological assessment was performed; other
data sources included informant interviews, hospital dis-
charge codes, or diagnostic codes from death certificates, as
previously described.24 The algorithm was based on the
National Institute on Aging-Alzheimer’s Association working
group formulations of dementia25 and DSM-5.26

Cognitive Testing
We used 3 neuropsychological tests (performed at visit 2, 4,
and 5) to assess cognitive function: the Delayed Word Recall
test, the Digit Symbol Substitution test of the Wechsler Adult
Intelligence Scale-Revised, and the Word Fluency test.
Protocols for the tests were standardized, and trained
examiners administered the tests in a fixed order during 1
session in a quiet room.

The Delayed Word Recall test assesses short-term memory
and verbal learning. It was administered by giving participants
10 nouns with which they had to make sentences and recall
the words after 5 minutes. A point was given for each noun
that was correctly recalled for a maximum of 10 points.27 The
Digit Symbol Substitution test is a paper and pencil test
designed to assess executive function, processing speed,
attention, and working memory.28 The test consisted of a grid
of numbers and matching symbols where participants had to
match the symbols to the numbers. The score was the
number of correct number-symbol matches made in 90 sec-
onds. Finally, the Word Fluency test tests executive function
and expressive language by asking participants to generate as
many words as they can in 60 seconds that start with the
letters S, A, and F. The score was the number of words
generated. Additionally, the 3 test scores were summed to
create a global score of cognitive function, consistent with
previously published ARIC neurocognitive articles.29

Covariates
Detailed procedures on covariate measures have been
previously published.23 Covariates were ascertained at every
ARIC visit. Body mass index was calculated by dividing weight
in kilograms by height in meters squared. Blood pressure was
measured after 5 minutes of rest twice and the average of the
last 2 measurements was used for analysis. Participants were
considered diabetic if their fasting glucose level was
≥126 mg/dL or nonfasting level ≥200 mg/dL, if they were
on any antidiabetic medication, or had a self-reported prior
physician-reported diagnosis of diabetes mellitus. Smoking
status was reported by participants.23 Fasting blood samples

Figure 1. Flow diagram of study participants. ARIC indicates Atherosclerosis Risk in Communities; PWI,
P-wave indices.
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were obtained at each visit for enzymatic determination of
lipid panel. APOE genotyping was performed based on blood
sample using the TaqMan assay (Applied Biosystems, Foster
City, CA). Annual follow-up telephone calls (semi-annual after
2012) were placed to cohort participants to identify hospital-
izations and deaths. In addition, local hospitals were surveyed
for potential cardiovascular events and hospital discharge
records were gathered from all hospitalizations, and the
cohort was linked to State and National Death Indices. Heart
failure was determined at each visit if participants were on
heart failure medications in the previous 2 weeks and by
hospitalization International Classification of Diseases, Ninth
Revision (ICD-9) discharge code 428.15 Baseline coronary
heart disease was defined as self-reported prior revascular-
ization, a diagnosis of myocardial infarction or indication of a
prior myocardial infarction by ECG. Incident coronary heart
disease was ascertained by the ARIC Morbidity and Mortality
Classification Committee using data from follow-up calls,
hospitalization records, and death certificates. AF was
ascertained by study visit ECGs and hospitalization records.30

All ECGs were transmitted to the ARIC reading center for
automatic coding and evaluation by a cardiologist. A hospital
discharge ICD-9 code 427.31 or 427.32 was considered AF.
An AF discharge code occurring simultaneously with dis-
charge codes containing heart revascularization surgery or
other cardiac surgery involving heart valves or septa was not
considered an AF event.31 To identify incident stroke, hospital
reports were reviewed for discharge diagnosis including a
cerebrovascular disease code (ICD-9 codes 430–438), men-
tion of a cerebrovascular procedure in the summary, or if the
computed tomographic or magnetic resonance imaging report
showed evidence of cerebrovascular disease. Medical records
for potential stroke events were forwarded to a nurse
abstractor at a central ARIC study office who abstracted
each record for number, type, and severity of neurological
deficits and supporting angiographic, computed tomographic,
magnetic resonance imaging, spinal tap, or autopsy evidence.
The ARIC Study adapted National Survey of Stroke criteria for
its stroke definition.32 A computerized algorithm and physi-
cian reviewer independently confirmed the diagnosis of
stroke, with disagreements adjudicated by a second physician
reviewer.13,33 All covariates were updated over time except
for sex, race, field center, education, occupation, and APOE,
which were assessed at baseline.

