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Abstract.
Background: Markers of altered cardiac function might predict cognitive decline and dementia.
Objective: This systematic review aims to review the literature that examines the associations of various electrocardiogram
(ECG) markers with cognitive decline and dementia in middle-aged and elderly populations.
Methods: We searched PubMed, Embase, and Web of Science through 1 July 2020 for literature and conducted a systematic
literature review. We included studies examining the associations of ECG markers (e.g., left ventricular hypertrophy [LVH],
spatial QRS-T angle, and QT prolongation) with cognitive function and dementia in adult populations regardless of study
setting and design, but excluded studies examining atrial fibrillation and heart rate variability.
Results: Fourteen community-based cross-sectional and longitudinal studies were identified. ECG markers were investigated
in association with dementia in four prospective studies, and with cognitive decline in ten prospective studies. ECG-assessed
LVH was associated with dementia in one study while five heterogeneous prospective studies yielded inconsistent associations
with cognitive decline. Regarding ventricular repolarization markers, spatial QRS-T angle was associated with cognitive
decline in one study while another study found no association between QT prolongation and cognitive decline. High resting
heart rate was associated with both dementia and cognitive decline in one study but not associated with dementia in another
study. P-wave abnormality was significantly associated with incident dementia and cognitive decline in one prospective
study.
Conclusion: Some ECG markers were associated with incident dementia and cognitive decline. However, limited number
of heterogeneous studies did not allow us to make firm conclusions. Further studies are needed.
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INTRODUCTION

Dementia is a global epidemic. In 2018, worldwide
50 million people lived with dementia, more than
double since 1990 [1]. It is projected that by 2050,
the number of people living with dementia will reach
152 million, with 68% residing in low- and middle-
income countries (LMICs) [2]. Dementia is the major
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cause of disability and institutionalization among
older adults, and thus, significantly affects the quality
of life of patients, their families, and the healthcare
systems. Indeed, the future burden of dementia will
likely overwhelm already overloaded healthcare sys-
tems. It is therefore of significant interest to identify
high-risk populations for early interventions to pre-
vent and delay the progression of cognitive decline.
Current neuroimaging and biological markers are
promising to identify high-risk patients for dementia,
but they are usually costly, limiting their use in LMIC
settings. Inexpensive and widely available methods to
stratify high-risk populations for dementia are crucial
for early preventive interventions.

Cardiovascular disease (CVD) is another preva-
lent condition in the elderly population. In the past
decades, a great deal of attention has been paid to a
close link between CVDs and dementia. CVDs not
only share vascular risk factors with dementia, but
also increase the risk of dementia [3]. The heart-brain
continuum hypothesis suggests that impaired car-
diac function resulting from long-term exposures to
cardiovascular risk factors contributes to accelerated
cognitive decline, possibly through cerebral hypoper-
fusion and increased arterial stiffness [4, 5]. Consid-
ering the close relationship between CVDs and brain
aging, it could be argued that markers of heart dam-
age may also be employed to identify individuals at
higher risk of cognitive decline and dementia.

Electrocardiogram (ECG) is an inexpensive, non-
invasive, and widely available diagnostic modality,
which has been used to detect and monitor various
subclinical and clinical CVDs. Substantial evidence
has shown that some ECG findings have independent
clinical prognostic values for cardiovascular events.
By contrast, the association of ECG parameters with
cognitive decline or dementia appears to be insuffi-
ciently investigated.

If some ECG markers can be used to predict the risk
of cognitive decline or dementia, careful assessment
and follow-up of not only cardiac function but also
cognitive function in patients with such ECG mark-
ers might be useful to detect early signs of cognitive
decline and intervene earlier.

In this systematic review, we sought to summarize
the current evidence from epidemiological studies
that investigate the association of various ECG find-
ings with cognitive decline and dementia and identify
the potential ECG predictors for cognitive decline
and dementia, particularly in the general population
settings of adults.

MATERIALS AND METHODS

Data sources and searches

We conducted a systematic search of literature via
PubMed, Web of Science, and Embase through 1 July
2020 for full-text articles in English by using the key-
words, and their synonyms, electrocardiogram and
cognitive dysfunction. Search strategy is shown in
the Supplementary Material. Two reviewers (YI and
DLV) independently screened the titles and abstracts.
In addition, we searched reference lists of studies
included in our review and relevant review articles in
accordance with a snowball strategy. Any disagree-
ments were resolved through discussion between two
reviewers.

Study selection

We included cross-sectional, case-control, and co-
hort studies as well as secondary analyses of ran-
domized controlled trials quantifying the association
between ECG findings and cognitive outcomes in
adults published in English. Studies needed to con-
sider either diagnosis of dementia or cognitive
function assessed by the validated cognitive tests
as outcomes. Exposure variables were various ECG
parameters other than atrial fibrillation (AF) and heart
rate variability (HRV). AF and heart rate variabil-
ity were excluded because several systematic reviews
have examined their associations with cognitive out-
comes recently [6–10]. Studies using composite ECG
findings (e.g., any ECG abnormalities) or the combi-
nation of clinical findings and ECG markers (e.g.,
ECG changes and chest pain) as exposures were
excluded because we were interested in the inde-
pendent association between specific ECG findings
and cognitive outcomes. To have a comprehensive
overview of existing literature, studies in both com-
munity setting and a clinical setting (e.g., recruiting
people with cognitive impairment or people with car-
diovascular diseases) were included.

To ensure study results in this review were com-
parable, first, eligible studies were divided into two
groups: studies reporting crude associations and those
reporting results adjusted for at least age and sex. We
present only the adjusted results here because age
and sex are strong confounders in the association we
are interested in. The unadjusted results are avail-
able as online supplemental material (Supplementary
Table 2).
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Supplementary Table 1 shows the summary of ex-
cluded studies and the reasons for the exclusion.

Then, studies were further divided into comm-
unity-based studies and hospital-based studies to
make results comparable.

Data extraction and quality assessment

One author (YI) extracted study characteristics and
study results using a standardized form, and the accu-
racy of extracted data was reviewed by a second
author (DLV). Data abstracted included participant
characteristics, effect estimates, and all covariates in
the statistical model. We extracted all effect estimates
reported (hazard ratio, odds ratio, or beta coefficient).
When effect estimates were unavailable, information
to compare exposure group and non-exposure group
was extracted (e.g., the proportion of dementia in each
group).

The quality of the included observational stud-
ies was assessed using the Newcastle-Ottawa Scale
(NOS), which includes the assessment of three
domains of studies (selection, comparability, and out-
come). One author (YI) assessed risks of bias for each
study and, any uncertain points were resolved through
discussion with the second author (DLV).

