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Abstract

The association between cognitive impairment (CI) and myocardial infarction (MI) has been highlighted in
recent years. Several studies have reported an increased incidence of cognitive decline (CD) following MI,
emphasizing the need for early identification and intervention in such patients. Previous research findings
have been inconsistent due to the presence of various unaccounted factors potentially contributing to CD
and disparities in the methods utilized to assess cognition such as the Mini-Mental State Examination, Mini-
Cog and self-evaluation questionnaires. This emphasizes the potential for a more standardized tool of
assessment to investigate the onset of CD amongst MI patients in a reliable manner. This literature review
delineates the correlation between MI and CI, exploring the pathogenesis, risk factors, management and
preventive strategies. Cerebral hypoperfusion, underlying atherosclerosis and neuroinflammation are
crucial in the development of CD after MI. Hence, it is important to consider the ‘heart-brain axis’ for
targeted therapy of CD in MI patients. Old age is a common risk factor for CD and MI. However, the impact
of variables including gender and comorbidities is underreported, which can potentially alter the
relationship between cognitive outcomes and MI. The implementation of multidisciplinary-oriented cardiac
rehabilitation programs and a universal screening tool to follow up on patients with established CI post-MI
has shown favorable outcomes and has reduced the risk of adverse health consequences. Optimizing medical
management and regular monitoring of serum brain natriuretic peptide (BNP) and hemoglobin levels are
essential in preventing CD after MI. Psychological evaluation and counselling also help attenuate

CD. Additionally, preventive strategies addressing modifiable risk factors and implementing anti-
inflammatory diets have proven beneficial. Ongoing research is focused on the study of novel interventions
targeting the neuroinflammatory process. Recently a new member of the C-reactive protein family,
pentraxin 3, has been identified as a specific vascular inflammatory biomarker produced by cells in
atherosclerotic lesions that can potentially aid in recognizing CD. It is imperative to establish uniform
guidelines to recognize and manage CI among patients following MI to improve quality of life among the
elderly population.

Categories: Neurology, Cardiology, Geriatrics
Keywords: acute myocardial infarction (ami), cognitive decline, cognitive impairment, dementia, myocardial
infarction, post-acute myocardial infarction

Introduction And Background

Cognitive decline (CD) and cognitive impairment (CI) are significant health concerns and their association
with cardiovascular events, including myocardial infarction (MI), has garnered increasing attention in recent
years. MI occurs due to partial or complete blockage of the coronary artery by a buildup of atherosclerotic
plaque, reducing blood flow to the heart muscle. MI has been associated with long-term systemic effects,
including neurocognitive dysfunction, other than its immediate cardiovascular impact. CI following MI can
manifest as impairments in cognitive abilities such as memory, executive function, and attention, which can
significantly diminish a patient’s quality of life and increase dependency. Additionally, cognitive deficits
may contribute to poor adherence to medical therapy and hinder efforts at rehabilitation. CD is a gradual
loss of cognitive abilities over time in varying degrees [1,2].

The prevalence of CD and CI among MI patients is estimated to be 25-30% within the first year following the
event [3,4]. This rate is significantly higher than that observed in the general population of comparable age,
highlighting the critical need for targeted interventions and support. CD not only impacts individual
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patients but can further lead to substantial socioeconomic consequences, including increased healthcare
costs and caregiver burden. The relationship between cardiovascular health and cognitive function is
underpinned by shared risk factors and overlapping pathophysiological mechanisms. Chronic conditions
such as hypertension, diabetes and hyperlipidemia predispose individuals to MI and have a strong
correlation with CI [5,6]. Furthermore, systemic inflammation, endothelial dysfunction and cerebral
microvascular changes following an MI have been implicated in the pathogenesis of CD [7,8]. These
mechanisms may act synergistically, resulting in structural and functional alterations in the brain,
particularly in regions such as the hippocampus and prefrontal cortex, which are critical for memory and
executive function [9]. Recent epidemiological studies have reported a higher prevalence of CD among MI
survivors compared to age-matched controls without a history of MI [10]. This association underscores the
importance of early recognition and management of CI in post-MI care. The trajectory of CD may vary,
ranging from rapid deterioration to more gradual changes, highlighting the need for a personalized approach
to monitor and manage the patients [11]. Cardiac rehabilitation programs have demonstrated potential in
mitigating CD by improving cardiovascular and cerebral perfusion as well as incorporating cognitive training
and psychosocial support [12]. Despite advances in our understanding of the cardiovascular-cognitive axis,
gaps remain in identifying modifiable risk factors and establishing standardized screening protocols for CI in
post-MI patients. Addressing these gaps could enhance patient outcomes and aid in devising targeted
interventions. Additionally, emerging technologies such as advanced neuroimaging and biomarkers offer
promise for early detection and monitoring of cognitive changes, paving the way for more effective
preventative strategies [13].