Statistical Analysis
The association of abnormal PWIs with dementia incidence
was assessed using a Cox proportional hazards model,
allowing for time-dependent PWIs and time-varying covariates.
Follow-up time was from visit 2 (1990–1992) until dementia,
death, loss to follow-up, or administrative censoring on

December 31, 2015, whichever occurred first. Three models
were performed from data measured at visits 2, 3, and 4.
Model 1 included age, sex, and race/field center (5 levels).
Model 2 included APOE genotype (0, 1, or 2 alleles), education
(high school graduate versus not), occupation (categorical),
and the time-varying covariates of age (continuous), smoking
(current versus not current), body mass index (continuous),
systolic and diastolic blood pressure (continuous), antihyper-
tensive medication use (yes/no), total cholesterol (continu-
ous), diabetes mellitus (yes/no), coronary heart disease (yes/
no), heart failure (yes/no), and stroke (yes/no) in addition to
the variables mentioned in model 1. Model 2 adjusted for
potential confounders for the association between abnormal
PWIs and dementia. Additionally, model 3 adjusted for time-
dependent stroke and AF, which were ascertained through
2015. The purpose of model 3 was to determine whether the
association of abnormal PWIs with dementia was explained by
incident AF and incident stroke (AF and stroke being in the
causal pathway between abnormal PWIs and dementia). The
proportional hazard assumption was checked using Schoen-
field residuals and via inspection of log(�log(survival) curves,
and there was no evidence of violation. We tested race and
sex interactions by incorporating a multiplicative term
between each time-dependent continuous PWI and race or
sex, adjusting for model 2. To visualize the association of
abnormal PWIs and dementia, we calculated the cumulative
risk of incident dementia by time-dependent PWIs status,
taking into account the competing risk of death.34 We used
competing-risks survival regression based on Fine and Gray’s
proportional subhazards model to calculate survival functions.
We explored the association between continuous PWIs and
dementia using restricted cubic splines.

To assess the association of abnormal PWIs and cognitive
function over time, we used PWIs, covariates, and cognitive
scores measured at visits 2, 4, and 5 to correspond to the
dates of cognitive testing. We calculated z scores ([test
score�mean score]/SD) of the 3 neuropsychological tests
and the combined global test at each of the 3 visits. To test
the association between abnormal PWIs and the rate of
cognitive decline, we used linear regression models fit with
generalized estimating equations to evaluate associations
with cognitive performance trajectories using robust variance
and an unstructured correlation matrix. There was an �6-year
difference between measures from visit 2 to visit 4, and an
�14-year difference between measures from visit 4 to visit 5.
To account for the different slopes of decline during the
20 years of total follow-up, models included time modeled
using a linear spline with a knot at 6 years (visit 4) and
interaction terms between time and abnormal PWIs status.
The association between abnormal PWIs and cognitive scores
was assessed using the same covariates from the 3 models
listed above for dementia. Interactions between follow-up
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time and covariates were included. Separate models were run
for each cognitive test (Delayed Word Recall test, Digit
Symbol Substitution test, and Word Fluency test) and the
global cognitive score. Of note, to account for attrition during
follow-up, we conducted the analysis using inverse probability
of attrition weighting.29,35 Weights for each individual were
calculated at visits 4 and 5, and were the inverse of the
estimated probabilities of (1) being alive at time of the follow-
up visit, and (2) attending the visit, conditional on being alive
at the time of the examination, and the final weights were
stabilized by the baseline variables of age, sex, race/center,
education, and APOE genotype. These weights were incorpo-
rated into the linear regression models.

To account for potential floor effects in the cognitive
scores, we conducted a sensitivity analysis in which we
excluded participants who had baseline scores in the bottom
5% of race and sex-specific scores.

All statistical analyses were performed with SAS v 9.4 (SAS
Inc, Cary, NC) or STATA 14.0 (StataCorp LP, College Station,
TX). A 2-sided P value of <0.05 was considered statistically
significant.