RESULTS

A total of 4,432 articles were retrieved. After
removing duplicates, we reviewed 2,891 studies.
We further identified additional five studies through
searching reference lists of eligible studies. Screen-
ing by two reviewers yielded 27 full-text articles for
inclusion (Fig. 1). Excluded studies and reasons for
exclusion are presented in Supplementary Table 1.
Among 27 eligible studies, ten studies showed crude
associations (Supplementary Table 2). Among 17
studies adjusted for at least age and sex, three studies
recruited participants with specific diseases (Supple-
mentary Table 3). Results from 14 community-based
studies are presented in Table 1.

Studies description

Out of the 14 eligible studies, four longitudinal
community-based studies investigated the associ-
ation between ECG markers and dementia risk
(Table 1A) [11–14], and 13 examined the associa-
tion with cognitive function using several cognitive

tests (Table 1B) [12–24]. Of them, ten studies
conducted longitudinal, or both longitudinal and
cross-sectional, analyses [12–14, 18–24]. The data
from the Atherosclerosis Risk in Communities
(ARIC) Study and the PROspective Study of Pravas-
tatin in the Elderly at Risk (PROSPER) were used in
three studies each, which were all included because
they examined different ECG markers. Therefore,
this review included a large number of overlapping
participants (approximately 13,000 participants in the
ARIC and 4200 in the PROSPER). All studies in this
review were conducted in the US or Western Euro-
pean countries, and no studies were from LMICs
regions.

Assessment of cognitive outcomes

Dementia was diagnosed using predetermined
algorithms based on the National Institute on Aging-
Alzheimer’s Association working group formula-
tions of dementia and the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition in three
studies from the ARIC population [12–14], while one
study did not provide detail of diagnoses criteria [11].

Global cognitive function was assessed using the
Mini-Mental State Examination (MMSE), Cognitive
Abilities Screening Instrument [25], or composite
cognitive score derived from several cognitive sub-
domain tests. Multiple neuropsychological tests were
used to assess specific cognitive domains, such as
memory, processing speed, and executive function in
studies based on the ARIC and PROSPER popula-
tions.

In the ARIC study, the Delayed Word Recall
(DWR) test (verbal learning and recent memory),
the Digit Symbol Substitution (DSS) test (executive
function and processing speed), and the Word Flu-
ency (WF) test (executive function and language)
were performed, while the PROSPER performed
the Stroop interference test (selective attention), the
Letter-Digit Coding Test (LDCT) (general cognitive
speed), and the Picture-Word leaning (PLTi, PLTd)
(immediate and delayed memory).

Assessment of ECG markers

Most studies used a standard resting 12-lead ECG,
except one that used 24-hour Holter ECG to assess
various arrhythmias [11]. ECG signs of left ven-
tricular hypertrophy (LVH) were determined in five
studies, while QT interval and resting heart rate
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Records identified through
Embase searching

(n = 1939)

Fig. 1. Flow diagram. AF, atrial fibrillation; HRV, heart rate variability.

were investigated in three studies. Abnormal P waves
and spatial QRS-T angle were examined in just one
study. No studies with dementia outcomes except for
two case-control studies included in Supplementary
Table 2 mentioned the current or previous use of
cholinesterase inhibitors.

Associations of ECG markers with cognitive
function

The results are presented according to ECG mark-
ers and outcomes (Table 2A for dementia, Table 2B
for cognitive function). We conducted a narrative
synthesis of the included studies without pooling

effect estimates since the availability of overlapping
specific ECG markers and outcomes was limited and
heterogeneous.

Associations of ECG-assessed LVH with
dementia and cognitive function

Dementia
Only one study investigated the association be-

tween electrocardiographic signs of LVH and demen-
tia. The 18-year follow-up data from the ARIC cohort
showed that LVH at baseline was associated with a
higher risk for dementia [13].
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Table 1A
The association between various ECG findings and dementia in community-based studies

Study, year,
country

Study Population Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted
model (95% confidence
interval)

Adjustment Quality

Frishman, 1996,
USA [11]

The Bronx Aging Study,
community dwelling
population, N = 423, Age
75–85 y (mean 79.2 y),
36.0% males, Follow-up:
mean 6.2 y

24-h ECG, PVC, multifocal
PVCs, significant ectopy,
nonsustained ventricular
tachycardia, sustained
ventricular tachycardia,
torsades des pointes, AF,
paroxysmal atrial
tachycardia, junctional
tachycardia, sinus arrest,
sinus pause, first-, second-,
third-degree blocks, sinus
bradycardia,

All-cause dementia, and
multiinfarct dementia

Detail not mentioned.

Multiinfarct dementia:
AV block HR: 3.4 (0.9, 12.7),

Slow heart rate HR: 2.4 (0.8,
7.1), Ventricular tachycardia

HR: 6.3 (1.4, 28.7)
All-cause dementia:
Ventricular tachycardia HR:

1.8 (0.5, 6.2), AV block HR:
1.1 (0.4, 3.5), Slow heart
rate HR: 1.5 (0.7, 3.2)

Age, gender; history of diabetes,
hypertension, smoking, myocardial
infarction, or stroke; LVH on baseline
ECG, baseline BMI, development of
diagnosable cancer after study entry; use
of � adrenergic blockers, tricyclic
antidepressants, centrally acting
antihypertensive agents, antiarrhythmic
drugs, diuretics, and digoxin

7/9

Gutierrez, 2019,
USA [12]

The ARIC-NCS cohort,
N = 13,714, Age 45–64 y
(mean 57, SD 6), 44%,
Mean 18 y

Resting 12-lead ECG,
Abnormal P-wave terminal
force in lead V1 (PTFV1),
prolonged P-wave duration
(PPWD), abnormal P-wave
axis (aPWA) advanced
interatrial block (aIAB)

Incident dementia,
Predetermined algorithm
based on NIA-AA criteria
and DSM-5 criteria.

Incident dementia:
PTFV1 HR: 1.60 (1.41, 2.83)
PPWD HR: 1.60 (1.42, 1.80)
PWA HR: 1.36 (1.17, 2.57)
aIAB HR: 0.93 (0.61, 1.42)

Model 1: age, sex, race/field center 8/9
Model 2: Model 1 plus education,

occupation, apolipoprotein E, smoking,
BMI, SBP, DBP, antihypertensive
medication, total cholesterol, diabetes,
prevalent CHD, HF, and stroke

Model 3: Model 2 plus time-dependent
incident stroke and AF

Norby, 2018, USA
[13]

The ARIC-NCS cohort,
N = 12,665, 56.9 ± 5.7 y,
44%, Mean 18 y

Resting 12-lead ECG
LVH dichotomous (yes/no):

sex specific Cornell voltage
criteria
(SV3 + RaVL > 28 mm for
men and 22 mm for women)

Incident dementia, Dementia
was determined using the
predetermined algorithm
based on NIA-AA criteria
and DSM-5.