This literature review aims to explore the prevalence of CD in MI, the underlying pathophysiological
mechanisms, associated risk factors, current management and preventive strategies, and future directions
for research. By synthesizing current knowledge, this review seeks to provide a foundation for improved
clinical practices and contribute to the broader understanding of the interplay between cardiovascular and
cognitive health.

Review
Prevalence of Cl in Ml

Several studies demonstrated a significant association between MI and subsequent CI. Studies varied in the
timescale of assessment of cognitive decline post MI with some studies assessing CI over a short follow-up
period and others over a longer time frame.

Long-term cognitive outcomes observed over extended follow-up periods rendered more nuanced
observations. In their nationwide cohort study, Johansen et al. followed patients over a median of 6.4 years
and observed accelerated decline in global cognition, memory and executive function. Their findings
suggested comparative rates between men and women, though cognitive decline was more prevalent among
Caucasians compared to Black populations [14]. Xie et al. noted significant deficits in verbal memory and
temporal orientation in their study, which followed patients over a 12-year period post-coronary event [15].
Similarly, Sundboll et al. documented increased risk of dementia among MI survivors, though other cognitive
impairments were not observed [16]. Interestingly, Shang et al. did not observe any substantial impact of MI
on long-term cognitive trajectories beyond that predicted with age-related cognitive decline with slightly
worse outcomes for men that they attributed to higher cardiovascular comorbidity burdens [17]. A meta-
analysis by Greaves et al. found that cognitive impairment was found in patients in the acute phase post-
operatively following coronary artery bypass grafting (CABG), which persisted in nearly 40% of patients
followed up over one to five years [18].

Short-term cognitive impairment, assessed generally within one year post-event, has been reported in
multiple studies. Kasprzak et al. found CI to be present in 37% of patients hospitalized for MI, which
decreased to 25% after a six-month follow-up [2]. This suggests partial cognitive recovery over time. Mone et
al. noted immediate CD, which was strongly associated with physical impairment, predominantly in frail
women post-ST-elevation myocardial infarction (STEMI) who underwent percutaneous coronary
intervention (PCI). Although this population underwent an intervention (PCI), it demonstrated important
cognitive vulnerabilities during the acute post-MI phase, which may suggest a utility for early cognitive
screening tests such as the Mini-Mental State Examination (MMSE) combined with a 5-meter gait speed test
[19,20].

The contrasting findings between studies like Johansen et al. and Shang et al. are interesting and may be
attributed to multiple factors. For example, between these two studies several differences may be noted.
Firstly, Johansen et al. examined a large (N=30465) diverse western cohort predominantly consisting of
Caucasian and Black individuals. This is compared to the smaller cohort used by Shang et al. (N=11287),
which was entirely based on the Chinese population. This is significant as the larger population size provides
greater statistical power for detecting CI. The difference in the cultural composition of the populations
observed may also suggest that cultural, genetic and environmental factors may have a significant influence
on both baseline cognition and cognitive trajectories. Additionally, while the median follow-up period was
similar between both studies (6.4 versus 7 years), Johansen et al. employed more detailed
neuropsychological assessments to rigorously evaluate global cognition, memory and executive function
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compared to the broader cognitive assessment tools over five domains employed by Shang et al. which may
be less sensitive to subtle cognitive changes. Finally, while Johansen et al. adjusted extensively for
socioeconomic and lifestyle confounders, Shang et al. focused mainly on cardiovascular adjustments, which
may have led to under-detection of MI-related effects and contributed to the contrasting findings [14,17].

The inclusion of CABG and PCI populations from studies by Greaves et al. and Mone et al. broadens the focus
from MI alone. However, these interventions are commonly employed post-MI, which makes their cognitive
outcomes relevant for understanding broader cognitive implications in MI management. Wide demographic
variations were noted across the studies such as the wide age ranges, which significantly influence cognitive
outcomes. Older adults inherently possess greater vulnerability to cognitive decline due to age-related
neurodegeneration, which may confound associations between MI and CI. For example, Dikic et al. reported
that CI prevalence was directly linked to age rather than cardiac ejection fraction [21]. Systematic review of
observational studies revealed that CI was associated with lower rate of PCI. Thirty-day and long-term
mortality rates were considerably elevated among patients who underwent PCI [22]. Similarly, Whitson et al.
found substantial CI among acute MI patients aged >75 years, associated with increased mortality and
functional disability [23]. Conversely, Morsund et al. compared ischemic stroke and non-STEMI (NSTEMI)
patients aged 18-70 years, finding cognitive impairments similar across both groups relative to controls,
suggesting vascular events broadly impact cognitive health independent of age in younger cohorts [24].

