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ARTICLE INFO ABSTRACT

Keywords: Both Alzheimer’s disease and vascular dementia are the result of disease processes that typically develop over

Childhood several decades. Population studies have estimated that more than half of the risk for dementia is preventable or

SdOI‘?S?ence at least modifiable through behavioral adaptations. The association between these lifestyle factors and the risk of
ognition

dementia is most evident for exposure in midlife. However, habits formed in middle age often reflect a lifetime of
behavior patterns and living conditions. Therefore, individuals who, for example, are able to maintain healthy
diets and regular exercise during their middle years are likely to benefit from these cognition-protective habits
they have practiced throughout their lives. For numerous adult diseases, significant risks can often be traced back
to early childhood. Suboptimal conditions during the perinatal period, childhood and adolescence can increase
the risk of adult diseases, including stroke, heart disease, insulin resistance, hypertension and dementia. This
review aims at summarizing some of the evidence for dementia risks from a life-time perspective with the goal of

Longitudinal studies
Dementia risk factors

raising awareness for early dementia prevention and successful aging.

Introduction

Dementia symptoms gradually manifest over many years, and lon-
gitudinal studies indicate that even 10-15 years prior to reaching the
dementia stage, subtle cognitive decline can be detectable, which may
coincide with a subjective perception of cognitive deterioration [1,2].
Dementia, as a neurodegenerative disorder, does not simply manifest at
late stages of life, its roots trace back to the individual’s genetic dispo-
sition, lifestyle, habits, and environmental exposures across the entire
lifespan. Understanding dementia from a lifetime perspective offers the
opportunity to explore modifiable risk factors in dementia prevention
and their role in shaping concepts of resilience and reserve.

Alzheimer’s disease and vascular dementia are the two most com-
mon forms of dementia, each with its own distinct causes, risk factors,
and characteristics. Alzheimer’s disease is primarily characterized by
the accumulation of abnormal protein deposits in the brain, namely
beta-amyloid plaques and tau tangles, which disrupt the normal func-
tioning of brain cells and eventually lead to their death [3]. Vascular
dementia is caused by conditions that block or damage the blood vessels
in the brain, leading to brain cell death due to lack of oxygen and nu-
trients. Therefore, the risk factors for vascular dementia largely overlap

with those for cardiovascular diseases [4].

From a lifetime perspective, Alzheimer’s disease and vascular de-
mentia require to some extent a different focus on their respective risk
factors; however, these two types of dementia often coexist. Many older
individuals with dementia have brain abnormalities associated with
more than one type of dementia [5-7], which underscores the impor-
tance of a comprehensive approach to risk factor management. Primary
modifiable risk factors for dementia include physical inactivity, smok-
ing, unhealthy diet, midlife hypertension, midlife obesity, diabetes, and
depression. Additionally, lower educational attainment and social
isolation are associated with increased risk [8]. Prevention strategies
primarily focus on adopting a healthy lifestyle, including regular phys-
ical exercise, a balanced diet, and engaging in cognitively stimulating
activities.

In this review, we place a specific emphasis on early life events from
infancy to young adulthood, since midlife risk factors have extensively
been dealt with in other reviews (for example see [9-14]. However, due
to the long timespan from childhood until dementia diagnosis of at least
5-6 decades, few studies have been able to longitudinally track specific
childhood traits and link them directly to a dementia diagnosis. One
should be aware that instead, proxy measurements have most often been
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employed. Frequently, childhood proxy measurements have been asso-
ciated with midlife proxy measurements, which make the link to de-
mentia even less stringent. Proxies belong into three categories: (i)
alterations in neuroanatomical and physiological measurements (for
example brain volume, brain activation measurements, blood bio-
markers), (ii) behavioral and cognitive performance measurements or
(iii) the occurrence or accumulation of known risk factors for dementia.
Although these measurements have reduced explanatory value, they can
still provide a valid approach to form hypothesis and search for under-
lying mechanisms and preventive measures.

Genetic predisposition

It is a well-known fact that variants of individual genes can increase
the likelihood of developing a disease. However, pinpointing the phys-
iological processes and time point of influence can be difficult.
Depending on the individual mechanism of action, genetic variants may
represent dormant risks that become prevalent later in life by contrib-
uting more directly to the prodromal stages of a disease such as de-
mentia. But the influence of genetic variants may also begin in early life,
contributing to other, possibly modifiable risk factors that make an in-
dividual more susceptible to cognitive impairment later in life [15].