Incident dementia in
participant with LVH

HR: 1.90 (1.47, 2.44)

Model 1: age, sex, and race/field center
Model 2: model 1 plus education,

occupation, apolipoprotein E, smoking,
BMI, SBP, DBP, antihypertensive
medication, total cholesterol, diabetes,
prevalent CHD, prevalent HF.

Model 3: model 2 plus time-dependent
stroke and AF.

8/9

Wang, 2019, USA
[14]

The ARIC-NCS, N = 13,172,
57.5 ± 5.7 y, 44.1%, Over
20 y

Resting 12-lead ECG
RHR in four categories (< 60,

60–69, 70–79, ≥ 80)

Incident dementia, Diagnosis
criteria not mentioned in
main text

Incident dementia in different
RHR groups:

RHR < 60: Reference
RHR 60–69 HR: 1.08 (0.95,

1.24)
RHR70–79 HR: 1.14 (0.97,

1.33)
RHR ≥ 80 HR: 1.28 (1.04,

1.57)

Model 1: age, age2, sex, race/center 6/9
Model 2: Model 1 plus education, BMI,

smoking status, alcohol, physical activity
Model 3: Model 2 plus SBP, pulse

pressure, use of hypertension
medication, diabetes, HDL cholesterol,
total cholesterol, cholesterol lowering
medications, history of prevalent CHD,
use of AV-nodal blocking medications,
and APOE4 genotype

AF, atrial fibrillation; ARIC-NCS, Atherosclerosis Risk in Communities Neurocognitive Study; BMI, body mass index; CHD, coronary heart disease; CHF, chronic heart failure; DBP, diastolic
blood pressure; HF, heart failure; HR, hazard ratio; IAB, interatrial block; LVH, left ventricular hypertrophy; SBP, systolic blood pressure; NIA-AA, National Institute on Aging-Alzheimer’s
Association dementia group formulations of dementia



1308
Y.Im

ahorietal./E
lectrocardiographic

P
redictors

ofC
ognitive

D
ecline

and
D

em
entia

Table 1B
The association between various ECG findings and cognitive function

Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment Quality

Cross-sectional association
Outcome: global cognitive function
Coppola, 2013,

Italy [15]
Community living elderly

registered members of social
multifunctional geriatric
center, N: AD 31, MCI 77,
Cognitive normal 116, Age
(y): AD 72.4 ± 7.9, MCI
71.9 ± 5.0, Cognitive
normal 69.7 ± 8.1, Male:
AD 38.7%, MCI 44.2%,
Cognitive normal 43.1%

Resting 12-lead ECG, QTc,
QTcD

MMSE score QTcD just p-value
The association between MMSE and

QTcD in MCI subjects
�: not shown (p = 0.03)

Age, education, Hachinski
ischemic score

2/8

Hale, 1992, USA
[16]

Elderly in a health screening
program, N = 1,271,
Women: 77.8 ± 6.19 y;
Men: 78.0 ± 5.97 y, 32.7%

Resting heart rate, 29 ECG
abnormalities

MMSE score The association between each ECG
finding and MMSE score

Left axis deviation p = 0.0038
Premature junctional contraction

p = 0.021
Resting heart rate p = 0.07

Age, sex, the Beck Depression
Inventory

3/8

Lucas, 2010, USA
[17]

CHAP, a stratified random
sample aged over 65 y,
N = 839, Median 81 (IQR
76-85) y, 37.0%

Resting 12-lead ECG, 1. T
wave nondipolar voltage
(TNDPV) (�V), 2.
Rate-adjusted QT interval
(QTrr) (ms), 3. The voltage
change from the beginning
to end of the ST segment in
lead V5 (STV5 gradient)
(�V), 4.QRS/T angle

Global cognitive performance
z score derived from 17
cognitive performance tests

Difference in cognitive performance
/TNDPV (�V)

Core model
�: –0.0290 (p = 0.01)
fully-adjusted model
�: –0.0240 (p = 0.03)
Other ECG findings: NS

Core model: age, gender,
education, race

Fully-adjusted model:
hypertension, diabetes, cigarette
smoking, cholesterol, BMI, a
quadratic term for BMI

5/8

Longitudinal association
Outcomes: cognitive decline/cognitive impairment defined by change in global cognitive function
Kähönen-Väre,

2004, Finland
[18]

The Helsinki Aging Study,
including three birth cohorts
aged 75, 80, and 85 y.
N = 650, 75 y n = 239, 80 y
n = 212, 85 y n = 199, 75 y
29.6%, 80 years 29.6%, 85 y
19.8%

Follow-up: 10 y

Resting 12-lead ECG
LVH (detail not mentioned)

Cognitive decline (defined as
an increase in the CDR class
or a decrease of at least four
points in the MMSE score)

LVH at baseline (%) in Cognitive
decline at 1 y Yes versus No: 14.0%
versus 11.0% (NS), LHV at baseline
(%) in Cognitive decline at 5 y Yes
versus No: 12.5% versus 10.2% (NS)

LVH at baseline (%) in Cognitive
decline at 10 y Yes versus No: 5.5%
versus 12.0% (NS)

Age, sex 5/9
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Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment
Quality

Unverzagt, 2011,
US [19]

REGARDS, a national
population-based cohort
study of African American
or white, N = 23,752, Age
45+, mean 64.3 ± 9.2 y,
44%, Follow-up: mean 4.1 y

Resting 12-lear ECG (71%) or
7-lear ECG (39%)

LVH (binary)
Cornell voltage was calculated

as the sum of the SV + aVL
and SV3 + aVL in
participants with 7-lead
ECGs and 12-lead
respectively. LVH was
diagnosed if Cornell
voltage = 2,200 ms in
women or = 2,800 ms in men

Incident cognitive impairment
assessed using the Six-item
Screener (SIS) (a decline
from an initial score of 5 or
better to the most recent
follow-up score of 4 or less.)

Incident cognitive impairment in
patient with LVH:

OR: 1.29 (1.05, 1.58)

Adjusted only for demographics:
sex, race, region, education

Fully adjusted models; further
adjusted for FSRP, Age, SBP,
antihypertensive medication,
diabetes, AF, heart disease,
current smoker

8/9

Outcomes: global cognitive function
Kaffashian, 2013,

UK [20]
The Whitehall II study.