Differences in cognitive assessment tools across studies also likely contribute to variability in reported CI
prevalence. Some studies utilized objective tools whereas other studies used subjective or self-reported
measures to diagnose CI. Broad screening tools like MMSE used by Kasprzak et al. [2] and Mone et al. [19]
might lack sensitivity for subtle or specific CD as compared to more targeted assessments, such as verbal
memory and temporal orientation used by Xie et al. [15]. Comprehensive neuropsychological batteries
employed by studies like Johansen et al. likely enhance the specificity and sensitivity of cognitive
impairment detection, explaining some inconsistency among studies. Potential sources of confounding such
as medication use, depression, socioeconomic status, and lifestyle factors were often not accounted for,
despite their plausible role in influencing cognitive outcomes. Additionally, few studies explicitly explored
the interaction between MI and comorbid conditions, which could further contribute to heterogeneity. The
scarcity of studies employing control groups, with exceptions such as Johansen et al. [14] and Sundbgll et al.
[16], also presents challenges in isolating cognitive effects attributable specifically to MI. Without matched
control groups, cognitive decline observed post-MI might reflect general aging processes or pre-existing
conditions rather than MI-related changes, risking an overestimation of MI’s cognitive impact. Furthermore,
the timeline of follow-up with patients varied from six months to up to 35 years in some studies, which
might lead to inconsistencies in the degree of CI reported. Lastly, gender differences reported across studies
were inconsistent. These variations might reflect underlying hormonal differences, such as neuroprotective
effects of estrogen in women, behavioral factors including healthcare-seeking behaviors, and disparities in
access to healthcare services, each potentially influencing the trajectory of cognitive impairment differently
for men and women post-MI [14-23]. Studies have been summarized in Table I.

Mean
Author Study Total No. of Patients  Criteria used to diagnose  Follow- Result
(Year) Design participants with Ml Cl up
period
The outcomes were scores
of cognitive functions in five » .
. ) The cognitive slope during the long-
domains, which reflected
- i i term follow-up post-MI was not
. abilities of episodic memory, L .
Shang et al. prospective . . o statistically different from the pre-Ml
11,287 421 visuospatial abilities, 7 years . .
(2024) [17] cohort study . . . cognitive slope (global cognition
orientation, attention and
. score: —0.007 SD/year; 95% ClI,
calculation, and global
" -0.040 to 0.027; p = 0.691).
cognition as a summary
measure.
Patients with incident Ml vs those
without MI showed faster declines in
Composite scores from global cognition (-0.15 points per
Johansen et . various cognitive tests year; 95% ClI, -0.21 to -0.10 points
Retrospective ) " 6.4 .
al. (2023) cohort stud 30,465 1033 assessing global cognition, cars per year), memory (-0.13 points per
u
[14] Y memory, and executive 4 year; 95% ClI, -0.22 to -0.04 points
function. per year), and executive function (-
0.14 points per year; 95% Cl, -0.20 to
-0.08 points per year) over the years.
37% of patients reflected cognitive
Kasprzak et Prospective 6 decline immediately after Ml incident,
468 468 MMSE
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al. (2023) [2]

Mone et al.
(2022) [19]

Prasitiumkum
et al. (2022)
[22]

Dikic et al.
(2021) [21]

Whitson et al.
(2020) [23]

Greaves et
al. (2019)
[18]

Xie et al.
(2019) [15]

Morsund et
al. (2019)
[24]

cohort study

Prospective
cohort study

Systemic
review

Prospective
study.

Prospective

cohort study.

Systemic
review

Prospective
cohort study

Prospective
cohort study

months  which reduced to 25% after 6
months.
301
completed A positive correlation was established
the study between cognitive decline and
871 MMSE -

that physical disability among frail patients

underwent with Ml (r: 0.771, p <0.001).
PCI.
Variable
Random effect and generic  long-
i i 9 ! 9 3.5% of patients showed CI
810122 810122 inverse variance method of  term i i
K . K associated with MI.
DerSimonian and Laird. follow-
up
The probability of cognitive
82 82 Mini-mental test and Beck impairment increases 1.16 times for
depression inventory each year of life among patients with
MI.
Telephone Interview for
Cognitive status score
2088 2088 .(TICS)’ and visual 6 260 reported only Cl, and 251 had
impairment (VI), and months  both Cl and VI.
activities of daily living
(ADLs) questionnaire.
4 days Clwas observed in 43% of patients
to>5 postoperatively, which reduced to
91,829 91,289 Variable years 25% in 6 months to 1 year time
post- period and soared back to 40% in 5
CABG. years.
The rate of global cognitive decline
Immediate and delayed .g gnitiv :
480 CHD was expedited among the
(254 MI recall tasks for 10 unrelated 12 articinants in the CHD aro
ICI I rou
7,888 things for verbal memory. P P group
and 286 i i X years. (-0.018 SD/year; 95% confidence
i orientation questions for .
angina). . . interval [Cl]: -0.029 to -0.007) after
temporal orientation. . .
multivariable adjustment.
324 Clock drawing test, color- ) .
. . °c . rawing tes (_:0 or The percentage of subjects with 22
ischemic word interference, trial- . K
trok q 144 King test bal f 12 abnormal cognitive tests was 77% in
stroke an making tests, verbal fluenc ) ) .
144 NSTEMI (FAS)g 4 CERAD 10 gl months  the ischemic stroke patients, and
an wor
. 84% in the NSTEMI patients (p=.05).
NSTEMI. learning tasks.

