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Background and Purpose  Several previous meta-analyses have identified an association 
between cognitive decline and heart rate variability, which reflects autonomic nerve activity. 
This systematic review and meta-analysis investigated the impact of increased resting heart rate 
(RHR) on the incidence of cognitive decline, including dementia.
Methods  The PubMed, Embase, and PsycInfo databases were searched for relevant prospec-
tive cohort studies published before April 18, 2022. A methodological quality assessment of the 
included studies was conducted using the Newcastle–Ottawa Scale. Summary estimates of the 
incidence of cognitive decline, including dementia, were generated using a random-effects 
model. Potential publication bias was evaluated using Begg’s funnel plots and Egger’s regression 
tests.
Results  The meta-analysis included 7 prospective cohort studies comprising 53,621 partici-
pants. A weak significant association was observed between RHR and the risk of cognitive de-
cline, although the analysis indicated high heterogeneity among the studies (relative risk=1.18, 
95% confidence interval=1.04–1.33, I2=82.5%). Significant associations were determined be-
tween RHR and all combined types of dementia except for Alzheimer’s disease and mild cog-
nitive impairment. There was also a dose–response association between increased RHR and 
cognitive decline. The meta-estimate of the cognitive decline risk associated with a 10 beat-
per-minute increase in RHR was 1.06, and it was 1.10 for dementia.
Conclusions  This study found that a higher RHR was associated with an increased cognitive 
decline risk. Due to study limitations such as publication bias and high heterogeneity, additional 
studies are required to validate this finding.
Systematic review registration  PROSPERO registration number CRD42021282912.
Keywords    dementia; heart rate; meta-analysis; cognition.

Resting Heart Rate and Cognitive Decline: 
A Meta-Analysis of Prospective Cohort Studies

INTRODUCTION

Dementia is a clinical syndrome characterized by cognitive decline, emotional instability, 
various neuropsychiatric symptoms, and impairment of daily living activities.1 It currently 
affects approximately 50 million people worldwide, is recognized as a major global health-
care challenge, and its burden is growing in aging societies.2 Developing preventive strate-
gies is fundamental to decreasing the incidence and prevalence of dementia. Modifiable risk 
factors for cognitive decline and dementia are well established and include smoking status, little 
physical activity, sedentary lifestyle, poor diet, excessive alcohol consumption, midlife obesity, 
high blood pressure, midlife high cholesterol, and diabetes.3 Depression, low social engage-
ment, and low cognitive engagement have also been linked to dementia risk in late life.4,5 

The resting heart rate (RHR) is a routine, noninvasive, and cost-effective vital-sign mea-
surement, and a useful indicator of autonomic nervous system (ANS) function. A high RHR 
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is maintained by decreased parasympathetic and increased 
sympathetic tones, and it indicates an imbalance in the ANS 
status.6-8 Previous studies of the cerebral hemodynamics of 
neurodegenerative diseases have suggested that dysregula-
tion of cerebral blood circulation could be an important factor 
in the pathogenesis of cognitive decline and dementia.9,10 This 
supports the idea that autonomic dysfunction, including of 
the heart rate, could be involved in the etiology of dementia by 
affecting cerebral blood flow and circulation. 

Few meta-analyses have examined the relationships between 
cognitive decline (including dementia) and heart rate vari-
ability, which reflects ANS activity.11,12 The present meta-anal-
ysis was the first that we are aware of that has investigated the 
association between RHR and cognitive decline, including 
dementia. 

METHODS

This systematic review and meta-analysis was conducted in 
accordance with the Preferred Reporting Items for Systemat-
ic Reviews and Meta-analyses guidelines (PROSPERO pro-
tocol registration number: CRD42021282912).13

Literature search
A systematic literature search was performed on the PubMed, 
Embase, and PsycInfo databases by two reviewers, who worked 
independently. The last literature search was performed on 
April 18, 2022 (H.-B.K. and Y.H.J.) using the following com-
mon keywords associated with RHR and cognitive decline: 
“resting heart rate,” “resting pulse rate,” and “resting heart fre-
quency” for exposure factors; and “cognition,” “Alzheimer,” 
and “dementia” for outcome factors. Additional articles were 
retrieved by manually reviewing the reference lists of identi-
fied articles. No restrictions were applied to the publication 
language. 

