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ABSTRACT: The burden of neurologic diseases, including stroke and dementia, is expected to grow substantially in the 
coming decades. Thus, achieving optimal brain health has been identified as a public health priority and a major challenge. 
Cardiovascular diseases are the leading cause of death and disability in the United States and around the world. Emerging 
evidence shows that the heart and the brain, once considered unrelated organ systems, are interdependent and linked 
through shared risk factors. More recently, studies designed to unravel the intricate pathogenic mechanisms underpinning 
this association show that people with various cardiac conditions may have covert brain microstructural changes and cognitive 
impairment. These findings have given rise to the idea that by addressing cardiovascular health earlier in life, it may be 
possible to reduce the risk of stroke and deter the onset or progression of cognitive impairment later in life. Previous scientific 
statements have addressed the association between cardiac diseases and stroke. This scientific statement discusses the 
pathogenic mechanisms that link 3 prevalent cardiac diseases of adults (heart failure, atrial fibrillation, and coronary heart 
disease) to cognitive impairment.
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The heart and brain are reciprocally linked in a 2-way 
connection whereby the heart provides oxygen and 
nutrients to sustain the brain, and the brain in return 

provides autonomic nervous system control to the heart. 
This synergism is vital to the maintenance of brain and 
bodily health, and we must consider the potential for 
interdependency of major organ systems, once thought 
to be disparate, on the basis of shared phenotypic and 
genotypic expression.1 Adverse changes in gray matter 
volumes, cortical thickness, white matter (WM) micro-
structure, and functional networks have been associated 
with cardiac phenotypes. For example, greater left cardiac 
ventricular wall thickness coexists with microstructural 
metrics of cerebral WM tracts, indicating a connection 
between abnormal heart characteristics and WM micro-
structure.1 Furthermore, it is increasingly recognized that 
vascular risk factors (VRFs) and cardiovascular diseases 

(CVDs) may lead to brain injury and disrupt normal brain 
structure and function.2,3 In relation to brain health, both 
congenital and acquired cardiac diseases have been 
associated with cognitive impairment and dementia.4 
Understanding the mechanisms whereby cardiac dis-
eases lead to brain injury and impair brain health, the 
frequency of associated cognitive impairment, and man-
agement and prevention strategies are germane to those 
in general and specialty care practices.

This scientific statement examines the contributions 
of 3 prevalent cardiac diseases in adults (heart failure 
[HF], atrial fibrillation [AF], and coronary heart disease 
[CHD]) to brain health, with emphasis on the pathogenic 
processes that link these 3 disorders to cognitive impair-
ment. The contribution of depression, a common con-
comitant of CVD, and congenital heart disease to brain 
health will be addressed in future scientific statements.
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SEARCH STRATEGY
For the HF section, we performed a PubMed search 
using the following search terms: cognitive impairment 
OR neuropsychological dysfunction OR dementia AND 
heart failure, HFpEF AND cognitive impairment OR 
neuropsychological dysfunction; HFrEF AND cogni-
tive OR neuropsychological impairment; heart failure 
AND stroke; and heart failure AND depression. For the 
AF section, we performed a PubMed database search 
using the following key words: cognitive dysfunction 
OR cognitive impairment OR dementia AND atrial fibril-
lation; cognitive dysfunction OR cognitive impairment 
AND atrial fibrillation; and atrial fibrillation AND thera-
pies OR treatment for cognitive impairment OR cogni-
tive dysfunction. For the CHD section, we performed a 
PubMed database search using the following key words: 
cognitive dysfunction OR cognitive impairment OR 
dementia AND coronary artery/heart disease OR heart 
failure; cognitive dysfunction OR cognitive impairment 
AND atherosclerosis OR vascular disease; coronary 
artery/heart disease AND microvascular dysfunction 
OR cognitive impairment OR cognitive dysfunction; 
and coronary artery/heart disease AND therapies OR 
treatment for cognitive impairment OR cognitive dys-
function. We prioritized meta-analyses as well as large,  
population-based longitudinal studies published in the 
past 15 years and limited our search to studies written 
in English.