TABLE 1: Summary of studies of prevalence of Cl post-MI.

ClI: cognitive impairment, MI: myocardial infarction, NSTEMI: Non-ST-elevation myocardial infarction, MMSE: Mini-Mental State Examination, CHD:
coronary heart disease, CERAD: cognitive assessment within the Consortium to Establish a Registry for Alzheimer's Disease, CABG: coronary artery

bypass grafting.

Risk factors

Acute myocardial infarction (AMI) patients often experience CI and dementia, and both disorders share
cardiovascular risk factors. Age, sex, and post-AMI heart failure have a substantial impact on the risk of CI,
although it is unclear whether this association stems from the AMI management or the underlying risk
factors. Procedures including PCI and CABG are linked to higher CI rates. Despite old age being a common
risk factor for both CI and AMI these medical conditions are underdiagnosed and underreported. Smoking,
diabetes, hypertension, and metabolic syndrome are cardiovascular risk factors that are shared by coronary
artery disease (CAD) and CI[1].

Different Subtypes of Dementia and Cardiovascular Risk Factors

Studies show that individuals with AMI are more likely to have memory and language impairment than
frontal or executive dysfunction [25]. This pattern is similar to Alzheimer's dementia (AD). This implies that
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CI after AMI may be significantly influenced by degenerative brain processes, similar to Alzheimer's-type
dementia. Furthermore, a prospective investigation by Kivipelto et al. discovered a strong correlation
between AD and a history of AMI. Cardiovascular risk factors and genetic variables such as the ApoE epsilon-
4 allele predispose people to hypercholesterolemia and early AMI [1].

Because of common risk factors such as obesity, atherosclerosis, diabetes, metabolic syndrome,
hypertension and aging there is a substantial correlation between AMI and an increased risk of vascular
dementia (VD). These elements support the pro-inflammatory milieu that fuels neurovascular and
cardiovascular disorders. The development of VD is significantly influenced by the inflammatory response
that leads to the release of cytokines into the brain tissue. The brain exhibits increased levels of
inflammatory cytokines for four to eight weeks following an AMI, similar to patterns reported in patients
with VD. The cardiovascular risk factors result in several minor infarcts in the brain that cumulatively
exhibit as gradual decline in the cognitive faculties [1]. The risk of ischemic and hemorrhagic stroke is
considerably elevated during the first month following AMI. The development of ischemic stroke is
attributable to an increase in prothrombotic factors and reduced blood flow. Atrial fibrillation (AF) and
cardiac wall abnormalities caused by AMI also enhance the risk of ischemic stroke by thrombus travelling
from the left side of the heart to the brain. While the occurrence of hemorrhagic stroke is usually related to
the use of antiplatelet and thrombolytic therapy. Although the frequency of hemorrhagic stroke is less
frequent as compared to ischemic stroke, the former leads to higher mortality [1,25].

Impairment of Cognitive Function After AMI Interventions

Some investigations have found a strong correlation between neurological impairments and CABG. A
systematic review of 215 showed that the pre-operative CI of 19% increased to 43% after CABG acutely. This
slightly reduced to 40% at the five-year follow-up. Dementia was diagnosed in 7% of the patients five to
seven years post procedure [26]. The study conducted by Giang et al. revealed no difference in the risk of all-
cause dementia between the CABG cohort and control group [27]. According to Danish cohort research,
patients undergoing CABG had a greater incidence of CI than those not having surgery [16]. Similarly, the
Cardiovascular Health Study found a link between CABG and dementia after adjustment for potential
confounders. The authors postulated the underlying mechanism to be microembolization from aortic
clamping or cannulation during surgery resulting in cerebral hypoperfusion [28]. However, there was no
discernible difference in the rates of dementia between the two groups according to data from the
SWEDEHEART registry, which included over 111,000 CABG patients and 222,000 matched controls.
Variability in results may also be explained by variations in baseline traits such as age and cardiovascular risk
profiles [29]. These studies reflected a potential correlation between CABG and CI, but further studies are
warranted to establish a profound causal relationship [27-29].