Eligibility criteria
Two reviewers (H.-B.K. and Y.H.J.) independently assessed the 
eligibility of the studies, with disagreements settled through 
discussion with the third author (H.J.H.). The following inclu-
sion criteria were applied for the meta-analysis: 1) observation-
al studies with prospective cohort designs, 2) studies for which 
an association of “RHR” with “cognitive impairment” or “de-
mentia” was reported, 3) studies in which RHR had been as-
sessed before participants developed signs of cognitive decline, 
and 4) studies for which outcome measures were reported 
with adjusted relative risks (RRs) and 95% confidence inter-
vals (CIs). Excluded studies were those not published in peer-
reviewed journals, and those reported on as case reports, review 
articles, and abstracts presented at academic conferences. 

Data extraction and assessment of methodological 
quality
A standardized tool was used independently by two reviewers 
to acquire the following data from the selected studies: first-
author name, geographical region, study period, demograph-
ics (mean age or age range, and sex), sample size, ascertainment 
of exposure, outcome assessment, type of cognitive decline, 
confounding variables that were adjusted for, and adjusted 
RRs and 95% CIs. In case of insufficient or missing data, the re-
viewers contacted the corresponding author of the article. The 
Newcastle–Ottawa Scale (NOS) was used to establish the meth-
odological quality of each included prospective cohort study.14 
The NOS is based on a star rating system from 0 to 9, in which 
a study can be awarded a maximum score of 4, 2, and 3 stars 
for selection, comparability, and exposure or outcome catego-
ries, respectively. Studies with scores of 0–3, 4–6, and 7–9 were 
considered to be of low, moderate, and high methodological 
quality, respectively. 

Data synthesis and statistical analysis
The primary analysis examined the relationship between RHR 
and the incidence of cognitive decline, including dementia. A 
series of subgroup analyses were performed according to pa-
tient or study characteristics (mean age of participants, sex, 
disease type, geographical region, number of participants, fol-
low-up duration, ascertainment of RHR, and ascertainment 
of cognitive decline), and according to confounding factors 
such as education level, cardiovascular risk, smoking status, al-
cohol consumption, APOE ε4 carrier status, and physical ac-
tivity. The association between an RHR increase of 10 beats 
per minute (bpm) and cognitive decline was also investigated 
as a secondary analysis. 

The RRs and 95% CIs of each comparison (which quanti-
fied the association between RHR and cognitive decline risk) 
were used to estimate the pooled RRs with corresponding 95% 
CIs. The Higgins I2 test was used to assess the heterogeneity 
among studies,15 with values of 0%–25%, 26%–50%, 51%–75%, 
and 76%–100% indicating insignificant, low, moderate, and 
high heterogeneity, respectively.15 A random-effects model 
based on the DerSimonian and Laird method was used to pool 
study outcomes, given that the research methods and partici-
pant characteristics varied between the selected articles.16 
When the RR was measured using multiple adjustment mod-
els, the estimate that was adjusted for the most-confounding 
factors was selected. Meta-regression analysis was also em-
ployed to determine whether the heterogeneity of the studies 
could be explained by study-level covariates. Publication bias 
was evaluated using Begg’s funnel plots and Egger’s regres-
sion tests. An asymmetrical Begg’s funnel plot or p<0.05, as 
determined using Egger’s regression test, demonstrated the 
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presence of publication bias. All statistical analyses were per-
formed using Stata SE (version 13.1, StataCorp, College Sta-
tion, TX, USA).

RESULTS

Identification of relevant studies 
Fig. 1 shows the study selection procedure. The PubMed, Em-
base, and PsycInfo databases were searched, which identified 
9,906 articles, of which 4,439 were duplicates and therefore 
excluded. An additional 5,451 articles were excluded because 
they did not comply with the predetermined selection crite-
ria based on their titles and Abstracts. The full texts of the 
remaining 16 articles were inspected, resulting in a further 10 
articles being excluded due to them not meeting the inclusion 
criteria. One article was identified by a manual review of bib-
liographies. The present meta-analysis therefore involved sev-
en prospective cohort studies.17–23

Characteristics of studies included in the final analysis
The general characteristics of the seven prospective cohort 
studies selected for the meta-analysis are listed in Table 1. 
These studies were published between 2010 and 2021 and in-
volved 53,621 participants. Two studies18,22 had follow-up pe-
riods shorter than 5 years, and five17,19–22 had follow-up peri-

ods longer than 5 years. The mean age range of participants 
was 58.0–80.2 years. The mean proportion of female partici-
pants was 45.9%. Five studies18-20,22,23 included both males and 
females in their populations, one study included only males17 
and one included only females.21 Five studies were conducted 
in North America17,19-22 and two were conducted in Europe.18,23