N = 5,810, Age 35-55, mean
55.6 ± 6.0 y, 71.5%,
Follow-up: mean 18 y

Resting 12-leaer ECG, LVH
(binary)

Change in global cognitive
score that was created using
all five tests (The Alice
Heim 4-I, 20-word free
recall test, “S” word?,
“animal” word, the Mill Hill
Vocabulary test)

10-y cognitive change in change in
participants with LVH:

�: –0.04 (–0.08, –0.0004)

Models adjusted for
demographics: age centered at
the mean, sex, ethnicity,
education. Health-related
factors: depressive symptoms,
physical activity, alcohol
consumption

7/9

Suemoto, 2020,
US [21]

The Honolulu Heart Study.
Japanese American men
born between 1990 and
1919 who lived on Oahu,
N = 2,511, 54.4 ± 4.4 y,
100%

Incident prolonged QT
interval

Cognitive Abilities Screening
Instrument (CASI)

The association between prolonged
QT and late-life CASI-IRT

�: 0.04 (–0.28, 0.35)
The association between prolonged

QT and change in CASI-IRT
�: –0.002 (–0.013, 0.010)

Generation, alcohol use, physical
activity level, education,
occupation, and chest depth at
Visit 1; age, height, and
hypertension at Visit 2; and the
presence of any APOE4 alleles
at visit 4.

6/9

Outcomes: both global cognitive function & different domains of cognitive function
Gutierrez, 2019,

US [12]
The ARIC-NCS. N = 13,714,

Age 45–64, mean 57 ± 6 y,
44%, Follow-up: mean 18
years

Resting 12-lead ECG,
Abnormal P-wave terminal
force in lead V1 (PTFV1),
prolonged P-wave duration
(PPWD), abnormal P-wave
axis (aPWA) advanced
interatrial block (aIAB)

The Delayed Word Recall test
(DWRT), the Digit Symbol
Substitution test of the
Wechsler Adult Intelligence
Scale-Revised (DSST), the
Word Fluency test (WFT))
and global z-score based on
three cognitive testing.

Associations between rate of cognitive
change and ECG findings.

Global z-score and PTFV1
�: –0.07 (–0.13, –0.01).
Word Fluency test z-score and PTFV1
�: –0.07 (–0.13, –0.01).
Other ECG findings NS

Model 1: age, sex, race/field center
Model 2: Model 1 plus education,

occupation, apolipoprotein E,
smoking, BMI, SBP, DBP,
antihypertensive medication,
total cholesterol, diabetes
mellitus, prevalent CHD, HF,
and stroke

Model 3: Model 2 plus
time-dependent incident stroke
and AF

8/9

(Continued)
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Table 1B
(Continued)

Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment Quality

Both cross-sectional and longitudinal analyses
Outcomes: both global cognitive function & different domains of cognitive function
Norby, 2018, US

[13]
ARIC-NCS, N = 12,665, Age

45–64, mean 56.9 ± 5.7 y,
44%, Follow-up: mean 18 y

LVH dichotomous (yes/no):
sex specific Cornell voltage
criteria (SV3 + RaVL > 28
mm for men and 22 mm for
women)

DWRT, DSST, WFT, and
global z-score based on
three cognitive testing.

Cross-sectional analysis
Difference in cognitive score in those

with LVH compared to no LVH:
Global z-score
�: –0.16 (–0.24, –0.08)
DWRT z-score
�: –0.17 (–0.27, –0.06)
DSST z-score
�: –0.05 (–0.13, 0.02)
WFT z-score
�: –0.15 (–0.24, –0.05)
Longitudinal analysis
Additional change in cognitive testing

in those with LVH compared to no
LVH

Global z-score
�: 0.061 (–0.03, 0.155)
DWRT z-score
�: 0.055 (–0.091, 0.206)
DSST z-score
�: 0.035 (–0.041, 0.111)
WFT z-score
�: 0.082 (–0.008, 0.172)

Model 1: age (centered at 60), 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 plus education,
occupation, apolipoprotein E,
smoking, BMI, SBP, DBP,
antihypertensive medication,
total cholesterol, diabetes,
prevalent CHD, prevalent HF,
plus all these variables by time
spline terms.

Model 3: model 2 plus stroke and
atrial fibrillation, plus these
variables by time spline terms.

8/9

Wang, 2019, US
[14]

ARIC-NCS cohort,
N = 13,172, Age 44–66,
mean 57.5 ± 5.7 y, 44.1%,
Follow-up: over 20 y

Resting 12-lead ECG
Resting heart rate (RHR) in

four categories (< 60, 60–69,
70–79, ≥ 80)

DWRT, DSST, WFT, and
global z-score based on
three cognitive testing.

Cross-sectional analysis
The association between global

z-score and resting heart rate groups:
RHR < 60: reference, RHR ≥ 80
�: –0.08 (–0.13, –0.03) (other NS)
The association between DWRT

z-score and RHR
RHR ≥ 80
�: –0.09 (–0.15, –0.03) (other NS)

Model 1: age, age2, sex,
race/center, interactions between
each of these variables and time

Model 2: Model 1 plus education,
BMI, smoking status, alcohol,
physical activity, interactions
between each of these variables
and time

6/8
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Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment
Quality

The association between DSST and
RHR

RHR ≥ 80
�: –0.11 (–0.16, –0.07) (other NS)
The association between WFT and

RHR: NS
Longitudinal analysis
Difference in global cognitive decline

between resting heart rate groups:
Difference
Difference RHR70-79 versus < 60
�: –0.07 (–0.13, –0.004)

Difference RHR > = 80 versus < 60
�: –0.12 (–0.21, –0.03)
(Other NS)
Difference in DWRT
All NS
Difference in DSST
Difference RHR60-69 versus < 60
�: –0.03 (–0.06, –0.003)

Difference RHR70–79 versus < 60
�: –0.05 (–0.08, –0.01)

Difference RHR ≥ 80 versus < 60
�: –0.10 (–0.15, –0.05)
Difference in WFT
Difference RHR ≥ 80 versus < 60
�: –0.12 (–0.18, –0.05)
(Other NS)

Model 3: Model 2 plus SBP, pulse
pressure, use of hypertension
medication, diabetes, HDL
cholesterol, total cholesterol,
cholesterol lowering
medications, history of prevalent
CHD, use of AV-nodal blocking
medications, APOE4 genotype,
and interactions between each of
these variables and time

(Continued)
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Table 1B
(Continued)

Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment Quality

Outcomes: different domains of cognitive function
Mahinrad, 2017,

Ireland,
Scotland, the
Netherlands
[22]

The secondary analysis of a
randomized controlled trial
PROSPER, older subjects at
high cardiovascular risk,
N = 4,233, 75.2 ± 3.3 y,
47.8%

Resting 12-lead ECG, LVH
(Sokolow-Lyon voltage
product level) in three
categories: Low
(17.11–177.16 �Vs),
Medium (17.20–245.55
�Vs), High (245.70–902.53
�Vs )

The Stroop interference test,
the Letter-Digit Coding Test
(LDCT), immediate and
delayed Picture-Word
Learning Test (PLTi and
PLTd)

Cross-sectional analysis
The Stroop interference test, LDCT,

PLTi, PLTd per LVH category: all
NS

Longitudinal analysis
Change in the Stroop interference test

per LVH category: NS
Change in LDCT
�: –0.28 (–0.37, –0.20)
Change in PLTi
�: 0.05 (0.02, 0.09)
Change in PLTd: NS

Model 1: age, sex, country,
education, version of cognitive
tests

Model 2: age, sex, country,
education, version of cognitive
tests where applicable, BMI,
smoking status, SBP, DBP,
history of diabetes, history of
vascular disease, total
cholesterol level,
HDL-cholesterol level,
antihypertensive medications
(diuretics, beta-blockers,
calcium channel blockers,
angiotensin converting enzyme
inhibitors and angiotensin
receptor blockers), anticoagulant
medications.

8/9

Mahinrad, 2019,
Ireland,
Scotland, The
Netherlands
[23]

The secondary analysis of a
randomized controlled trial
PROSPER, older subjects at
high cardiovascular risk,
N = 4,172, 75.2 ± 3.3 y,
47.9%

Spatial QRS-T angle in three
categories: Low, Middle,
High

The Stroop interference test,
the LDCT, PLTi and PLTd

Cross-sectional analysis
The Stroop interference test, LDCT,

PLTi, PLTd per LVH category: all
NS

Longitudinal analysis
Change in Stroop test
�: 0.004 (0.0007, 0.007)
Change in LDCT
�: –0.312 (–0.37, –0.25)
Change in PLTi
�: 0.022 (–0.002, 0.047), Change in

PLTd:
�: –0.031 (–0.067, 0.005)

Model 1: age, sex, country,
education, version of cognitive
tests where applicable; Model 2:
Model 1 plus history of vascular
disease, history of diabetes, SBP,
DBP, BMI, smoking status,
antihypertensive medications
and statin treatment groups.

7/8
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Study, year,
country

Population, N, Age
(mean/median), males (%)

Type of ECG, ECG findings Outcome, Diagnosis criteria Effect size from fully-adjusted model
(95% confidence interval)

Adjustment
Quality

Zonneveld, 2020,
The
Netherlands,
Scotland,
Ireland [24]

Secondary analysis of a
randomized controlled trial
PROPSER,.Older
individuals at increased risk
for cardiovascular disease
but free of known
arrhythmias. N = 4,627,
75.2 ± 3.2 y, 46.4%

QT, QTc, JT, JTc, QRS
interval

Decline in cognitive function
at follow-up assessed using
the Stroop Test, the LDCT,
PLTi and PLTd

ross-sectional analysis
Stroop test
QT �: 3.02 (0.31, 5.73) QTc �:1.48

(–0.44, 3.39) JT �: 3.93 (1.23, 6.64)
JTc �: 2.34 (0.39, 4.30), QTc �,
QRS �: NS

LDCT, digits coded
QT �: –1.07 (–1.84, –0.31) QTc �:

–0.62 (–1.15, –0.08) JT �: –0.81
(–1.58, –0.04) JTc �, QRS � NS

PLTi, pictures remembered: All NS
PLTd, pictures remembered: All NS
Longitudinal analysis
No associations of specific ECG

findings with test were significant.

Minimally adjusted: Age, sex,
country, heart rate (QT, JT, and
QRS only), Fully adjusted: Age,
sex, country, heart rate (QT, JT,
and QRS only), alcohol intake
per week, smoking, education
level, BMI, serum cholesterol,
antihypertensive medication,
anticholinergic medication,
antiarrhythmic medication,
antidepressants, diabetes
mellitus, SBP

6/8

AD, Alzheimer’s disease; AF, atrial fibrillation; ARIC-NCS, Atherosclerosis Risk in Communities Neurocognitive Study; BMI, body mass index; CDR, Clinical Dementia Rating; CHAP, The
Chicago Health and Aging Project; CHD, coronary heart disease; CHF, chronic heart failure; DBP, diastolic blood pressure; DLB, dementia with Lewy bodies; HF, heart failure; HR, hazard
ratio; IAB, interatrial block; LVH, left ventricular hypertrophy; MCI, mild cognitive impairment; MI, myocardial infarction; MMSE, Mini-Mental State Examination; OR, odds ratio; PROSPER,
PROspective Study of Pravastatin in the Elderly at Risk; QTc, corrected heart rate values of QT interval; QTcD, QT dispersion; REGARDS, Those without stroke from the Reasons for Geographic
and Racial Differences in Stroke; SBP, systolic blood pressure; VaD, vascular dementia.
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Cognitive function
The cross-sectional associations between LVH and

cognitive function were examined in two population-
based studies. The ARIC Study showed association
of LVH with low global cognitive z-score, DWR, and
WF while not with DSS [13], whereas in the PROS-
PER Study, LVH was not associated with any of the
four cognitive tests (Stroop, LDCT, PLTi, and PLTd)
[22].

Five prospective cohort studies investigated the
association between LVH at baseline and cognitive
decline. For global cognitive function, LVH was asso-
ciated with global cognitive decline in the Whitehall
II Study and the large-scale REGARDS study [19,
20], while the ARIC Study and a relatively small
Finnish study showed no significant associations [13,
18]. These four studies of global cognitive function
differed substantially regarding participant charac-
teristics, follow-up period, and statistical methods.
For the associations with specific cognitive domains,
LVH was associated with a decrease in LDCT and
PLTi scores, but not Stroop and PLTd scores in the
PROSPER Study [22]. On the contrary, LVH was not
associated with any of the three cognitive tests (DWR,
DSS, and WF) in the ARIC Study [13].

Associations of ventricular repolarization
markers with cognitive function

Dementia
There was no study investigating the association

between markers of ventricular repolarization and
dementia.