HEART FAILURE
Frequency of Cognitive Impairment in HF
HF is a complex clinical syndrome and a major public 
health burden secondary to various cardiac and non-
cardiac pathologies, resulting in functional or structural 
impairment of ventricular filling or ejection of blood. The 
most common underlying causes of HF include CHD, 
hypertension, obesity, diabetes, arrhythmias, and valvu-
lar heart disease. Rarer causes include autoimmune dis-
eases, peripartum heart disease, and substance abuse.5 
The longstanding New York Heart Association classifi-
cation system was based on symptom severity; a newer 
taxonomy emphasizes the continuum of this syndrome, 
with advanced stages linked to poorer survival. Guide-
lines recognize 3 different phenotypes: reduced (≤40%), 
midrange (41%–49%), and preserved (≥50%) left ven-
tricular ejection fraction (EF).5 The prevalence of HF was 
27 per 1000 in 2014, with a lifetime risk of ≈1 in 4. 
Whereas the proportion of people with HF with reduced 
EF (HFrEF) is declining, the prevalence of HF with mid-
range or preserved EF (HFpEF) is increasing.4,5 It is well 
established that HF is associated with cognitive decline, 
affecting self-care, medication compliance, disease man-
agement, and frailty in older adults.6–8 In a large system-
atic review, the prevalence of cognitive impairment in HF 

cohorts was 43%.9 Attention, language and verbal flu-
ency, processing speed, working memory, and executive 
function are commonly affected cognitive domains.7,10 We 
recognize that the different HF phenotypes are indepen-
dently associated with brain injury; the frequency of cog-
nitive dysfunction appears to be greater in HFrEF than 
in HFpEF in some studies, but not in others.11,12 Most of 
the data on cognitive outcomes have been reported for 
HF as a global entity, and independently for HFpEF and 
HFrEF, with insufficient findings for HF with midrange 
EF.

Mechanisms Whereby HF May Cause Brain 
Injury and Cognitive Impairment
Structural and functional markers of brain injury and brain 
disease in people with HF may be due to shared under-
lying risk factors leading to adverse effects on both the 
heart and the brain, transient ischemic attack or stroke, or 
covert brain injury (eg, WM hyperintensities, silent brain 
infarction, cortical atrophy) mediated by pathophysiologic 
pathways, such as reduced blood flow.13 Although the 
evidence in this area is limited, it has been observed that 
the changes in gray matter volume observed in patients 
with HF are not completely explained by coexisting VRF 
or reduced EF. In addition, increased hyperintensity bur-
den has been described in individuals with left ventricular 
systolic and diastolic dysfunction.14,15 Furthermore, data 
from the CARDIA study (Coronary Artery Risk Develop-
ment in Young Adults) show that midlife diastolic dys-
function and abnormal cardiac structure, represented 
by increased left ventricular mass index and left atrial 
volume index over 25 years, but not decreased left ven-
tricular EF, are associated with cognitive decline. These 
associations remained after accounting for confounders, 
such as VRFs, and history of AF, CHD, or stroke.16 Thus, 
it is likely that other mechanisms, such as inflammation, 
neurohormonal activation, and genetic predisposition, 
contribute to the cognitive decline observed in people 
with HF.

Sympathetic Nervous System Activity, Inflammation, 
Hypoperfusion, and Brain Infarction
The different HF phenotypes share common charac-
teristics, including increased sympathetic nerve activity 
(particularly at the hypothalamic paraventricular nucleus, 
the nuclei of the lamina terminalis that lack blood–brain 
barrier [BBB], and the rostral and caudal ventrolateral 
medulla nuclei), activated renin-angiotensin system, and 
systemic inflammation, all of which have been associ-
ated with cognitive impairment.17 Circulating cytokines 
and inflammatory proteins can also cross the BBB and 
activate microglia to its proinflammatory form. Abnormal 
flow and blood constituents, along with abnormalities in 
cardiac and vessel walls, also predispose to thrombo-
embolic stroke, with rates up to 2.23 events per 100 
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person-years, compared with 1.17 (P<0.01) in patients 
without HF. Silent brain infarction is common in both 
ischemic and nonischemic cardiomyopathy, with a preva-
lence that appears much greater than for frank stroke.18 
Overall, cardioembolism is the most common stroke 
subtype in HF.19 The epidemiology of stroke based on 
HF subtype, however, is incompletely characterized. 
Whereas stroke is commonly reported in patients with 
HFrEF independent of the presence of AF, less is known 
in patients with preserved or midrange EF.20 Among indi-
viduals with coexisting AF, the frequency of stroke and 
systemic embolism may be greater in HFpEF than in 
HFrEF, and it has been hypothesized that this difference 
is related to comorbidities.21