For diagnosing mild cognitive impairment (MCI) and de-
mentia or measuring cognitive decline, six studies17,19-23 em-
ployed various diagnostic tools, while one study18 monitored 
the decrease in Mini-Mental State Examination scores from 
the baseline. Regarding the assessment of RHR, four studies1 
used bpm quartiles,7,18,20,23 one21 used bpm tertiles, one19 used 
high bpm versus low bpm, and one22 used a 10-bpm increase in 
RHR. All seven were rated as high quality (8 or 9 stars) on the 
NOS system (Table 2).

Association between RHR and cognitive decline risk
Fig. 2 presents the meta-estimate of the association between 
RHR and cognitive decline risk. The meta-analysis indicated 
a weak but significant association between RHR and cogni-
tive decline risk, despite the high heterogeneity among the 
studies (RR=1.18, 95% CI=1.04–1.33, I2=82.5%). Table 3 lists 
the results of the subgroup meta-analyses. Increased RHR was 
consistently related to cognitive decline based on sex, ascer-
tainment of exposure factor, and follow-up duration, and 

Identified studies from the databases using keywords (n=9,906):
PubMed (n=2,991), Embase (n=2,803), and PsycInfo (n=4,112)

 Exclude duplicate articles (n=4,439) 

Exclude according to selection criteria (n=5,451)

Identified bibliographies of relevant articles (n=1)

Excluded after appraisal of full-text (n=10):
   Heart rate variability as exposure measurement (n=5) 
   Failure to report OR/RR and 95% CI (n=3)
   Not in the general population (psychiatric patients or stroke patients) (n=2)

Articles remaining after excluding duplicates (n=5,467) 

Remaining articles (n=16) after screening, full text review

Seven prospective cohort studies included in the final analysis (n=7)

Fig. 1. Flow diagram of the identification of relevant studies. CI, confidence interval; OR, odds ratio; RR, relative risk.
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was adjusted for education level, cardiovascular risk, smok-
ing status, alcohol consumption, APOE ε4 carrier status, and 
physical activity. 

Regarding disease type, the RHR was positively associated 
with dementia, but not with Alzheimer’s disease (AD) or MCI. 
A significant association was not observed in the subgroup 
analysis for studies conducted in Europe. The association was 
also only observed in large-scale studies (>5,000 participants). 
In the subgroup analysis of ascertainment of cognitive decline, 
the association was present only in studies that used The Diag-
nostic and Statistical Manual of Mental Disorders to assess 
outcomes. 

Dose–response relationship between higher RHR 
and cognitive decline risk
Three prospective cohort studies18,20,22 were selected to ana-
lyze the dose–response relationship between RHR and cog-
nitive decline (Supplementary Fig. 1 in the online-only Data 
Supplement), and three prospective cohort studies20,22,23 were 
selected to analyze the same relationship between RHR and 
dementia (Supplementary Fig. 2 in the online-only Data Sup-
plement). The summary RR between a 10-bpm increase in 
RHR and cognitive decline was 1.06 (95% CI=1.03–1.09, I2= 
2.9%, pheterogeneity=0.357), and between a 10-bpm increase in 
RHR and dementia was 1.10 (95% CI=1.05–1.15, I2=0.0%, 
pheterogeneity=0.504) without significant heterogeneity.

Publication bias
Publication bias was identified in the meta-analysis based on 
an asymmetrical Begg’s funnel plot and a significant Egger’s 
regression test (p=0.001) (Supplementary Fig. 3 in the online-
only Data Supplement). It was possible that small-scale ob-
servational studies identifying negative or no associations 
were not published in peer-reviewed articles, and therefore 
not selected in the present meta-analysis.

DISCUSSION

The present meta-analysis suggested that increased RHR tend-
ed to be associated with increased cognitive decline risk. Fur-
thermore, dose–response relationships were identified be-
tween RHR and both cognitive decline and dementia.