Cognitive function
Three population-based studies examined cross-

sectional associations between various markers of
ventricular repolarization and cognitive function. The
Chicago Health and Aging Project investigated the
association between global cognitive z-score and
four markers of cardiac repolarization abnormal-
ity (QT interval, the T wave nondipolar voltage:
TNDPV, voltage change in ST-segment in V5 lead:
STV5 gradient, QRS-T angle), and only TNDPV was
associated with low global cognitive z-score [17].
Regarding cognitive subdomains, QT interval was
associated with LDCT but not with the Stroop test,
PLTi, and PLTd in the PROSPER Study [24], while
QRS-T angle showed no significant associations with
any cognitive tests in another PROSPER Study [23].

Two prospective cohort studies examined the asso-
ciation between ventricular repolarization markers
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Table 2B
The association between various ECG findings and cognitive function: an overview

Test Rate, rhythm, conduction P wave QRS wave Repolarization, others

Study authors, year RHR Arrhy- AV Bundle PTFV1 PPWD PWA IAB LVH QRS QRS QTcD QT ST, T ST depres- TNDPV STV5 QRS T
thmia block branch low interval interval abnor- sion, Q gradient angle
24 h block voltage mality

Cross-sectional analyses
Coppola, 2013 [15] Global

√
Hale, 1992 [16] Global NS

√
Lucas, 2010 [17] Global NS

√
NS NS

Norby, 2018∗ [13] Global
√

DWR
√

DSS NS
WF

√
Wang, 2019∗ [14] Global

√a

DWR
√a

DSS
√a

WF NS
Mahinrad, 2017∗ [22] Stroop NS

LDCT NS
PLTi NS
PLTd NS

Mahinrad, 2019∗ [23] Stroop NS
LDCT NS
PLTi NS
PLTd NS

Zonneveld, 2020∗ [24] Stroop NS NS
√

LDCT NS
√ √

PLTi NS NS NS
PLTd NS NS NS

(Continued)
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Table 2B
(Continued)

Test Rate, rhythm, conduction P wave QRS wave Repolarization, others

Study authors, year RHR Arrhy- AV Bundle PTFV1 PPWD PWA IAB LVH QRS QRS QTcD QT ST, T ST depres- TNDPV STV5 QRS T
thmia block branch low interval interval abnor- sion, Q gradient angle
24 h block voltage mality

Longitudinal analyses
Kähönen-Väre, 2004 [18] NS
Unverzagt, 2011 [19]

√
Kaffashian, 2013 [20] Global

√b

Suemoto, 2020 [21] Global NS
Gutierrez, 2019 [12] Global

√
NS NS NS

DWR NS NS NS NS
DSS NS NS NS NS
WF

√
NS NS NS

Norby, 2018∗ [13] Global NS
DWR NS
DSS NS
WF NS

Wang, 2019∗ [14] Global
√c

DWR NS
DSS

√d

WF
√e

Mahinrad, 2017∗ [22] Stroop NS
LDCT

√
PLTi

√
PLTd NS

Mahinrad, 2019∗ [23] Stroop
√

LDCT
√

PLTi NS
PLTd

√
Zonneveld, 2020∗ [24] Stroop NS NS NS

LDCT NS NS NS
PLTi NS NS NS
PLTd NS NS NS

∗Both cross-sectional and longitudinal analyses were conducted. DSS, Digit Symbol Substitution (executive function and processing speed); DWR, Delayed Word Recall (verbal learning and
recent memory); IAB, interatrial block; LDCT, general cognitive speed; LVH, left ventricular hypertrophy; PLTd, delayed memory; PLTi, immediate memory; PPWD, prolonged P-wave duration;
PTFV1, an abnormal P-wave terminal force in lead V1; PWA, abnormal P-wave axis; QTcD, QT dispersion; RHR, resting heart rate; Stroop, the Stroop interference test (selective attention); STV5
gradient, voltage change from beginning to the end of ST-segment in lead V5; TNDPV, the T wave nondipolar voltage; WF, Word Fluency (executive function and language). aParticipants with
RHR ≥ 80 had significantly lower scores than those with RHR < 60, bLVH was associated with a change in global cognition in the fully adjusted model, cThose with RHR ≥ 80, 70–79 experienced
greater decline than those with RHR < 60, dThose with RHR ≥ 80, 70–79, and 60–69 experienced greater decline than those with RHR < 60, eThose with RHR ≥ 80 experienced greater decline
than those with RHR < 60.
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and cognitive decline [21, 23]. Data from the PROS-
PER Study showed that spatial QRS-T angle was
associated with a decline in Stroop, LDCT, and PLTd
scores, but not PLTi [23]. Prolonged QT interval was
not associated with cognitive decline in the Honolulu-
Asia Aging Study of Japanese American men [21].

Associations of resting heart rate with dementia
and cognitive function

Dementia
The study that investigated the association between

resting heart rate (RHR) and dementia found that
participants with RHR ≥ 80 beats per minute (bpm)
had a higher risk for developing dementia compared
to those with RHR < 60 bpm over a 20-year follow-
up period in the ARIC Study [14]. One small study
showed heart rate < 60 bpm assessed by 24-h Holter
ECG was not associated with dementia after a 10-year
follow-up [11].

Cognitive function
The ARIC study also investigated the association

between RHR and cognitive function, and observed
results were generally consistent with those for RHR
and dementia [14]. In cross-sectional analysis, RHR
≥ 80 bpm was associated with poor global cogni-
tive function and lower DWR and DSS scores at
baseline. Another cross-sectional study with a small
sample size showed that RHR was not associated with
MMSE score [16].

In the prospective analyses, participants with RHR
≥ 80 bpm and RHR 70–79 bpm experienced a steeper
decline in global cognitive z-score compared to those
with RHR < 60 bpm in the ARIC Study [14]. Regard-
ing cognitive subdomains, those with RHR ≥ 80,
70–79, and 60–69 bpm at baseline experienced a
greater decline in DSS score compared to those with
RHR < 60 bpm, while only those with RHR ≥ 80 bpm
were associated with a greater decline in WF. Change
in DWR was not different among RHR groups.

Associations of P-wave abnormality with
dementia and cognitive function

Dementia
Only one study investigated the association be-

tween P-wave abnormality and dementia. Gutierrez
et al. reported that three abnormal P-wave markers,
abnormal P-wave terminal force in lead V1 (PTFV1),
prolonged P-wave duration (PPWD), and abnormal
P-wave axis (aPWA) at baseline, were associated with

incident dementia after 18 years of follow-up in the
ARIC Study [12]. No such association was observed
for advanced interatrial block (aIAB).