Less is known about the relationship between CI and PCI. It is hypothesized that microemboli from
dislodged atheroma during coronary angiography may result in ischemia or subclinical strokes and
subsequent CI [30]. Patients with pre-existing CI typically have worse outcomes lasting up to three years
after PCI [27]. The THORESCI trial involving 384 patients revealed that PCI for AMI was linked to increased
risks of depression and cognitive difficulties resulting in severe functional impairment as compared to
elective PCI [30]. Systemic inflammation with elevated IL-1, IL-6, and TNF-alpha levels, decreased
medication adherence, and increased sympathoadrenal activity is closely associated with both CAD and CI
[31]. Frailty, another complication seen one year post-PCI, is most commonly observed in patients with CI
rather than patients without CI. Frailty is frequently known to be caused by chronic inflammation,
malnourishment, and concomitant illnesses that are commonly linked to cardiovascular disease [32]. There
are no discernible differences between PCI and CABG in terms of cognitive results [1].

Age and CI

The prevalence of CI rises from 1% in people aged 60 years to 30% to 60% in people 90 years of age and older
[23]. Given that the majority of AMIs occur in individuals over 65 years, this contributes as a possible
confounding factor in studies evaluating CI after AMI [14,15]. The study conducted by Giang et al. found
some compelling evidence as the cohort was divided into various age groups. Patients aged <65 had a higher
risk of vascular dementia and patients aged between 64 and 75 had a higher risk of all-cause dementia as
compared to controls. On the contrary, patients aged 75 years and above had a lower risk of all-cause
dementia [27]. According to the SILVER-AMI trial, people over 75 who had CI were more likely to die and
experience functional decline than people without CI [33]. AMI and CI were also found to be prevalent
among elderly populations (mean age 73.2 years) according to the TRIUMPH study [34]. Less frequently,
younger individuals are also impacted. Three weeks after AMI, 36.7% of cognitively intact people in
Salzwedel's study of 496 patients under 65 years experienced mild CD. This was associated with variables
known to affect cognitive health such as low education level, physically demanding work, and decreased
treatment adherence. However, compared to older cohorts (49-55.6%) the rate of CI in younger patients
(36.7%) was significantly lower [35]. According to the THORESCI trial, CI after AMI is inversely correlated
with age, with younger patients suffering more severe effects on their quality of life and cognitive function
than older patients [30]. Younger patients may have greater cognitive demands and responsibilities which
could explain this discrepancy and make any loss more obvious. On the other hand, elderly patients who are
frequently retired might feel less of an influence on their cognitive abilities [1].
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Disparities in CI by Gender Post-AMI

Men are more likely to develop dementia or CI and face mortality after an AMI, although women are also at
risk, particularly as they age. According to the Rotterdam Study, which included 6,347 participants, men
with undiagnosed AMI were more likely to develop dementia which was associated with brain infarctions
and white matter abnormalities revealed by magnetic resonance imaging (MRI) [36]. Women aged 65 years
and less exhibited a high risk of all-cause dementia [27]. On the contrary, women did not exhibit this
correlation in cardiovascular health study [28]. Men may have a higher incidence of stroke and
cardiovascular morbidity as compared to women [37]. A pattern observed in Aronson’s research and the
Bronx Aging Study shows women over 75 with a history of AMI have a five-fold higher risk of dementia as
compared to normal individuals [38]. Even after removing postmenopausal women with transient ischemic
stroke (TIA) or stroke, the Women's Health Initiative Memory Study (WHIMS) and MRI evaluation showed
increased CI risk in those with AMI or CAD. This was attributed to higher incidences of diabetes and
hypertension which were associated with anomalies in white matter, decreased brain volume and greater
ischemia [39].

Pathogenesis of Cl post-Ml

The pathophysiology linking MI and CI has not been fully elucidated. Both these medical conditions are
frequently found in the aging population and are multifactorial. The mechanisms for cognitive dysfunction
and dementia in MI patients can be classified under two categories: cerebral hypoperfusion and independent
to cerebral hypoperfusion. The postulated interlinked mechanisms are cerebral hypoperfusion, underlying
atherosclerosis and systemic inflammation. The conceptual framework referred to as the "Heart-Brain Axis"
underlines the intricate two-way interactions between cardiac and cerebral systems, mediated through
neurohumoral factors, neuronal networks, and the vasculature (Figure 1) [40,41].