This association between RHR and cognitive decline can be 
explained by considering RHR as an ANS dysfunction bio-
marker. RHR reflects the balance between the sympathetic 
and parasympathetic nervous systems. A higher RHR can be 
a sign of decreased parasympathetic and increased sympa-
thetic activity, which is typical of patients with cognitive de-
cline in neurodegenerative diseases.24-26 Higher RHR has also 
been associated with higher levels of inflammatory markers Ta
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such as high-sensitivity C-reactive protein, IL-6, and fibrino-
gen.27 Inflammation has been correlated with cognitive de-
cline, and it is therefore possible that inflammation alters the 
balance of sympathetic and parasympathetic stimulations.20 
Previous studies have demonstrated that cognitive and auto-
nomic processes are linked via the central autonomic network 
(CAN), which modulates both cognitive functions and the 
autonomic regulation of cardiovascular functions.28 The CAN 
consists of a complex network of cortical and subcortical re-
gions, including the insula, hippocampus, and prefrontal cor-
tex, and projects to the preganglionic neurons in the ANS.28,29 
The insula is a key hub within the CAN that plays a major role 
in generating sympathetic outflow, as demonstrated in several 

animal and human studies. In rodent models, electrically 
and chemically stimulating the insula increased heart rates 
and blood pressure.30 Similarly, structural neuroimaging indi-
cated that the gray-matter volume of the insula was negative-
ly correlated with parasympathetic heart rate variability.31 

Another important component of the CAN is the hippo-
campus. Retroviral tracing techniques have established its con-
nections to the sympathetic system,32 and stress response tests 
in rodents induced an increase in hippocampal electroenceph-
alographic activity that paralleled an increase in heart rate 
variability. The former increase was related to sympathetic 
activation/parasympathetic withdrawal, and it was reduced 
by inhibiting hippocampal glutamatergic transmission.33,34 In 

Table 2. Methodological quality of studies included in the final analysis based on the Newcastle–Ottawa Scale* to assess the quality of case–con-
trol and cohort studies (n=7)

Cohort 
studies

Selection Comparability Outcome

Total
Representativeness 

of the exposed 
cohort

Selection 
of the 

nonexposed 
cohort

Ascertainment 
of exposure

Outcome of 
interest was 
not present 
at the start 
of the study

Control of 
important and 

additional 
factors

Assessment 
of outcome

Follow-up
long 

enough for
outcomes 
to occur

Adequacy 
of follow-up 
of cohorts

Young et al., 201017 1 1 1 1 2 1 1 0 8

Leong et al., 201318 1 1 1 1 2 1 0 1 8

Besser et al., 201619 1 1 1 1 2 1 1 1 9

Wang et al., 201920 1 1 1 1 2 1 1 0 8

Haring et al., 202021 1 1 1 1 2 1 1 0 8

Singleton et al., 202122 1 1 1 1 2 1 0 1 8

Imahori et al., 202123 1 1 1 1 2 1 1 1 9

*Each study can be awarded a maximum of 1 star for each numbered item within the selection and exposure categories, and a maximum of 2 stars for 
the comparability category.

Fig. 2. Forest plot of the association between resting heart rate and cognitive decline (n=7). CI, confidence interval; RR, relative risk.

Young et al., 201017

Leong et al., 201318

Besser et al., 201619

Wang et al., 201920

Haring et al., 202021

Singleton et al., 202122

Imahori et al., 202123
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humans, functional neuroimaging studies have demonstrat-
ed hippocampus activation during sympathetic stress. Para-
sympathetic heart rate variability is also negatively correlated 
with hippocampal activity and with the gray-matter volume of 
the parahippocampal gyrus.31 These findings support the re-
lationship between RHR and cognitive decline, and may also 
suggest a relationship between RHR and neurodegeneration 
via the heart–brain axis.34 On the other hand, our subgroup 
study indicated that increased RHR might be associated with 
types of dementia other than AD (Table 3). This suggests that 

RHR is related to cognitive decline in neurodegenerative dis-
eases such as Lewy body disease and multiple-system atro-
phy. However, further research is needed to confirm this. 