Results
The study sample consisted of 13 714 participants, 56%
females, and 23% were black. The mean age at baseline was
57�6 years. At baseline (visit 2), 3688 (27%) participants had
at least 1 abnormal PWI (Table 1); 8% had aPTFV1, 7% aPWA,
15% PPWD, and 0.8% aIAB. Baseline characteristics of
participants by PWIs are shown in Table 1. Participants with
abnormal PWIs had higher prevalence of comorbidities at
baseline such as diabetes mellitus, coronary heart disease,
heart failure, and stroke than participants with normal PWIs.
The proportion of participants with abnormal PWIs who

Table 1. Participant Characteristics by Baseline PWI, Atherosclerosis Risk in Communities Study Visit 2, 1990–1992

Characteristics Normal P Wave (n=10 026) Abnormal PTFV1 (n=1160)* PPWD (n=2097)* aPWA (n=1008)* aIAB (n=108)*

Age, y 56.6 (6) 58.8 (6) 57.9 (6) 57.9 (6) 61.6 (5)

Female sex 5862 (58%) 553 (48%) 897 (43%) 558 (55%) 35 (32%)

Black race 2061 (21%) 441 (38%) 731 (35%) 221 (22%) 31 (29%)

Education < High school 1963 (20%) 367 (32%) 543 (25%) 213 (21%) 32 (30%)

APOE e4, 2 alleles 239 (2%) 39 (3%) 59 (3%) 34 (3%) 0

APOE e4, 1 allele 2671 (27%) 333 (29%) 590 (28%) 285 (28%) 24 (22%)

Current smoker 2150 (21%) 329 (28%) 406 (19%) 311 (31%) 20 (19%)

Body mass index, kg/m2 27.8 (5) 29.0 (6) 29.9 (6) 25.1 (5) 30.2 (5)

Systolic BP, mm Hg 121 (18) 129 (22) 126 (19) 120 (19) 132 (22)

Diastolic BP, mm Hg 72 (10) 74 (12) 74 (11) 70 (10) 74 (11)

Hypertensive medication use 2838 (28%) 610 (53%) 1021 (49%) 267 (26%) 69 (63%)

Diabetes mellitus 1342 (13%) 279 (24%) 403 (19%) 106 (11%) 23 (21%)

Coronary heart disease 425 (4%) 176 (15%) 189 (9%) 63 (6%) 18 (17%)

Heart failure 368 (4%) 116 (10%) 162 (8%) 44 (4%) 13 (12%)

Stroke 124 (1%) 50 (4%) 51 (2%) 18 (2%) 10 (9%)

Incident atrial fibrillation through 2015 1755 (18%) 334 (29%) 558 (27%) 218 (22%) 44 (41%)

Incident stroke through 2015 776 (8%) 158 (14%) 220 (10%) 100 (10%) 16 (15%)

Mean cognitive score (SD)

Global z score 0.1 (1.0) �0.4 (1.0) �0.2 (1.0) 0.0 (1.0) �0.5 (1.0)

DWRT, number of words 6.7 (1.5) 6.3 (1.5) 6.4 (1.5) 6.6 (1.5) 6.0 (1.6)

DWRT, z score 0.1 (1.0) �0.2 (1.0) �0.2 (1.0) 0.0 (1.0) �0.4 (1.1)

DSST, number of symbols 46.0 (14) 38.6 (14) 41.1 (15) 44.1 (15) 37.8 (14)

DSST, z score 0.1 (1.0) �0.4 (1.0) �0.2 (1.0) 0.0 (1.0) �0.5 (1.0)

WFT, number of words 33.7 (12) 30.9 (13) 31.6 (12) 33.3 (12) 30.5 (12)

WFT, z score 0.0 (1.0) �0.2 (1.0) �0.1 (1.0) 0.0 (1.0) �0.2 (0.9)

Values are mean (SD) or number (%). aIAB indicates advanced interatrial block; aPWA, abnormal P-wave axis; BP, blood pressure; DSST, Digit Symbol Substitution test; DWRT, Delayed Word
Recall test; PPWD, prolonged P-wave duration; PTFV1, the terminal force of the P wave in ECG lead V1; PWI, P-wave indices; WFT, word fluency test.
*Participants may have more than 1 abnormal P-wave measure and therefore would be included in more than 1 column.
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developed AF and stroke was also higher than those with
normal PWI. In addition, participants with abnormal PWIs had
lower cognitive z scores at baseline than those with normal
PWI. At the end of the ECG follow-up including visits 2 to 4,
19%, 15%, 28%, and 1.9% of participants had aPTFV1, aPWA,
PPWD, and aIAB, respectively.