The presence of mutations in genes such as APP, PSEN1, or PSEN2 is
associated with early-onset familial Alzheimer’s disease and individuals
carrying mutations in these genes often develop Alzheimer’s at a rela-
tively young age. In comparison, besides the APOE ¢4 allele [16], there
are few well-known individual genetic risk factors for non-familial
late-onset AD [17]. It is assumed that the genetic contribution for a
large portion of sporadic AD is rather associated with polygenic or cu-
mulative risk of inheriting multiple genetic variants, each contributing a
small amount, which collectively can influence the susceptibility to
dementia [18]. The low number of identified individual gene variants
with high probability for association with late-onset dementia also led to
the abductive conclusion that other mechanisms, such as epigenetic
modification, transcriptional regulations and/or gene-environment in-
teractions could play a substantial role in pathogenesis [19-21]. For
vascular dementia there is also a growing list of mutations that represent
monogenic causes of cerebral small vessel disease, e.g. in genes such as
NOTCHS3, a-GAL A gene (GLA), TREX1, COL4A1 [22,23]. But similar to
AD, sporadic vascular dementia is less well defined by individual genetic
risk factors, except for APOE [24].

APOE is one of the best examples that highlights how a well-
established genetic risk factor exerts its influence throughout the
entire lifespan [25]. APOE is the primary transporter of lipids and
cholesterol in the brain and part of complex gene-environment in-
teractions that orchestrate brain cholesterol metabolism. Widespread
genotype screening for APOE variants has revealed altered risk for
neurodevelopmental alterations in children and young adults, including
changes in functional brain activation and connectivity [26-28], re-
ceptor trafficking and synapse formation [29,30], cortical thickness and
hippocampus volume [31,32], cerebrovascular reactivity [24], as well
as cognitive performance [33,34]. Adding to the complexity, APOE
variants not only influence brain physiology but also peripheral mech-
anisms which lead to altered risks for cardiovascular diseases, diabetes,
and peripheral chronic low-grade inflammation, all known risk factors
for developing dementia later in life [35-37]. This example highlights
that a single genetic burden for dementia can manifest at multiple stages
of life by increasing the life-course vulnerabilities for later cognitive
impairment. While genetic factors are not modifiable per se, focusing on
the related modifiable risk factors mentioned above gives the opportu-
nity to lower the probability for dementia in high-risk individuals
through early interventions [38]. For example, the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability
(FINGER) found evidence for APOE €4 carriers benefitting more from a
multimodal lifestyle intervention compared to controls [39].
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Perinatal neurodevelopmental challenges

The risk for cognitive impairment and dementia may manifest as
early as during the prenatal developmental stage. Prenatal malnutrition
and reduced birth weight exert enduring adverse effects on cognitive
functioning by directly influencing cognitive development [40,41].
Furthermore, indirect effects through increased susceptibility to other
chronic diseases linked to dementia, in particular vascular diseases and
their known risk factors (such as hypertension, high cholesterol and
serum lipid levels, atherosclerosis, hyperinsulinemia and diabetes) have
consistently been observed to be increased due to fetal undernutrition or
low birth weight [42,43].

When a harmful event to developing brain occurs, it can impact
synaptic mechanisms, disrupt normal brain activity and interfere with
typical growth and neuroplasticity [44]. Such changes in brain structure
and function during the developmental phase can have long-lasting
impact by halting maturation or misshaping brain architecture. More-
over, at the behavioral level it may limit the range of experiences and
beneficial exposures a child can have during their development [45].
The timing of an insult, particularly with respect to the different critical
developmental periods can influence the impact on plasticity and
function [46-49], since many forms of neuroplasticity are at their peak
during early developmental stages, and some are exclusive to the
developing brain [50].

Besides neuronal maturation, the overall blood vessel architecture,
and the local cellular integrity of blood vessels can also be affected by
developmental disorders or conditions. For example, premature birth is
linked to diminished cardiac capacity, lowered vascularity, heightened
vascular rigidity, and elevated pressure in both pulmonary and systemic
blood vessels [51]. Such vascular vulnerabilities can make organs
including the brain more susceptible to damage from reduced blood flow
or vascular events later in life [52].

Early life events can also trigger inflammation [53], which nega-
tively impacts neuronal health and contribute to cognitive dysfunction
and psychopathological responses at later stages [54]. The process in-
volves complex interactions among neurons and microglia. For instance,
microglia play a critical role in pruning neural connections, but under
stress or adversity they can switch to an activated form and increase the
release of inflammatory factors. This shift in microglial activity and the
resulting inflammation can lead to changes in brain networks and are
linked to developmental disorders [55].

In addition, due to their functional impairments, individuals with
developmental disorders or conditions may be more prone to unhealthy
lifestyle behaviors that increase cardiovascular risk [56]. For example,
they may have difficulties with physical activity, experience weight
gain, or have dietary habits that further aggravate conditions like
obesity or diabetes and these risk factors can thus further increase the
likelihood of dementia later in life.

Adverse childhood experiences

Childhood is a crucial period in human neural development, char-
acterized by rapid growth and maturation of the sensory and motor
systems. During this time, the brain is highly receptive to environmental
stimuli and experiences, which play a significant role in shaping the
neural pathways associated with sensory perception and motor skills.
Sensitive periods in childhood refer to specific windows of time when
the brain is particularly receptive to certain types of input [57]. For
instance, there are sensitive periods for language acquisition, where
children are most receptive to learning and developing language skills
[58,59]. However, these periods of brain plasticity and growth also
come with a vulnerability to adverse external influences.