Cognitive Impairment

Cerebral Hypoperfusion Neuroinflammation
e Systolic dysfunction -|LVEF

7 ¢ Imbalance in autonomic nervous system
- |cardiac output

- |Sympathetic, | Parasympathetic

e Vasoconstriction ‘j};;'{\\\\\\‘ e Increase in proinflammatory mediators
¢ Narrowing of blood vessels due
to atherosclerosis causing

microinfarcts

?‘ Myocardie§

Infarction

¢ Disruption of blood brain barrier

e Decrease in neurotransmitters

h

FIGURE 1: Overview of pathogenesis of cognitive impairment after
myocardial infarction

LVEF: Left ventricular ejection fraction

The figure has been made by Humza Siddiqui using biorender.com

Mechanisms Involving Cerebral Hypoperfusion

One of the most common complications following MI is left ventricular wall motion abnormalities which
result in reduced left ventricular ejection fraction (LVEF < 40%) and chronically decreased cardiac output
[40-42]. Studies have documented that brain regions with selective vulnerability undergo chronic changes
after cerebral hypoperfusion, especially the thalamocortical tract which functions as the main pathway for
long- and short-term memory storage [41]. This specific brain region becomes damaged when hypoperfusion
affects the hippocampus and prefrontal cortex. These areas are essential for memory consolidation and
executive function [2,41-43].

The post-MI vasoconstriction of cerebral vessels and impaired cerebral autoregulation lead to further
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worsening of global hypoperfusion [44,45]. The long-term effect of brain hypoxia makes neurons unstable
while triggering neurodegenerative pathways which increases the risk of vascular dementia [46]. The
oxidative stress produced by dysfunctional mitochondria in microglia generates abundant reactive oxygen
species (ROS), which activate BACE-1 leading to amyloid precursor protein (APP) cleavage into A (amyloid-
beta), contributing to Alzheimer's disease pathology. Thus, vascular dementia predominates early after MI
due to hypoperfusion and infarcts, whereas Alzheimer-type pathology may develop later due to chronic
neurodegeneration and amyloidogenesis [45].

Autonomic Nervous System Imbalance

The balance between the sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS)
becomes disrupted after experiencing an MI. The excessive activation of SNS together with vagal withdrawal
prevents cerebral vasodilation which causes a reduction in blood flow to the brain [45,47]. Research utilizing
heart rate variability (HRV) studies in MI survivors support the notion that autonomic dysregulation is
linked to cognitive deficits, with reduced HRV correlating with impaired cognition [2,47]. Functional imaging
studies have also indicated that autonomic imbalance affects cortical areas associated with attention and
memory [41].

Systemic Inflammation and Chronological Progression

Systemic inflammation acts as a fundamental connecting factor between the two conditions. After
experiencing a myocardial infarction, the body produces an immediate increase of pro-inflammatory
cytokines including IL-6, IL-1B, TNF-a and MCP-1 [48]. The cytokines produce immediate damage to the
blood-brain barrier (BBB) which results in neuronal inflammation. The blood-brain barrier shows increased
permeability during the first few days following a myocardial infarction. By week four, microglial activation
reaches its peak before releasing cytokines into the hypothalamic-pituitary-adrenal (HPA) axis, which leads
to progressive microinjuries and neurotoxicity [49,50]. If the inflammatory response becomes chronic, it can
sustain long-term cognitive decline through persistent neuroinflammation.

Neurohumoral Mechanisms: Wnt/B-Catenin and Ras Pathways

The molecular basis of CI following MI involves disruption of the Wnt/B-catenin and Ras signaling pathways
[45,49,51]. While still largely speculative, emerging experimental data show that SNS overactivation and Ras
signaling lead to internalization of B-adrenergic receptors, reduced cAMP and protein kinase A activity, and
inhibition of the Wnt/B-catenin pathway, thereby impairing synaptic plasticity and cognition [49,51].

Medications and Cognitive Risk

Certain medications used post-MI can contribute to cognitive impairment. Anticholinergic drugs such as
diphenhydramine and amitriptyline are known to cross the blood-brain barrier and impair memory and
executive function [42]. Additionally, the use of antiplatelets and anticoagulants increases the risk of
bleeding and anemia, both of which can exacerbate cerebral hypoxia and cognitive decline [25,42].

Atherosclerosis and Cerebral Small Vessel Disease

Atherosclerosis exists as a common pathological feature that links MI with CI [44,47]. Sustained
hypoperfusion results from atherosclerosis-caused narrowing of cerebral arteries while plaque ruptures lead
to both microinfarcts and lacunar infarcts which serve as potent predictors for CI [44]. Post-MI white matter
hyperintensities (WMHs), a marker for small vessel disease, that result from ischemic causes identified on
imaging lead to global cognitive decline as well as domain-specific deficits such as executive dysfunction and
slow information processing [52,53].