Abnormal PWIs and Incident Dementia
During a mean follow-up of 18 years, there were 1390 (10%)
cases of incident dementia. The incidence rate of dementia was
5.76 per 1000 person-years in participants without any
abnormal PWI and ranged from 6.4 per 1000 person-years in
those with aIAB to 8.4 per 1000 person-years in those with
aPTFV1 (Table 2). We examined the associations between
continuous measures of PWIs and incident dementia using a
restricted cubic spline. Figure 2A shows that as PTFVI
increased from 2000 to 5000 lV9ms, the risk of dementia
increased linearly. In Figure 2B, the risk of dementia increased
linearly with increasing P-wave duration from 110 to 130 ms.
Finally, in Figure 2C, dementia risk increased linearly as P-wave
axis increased above 75° and decreased below 0°.

All PWIs except aIAB were significantly associated with
higher risk of dementia after multivariable adjustment
(Table 2). Abnormal PTFV1 was associated with a 70% higher
risk of dementia after adjustment for age, sex, and race/field
center. The association remained significant even after adjust-
ing for time-dependent incident stroke and AF in model 3
(hazard ratio, 1.60; 95% CI, 1.42–2.83). The presence of PPWD
was associated with a 1.6-fold higher risk of dementia with no
change after adjusting for other covariates including incident
stroke and AF (95% CI 1.41–2.83). aPWA was associated with a
49% higher risk of incident dementia in model 1 and 36% higher
risk after adjusting for other covariates, including incident
stroke and AF (hazard ratio 1.36, 95% CI 1.17–2.57). aIAB was
not significantly associated with incident dementia (hazard
ratio 0.93, 95% CI 0.61–1.42). Figure 3 depicts the cumulative
risk of incident dementia by time-dependent PWIs, adjusting for
the competing risk of death. There were no significant
interactions by race or sex between PWIs and dementia.

PWIs and Cognitive Scores
The association of abnormal PWIs with the rate of cognitive
change over 20 years is shown in Table 3. An abnormal PTFV1
was associated with greater decline in Word Fluency test and
global z score in the fully adjusted model. A negative estimate
indicates a greater cognitive decline over the 20-year period in
those with aPWI compared with those with normal PWI.
Participants with aPTFV1 had an additional 0.07 (95% CI,
0.01–0.13) decline in global z score over 20 years as compared
with participants with a normal PTFV1. PPWD, aPWA, and aIAB
were not associated with greater cognitive decline over

Table 2. Association of PWI With Incident Dementia,
Atherosclerosis Risk in Communities Study, 1990–2015

PTFV1
No aPTFV1
(n=11 063)

aPTFV1
(n=2651) P Value

# Dementia events 1066 324

Person-years 202 973 38 486

Incidence rate
(95% CI)*

5.3 (4.9–5.6) 8.4 (7.5–9.4)

Hazard ratio (95% CI)

Model 1 1 (REF) 1.70 (1.50–1.93) <0.0001

Model 2 1 (REF) 1.65 (1.45–1.87) <0.0001

Model 3 1 (REF) 1.60 (1.41–2.83) <0.0001

PPWD
No PPWD
(n=9865) PPWD (n=3849) P Value

No. dementia events 934 456

Person-years 179 657 60 972

Incidence rate
(95% CI)*

5.2 (4.9–5.5) 7.5 (6.8–8.2)

Hazard ratio (95% CI)

Model 1 1 (REF) 1.66 (1.48–1.86) <0.0001

Model 2 1 (REF) 1.64 (1.46–1.84) <0.0001

Model 3 1 (REF) 1.60 (1.42–1.80) <0.0001

PWA
No aPWA
(n=11 589) aPWA (n=2125) P Value

No. dementia
events

1164 226

Person-years 210 701 32 497

Incidence rate
(95% CI)*

5.5 (5.2–5.8) 7.0 (6.1–7.9)

Hazard ratio (95% CI)

Model 1 1 (REF) 1.49 (1.29–1.72) <0.0001

Model 2 1 (REF) 1.40 (1.21–1.62) <0.0001

Model 3 1 (REF) 1.36 (1.17–2.57) <0.0001

aIAB
No aIAB
(n=13 456) aIAB (n=258) P Value

No. dementia
events

1368 22

Person-years 243 984 3425

Incidence rate
(95% CI)*

5.6 (5.3–5.9) 6.4 (4.1–9.5)