Children are uniquely vulnerable to traumatic brain injury (TBI),
since they are at increased risk for delayed developmental milestones
and mental health problems after such brain insults [60,61]. Abusive
head trauma can lead to very severe outcomes, depending on the
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frequency and intensity as well as the age at which the abuse occurred
[62]. Even mild forms of TBI can have long-lasting effects in children
similar to brain pathologies in chronic traumatic encephalopathy
observed after repetitive mild brain trauma in contact sports [63].

Severe childhood stress can also have long-lasting impact on the
brain, especially since stress experienced early in life can alter the
ongoing development of the nervous system and make individuals more
susceptible to mood disorders and behavioral maladaptation [64-66].
Severe stress responses occur when a child undergoes intense, frequent,
or prolonged adversities, such as physical or emotional abuse, sustained
neglect, caregiver substance dependency or psychiatric disorders,
exposure to violence, and the cumulative hardships of familial economic
distress, all without sufficient adult assistance. Pathological stress from
extended or severe early-life adversities leads to an adaptive malfunc-
tion of the stress response system [67]. This protracted activation of
stress response systems can disrupt the proper maturation of neural
structures and other bodily systems [68,69].

Studies investigating children exposed to violence have consistently
observed certain neural changes, including a reduction in amygdala
volume, heightened amygdala responsiveness to threat signals, and
increased activation in the anterior insula [70]. Additionally, reductions
in hippocampal volume were most frequently observed in children
exposed to adversity related to threats. If physical child abuse is directed
to the head, traumatic brain injuries are likely to occur. When it comes to
studies of children exposed to deprivation, a different set of findings has
emerged. These studies consistently reveal reductions in the volume and
thickness of the dorsolateral prefrontal cortex and the superior parietal
cortex [70]. These structural findings align with numerous other studies
that have documented difficulties in cognitive control among children
exposed to deprivation [71,72].

Early life adversities also have a strong impact on immune function
characterized by increased inflammation, impaired cellular immunity,
and accelerated immunosenescence [73]. The developing immune sys-
tem is shaped by the continuous exposure to a variety of environmental
factors, such as microorganisms forming the microbiota or causing in-
fections, immunomodulatory factors (e.g. hormones and cytokines via
breast milk), nutrition, as well as psychosocial factors via stress response
mechanisms [74]. It is speculated that such environmental factors in
early life can influence transcription profiles in human immune cells via
epigenetic mechanisms which in turn may increase the risk for chronic
diseases, in particular chronic inflammatory disorders [75].

While studies have clearly demonstrated the effect of adverse
childhood experiences on adolescent and adult brain structures and
cognitive performance as an intermediate step, few studies have directly
linked adverse childhood experiences to dementia. There is some het-
erogeneity in results due to uncontrolled confounding over the lifespan,
however the risk appears to be increased [76-79].

Psychosocial setting

From the evidence presented above it is no surprise that the psy-
chosocial circumstances, in particular parental education and socio-
economic status (SES) can have a strong influence on child development
and therefore brain function and cognition later in life [80-82]. There is
evidence that lower SES and parental education increase the dementia
risk later in life [83-85] and modifiable health factors and lifestyle
factors were partially able to explain the SES effects [86].

Regarding more specific brain-related effects, a linear relationship
with cortical surface area has been described for parental education
[87]. Widespread brain area differences in sensorimotor areas have also
been observed in children from low versus high SES families [88], and
localized differences, for example in the size of the hippocampus, have
been found as well [89,90]. More recent data indicate that both child-
hood and adult SES separately correlated with gray matter volume and
myelin differences. Most importantly, childhood SES was associated
with robust neural differences in adults even when controlling for their

Cerebral Circulation - Cognition and Behavior 6 (2024) 100217

own adult SES [91]. Higher life-course SES was associated with
increased volume in sensorimotor regions, lateralized differences in
volumes of temporal lobe structures and higher myelin content in
sensorimotor network but lower myelin content in the temporal lobe
[91]. SES, a measure frequently used to control for confounding in
epidemiological and clinical studies, may thus be an upstream deter-
minant of adversities, since socioeconomic constraints put children at
higher risk for experiencing adversities and health disadvantages [92].

Nutrition and adiposity

As mentioned above, evidence suggests that low birth weight, a
marker of inadequate nutrition in uterus, may be associated with lower
cognitive level in both childhood and adulthood [93]. But the rela-
tionship between childhood nutrition and the risk of dementia later in
life has also been a topic of growing interest. Studies indicate that
nutritional factors during early life can have long-term impacts on
cognitive health. A notably higher prevalence of dementia has been
detected in older individuals who experienced food insufficiency during
childhood compared to those who had sufficient food [69,94]. More-
over, a study found long-lasting DNA methylation changes in humans
exposed to malnutrition in early infancy and that these were associated
with attentional and cognitive deficits in adulthood [95], highlighting
the importance of adequate nutrition in early life for maintaining
cognitive function in later years.