Management of Cl and frailty in MI

The early recognition and management of CD in post-MI patients could help prevent its progression.
Interventions to manage the progression of CD in post-MI patients include pharmacological interventions,
physical interventions, cognitive interventions and psychosocial interventions. The association between
physical frailty and cognitive decline is crucial to acknowledge when considering screening tools to measure
CI. This has led to a concept known as ‘cognitive frailty,” a clinical syndrome where the presence of cognitive
impairment can result in the development of decreased functional reserves, leading to physical frailty
reported as decreased physical strength and activity. The underlying pathophysiology behind cardiovascular
diseases such as MI causing cognitive frailty has identified the development of cerebrovascular diseases as a
common factor [54].

Pharmacological interventions for CI following MI are targeted predominantly towards the underlying
inflammation. One such example is apoptosis inhibitors aimed at reducing the rate of CD by targeting the
neuroinflammation and oxidative stress involved. Although there are limited studies evaluating the
effectiveness of apoptosis inhibitors in CI post-MI, it has the potential to be a novel therapeutic intervention
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in such patients. However, there is a need for further trials with human subjects in order to explore this
avenue. There are multiple studies addressing pharmacological interventions for delaying the progression of
CD, such as monoclonal antibodies, cholinesterase inhibitors and neurohormonal modulators. Monoclonal
antibodies like adacanumab have been reserved mainly for mild cognitive impairment, whereas
cholinesterase inhibitors (rivastigmine, donepezil) and neurohormonal modulators (memantine) are known
to improve cognitive function in Alzheimer’s disease with limited evidence on their effect in vascular
dementia. Despite this, these studies reflect contradictory results on the outcome of these medications on
cognition, therefore indicating the need for further research. Furthermore, there is insufficient data on the
risk assessment of these medications in CD associated with MI, nor are there sufficient studies comparing
different age groups or ethnicities. It is also important to note that due to inadequate knowledge on the
underlying pathophysiology of MI and CD, there is no definitive management to target this developing
disease process [54,55].

A study discussing CI in patients with cardiac disease suggests that patients with CD and frailty post-MI
could benefit from a focused screening tool to administer appropriate interventions in a timely manner. The
introduction of a screening model aimed at formalizing a pathway to support patients with cognitive frailty
and therefore prevent further deterioration in their health should be explored. By establishing that CD
cannot be reversed through therapeutic methods, a referral to a clinic specializing in cognitive evaluation,
geriatric health and heart-brain health should be devised. This could aid in managing the progression of CD
to enhance health outcomes. A benefit of this specialized clinic would be to ensure compliance among
patients not adhering to their acute coronary syndrome medications or lifestyle modifications through
regular follow-ups and assessments. This will reduce re-hospitalizations and curtail CD and frailty through
early interventions. Potentially this approach offers a patient-centric management targeted towards the
individual. However, there are limited studies assessing the outcomes of such clinics; hence further research

cc o

is warranted [55-57].

Implementation of cardiac rehabilitation programs after MI can improve frailty and CI. Physical
interventions such as resistance and balance training have shown cognitive improvement among patients
and should be integrated into rehabilitation programs. Regardless of the level of CD, engaging in light to
moderate-intensity physical exercise has demonstrated substantial improvements. Individualized structured
physical rehabilitation programs consisting of exercises of longer duration and higher intensity have
favorable neuroprotective effects as they help modify metabolic, functional and structural aspects of the
brain, improving cognitive performance among the elderly population. Furthermore, a multi-disciplinary
team approach in cardiac rehabilitation programs has been advocated. A team consisting of geriatricians,
neuropsychiatrists, physiotherapists and social workers carrying out assessments in post-MI patients in
order to optimize cognition and frailty should function collaboratively [58-61].

Prevention of Cl and frailty in Mi

An efficient strategy for the prevention of CI should comprise control of hypertension, diabetes and
dyslipidemia. Problems such as anemia that have been shown to be related to CI should be anticipated in
patients receiving regular antiplatelet and anticoagulant drugs [55]. Given the link between elevated brain
natriuretic peptide (BNP) levels, subclinical brain injury, and dementia, managing heart failure effectively
with BNP and other biomarkers to guide therapy is crucial for preserving cerebral tissue perfusion [2].

Cardiac patients tend to have depression, which exacerbates the frequency of CI. Timely intervention in the
form of referral to mental health services is needed. The use of selective serotonin reuptake inhibitors
(SSRIs) has proven to be safe among cardiac patients. However, cardiac rehabilitation programs tend to
provide even better results [55]. Social support programs consisting of buddy programs tend to reduce the
sense of isolation thereby promoting a healthy lifestyle while also reducing frailty [62]. Multifaceted
approaches such as aiding sensory functions, physical movement and enhancing the quality of sleep can
help in reducing delirium which is a precursor of CI.