Worsening cognition in HFrEF has been primarily 
associated with a reduction of cerebral blood flow, with 
the association being stronger in older adults.22,23 Hypo-
perfusion leads to oxidative stress with overproduction 
of reactive oxygen species, inflammation (associated 
with elevated tumor necrosis factor–α, toll-like recep-
tor 4, interleukin [IL]–6, and IL-1), glial activation, brain 
mitochondrial dysfunction, dendritic spine loss (synap-
tic dysfunction), and neuronal apoptosis.24 Microglia- 
mediated neuroinflammation along with upregulation of 
the translocator protein are proposed as some of the 
mechanisms underlying cognitive impairment, as well 
as mood and anxiety disorders, in ischemia-induced HF 
models.25 Neurohormonal activation, a process charac-
terized by the increased secretion of molecules by the 
neuroendocrine system, is implicated in the pathophysi-
ology of HFrEF.26 Given that some of the molecules 
involved in this process, such as angiotensin II and cat-
echolamines, have an active role in cognition, it is also 
possible that neurohormonal activation contributes to 
cognitive decline in these patients.27,28 In addition, neuro-
anatomic areas commonly affected in neurodegenerative 
dementias, such as the hippocampus and cortical layers 
III and V, are particularly sensitive to hypoxic/ischemic 
injury, as occurs in patients with cardiac arrest or those 
with severely reduced cardiac output.29,30 This correlates 
with data obtained in experimental models that indicate 
that hypoxia/ischemia and hypoperfusion can contribute 
to neurodegeneration through an enhancement in the 
amyloidogenic processing of the amyloid-β precursor 
protein and hyperphosphorylation of tau.31–33

Vascular and Related Factors
Patients with HFpEF may share common manifestations 
or risks with their reduced EF counterparts, including 
endothelial damage, atherosclerosis, fibrosis and stiffen-
ing, inflammation-induced hypercoagulability, diabetes, 
and hypertension. Although there is some reduction in 
cerebral blood flow in HFpEF from diastolic dysfunc-
tion, cognitive decline in this case appears more related 
to comorbid VRFs. Recent findings from the ARIC 
study (Atherosclerosis Risk in Communities) have also 

suggested that an elevated cardiac index in the setting 
of HFpEF is associated with poorer cognition.11 Obesity 
and sleep-disordered breathing, both conditions com-
monly seen in patients with HF, are associated with 
cognitive decline. People with these conditions have an 
elevated prevalence of atrial cardiopathy, abnormal car-
diac rhythms, such as AF, and systemic inflammation (adi-
posity and volume of epicardial adipose tissue serve as 
an amplifier of inflammation), which predispose to stroke. 
In addition, reduced brain volume and WM integrity are 
increasingly recognized in people with sleep-disordered 
breathing.34

Neurodegeneration and Genetic Factors
Serum levels of biomarkers of neurodegeneration, 
including phospho-tau, neurofilament light chain, 
amyloid-β40, are associated with cardiac dysfunction.35,36 
In addition, HF has been associated with abnormal func-
tional connectivity between the precuneus, an impor-
tant association area in the brain commonly affected in 
Alzheimer disease (AD), and other brain regions.37 Fur-
thermore, data obtained in observational studies indicate 
that neurodegenerative diseases and HF may share 
genetic and protein profiles. For example, variations in 
PSEN1 and PSEN2, both genes associated with AD, 
have been associated with HF.38 Also, intramyocardial 
deposits of amyloid-β40 and β42, both commonly seen 
in neurodegeneration, as well as diastolic dysfunction, 
have been observed in patients with AD.39 Furthermore, 
elevated plasma levels of amyloid-β40 are associated 
with a higher risk of HF, but not with increased amyloid 
burden in the brain as assessed by amyloid PET imag-
ing.36,40 Studies done in preclinical models have shown 
that epigenetic mechanisms may regulate hippocampal 
function in HF.41 These observations suggest common-
alities in the pathogenesis of HF and neurodegenera-
tion. Although provocative, the evidence in this area is 
emerging, and additional studies are needed to substan-
tiate these observations.

Prospects for Prevention and Treatment of HF 
to Maintain Brain Health
Both stroke and decreased tissue perfusion are associ-
ated with cognitive decline and are prevalent in HFrEF. 
Therefore, it is expected that the implementation of 
evidence-based approaches to improve stroke volume 
and EF may improve brain health. Therapeutic inter-
ventions for HF are aimed at each stage to modify risk 
factors (stage A), avoid progression of asymptomatic 
disease (stage B), prevent or treat symptoms (stage C), 
and decrease mortality risk in advanced disease (stage 
D). Figure 1 summarizes the medical management of 
patients with HF.5 The long-term effect of these treat-
ments on brain health measures, particularly cognitive 
performance, however, has not been demonstrated 
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completely. In addition, stroke, one of the most com-
mon causes of cognitive decline, is a relatively fre-
quent complication of surgical interventions used in 
patients with severe HF, with an incidence of ≈10% 
at 1 year for both durable mechanical circulatory sup-
port and heart transplantation.42,43 Thus, screening for 
cognitive impairment is recommended before surgical 
interventions.