Body mass index as an indicator for obesity has been used to establish
a link between obesity in adulthood and increased risk for cognitive
decline [96]. This connection is thought to be mediated, at least in part,
by low-level inflammation [97]. Obesity in adulthood has been corre-
lated with reduced brain volume in various regions, including the hip-
pocampus [96,98,99]. Similar results have been reported for obesity and
metabolic syndrome in adolescence, with lower cognitive performance
and reductions in brain structural integrity [100]. Additionally, pre-
clinical studies in rodents have shown that high-fat diet impairs hip-
pocampal long-term potentiation, which is essential for learning and
memory, providing further insight into the potential mechanisms un-
derpinning obesity-related cognitive impairment [101,102].

Physical activity

Physical activity has a positive impact on brain health in general and
the development of dementia in particular across the entire span of a
person’s life [103]. Traditionally, it was believed that physical activity
indirectly influenced these outcomes by lowering the risk of conditions
that can harm brain health, such as obesity, diabetes and cardiovascular
disease [104]. However, an increasing body of evidence from both
human and animal studies is revealing that physical activity also plays a
more direct role in promoting brain health by affecting both CNS
structure and function [105]. For example, a number of investigations
have shown notable associations between increased physical activity
and reductions in symptoms of attention-deficit hyperactivity disorder
(ADHD) [106]. More specific, physical activity has been linked to
improved cognitive functioning in children with ADHD [107].

Several potential mechanisms have been suggested to explain how
physical activity can impact brain health, including improvements in
cardiovascular health, the release of neurotrophic factors, increased
insulin sensitivity, stress reduction, and reduced inflammation [108].
Moreover, physical activity is thought to stimulate neuroplasticity and
neurogenesis [109].

Evidence suggests that regular physical activity during childhood
can impact the integrity of both gray and white matter in the brain, with
potential implications for cognitive development [110]. Using cardio-
vascular fitness as a proxy measure for physical activity, a
cross-sectional imaging study demonstrated that children that were
more physically fit exhibited an increased volume of the dorsal striatum,
a brain region crucial for regulating attention [111]. Similarly, in
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physically fitter 9/10-year-old children, hippocampal volumes were
notably larger, and this increase was linked to better performance in
tasks involving relational memory [112].

While specific brain regions may modulate particular cognitive
functions, the structural integrity and connectivity of white matter tracts
that link these regions are essential for cognitive functioning. The
microstructural properties of white matter are influenced by an in-
dividual’s experiences and are sensitive to the level of cardiorespiratory
fitness in children [113]. For instance, fitter children have been
observed to exhibit increased structural integrity in white matter bun-
dles compared to their less fit counterparts [114]. Greater cardiorespi-
ratory fitness may thus be linked to enhanced white matter integrity and
myelination.

Risk factors during adolescence

Adolescence is a distinct phase of development marked by significant
changes in social, emotional, and cognitive domains. While the physical
growth spurt of childhood may have slowed down, the brain continues
to undergo remarkable changes during adolescence. One of the key
brain regions involved in this transformation is the prefrontal cortex,
which is responsible for higher-order cognitive functions such as
working memory, planning, concept formation, and inhibitory control.
These functions continue to mature throughout adolescence.

While childhood includes the sensitive periods for the development
of the sensory and motor systems, adolescence includes sensitive periods
for social, emotional and cognitive development in that the networks
subserving these domains are undergoing plasticity based on the expe-
riences of the individual [115-117]. Adolescence is characterized by a
continued maturation of functions mediated by the prefrontal cortex
including working memory, planning, concept formation, inhibitory
control and others, a thinning of the cortex within the prefrontal cortex
(and many other brain regions) and an increase in white matter density
and volume [118]. With the maturation of these complex behaviors
comes a vulnerability to exogenous influence and the increased possi-
bility that functional and structural maturation can become abnormal
and psychopathology can ensue. There is ample evidence that the
adolescent brain responds differently to many stimuli compared to the
adult, but empirical evidence that experience modifies specific con-
nections, which in turn modify specific behaviors, is limited [119].
However, identical twin studies have demonstrated that the experience
of each twin leads to alterations in the epigenetic profile of each twin
which is suggestive of the importance of experience in modifying the
genetic expression and therefore behavior [120].

As children grow into adolescence, previously mentioned risk fac-
tors, such as nutrition, physical activity and cognitive stimulation
remain to be important and, with larger independence in decision
making for the individual, may even increase their impact. The list of
risk factors is further extended by additional unhealthy lifestyle choices
including nicotine use and abuse of alcohol and illicit drugs drastically
increases in adolescence [121]. Exposure to exogenous substances, such
as alcohol, nicotine, and cannabis can interfere with normal brain
development during adolescence and produce structural and behavioral
disruption [122-130]. Alcohol- and drug intoxication in male adoles-
cents have indeed been shown to increase the risk for young-onset de-
mentia [131]. During adolescence, there is also an increasing influence
of the social environment, especially since the activities of peers become
increasingly important and drug exposure during adolescence can
markedly alter later social interactions [132]. Moreover, poor sleep
habits during adolescence, including insufficient sleep or sleep disor-
ders, can further impact brain structure and cognitive function
[133-135].