Nutritional optimization forms an important part of the essentials in the prevention of frailty and CI. The
use of protein supplements, especially in conjunction with physical modalities, has been shown to be
beneficial in the amelioration of muscle strength and the domains which are related to frailty. Further
adherence to the Mediterranean diet, which is rich in omega-3 fatty acids, antioxidants and anti-
inflammatory ingredients, has been noted to slow down CD and reduce the risk of frailty, probably due to
the anti-inflammatory properties of such a diet [58]. A meta-analysis of 23 studies showed 11-30% reduced
risk of CI, dementia and AD among patients who consumed the Mediterranean diet [63].

AF, a common complication of MI, can potentially lead to CI. Achieving sinus rhythm using rhythm control
therapy enhances the cerebral perfusion and curtails the occurrence of AF-related CI. AF patients taking oral
anti-coagulants have shown a lower risk of dementia as compared to patients who did not [64]. Vitamin D
deficiency has been shown to be associated with CI and MI. Supplementation of vitamin D among patients
with MI can potentially aid in mitigating the risk of CI [65,66].

The method of confusion assessment can provide an early diagnosis in detecting delirium [55]. Regular
check-ups for CI using simple, reliable tests like the MMSE can help spot patients who might be at risk early
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on. Although screening tools to measure cognitive frailty are widely available including MMSE, Montreal
Cognitive Assessment (MoCA) and Fried Frailty Index, there is no universally recognized tool. There are
some studies that have explored the promising significance of upcoming tools assessing cognitive frailty in
cardiovascular diseases such as the Essential Frailty Toolset. These studies identified that lack of physical
activity, CD, poor nutrition and lack of social support play a crucial role in development of frailty syndrome.
Physical, psychological, pharmacological, cognitive and nutritional interventions are necessary to prevent
or reverse the frailty among patients post cardiovascular insults to improve patient outcomes [58,61]. This
makes it possible to step in and help them sooner. It’s especially important to look out for anemia and other
reversible causes that can affect thinking and memory in patients post-MI [2].

Future perspectives

MI leads to neuroinflammation via the overactivation of microglial cells in the brain, resulting in reduction
of dendritic spine density [67]. Neuroinflammation can be managed by modulating the activity of microglial
cells and potentially avert the degeneration associated with various neurological disorders. Exercise and a
healthy diet improve microglial activity and shifts them towards anti-inflammatory states. Ongoing research
is exploring modulating TREM2 expression to reprogram microglial activity, leading to amyloid reduction in
AD. Upregulating TLR4 signaling has also shown potential in enhancing microglial phagocytosis of amyloid
beta, improving cognitive functions in AD models. It is postulated that selective COX-2 inhibitors can also
help restore phagocytic activity of microglial cells [50]. A new glycosylated Ang-(1-7)/Mas receptor agonist,
PNAS, has recently been introduced in the pharmaceutical field. In a study involving 15 three-month-old
mice with heart failure, administration of PNAS5 restored object recognition memory and markedly improved
spatial learning and memory capabilities. The therapeutic effects of PNAS5 are attributed to its
neuroprotective properties and ability to lower TNF-a levels thereby mitigating inflammation [67,68].
Targeting the Wnt signaling pathway is believed to have potential benefits in cardiovascular diseases [69].
Given its proven synaptic and cognitive function maintenance, this pathway if potentially modulated in
patients’ post-MI could prevent CI through sympathoexcitation [70]. Traditionally, C-reactive protein (CRP)
has been used to measure CD [71]. However, recently, a newly identified member of the CPR family,
pentraxin 3 (PTX 3), has been studied as a more specific vascular inflammatory biomarker. PTX is
particularly produced by cells in atherosclerotic lesions such as smooth muscles and vascular endothelial
cells. A recent study demonstrated that a change in PTX level was directly proportional to CD,
predominantly among women aged 65 and above. Hence, PTX levels can be used as a clinical marker for CD
and can aid in improving patient outcomes with early recognition of CI [72]. The most commonly used
technique to reduce frailty in patients post-MI and PCI is exercise, but it may not be the most appropriate
strategy for older patients due to cardiac instability. A novel method being tested is neuromuscular electrical
stimulation. The implementation of neuromuscular electrical stimulation showed a marked difference in
frailty between the tested and the control groups. Lower limb function was enhanced, and frailty was
alleviated among elderly patients with acute MI with the procedure [73].

Conclusions

CI is being widely acknowledged as a serious consequence of MI as a result of the intricate interactions
between systemic inflammation, cerebral hypoperfusion, and autonomic dysregulation. It jeopardizes the
rehabilitation strategies and general quality of life in addition to increasing health concerns such as
dementia, recurrent MI, and stroke. A proactive and multimodal approach is necessary for effective
management including evidence-based pharmaceutical and non-pharmacological interventions. It is
imperative to detect CD early in the disease process through standardized cognitive screening tools and
implement effective preventive measures to reduce risk and enhance patient outcomes.
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