ATRIAL FIBRILLATION
Frequency of Cognitive Impairment in AF
AF is the most common sustained clinical arrhythmia in 
adults. The overall prevalence and incidence of AF are 
projected to increase, with up to 15.9 million individu-
als expected to have AF in the United States by 2050.4 
Whereas the association between AF and stroke is well-
established, the link between AF and cognition requires 
further clarification.4 In a large meta-analysis, AF was 
associated with a 39% increased risk of cognitive impair-
ment in the general population.44 Although controversial, 
some studies have suggested that women may face a 
higher susceptibility to cognitive impairment compared 
with men.45 This observation is noteworthy, especially 
considering that observational data suggest that women 

with AF may be undertreated with anticoagulation and 
have an increased risk of AF-associated stroke, which is 
typically more severe and clinically disabling than other 
types of stroke.46

The use of implantable devices also confirms that 
subclinical paroxysmal AF is particularly prevalent in the 
general population as well as in patients with silent (or 
covert) and cryptogenic stroke.47 Thus, it is likely that cur-
rent estimates do not accurately capture the contribu-
tion of AF to cognitive decline in the general population. 
Active research is underway to improve the accuracy 
and determine the beneficial effect of smartwatches and 
other wearables for the detection and monitoring of car-
diac arrhythmias such as AF.48 The improved detection 
of subclinical AF in the general population will provide 
valuable information on the contribution of this condition 
to brain health.

Mechanisms Whereby AF May Cause Cognitive 
Impairment
VRFs and Stroke
AF and dementia share several risk factors, such as 
hypertension, diabetes, HF, smoking, vascular dis-
ease, sleep-disordered breathing, and advanced age. 
These conditions also lead to structural and functional 

Figure 1. Heart failure stages and treatment approaches.5

Clinical findings and general treatment approaches and goals by HF stage. ACEi indicates angiotensin-converting enzyme inhibitors; ARB, 
angiotensin receptor blocker; GDMT, guideline-directed medical therapy; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection 
fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter 
defibrillator; LV, left ventricular; and VAD, ventricular assist device.
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changes, including WM hyperintensity burden, silent 
brain infarction, decreased hippocampal and total 
gray matter volumes, and functional neural network 
abnormalities, that result in cognitive decline.49 How-
ever, there is evidence that suggests that the asso-
ciation between AF and dementia is not completely 
accounted for by these risks.50 Stroke is a strong 
predictor of cognitive impairment in these patients, 
and the CHA2DS2-VASc score, a validated stroke 
risk stratification tool in AF, is directly associated 
with risk of dementia. Furthermore, oral anticoagu-
lation reduces the risk of dementia in patients with 
AF by ≈50%.51,52 However, incident AF is associated 
with dementia even after censoring for stroke.52,53 In 
a large meta-analysis, the odds of dementia among 
patients with AF was 2.0 in unselected patients and 
2.4 in those with recent stroke compared with patients 
without AF.54 In comparison, among individuals without 
a history of stroke, AF is associated with an ≈1.4- to 
2.2-fold increase in the risk of dementia or cognitive 
impairment.44,53 In addition, in BRAIN-AF (Blinded 
Randomized Trial of Anticoagulation to Prevent Isch-
emic Stroke and Neurocognitive Impairment in Atrial 
Fibrillation), which included individuals with AF but no 
history of stroke or transient ischemic attack, lower 
Montreal Cognitive Assessment scores were observed 
among participants with permanent or persistent AF 
relative to those with paroxysmal AF.55 Although the 
interpretation of these studies is confounded by het-
erogeneity, the collective evidence suggests that the 
relationship of AF with cognitive impairment is not 
completely explained by history of stroke, and other 
factors, including AF burden, may be at play.

Cerebral Microhemorrhages
Microhemorrhages, which are markers of cerebral 
microvascular pathology that typically occur in asso-
ciation with cerebral amyloid angiopathy or exposure 
to modifiable VRFs, particularly hypertension, are more 
commonly seen in patients with ischemic stroke and AF 
than in patients without AF.56 Microhemorrhages are 
a risk factor for intracerebral hemorrhage, which is a 
stroke subtype that, compared with cerebral infarction, 
carries an elevated risk of morbidity and mortality.57,58 
In addition, evidence suggests that microhemorrhage 
burden has a direct relationship with cognitive decline 
as well as vascular and neurodegenerative dementias.59 
Whereas the mechanistic underpinnings of this asso-
ciation have not been elucidated, microhemorrhages 
have been observed more commonly in patients with AF 
treated with warfarin, particularly among patients with 
international normalized ratio variability.56,60 The signifi-
cance of these results is unclear because of possible 
selection bias, and further studies are needed to con-
firm whether these observations extend to direct oral 
anticoagulants.