Adolescents who experience head injuries, particularly from sports
or accidents, may be at greater risk of developing dementia later in life.
Such injuries, especially if they occur multiple times, can lead to chronic
traumatic encephalopathy (CTE), which is a neurodegenerative disease
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found in individuals with a history of repetitive brain trauma, including
concussions and subconcussive hits to the head that do not cause im-
mediate symptoms [136]. The disease is characterized by a buildup of
abnormal tau protein in the brain, leading to symptoms such as memory
loss, confusion, impaired judgment, aggression, depression, anxiety,
impulse control issues, and sometimes suicidal behavior [137].

Limited cognitive stimulation during adolescence may also increase
the risk of dementia. A lower cognitive performance on IQ-tests in
adolescent males has been associated with an increased risk for young-
onset dementia and mild cognitive impairment [138]. Staying mentally
active through education, engaging in challenging cognitive activities,
and pursuing lifelong learning can help increase cognitive abilities that
may delay the onset of dementia symptoms.

Mental health issues during adolescence, such as depression, anxiety,
and chronic stress, may contribute to an increased risk of dementia in
later years. Chronic stress, for example, can lead to inflammation and
other physiological changes in the brain. In this respect, the advantages
of physical activity throughout childhood and adolescence extend
beyond the known effects on cognitive performance and academic
achievement. A low cardiorespiratory fitness during adolescence have
been shown to increase the risk for young-onset dementia [138]. The
available evidence also indicates several psychological benefits of
physical activity, which encompass a decrease in symptoms of depres-
sion [139-142] and anxiety [139,143-145], as well as enhancements in
self-esteem [143,146].

Manifestation of childhood and adolescent experiences

For early life conditions and experiences to influence brain functions
many decades in the future and to become risk factors for dementia,
some form of long-term consolidation is required. As we have seen in the
previous studies, this can take the form of persistent behavioral shaping
or habit formation, lifestyle adaptations, chronification of metabolic
diseases and inflammation or the endurance of affective disorders. But
ultimately these conditions will have to “imprint” on the structure and
physiology of the adult and aging brain in order to contribute to the
induction of dementias. At the cellular level this translates to, e.g.
changes in the number of neurons and glial cells, changes in the relative
composition of neuronal subtypes, synapses and dendrites, altered
activation states of glial cells as well as myelination and connectivity
changes. For example, exposure to stress or trauma can change regions
such as the prefrontal cortex, amygdala or hippocampus in terms of
altered synaptic spine density and atrophy of the basal dendritic tree
[147-151]. Different types of neurons (e.g., excitatory, inhibitory) show
differential susceptibility to stressful conditions [152], potentially
altering the balance and functionality of neural circuits.

Dysfunction in glial cells has been linked to neurodegenerative
processes related to dementia [153-156]. The intricate interplay be-
tween neurons and glial cells ensures the brain’s homeostasis, and any
disturbance in this balance can contribute to the progression of neuro-
degeneration. It comes to no surprise that glial cells can be affected by
early life experiences, such as exposure to stress or nurturing environ-
ments. Astrocytes are involved in regulating the chemical composition
of the brain’s extracellular space, providing metabolic support to neu-
rons, and participating in the formation and maintenance of synapses.
Early life experiences can influence the development and function of
astrocytes, potentially impacting the neural circuits they interact with
[157,158]. As the resident immune cells of the brain, microglia play a
crucial role in immune surveillance and response to injury or infection.
Early experiences can influence the activation state and reactivity of
microglia, which, in turn, may affect the brain’s immune response and
contribute to neuroinflammation [159-161]. Oligodendrocytes are
responsible for myelinating axons and crucial components for efficient
signal transmission in the nervous system. Early experiences can impact
the development of oligodendrocytes and myelination processes, influ-
encing the speed and efficiency of neural communication. Disruptions in
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myelination have been implicated in a variety of neurological disorders,
including those with neurodegenerative components.

Epigenetic modifications

An important aspect of childhood and adolescent experiences, be it
positive or negative, is their influence on gene expression through
epigenetic modifications, such as DNA methylation, histone modifica-
tion and non-coding RNAs. These changes can persist throughout a
person’s life and affect the functioning of genes related to stress regu-
lation, neural plasticity, and cognitive function [162]. They are
considered key elements in the permanent adoption of physiological (or
pathophysiological) states that show resistance to change later in life
[163]. Chromatin remodeling could thus provide one of main mecha-
nisms of “imprinting” stable cellular responses early in life which may
ultimately lead to pathological changes involved in dementia.