Hazard ratio (95% CI)

Model 1 1 (REF) 1.01 (0.66–1.55) 0.95

Model 2 1 (REF) 0.98 (0.64–1.50) 0.94

Model 3 1 (REF) 0.93 (0.61–1.42) 0.72

Model 1 is adjusted for age, sex and race/field center. Model 2: Model 1 and additionally
adjusted for education, occupation, apolipoprotein E, smoking, body mass index, systolic
blood pressure, diastolic blood pressure, antihypertensive medication, total cholesterol,
diabetes mellitus, prevalent coronary heart disease, heart failure, and stroke. Model 3:
Model 2 and additionally adjusted for time-dependent incident stroke and AF. All covariates
except sex, race-field center, education, occupation, and apolipoprotein E are time-varying
variables. aIAB indicates advanced interatrial block; aPWA, abnormal P-wave axis; PPWD,
prolonged P-wave duration; PTFV1, the terminal force of the P wave in ECG lead V1.
*Incidence rate is per 1000 person-years.
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20 years. In a sensitivity analysis excluding participants who
scored at the bottom 5% in their baseline cognitive tests, our
results remained essentially unchanged. Finally, we did not
observe any interactions by sex or race in the association
between PWIs and change in cognitive function.

Discussion
In this large community-based cohort study with 25 years of
follow-up, we observed that ECG markers of atrial abnormality
—aPTFV1, PPWD, and aPWA—were associated with increased
risk of dementia. In addition, aPTFV1 was associated with
greater decline in global cognitive and verbal function. Of
note, these associations were independent of incident AF or
stroke. Collectively, our findings suggest that atrial abnor-
mality or cardiomyopathy is independently associated with
increased risk of dementia and greater cognitive decline.

Markers of atrial abnormality or cardiomyopathy on ECG—
including aPTFV1 and aPWA—have been associated with
stroke in the absence of AF.3,13,36,37 Furthermore, left atrial
enlargement assessed by echocardiogram or cardiac mag-
netic resonance imaging has been associated with greater
cognitive decline including language, delayed memory, global
score, and mini-mental exam in patients without a history of
stroke, AF, or diagnosis of dementia.38,39 Several potential
mechanisms can explain our observations. First, we have
previously shown that aPWA is associated with an increased
risk of cardioembolic stroke, independent of AF.13 Further-
more, subclinical cerebral infarcts are an important mecha-
nism underlying the association between AF and greater
cognitive decline.40 Therefore, subclinical cerebral infarcts
could potentially explain the association between abnormal
PWIs and increased risk of dementia. A study based on the
Cardiovascular Health Study reported that in patients without

Figure 2. Association between time-dependent P-wave indices and incident dementia, Atherosclerosis Risk in Communities Study, 1990–
2015. The solid line depicts the hazard ratio, the gray area represents the 95% CI, and the histogram illustrates the distribution of P-wave indices
in the ARIC population. The hazard ratio crosses the dotted reference line at the median P-wave value. The model is adjusted for age, race, and
sex. A, Association between time-dependent terminal force of the P-wave in ECG lead V1 and incident dementia. B, Association between time-
dependent P-wave duration and incident dementia. C, Association between time-dependent P-wave axis and incident dementia. ARIC indicates
Atherosclerosis Risk in Communities.
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AF, abnormal PTFV1 was associated with worsening
leukoaraiosis and incident infarcts detected by magnetic
resonance imaging.7 Second, decreased brain perfusion from
impaired left atrial function and lower cardiac output may
result in chronic subcortical ischemia. Left atrial enlargement
has been associated with cognitive dysfunction even in the
absence of stroke, AF, or dementia.38,39 Third, shared
vascular risk factors (eg, diabetes mellitus, hypertension,
elevated brain natriuretic peptide, and heart failure) may be
important mechanisms underlying the abnormal PWI–demen-
tia association, although we adjusted for these risk fac-
tors.41,42 It is conceivable that the risk factors driving aPWI
including cardiometabolic conditions such as hypertension
and diabetes mellitus lead to lower cognitive scores at
baseline, which precede the development of dementia. Finally,
there is emerging literature to suggest that in patients with
neurodegenerative diseases such as Parkinson’s disease,43

central autonomic issues may contribute to rhythm distur-
bances, raising the possibility of reverse causation. However,
this is unlikely given the longitudinal analysis with aPWIs

preceding development of dementia. Moreover, aPWIs are not
rhythm disturbances, but rather ECG surrogates of underlying
atrial abnormality.