The present meta-analysis was the first to summarize the 
evidence of the association between RHR and cognitive de-
cline, including dementia. All of the studies included in the 
analysis adjusted for confounding variables, and were select-
ed based on their high methodological quality. However, our 
meta-analysis also had some important limitations. First, the 
reliability of the calculated meta-estimates was impacted by 

Table 3. Association between RHR and cognitive decline in the subgroup meta-analysis according to various factors

Factor
No. of 
studies

Q 
statistic

RR (95% CI)
Heterogeneity, 

I2 (%)
p 

(for heterogeneity)
p

(between groups)
All17-23 7 34.32 1.18 (1.04–1.33) 82.5 <0.001

Disease type 0.38

All types of dementia17,20,22,23 4   3.01 1.25 (1.12–1.39)   0.3 0.39

Alzheimer’s disease19 1 0.97 (0.93–1.00) NA

MCI22 1 1.06 (0.97–1.16) NA

Cognitive decline18,21 2   4.04 1.43 (0.83–2.44) 75.3 0.044

Sex 0.13

Female21 1 NA 2.02 (1.18–3.47) NA NA  

Male17 1 NA 1.54 (1.01–2.37) NA NA  

Both18–20,22,23 5 24.38 1.09 (1.00–2.22) 83.6 <0.001

Mean age 0.59

<70 years 18,20–22 4   6.79 1.17 (1.05–1.31) 55.8 0.08

>70 years17,19,23 3 10.17 1.27 (0.87–1.85) 80.3 0.006

Region 0.81

USA17,19–22 5 23.40 1.16(1.00–1.33) 82.9 <0.001

Europe18,23 2   2.20 1.26 (0.96–1.65) 54.5 0.14

Sample size 0.68

Small (<5,000)17,19,21,23 4 17.10 1.40 (0.96–2.06) 82.5 0.001

Large (>5,000)18,20,22 3   2.32 1.13 (1.06–1.21) 13.6 0.314

Ascertainment of RHR 0.45

12-lead ECG17,20,23 3   1.11 1.37 (1.16–1.61)   0.0 0.57

Trained observer21 1  2.02 (1.18–3.47) NA  

Ascertainment of cognitive decline 0.11

DSM17,21,23 3   0.74 1.64 (1.27–2.11)   0.0 0.69

Others18-20 3 15.11 1.10 (0.94–1.30) 86.8 0.001

Follow-up duration 0.87

Shorter (<5 years)18, 22 2   0.66 1.11 (1.04–1.18)   0.0 0.42

Longer (≥5 years)17,19,20,21,23 5 23.35 1.34 (1.03–1.75) 82.9 <0.001

Sensitivity analysis (adjustment) 0.34

Education level17-23 7 34.32 1.18 (1.04–1.33) 82.5 <0.001

Cardiovascular risk17-23 7 34.32 1.18 (1.04–1.33) 82.5 <0.001

Smoking status17,18,20,22,23 5   6.93 1.18 (1.07–1.30) 42.3 0.14

Alcohol consumption18,20,21 3   4.59 1.27 (1.05–1.54) 56.4 0.10

APOE ε4 carrier status17,19-21,23 5 23.35 1.34 (1.03–1.75) 82.9 <0.001

Physical activity18,20,21,23 4   6.30 1.31 (1.10–1.57) 52.4 0.10

CI, confidence interval; DSM, Diagnostic and Statistical Manual of Mental Disorders; ECG, electrocardiogram; MCI, mild cognitive impairment; NA, not 
applicable; RHR, resting heart rate; RR, relative risk.
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the small number of available prospective cohort studies and 
relatively small patient sample. Second, high heterogeneity was 
found in the primary analysis and also in most of the subgroup 
analyses. The two factors that contributed most to the hetero-
geneity were sex and ascertainment of cognitive decline. Third, 
most of the studies assessed RHR only once at baseline and 
once during the follow-up period. This small number of mea-
surements might not fully capture the variability of RHR and 
its long-term effects on cognitive decline. Fourth, several piv-
otal factors related to RHR and cognitive decline might not 
have been included. For example, anxiety disorder,35 stressful 
events,36 and concurrent use of medications such as β-blockers 
or calcium-channel blockers can affect RHR,37 but they were 
not adjusted for in the selected studies. Since many variables 
affect the clinical meaning of RHR, ranging from organic dis-
eases to psychological situations such as anxiety, it is difficult 
to conclude that RHR is the causative factor of cognitive de-
cline.

In conclusion, the evidence from the present meta-analy-
sis indicates that increased RHR can be a risk factor for cog-
nitive decline, including dementia. Our study suggests that 
people with a high RHR may need to be monitored for cogni-
tive decline or dementia. Large-scale prospective cohort stud-
ies are required to determine if increased RHR directly causes 
cognitive decline.
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