DNA methylation is one of the most studied epigenetic modifications
associated with childhood adversities [164]. DNA methylation involves
the addition of methyl groups to specific cytosine residues in the DNA.
When methyl groups are added to the promoter region of a gene, it often
results in gene silencing. Childhood adversities, such as chronic stress,
trauma, or neglect, have been linked to altered DNA methylation pat-
terns [165]. This can permanently affect the expression of genes
involved in stress regulation, neural development, and cognitive func-
tion [166]. For example, in individuals who experienced early-life
adversity increased DNA methylation of genes involved in the regula-
tion of the stress hormone cortisol has been observed, such as
corticotrophin-releasing hormone (CRH) and glucocorticoid receptor
(GR) [167-169]. This may lead to dysregulated stress responses that
contribute to mental health problems and cognitive impairment in
adulthood and aging.

Histone modifications can affect the accessibility of DNA to the
cellular machinery responsible for gene expression. Childhood adver-
sities can lead to changes in histone modifications that impact expres-
sion of immediate early genes [170] or genes associated with immune
signaling in the amygdala [171]. Epigenetic changes can also involve
non-coding RNAs, which play essential roles in regulating gene
expression.

MicroRNAs (miRNAs) and long non-coding RNAs (IncRNAs) are ex-
amples of non-coding RNAs that can be influenced by childhood ad-
versities. For example, dysregulation of certain miRNA species, that
were associated with Alzheimer’s disease, were elevated in plasma of
adults with a history of childhood traumatization [172]. However, it is
important to note that not all individuals who experience early adver-
sities will exhibit the same epigenetic changes. There is significant
variability in how individuals respond to stressors and how their
epigenetic marks are modified [173,174].

Resilience, maintenance and reserve

The effects of early life and juvenile conditions and experiences on
the brain are multifaceted, impacting its structure, cellular composition,
connectivity and functional responses. These changes can either in-
crease resilience or susceptibility to neurodegenerative diseases later in
life. In dementia research, building up resilience to dementia signs and
symptoms should be viewed as a process that is developed over the
lifespan. The concept of resilience and its associated concepts of brain
maintenance, cognitive reserve and brain reserve have been intensely
debated in recent years, questioning in particular the attempted oper-
ationalization of these concepts [175-180]. Within the frame of this
review, we define these concepts in rather simple terms useful for our
discussion on life-time risk factors.

Not all individuals that are exposed to risk factors, including age,
genetic disposition or the numerous factors mentioned above, will
develop dementia. Brain resilience refers to the brain’s ability to adapt to
or recover from stress, trauma or neurological damage associated with
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dementia. Brain maintenance on the other hand refers to the ongoing
upkeep and preservation of brain structure and function. It involves
actively engaging in behaviors and practices that support brain health,
such as maintaining a healthy lifestyle, engaging in regular physical and
mental exercise, and ensuring proper nutrition. Brain reserve relates to
the brain’s physical characteristics and is understood, depending on the
level of examination, in terms of brain size or the number of neurons,
synapses and other necessary cellular elements. The idea is that a larger,
more neuron-dense and synaptically connected brain has a greater ca-
pacity to withstand damage without showing signs of slowing or
impairment. Brain reserve can be thought of as a structural pool of
neural elements that can be employed in the face of pathology before
cognitive symptoms emerge. Cognitive reserve instead refers to an in-
dividual’s overall cognitive resources at a given time point, including
general intelligence, learning ability and quality and quantity of
problem-solving strategies, which can be attained through education
and other activities. With higher cognitive reserve it is hypothesized
that, given a set level of brain reserve, an individual can manage the
symptoms of aging, cognitive decline or dementia more effectively,
since the individual is more adaptable and can thereby compensate for
structural loss or increased pathology.

Higher resilience to dementia pathologies later in life is likely the
product of all three: (i) a greater brain reserve as a neurobiological
resource to start with, (ii) the continuous maintenance of brain structure
and function, and (iii) greater adaptability of cognitive strategies to
perform a task. Resilience reflects the individual differences in brain
structure and function that can be built over the lifespan. Resilience
factors may include regular physical activity, a balanced diet, main-
taining a healthy weight, treating chronic inflammatory states, avoiding
smoking and excessive alcohol consumption, managing stress and
treating conditions like depression and anxiety and staying socially
active and connected with others. Understanding the impact of each
mechanism is key to developing interventions that could prevent or
delay the onset of dementia by targeting early and life-long influences.
Management of risk factors throughout the lifespan requires timely
detection, monitoring, and treatment in order to minimize dementia
incidences in future generations.