Our findings have some clinical and public health implica-
tions: More research is warranted to identify novel
approaches to prevent the development of atrial abnormality
as a strategy to prevent dementia. In addition, there are
ongoing clinical trials (ARCADIA [Atrial Cardiopathy and
Antithrombotic Drugs in Prevention of Cryptogenic Stroke])
(NCT03192215) to test whether anticoagulation can prevent
ischemic stroke in patients with atrial abnormality in the
absence of AF. In a similar vein, clinical trials are warranted to
determine whether anticoagulation can prevent dementia in
patients with atrial abnormality and without AF.

Two observations are worth noting. First, aIAB was not
found to be significantly associated with an increased risk of
dementia. There were only 258 participants with aIAB, of
whom 22 developed dementia; therefore, we may have been
underpowered to detect any association with this marker.
Second, cognitive decline is a precursor to dementia, but in

Figure 3. Cumulative risk of incident dementia by time-dependent P-wave indices, adjusting for the competing risk of death, Atherosclerosis
Risk in Communities Study, 1990–2015. A, Cumulative risk of incident dementia by terminal force of the P wave in ECG lead V1. B, Cumulative
risk of incident dementia by P-wave duration. C, Cumulative risk of incident dementia by P-wave axis. D, Cummulative Risk of Dementia by aIAB.
aIAB indicates advanced interatrial block.
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our study abnormal PWIs (except for aPTFV1) were associated
with increased risk of dementia but not with greater cognitive
decline. A similar finding was also noted when we reported
that left ventricular hypertrophy was associated with higher
risk of dementia but not with cognitive decline.44 It is possible
that atrial abnormality may put patients at risk for sudden
events with a large drop in cognition (eg, because of stroke or
cerebral infarct) but not a progressive decline.

The principal strengths of our study include the large
sample of blacks and whites, long follow-up, time which is
important given the long natural history of dementia; numer-
ous dementia cases; comprehensive cognitive tests; and an
extensive list of covariates using standardized procedures.

Some limitations, however, should be noted. First, an inherent
challenge to accurately quantifying long-term risk factor
associations in observational studies is that ill participants are
less likely to return for study visits. Thus, attrition is an
important concern in any long-term observational study. To
address this concern, in our analysis we implemented inverse
probability of attrition weights to account for attrition.
Second, not all participants attended visit 5, when dementia
was ascertained. Thus, we may have underascertained
dementia. However, even in those who did not attend visit
5 because of nonparticipation or death, dementia diagnoses
were identified through ICD-9 hospital discharge diagnostic
codes. Also, for all dementia cases, the dates of onset are

Table 3. Additional Adjusted 20-Year Cognitive Change Associated With Abnormal PWI, Atherosclerosis Risk in Communities
Study, 1990–2015

Cognitive Tests Normal PTFV1

Additional Cognitive Change in z Score (95% CI)

Abnormal PTFV1

Model 1 P Value Model 2 P Value Model 3 P Value

DWRT z score 0 (Ref) �0.06 (�0.17 to 0.04) 0.23 �0.09 (�0.19 to 0.02) 0.10 �0.08 (�0.19 to 0.02) 0.11

DSST z score 0 (Ref) �0.01 (�0.05 to 0.03) 0.67 �0.03 (�0.08 to 0.01) 0.13 �0.03 (�0.08 to 0.01) 0.13

WFT z score 0 (Ref) �0.06 (�0.12 to 0.01) 0.07 �0.07 (�0.13 to �0.01) 0.03 �0.07 (�0.13 to �0.01) 0.03

Global z score 0 (Ref) �0.04 (�0.11 to 0.03) 0.22 �0.07 (�0.13 to �0.01) 0.04 �0.07 (�0.13 to �0.01) 0.04

Normal PWD

PPWD

Model 1 P Value Model 2 P Value Model 3 P Value

DWRT z score 0 (Ref) �0.02 (�0.10 to 0.06) 0.55 �0.02 (�0.10 to 0.06) 0.61 �0.02 (�0.10 to 0.06) 0.71

DSST z score 0 (Ref) �0.01 (�0.05 to 0.03) 0.65 �0.01 (�0.04 to 0.03) 0.82 �0.01 (�0.04 to 0.04) 0.94