Cardiac Output
Cognitive impairment in patients with AF may also be due 
to reduced cardiac output without overt clinical symp-
toms of HF, which can compromise cerebral blood flow 
specifically in areas involved in cognitive function, such 
as the temporal lobes. As such, one would not expect 
AF-related cognitive dysfunction to be responsive to 
systemic anticoagulation. People with small vessel dis-
ease may be susceptible to reduction of cardiac output, 
although there has been a general paucity of study in 
this area.

Inflammation and AD
In addition to the aforementioned mechanisms, inflam-
mation may play a role in AF-associated brain injury. 
AF and AD are associated with systemic inflammation 
and similar profiles of proinflammatory (eg, IL-1β, IL-8, 
tumor necrosis factor–α) and anti-inflammatory (eg, 
IL-10, transforming growth factor–β) mediators have 
been described in both conditions.61,62 Inflammation is 
associated with endothelial dysfunction, platelet activa-
tion, and upregulation of coagulation pathways, which 
lead to thrombosis and cerebrovascular injury.63 In addi-
tion, proinflammatory pathways lead to atrial remod-
eling and can perpetuate AF. In the brain, amyloid-β 
aggregates induce glial cell activation and the produc-
tion of proinflammatory cytokines that lead to neuronal 
cell dysfunction and death. Upregulation of inflamma-
tory pathways can lead to upregulation of β-secretases, 
which generate amyloid-β. More research is needed to 
understand how AF and AD immune-mediated mecha-
nisms influence each other; however, these observa-
tions illustrate the complex interaction that exists 
between the nervous and cardiovascular systems and 
identify the proinflammatory milieu in AF as a potential 
target for preventing cognitive impairment.

Prospects for Prevention and Treatment of AF 
to Maintain Brain Health
Based on the available evidence, it has been hypoth-
esized that treatment of the hypercoagulable state 
associated with AF using anticoagulation or reducing 
AF burden by rhythm control or catheter ablation may 
decrease the risk of dementia. There is indirect evidence 
that effective treatment of AF, as summarized in Figure 2, 
reduces the risk of cognitive impairment, and future clini-
cal trials will investigate this hypothesis.64–66 Retrospec-
tive analysis of an American claims database and other 
evidence suggests that AF suppression with catheter 
ablation may result in a greater reduction in dementia risk 
compared with antiarrhythmic therapy alone, which might 
be explained by more effective suppression of AF with 
ablation.67 However, these results should be interpreted 
with caution, because individuals with cognitive decline 
are less likely to be referred for catheter ablation, and the 
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quality of the evidence in this area is relatively weak. Sev-
eral studies are underway to determine whether restor-
ing regular sinus heart rhythm using catheter ablation for 
AF reduces cognitive dysfunction and brain abnormali-
ties compared with medications alone.68,69

CORONARY HEART DISEASE
Frequency of Cognitive Impairment in CHD 
In a large systematic review including >1 million partici-
pants, the relative risk of dementia among participants 
with a history of CHD was 1.27 (95% CI, 1.07–1.50) 
compared with those without CHD.70 Data from registries 
show that cognitive decline is associated with myocar-
dial infarction (MI), with rates ranging from 2% to nearly 
50%.71,72 Given that vascular risks compromise brain and 
cardiac health, it is possible that many patients with CHD 
have cognitive impairment preceding their acute coro-
nary event. However, in 1 study, individuals with incident 
coronary events had cognitive decline after the event, but 
no steeper decline before the event.73 In a study includ-
ing data from 6 large US-based population cohort stud-
ies, there was no immediate decline in cognition after 
MI, but participants with incident MI showed a steeper 
decline in global cognition, memory, and executive func-
tion. Similar findings were obtained in the ELSA study 
(English Longitudinal Study of Ageing).73,74 Data from 
several observational studies have consistently demon-
strated an inverse relationship between subclinical CVD 
and poor brain health. In MESA (Multi-Ethnic Study of 
Atherosclerosis), for example, the presence of elevated 
coronary artery calcium was associated with a hazard 
ratio for dementia of 1.24 (for 1 SD higher log2 [coro-
nary artery calcium+1]; 95% CI, 1.08, 1.41; P=0.002), 
and this association was not completely explained by 
underlying VRFs, APOE4 genotype, or history of stroke.75 

Collectively, these observations suggest that the asso-
ciation between CHD and cognitive decline is not fully 
driven by shared risk factors.