Summary Table

Genetic predisposition Few individual genetic risk factors are known,
but for these, the genetic burden for dementia
may manifest itself at multiple stages of life by
increasing vulnerability to later cognitive
impairment over the life-course.For example,
APOE variants directly increases the risk of
dementia in later life, but also indirectly by
increasing the risk for cardiovascular diseases.
Premature birth, developmental disorders and
injury to the developing brain can impact
synaptic mechanisms, disrupt normal brain
activity, and interfere with typical growth and
neuroplasticity. The risk for cognitive decline
may be further increased by these perinatal
factors through indirect effects on the vascular
system or behavioral mechanisms.

While studies have clearly demonstrated the
effect of adverse childhood experience, such as
physical or emotional abuse, prolonged stress,
or neglect, on adult brain structures and
cognitive performance as an intermediate step,
few studies have directly linked adverse
childhood experiences to dementia. Although
heterogenous data exist, there appears to be an
increased risk for dementia.

Parental education and socioeconomic status
(SES) are predictors for dementia. SES directly
correlates with size differences in several brain
area and may also mediate the effects of
childhood adversities on cognitive health.
Adequate nutritional intake during early life is
important for maintaining long-term cognitive

Perinatal neurodevelopmental
challenges

Adverse childhood experiences

Psychosocial setting

Nutrition and adiposity

(continued on next page)
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(continued)

function. Adult and adolescent obesity affects
the structural integrity of the brain and
increases the risk for low-grade inflammation,
which has been linked to cognitive impairment.
Physical activity is positively correlated with
cognitive function and is associated to both
gray and white matter integrity. Potential
mechanisms include neuroplasticity,
cardiovascular health, stress reduction and
reduced inflammation.

During adolescence, the prefrontal cortex,
which is responsible for higher-order cognitive
functions, undergoes many changes, that can
be influenced by several factors including
nutrition, physical activity, cognitive
stimulation, drugs and alcohol use, sleep, head
injury and mental health, which in turn can
affect cognitive function and hence the risk for
dementia.

Early life conditions can influence brain
functions for many decades through behavioral
mechanisms including habit formation and
lifestyle adjustments, but also by “imprinting™
on the structure and physiology of the adult
brain through cellular mechanisms that can
lead to neurodegeneration later in life.
Childhood adversity, such as chronic stress, can
affect gene expression through epigenetic
modifications. These modifications can
influence the expression and functioning of
genes involved in stress regulation, neural
plasticity, and cognitive function later in life.
Greater resilience to dementia pathologies later
in life is likely the product of: (i) a greater brain
reserve as a neurobiological resource to start
with, (ii) the continuous maintenance of brain
structure and function, and (iii) greater
adaptability of cognitive strategies to perform
tasks. Resilience factors may include regular
physical activity, a balanced diet, maintaining
a healthy weight, managing chronic
inflammatory conditions, avoiding smoking
and excessive alcohol consumption, managing
stress and conditions such as depression and
anxiety, and staying socially active and
connected with others.

Physical activity

Risk factors during adolescence

Manifestation of childhood and
adolescent experience

Epigenetic modifications

Resilience, Maintenance and
Reserve

CRediT authorship contribution statement

H. Georg Kuhn: Writing — review & editing, Writing — original draft,
Conceptualization. Simon Skau: Writing — review & editing, Concep-
tualization. Jenny Nyberg: Writing - review & editing,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

This work was supported by the Swedish Research Council (Veten-
skapsradet - 2019-01637), the Swedish state under the agreement be-
tween the Swedish Government and the County Councils, the ALF-
Agreement (ALFGBG-965195) and STROKE-Riksforbundet.

References

[1] V.J.A. Verlinden, J.N. van der Geest, R. de Bruijn, A. Hofman, P.J. Koudstaal, M.
A. Tkram, Trajectories of decline in cognition and daily functioning in preclinical
dementia, Alzheimers Dement. 12 (2) (2016) 144-153.

[2]

[3]

[4]

[5]

[6]

[71
(81

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Cerebral Circulation - Cognition and Behavior 6 (2024) 100217

M. Josefsson, A. Sundstrom, S. Pudas, A. Nordin Adolfsson, L. Nyberg,

R. Adolfsson, Memory profiles predict dementia over 23-28 years in normal but
not successful aging, Int. Psychogeriatr. 35 (7) (2023) 351-359.

P. Scheltens, B. De Strooper, M. Kivipelto, H. Holstege, G. Chételat, C.

E. Teunissen, J. Cummings, W.M. van der Flier, Alzheimer’s disease, Lancet 397
(10284) (2021) 1577-1590.

P.B. Gorelick, Risk factors for vascular dementia and Alzheimer disease, Stroke 35
(11 Suppl 1) (2004) 2620-2622.

J.A. Schneider, Z. Arvanitakis, W. Bang, D.A. Bennett, Mixed brain pathologies
account for most dementia cases in community-dwelling older persons,
Neurology 69 (24) (2007) 2197-2204.

C. Eckerstrom, M. Eckerstrom, M. Gothlin, A. Molinder, M. Jonsson, P. Kettunen,
J. Svensson, S. Rolstad, A. Wallin, Characteristic biomarker and cognitive profile
in incipient mixed dementia, J. Alzheimers Dis. 73 (2) (2020) 597-607.