Cognitive function
Gutierrez et al. also studied the association be-

tween four abnormal P-wave indices (PTFV1,
PPWD, aPWA, and aIAB) and change in global cog-
nitive z-score, where only PTFV1 was associated
with a greater cognitive decline after the adjust-
ment for traditional CVD risk factors [12]. Cognitive
subdomains were also examined, where PTFV1 at
baseline was associated with a steeper decline in WF
score but not DWR and DSS scores. In contrast, the
other three abnormal P-wave indices were not asso-
ciated with any of the cognitive subdomain tests.

Other ECG markers

A small population-based study investigated the
association between various arrhythmias assessed
using 24-h Holter ECG and dementia, and only ven-
tricular tachycardia was associated with multi-infarct
dementia after a 6-year follow-up period [11].

DISCUSSION

Main findings

In this systematic review, LVH, RHR, abnormal
P-waves, and spatial QRS-T angle were identified
to be potential risk markers for dementia or cog-
nitive decline in at least one prospective study of
good methodological quality. However, inconsistent
findings, the paucity of studies, and methodological
heterogeneity make the interpretation of our findings
difficult. ECG sign of LVH was the most commonly
studied predictor, still only five heterogeneous stud-
ies, while other ECG predictors were investigated in
only a couple of studies. This prevented us from con-
ducting pooled quantitative analyses of these findings
or drawing any strong conclusions. Further research
is needed to confirm the association between ECG
markers and cognitive decline.

Although ECG is a simple diagnostic tool com-
pared to more advanced diagnostic procedures such
as echocardiography and cardiac MRI scans, some
ECG findings appear to have good predictive value
for a wide variety of diseases. Accumulating evi-
dence suggests that various ECG findings, such as
abnormal P-waves, LVH, and markers of ventricu-
lar repolarization, predict cardiovascular morbidity



1318 Y. Imahori et al. / Electrocardiographic Predictors of Cognitive Decline and Dementia

and mortality [26–30]. CVDs and dementia share
many risk factors, and CVDs such as stroke, AF,
and heart failure are known risk factors for demen-
tia. Therefore, it is likely that these ECG findings are
also associated with dementia, possibly mediated by
subclinical and clinical CVDs and subsequent hemo-
dynamic disturbances. If ECG findings are associated
with a higher risk of dementia and cognitive decline,
they can be considered risk factors in a wide variety of
settings.

ECG-assessed LVH

LVH is a marker of target organ damage, result-
ing from long-term exposure to cardiovascular risk
factors, particularly high blood pressure [31]. Five
longitudinal studies in our review showed incon-
sistent results regarding the association between
LVH assessed using ECG (ECG LVH) and cognitive
decline. A meta-analysis of population-based studies
showed that LVH, assessed using both echocardiog-
raphy and ECG, was associated with an increased risk
for cognitive impairment [32], but the association was
weaker in ECG LVH than LVH detected by echocar-
diography. This is expected because the sensitivity
of LVH diagnosis using ECG is low. However, this
meta-analysis of ECG LVH is based on only three
studies, where one large study consists of 96% of
pooled participants, affecting overall results. To pro-
vide reliable pooled results, more studies are needed
regarding the association of ECG LVH with cognitive
decline.

It is well known that ECG is less sensitive in the
assessment of LVH compared to echocardiography
or other imaging modalities [33]. However, LVH is
easily assessed using ECG with no additional cost,
and specificity is very high. Besides, several meta-
analyses show a good predictive value of ECG LVH
for stroke and cardiovascular events in both hyperten-
sive patients and the general adult population [30, 34,
35]. Stroke and dementia share risk factors, and stroke
doubles the risk of dementia [36]. Furthermore, a
recent meta-analysis shows that LVH, assessed using
both echocardiography and ECG, is associated with
white matter hyperintensities and lacunes after the
adjustment for hypertension and other vascular risk
factors [37]. These cerebral small vessel diseases play
an important role in the development of cognitive
decline and dementia [38]. Therefore, it is possi-
ble that ECG LVH may be a marker for predicting
cognitive decline as a result of the altered cerebral
vasculature caused by the effect of LVH.

Ventricular repolarization markers

One study showed that a wider spatial QRS-T
angle was associated with a steeper decline in cog-
nitive performance [23]. QRS-T angle is a spatial
angle between directions of ventricular depolariza-
tion and re-polarization, and a wide QRS-T angle is
considered as a marker of ventricular re-polarization
abnormality. Previous studies showed QRS-T angle
had a good predictive ability for all-cause and car-
diovascular mortality [28]. Wider QRS-T angle can
be caused by scared cardiac tissues and a small
ischemic area in undetected coronary disease [39].
Change in QRS-T angle also reflects pathophysi-
ological changes in ionic channels, which makes
individuals more susceptible to ventricular rhythm
disturbance [40]. These mechanisms may partially
explain high cardiac mortality in those with a wide
QRS-T angle. And decreased brain perfusion subse-
quent to altered cardiac function might be associated
with decreased cognitive function.

QT interval prolongation, another re-polarization
abnormality, was not associated with cognitive
decline in two longitudinal studies in this review [21,
24]. The association between QT interval prolonga-
tion and cardiovascular mortality is well investigated,
and meta-analysis shows that prolonged QT interval
is associated with all-cause, cardiovascular, and CHD
deaths [29].

Resting heart rate

The ARIC study showed that higher RHR at mid-
life was associated with both a higher risk of incident
dementia and greater cognitive decline in the middle-
aged population [14]. There are two other studies
that investigated the association of RHR with cog-
nitive function, which are not included in this review
because RHR was assessed by pulse palpation. A
follow-up study of 20,185 patients with stroke sug-
gested that higher RHR was associated with a greater
decline in MMSE score, along with higher total and
cardiovascular deaths [41]. In the population-based
cross-sectional study of middle-aged and older adults
from Denmark, RHR was not associated with cog-
nitive function [42]. However, RHR was measured
using pulse palpation, which may be inaccurate. Fur-
ther prospective studies using ECG-assessed RHR
are needed to confirm its association with cognitive
decline, especially in the general population of older
adults.

RHR is a very simple ECG marker that has
been consistently associated with all-cause mortality,
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CVDs, and non-CVDs such as cancer in a dose-
response manner [43–46]. Because various CVDs are
well-established risk factors for dementia, RHR may
also be associated with dementia partially via under-
lying CVDs. The potential mechanisms linking high
RHR with CVDs include sympathetic overactivity,
arterial stiffness caused by mechanical pulsatile stress
and share stress, and ventricular arrhythmia triggered
by high RHR [47].