WFT z score 0 (Ref) �0.03 (�0.08 to 0.02) 0.22 �0.01 (�0.06 to 0.03) 0.56 �0.01 (�0.06 to 0.04) 0.67

Global z score 0 (Ref) �0.03 (�0.08 to 0.02) 0.24 �0.02 (�0.07 to 0.03) 0.51 �0.01 (�0.06 to 0.04) 0.65

Normal PWA

Abnormal PWA

Model 1 P Value Model 2 P Value Model 3 P Value

DWRT z score 0 (Ref) 0.00 (�0.10 to 0.10) 0.99 0.01 (�0.09 to 0.10) 0.89 0.01 (�0.09 to 0.10) 0.92

DSST z score 0 (Ref) 0.04 (�0.01 to 0.09) 0.12 0.03 (�0.01 to 0.08) 0.15 0.03 (�0.01 to 0.08) 0.16

WFT z score 0 (Ref) �0.01 (�0.06 to 0.06) 0.88 �0.03 (�0.08 to 0.03) 0.39 �0.02 (�0.08 to 0.03) 0.41

Global z score 0 (Ref) 0.03 (�0.03 to 0.10) 0.28 0.03 (�0.03 to 0.09) 0.36 0.03 (�0.03 to 0.09) 0.36

No aIAB

aIAB

Model 1 P Value Model 2 P Value Model 3 P Value

DWRT z score 0 (Ref) �0.05 (�0.36 to 0.26) 0.74 �0.09 (�0.39 to 0.21) 0.54 �0.08 (�0.38 to 0.21) 0.58

DSST z score 0 (Ref) 0.15 (�0.01 to 0.29) 0.06 0.10 (�0.04 to 0.23) 0.15 0.10 (�0.03 to 0.24) 0.13

WFT z score 0 (Ref) 0.11 (�0.08 to 0.30) 0.25 0.08 (�0.09 to 0.26) 0.35 0.09 (�0.09 to 0.27) 0.33

Global z score 0 (Ref) 0.12 (�0.08 to 0.31) 0.23 0.07 (�0.11 to 0.25) 0.45 0.08 (�0.11 to 0.26) 0.41

Model 1=adjusted for age (centered at 60 years), sex, race/center, time as a linear spline with a knot at 6 years, age by time spline terms, sex by time spline terms, and race/center by
time spline terms. Model 2=Model 1+education, occupation, apolipoprotein E, the time-dependent variables of smoking, body mass index, systolic blood pressure, diastolic blood pressure,
antihypertensive medication, diabetes mellitus, prevalent coronary heart disease, prevalent heart failure, prevalent stroke, plus all these variables by spline terms. Model 3=Model 2 and
additionally adjusted for time-dependent incident stroke and AF. Covariates are updated at visits except for: sex, race, center, education and occupation are from visit 1. A negative
estimate indicates a greater cognitive decline in those with aPWI compared with those with normal PWI. This analysis incorporates inverse probability of attrition weights to account for
attrition. A negative estimate indicates a greater cognitive decline over the 20-year period in those with aPWI compared with those with normal PWI. AF indicates atrial fibrillation; aIAB,
advanced interatrial block; aPWI, abnormal PWI; DWR, Delayed Word Recall (test of memory); DSS, Digit Symbol Substitution (test of executive function); PPWD, prolonged P-wave duration;
PTFV1, the terminal force of the P wave in ECG lead V1; PWA, P-wave axis; WF, Word Fluency (test of verbal fluency).
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uncertain. Third, the 3 cognitive scores measured in ARIC
cannot be considered a true measure of global cognitive
function because they do not assess all cognitive domains
exhaustively. Furthermore, AF was ascertained using study
ECGs and hospital discharge codes; thus, we may have
underascertained AF. However, AF incidence in the ARIC
study is consistent with other population-based studies, and
utilizing hospital discharge records for the purposes of AF
detection has been previously validated.45,46 Finally, as with
any observational study, despite extensive adjustments
residual confounding may exist.

In conclusion, our report from a large population-based
cohort study provides evidence that ECG markers of atrial
abnormality or cardiomyopathy—including aPTFV1, aPWA,
and PPWD—are associated with increased risk of dementia
independent of stroke and AF. These findings should be
replicated in other independent cohorts and efforts should be
made to elucidate the underlying mechanisms.
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