Mechanisms Whereby CHD May Cause 
Cognitive Impairment
VRFs, Inflammation, BBB, and Related Factors
VRFs trigger systemic inflammation and possibly neuro-
inflammation, along with BBB dysfunction.2 In addition, it 
is recognized that CHD and associated atherosclerosis 
contribute to inflammation, which can affect the cerebral 
macro- and microcirculations. For example, hyperten-
sion affects the cerebrovascular endothelium, leading 
to increases in BBB permeability, allowing potentially 
harmful substances to enter the brain tissue and cause 
neuroinflammation, particularly in the WM. Data obtained 
in preclinical models show that the BBB and other neu-
rovascular elements have an active role in the removal of 
toxic bioproducts, including amyloid-β and tau.2,76 Further-
more, VRFs, through neuroimmune mechanisms and oxi-
dative stress, can increase the production of amyloid-β. 
Conversely, amyloid-β can promote vasoconstriction. In 
addition, reduced cerebral blood flow along with abnor-
mal hemodynamic responses to neural activation have 
been described in AD.77 These observations indicate that 
the pathogenesis of vascular injury and neurodegenera-
tion, once considered distinct disease processes, are inti-
mately intertwined. There may be shared risk between 
CHD and brain health on a genetic basis: a polygenic 
risk score for coronary pathology was associated with 
brain atrophy and cognitive ability.78,79 Furthermore, inter-
nal (eg, racial, ethnic, genetic) and external (eg, traumatic 
injuries, toxins) factors may potentiate the develop-
ment of atherosclerosis and influence cognitive out-
comes.2,80 There are other pathways related to CHD that 
may lead to damage to the cerebral microcirculation or 

Figure 2. ABC pathway for 
management of atrial fibrillation.64,65

A refers to avoiding stroke by using risk 
stratification tools (such as the CHA2DS2-
VASc score) to identify individuals at high 
risk of stroke and systemic embolism 
who are candidates for anticoagulation or 
left atrial appendage closure. B refers to 
better rate and rhythm control by using 
pharmacologic or nonpharmacologic 
approaches (eg, ablation or electrical 
cardioversion), or both. C refers to 
optimal control of risk factors, including 
cardiovascular risk factors and other 
comorbidities, and lifestyle modifications.
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neuroinflammation and, by extension, compromise brain 
health. These include but are not limited to alterations in 
cardiac output and arrhythmias, autonomic nervous sys-
tem responses, angiotensin I and II activation, lipid depo-
sition in smooth muscle cells, complement activation, and 
others.81

Microvascular Circulation and Cardiac Sequelae
Microvascular dysfunction is a pathologic process affect-
ing the microcirculation of the brain and the heart. Coro-
nary microvascular dysfunction is associated with cerebral 
small vessel disease and reduced cerebral blood flow. 
Data from C3 (Cerebral-Coronary Connection), a pro-
spective study consisting of 73% women that evaluated 
the prevalence of coronary microvascular dysfunction 
in patients with CHD, showed that those with abnormal 
coronary flow reserve <2.0 had a higher burden of WM 
hyperintensities (43.2% versus 20.0%; P=0.044). Low 
coronary flow reserve was also associated with abnormal 
cerebral blood flow hemodynamics on transcranial Dop-
pler and worse cognitive test scores.82 Cardiac sequelae 
of CHD include the development of AF and wall motion 
abnormalities, which may increase the risk of left atrial 
thrombus, leading to embolism and changes in hemo-
dynamics, such as impaired cardiac output from HF, 
symptomatic arrhythmias, or cardiogenic shock, leading 
to cerebral hypoperfusion and ischemia in border zone 
areas of the brain.83 Silent cerebral infarcts are also more 
prevalent in patients with CHD (odds ratio, 2.83 [95% 
CI, 1.38, 5.82]). In addition, unrecognized MI in men was 
associated with an increase in WM disease volume and 
asymptomatic strokes, both conditions that lead to cog-
nitive impairment.84,85

Prospects for Prevention and Treatment of CHD 
to Maintain Brain Health
The American College of Cardiology and American 
Heart Association published clinical practice guidelines 
for the management of patients with chronic CHD, 
which are summarized in Figure 3.86 The beneficial 
effect of VRF control on cognitive performance in spe-
cific groups of individuals with CHD, however, has not 
been established conclusively. In some CHD popula-
tions, the results for VRF control have been promising. 
For example, in SPRINT-MIND (Systolic Blood Pressure 
Intervention Trial: Memory and Cognition in Decreased 
Hypertension), a systolic blood pressure goal of <120 
mm Hg did not reduce the incidence of the primary 
outcome (probable dementia) compared with the more 
conservative goal of <140 mm Hg. However, intensive 
blood pressure control reduced the occurrence of mild 
cognitive impairment and the composite of mild cognitive 
impairment and probable dementia.87 In a meta-analysis 
of randomized clinical trials that investigated the effect of 
blood pressure treatment on cognitive outcomes, blood 

pressure lowering reduced the risk of dementia and cog-
nitive impairment from 7.5% in the control group to 7.0% 
in the active treatment group.88 In an individual patient 
data meta-analysis that included ≈28 000 individuals, a 
blood pressure reduction of 10/4 mm Hg was associ-
ated with a reduced risk of incident dementia (odds ratio, 
0.87 [95% CI, 0.75–0.99]).89