P-wave abnormalities

There was evidence that PTFV1, PPWD, and
aPWA were associated with dementia risk, but they
were examined in only one study [12]. Notably,
PTFV1 showed associations with both incident
dementia and cognitive decline, highlighting this
measure as a potential candidate marker for cognitive
impairment if reproducible in future well-designed
studies. P-wave abnormalities reflect atrial dila-
tion, atrial hypertrophy, elevated atrial pressure, and
delayed intra-atrial conduction [48]. PTFV1 and P-
wave duration are commonly used markers of P-wave
abnormalities. One meta-analysis shows that PTFV1
and P-wave duration predict incident stroke [26],
while another meta-analysis shows that P-wave dura-
tion predicts heart failure and AF, but not CVD and
stroke [27]. The link between the abnormal P wave
and stroke may partially be explained by AF. The
aforementioned atrial changes make the atrial sus-
ceptible to AF, which is an important risk factor for
stroke. Furthermore, recent evidence suggests that
structural and functional atrial changes increase the
thrombosis risk even without AF, possibly through
atrial cardiopathy [49]. Stroke is a known risk fac-
tor for dementia, and incident stroke doubles the risk
for all-cause dementia [36]. Furthermore, data from
the Cardiovascular Health Study showed that PTFV1
was associated with white matter hyperintensity [50].
Therefore, it is likely that P-wave abnormalities
are associated with not only stroke but also with
dementia.

Potential mechanisms

Overall, although the mechanism by which ECG
markers affect cognitive function has been poorly
understood, it is likely that altered or impaired cardiac
function detected by ECG leads to cerebrovascu-
lar insult, including small vessel disease, increased
risk of thrombosis, and decreased cerebral perfu-
sion, resulting in cognitive decline. Furthermore, it is

suggested that there is a synergistic interaction
between cerebrovascular damages and the neu-
rodegenerative process. For example, some studies
suggest that cerebrovascular insults promote A�
accumulation [51]. If some ECG markers are risk fac-
tors for dementia and cognitive decline, this would
further support the heart-brain continuum hypothe-
sis, emphasizing the importance of paying attention
to both cardiac and cognitive function in patients with
CVD risks.

Knowledge gap

By reviewing the literature, we identified four
major gaps in knowledge related to the association
between ECG markers and cognitive aging. Firstly,
current evidence from high-quality research in sup-
port of the potential association of ECG markers
with dementia was primarily derived from the ARIC
cohort of middle-aged people. Thus, further high-
quality research is needed to confirm these findings,
especially in the elderly population. Secondly, very
few ECG markers were explored in multiple studies,
with LVH being the most frequently explored marker.
The associations of ECG markers other than LVH
(e.g., QRS-T angle and abnormal P) with cognitive
decline and dementia need to be elucidated in future
studies. Thirdly, ECG markers in association with
cognitive subdomains are rarely investigated apart
from some data from ARIC and PROSPER cohorts.
It could be informative to assess which cognitive
subdomain is most affected by subclinical cardiac
change detected by ECG. Furthermore, global cogni-
tive function or cognitive impairment was assessed
using the MMSE test in several reviewed stud-
ies, which has potential limitations such as ceiling
effect, floor effects, and insensitivity to mild cogni-
tive impairment [52]. The selection of appropriate
cognitive testing would be vital in future studies.
Fourth, among all studies with dementia outcomes,
only two case-control studies mentioned the use of
cholinesterase inhibitors, although its use can affect
ECGs. Regarding four prospective studies in our main
results, prevalent dementia cases were excluded, and
it is very unlikely that participants used cholinesterase
inhibitors at baseline ECG examination due to the
specificity of cholinesterase inhibitor use for the treat-
ment of dementia. However, in cross-sectional or
case-control studies, it would be desirable to include
information on the use of cholinesterase inhibitors
and exclude participants on them. Finally, all eligi-
ble studies were from the US and Western European
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countries. It is known that the associations identified
in HICs are sometimes not replicated in LMICs due
to different sociodemographic and socioeconomic
structures [53]. Considering that ECG markers are
particularly useful in a low-cost setting, further stud-
ies in LMICs would be necessary. Some ECG markers
such as special QRS-T angle and PTFV1 require
the analysis software for advanced interpretation,
which may not be relevant in a low-cost setting or
a daily clinical setting. On the other hand, some ECG
markers such as LVH and RHR are easily obtained
manually, using widely available 12-lead ECG.

Strengths and limitations

This is the first systematic overview of the stud-
ies investigating the association between various
ECG markers and cognitive outcomes. However, our
review has limitations. Firstly, we could not conduct
quantitative meta-analyses due to the paucity of stud-
ies for specific ECG markers and heterogeneity of
study design. Secondly, because this review consists
of observational studies and no data from random-
ized controlled trials are included, we cannot assess
causality. Finally, the results of our review may be
subject to publication bias. We restricted our search
to English-written articles, and the studies with sig-
nificant results are more likely to be published in
English.

Clinical implications

Although some ECG markers appear to be associ-
ated with future cognitive decline and development
of dementia in our review, it would be premature
to conclude that they can be used as biomarkers
of dementia. However, some of the ECG markers
might be considered potential risk factors for accel-
erated cognitive decline, implying the presence of
cerebrovascular pathology caused by altered cardiac
function. ECG examination is widely available and
inexpensive. If physicians carefully assess and fol-
low up both cognitive function and cardiac function
in those with specific ECG markers, the early signs of
cognitive decline might be captured, resulting in early
intervention. Besides, physicians can modify other
behavioral and cardiovascular risk factors for demen-
tia and encourage patients to adhere to a healthy
lifestyle. These approaches might delay the onset
of dementia and help to reduce the burden of both
dementia and CVDs in the older population.

CONCLUSION

Emerging evidence has suggested that several ECG
markers might be associated with cognitive decline
and dementia. However, their associations have been
investigated in only a limited number of studies from
US and western European countries. Given that ECG
markers are non-invasive, inexpensive, and easily
available in different settings, future studies that con-
firm the predictive role of specific ECG markers in
cognitive aging are of high relevance for identifying
target populations for early interventions.
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[41] Böhm M, Cotton D, Foster L, Custodis F, Laufs U, Sacco
R, Bath PM, Yusuf S, Diener HC (2012) Impact of resting
heart rate on mortality, disability and cognitive decline in
patients after ischaemic stroke. Eur Heart J 33, 2804-2812.

[42] Wod M, Jensen MT, Galatius S, Hjelmborg JB, Jensen GB,
Christensen K (2018) Resting heart rate is not associated
with cognitive function. Neuroepidemiology 50, 160-167.
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