Studies that investigated the effect of diabetes con-
trol on cognition have provided mixed results.90 Ran-
domization to statins in adults without CHD did not 
alter cognitive outcomes in the HOPE-3 trial (Heart 
Outcomes Prevention Evaluation-3).91 In the ASPREE 
study (Aspirin in Reducing Events in the Elderly), which 
evaluated 18 847 adults ≥65 years of age without 
CHD, statin therapy did not modify the risk of incident 
dementia, mild cognitive impairment, or cognitive decline; 
nor did the use of aspirin, which otherwise plays an 
important role in secondary prevention in patients with 
CHD.92,93 In STABILITY (Standard ACL Reconstruction 
vs ACL+Lateral Extra-Articular Tenodesis Study), dara-
pladib, a reversible inhibitor of lipoprotein phospholipase 
A2 that reduces plaque vulnerability, was compared with 
placebo in 10 634 patients with CHD in 38 countries to 
determine its effect on the composite of cardiovascular 
death, MI, or stroke. In exploratory analysis, darapladib 
did not improve cognitive performance, but modifiable 
VRFs, such as exercise, diabetes, hypertension, and 
other factors, including education level and global region, 
were independent predictors of cognitive performance.94 
In a single-center, single-blind randomized clinical trial 
performed in elderly patients, more than one third of 
whom were hospitalized, primarily with cardiovascular 
conditions, an exercise intervention proved to be safe 
and effective to reverse the functional decline associated 
with acute hospitalization.95

Because VRFs can contribute to cognitive impairment 
through multiple pathways, it is believed that individual 
interventions may be insufficient to preserve cognitive 
vitality and multidomain interventions and precision med-
icine techniques may be needed. In PreDIVA (Prevention 
of Dementia by Intensive Vascular Care) and MAPT (Mul-
tidomain Alzheimer Preventive Trial), cognitive outcomes 
did not differ between the multidomain intervention and 
standard care.96,97 In contrast, in FINGER (Finnish Geri-
atric Intervention Study to Prevent Cognitive Impairment 
and Disability), there was a benefit in neurocognitive per-
formance at 2 years in favor of multidomain intervention, 
which included diet, exercise, cognitive training, and VRF 
control.98

In relation to cardiac revascularization interven-
tions, coronary artery bypass graft surgery has been 
believed to contribute to cognitive decline and demen-
tia. However, subsequent studies identified that cogni-
tive decline after coronary artery bypass grafting was 
primarily driven by the underlying VRFs that led to 
coronary artery bypass graft surgery rather than the 
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surgical intervention.99 The importance of the underly-
ing disease, rather than the procedure itself, on cog-
nitive decline is further emphasized by the fact that 
cognitive outcomes are comparable for patients receiv-
ing coronary artery bypass grafting or percutaneous 
coronary intervention.100 However, the data in this area 
should be interpreted with caution, because a diagnosis 
of dementia in patients requiring acute coronary inter-
ventions may influence decision-making and result in 
selection bias.101

DISCUSSION AND FUTURE 
PERSPECTIVES
The cumulative evidence obtained in epidemiologic and 
basic science studies confirms that the trajectories of 
cardiac health and brain health are inextricably inter-
twined through modifiable and nonmodifiable factors 
(Figure 4). Observational data obtained in population 
studies and registries show that cerebral microstruc-
tural changes, covert brain infarction, stroke, and 
hypoperfusion are associated with the development 
of brain pathology in people with cardiac disease. Evi-
dence obtained in preclinical models confirms that the 

upregulation of proinflammatory pathways, oxidative 
stress, BBB dysfunction, and microvascular dysregu-
lation also contribute to cognitive impairment in these 
individuals. Furthermore, genetic links between heart 
and brain abnormalities are identifiable by Mendelian 
randomization.1 Despite the multiple advances achieved 
in this area, however, our understanding of the contri-
butions of cardiac disease to cognition remains fraught 
with inconsistencies and gaps.

The data presented herein have several important 
implications for research, public health, and clinical prac-
tice. From a research perspective, an important barrier to 
understanding the heart–brain connection is the lack of 
evidence demonstrating that the appropriate management 
of cardiac diseases has a beneficial effect on age-related 
cognitive changes. Several procedures used for patients 
with advanced CVDs, including coronary artery bypass 
graft, transplantation, and transcatheter aortic valve 
replacement, are associated with iatrogenic stroke, with 
a possible negative effect on cognitive performance.42,43 
Furthermore, although controversial, some of the medi-
cations typically used in patients with cardiac diseases, 
including statins and some antihypertensive drugs, may 
be associated with improved cognitive performance.102,103 
Understanding the ultimate effect of these and other 

Figure 3. Coronary heart disease: pathogenic mechanisms, risk factors, and treatment considerations.86

ASCVD indicates atherosclerotic cardiovascular disease; CABG, coronary artery bypass graft; CHD, coronary heart disease; PCI, percutaneous 
coronary intervention; and VRF, vascular risk factor.
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treatments on brain health requires the acknowledge-
ment of the need for and incorporation of standardized 
cognitive and functional outcomes in cardiovascular trials 
and the use of extended follow-up. In addition, although 
systemic and organ-specific inflammation are agreed to 
play an active role in the pathogenesis of cardiac disease 
and dementia, including AD, more research is needed 
to elucidate whether immunomodulation has a benefi-
cial effect on cognitive trajectory.61,62 Also, the participa-
tion of factors associated with disease development and 

resilience, including social determinants of health, epi-
genetic changes, extracellular vesicles, and the specific 
role of different constituents of the neurovasculome, 
such as the glymphatic system, on the heart–brain axis 
remains largely unknown.2,76,80 Furthermore, the interpre-
tation and generalizability of the studies described herein 
are confounded by disparate methodologies, including 
small sample sizes, cross-sectional designs, and under-
representation of Black individuals, Hispanic individuals, 
and other underrepresented populations.

Figure 4. Heart–brain axis.
Progression of disease across the lifetime continuum and shared risks and mechanistic factors. Upper panel: Genetic, social and environmental 
factors, and lifestyle habits across the age continuum can promote or hinder cardiac and brain health. Neurologic damage can result in myocardial 
injury, and cardiac diseases can compromise brain health by causing stroke and dementia. Lower panel: Cardiovascular risk factors can lead to 
inflammation and a prothrombotic state as well as cardiovascular and cerebrovascular alterations, including structural abnormalities, which can 
lead to stroke and cognitive impairment.
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A large proportion of the general population, including 
children and young adults, have undiagnosed or partially 
controlled VRFs and CVD.4 Several factors may explain 
this observation, including limited access to health care, 
social media messages promoting the use of alternative 
and often unproven preventatives or treatments, inertia 
to initiate or escalate treatment, and misconceptions and 
social constructs leading to acceptance of unhealthful 
states (such as obesity) and behaviors (such as seden-
tary lifestyle, unhealthful diet, and elevated consump-
tion of alcohol, marijuana, and artificially sweetened 
beverages). Also, the prevailing view in the public and 
the medical community is that the most common type of 
dementia (ie, AD) cannot be prevented. Thus, the effect 
of VRF control in delaying the onset of cognitive decline 
and cardiac disease is often overlooked. Randomized tri-
als that investigate the use of multimodal interventions 
for the prevention of cognitive decline have yielded con-
flicting results.2 Because these studies target older pop-
ulations, it has been proposed that preventative studies 
of longer duration including young adults may be neces-
sary to assess the effect of VRFs on the development 
of dementia later in life. Performing such randomized tri-
als might be challenging owing to the required extended 
follow-up period.

From a public health standpoint, however, consistent 
epidemiologic evidence supports the notion that preven-
tion and early treatment of cardiac diseases are effective 
strategies to maintain age-dependent cognition. Thus, 
culturally and age-tailored education campaigns pro-
moting early adoption of healthy lifestyles may reduce 
the burden of dementia in the general population. The 
development of humanized monoclonal antibodies that 
bind amyloid-β has renewed hopes for the discovery of a 
disease-modifying therapy for AD. However, the medical 
maxim sublata causa tollitur effectus (“upon removal of the 

cause, the effect is removed”) reminds us that prevention 
is better than cure. Thus, from a clinical perspective, the 
early implementation of strategies to monitor and pro-
mote cardiovascular health, such as Life’s Essential 8, 
and the adoption of evidence-based guidelines for the 
management of patients with CVDs constitute important 
steps to tackling the public health challenges associated 
with the expanding prevalence of cognitively impairing 
disorders and attaining our ultimate goal of ensuring 
brain health for all across the lifetime continuum.2,104
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