K. Rockwood, J. Bowler, T. Erkinjuntti, V. Hachinski, A. Wallin, Subtypes of
vascular dementia, Alzheimer Dis. Assoc. Disord. 13 (Suppl 3) (1999) S59-S65.
G. Livingston, J. Huntley, A. Sommerlad, D. Ames, C. Ballard, S. Banerjee,

C. Brayne, A. Burns, J. Cohen-Mansfield, C. Cooper, S.G. Costafreda, A. Dias,

N. Fox, L.N. Gitlin, R. Howard, H.C. Kales, M. Kivimaki, E.B. Larson, A. Ogunniyi,
V. Orgeta, K. Ritchie, K. Rockwood, E.L. Sampson, Q. Samus, L.S. Schneider,

G. Selbak, L. Teri, N. Mukadam, Dementia prevention, intervention, and care:
2020 report of the Lancet Commission, Lancet 396 (10248) (2020) 413-446.
T.F. Hughes, M. Ganguli, Modifiable midlife risk factors for late-life cognitive
impairment and dementia, Curr. Psychiatry Rev. 5 (2) (2009) 73-92.

S. Carroll, E. Turkheimer, Midlife risk factors for late-life cognitive decline, Dev.
Rev. 48 (2018) 201-222.

M. Kivipelto, F. Mangialasche, T. Ngandu, Lifestyle interventions to prevent
cognitive impairment, dementia and Alzheimer disease, Nat. Rev. Neurol. 14 (11)
(2018) 653-666.

A. Serrano-Pozo, J.H. Growdon, Is Alzheimer’s disease risk modifiable?

J. Alzheimers. Dis. 67 (3) (2019) 795-819.

M.V.F. Silva, C.M.G. Loures, L.C.V. Alves, L.C. de Souza, K.B.G. Borges, M.D.

G. Carvalho, Alzheimer’s disease: risk factors and potentially protective
measures, J. Biomed. Sci. 26 (1) (2019) 33.

P.H. Hwang, T.F.A. Ang, I. De Anda-Duran, X. Liu, Y. Liu, A. Gurnani, J. Mez,
S. Auerbach, P. Joshi, J. Yuan, S. Devine, R. Au, C. Liu, Examination of potentially
modifiable dementia risk factors across the adult life course: the Framingham
Heart Study, Alzheimers Dement. 19 (7) (2023) 2975-2983.

E.C. Mormino, R.A. Sperling, A.J. Holmes, R.L. Buckner, P.L. De Jager, J.

W. Smoller, M.R. Sabuncu, Alzheimer’s Disease Neuroimaging Initiative,
Polygenic risk of Alzheimer disease is associated with early-and late-life
processes, Neurology 87 (5) (2016) 481-488.

J.L. Whitwell, N. Tosakulwong, S.D. Weigand, J. Graff-Radford, N. Ertekin-Taner,
M.M. Machulda, J.R. Duffy, C.G. Schwarz, M.L. Senjem, C.R. Jack, V.J. Lowe, K.
A. Josephs, Relationship of APOE, age at onset, amyloid and clinical phenotype in
Alzheimer disease, Neurobiol. Aging 108 (2021) 90-98.

P.G. Ridge, K.B. Hoyt, K. Boehme, S. Mukherjee, P.K. Crane, J.L. Haines,

R. Mayeux, L.A. Farrer, M.A. Pericak-Vance, G.D. Schellenberg, J.S.K. Kauwe,
C. Alzheimer’s Disease Genetics, Assessment of the genetic variance of late-onset
Alzheimer’s disease, Neurobiol. Aging 41 (2016) 200e13-200e20.

S.A. Lambert, G. Abraham, M. Inouye, Towards clinical utility of polygenic risk
scores, Hum. Mol. Genet. 28 (R2) (2019) R133-R142.

V.K. Ramanan, M.G. Heckman, S.A. Przybelski, T.G. Lesnick, V.J. Lowe, J. Graff-
Radford, M. Mielke, C.R. Jack, D.S. Knopman, R.C. Petersen, O.A. Ross,

P. Vemuri, I. Alzheimer’s Disease Neuroimaging, Polygenic scores of Alzheimer’s
disease risk genes add only modestly to APOE in explaining variation in amyloid
PET burden, J. Alzheimers Dis. 88 (4) (2022) 1615-1625.

F.A. Mir, A. Amanullah, B.P. Jain, Z. Hyderi, A. Gautam, Neuroepigenetics of
ageing and neurodegeneration-associated dementia: an updated review, Ageing
Res. Rev. 91 (2023) 102067.

L.F. MacBean, A.R. Smith, K. Lunnon, Exploring beyond the DNA sequence: a
review of epigenomic studies of DNA and histone modifications in dementia,
Curr. Genet. Med. Rep. 8 (2020) 79-92.

M.A. Ikram, A. Bersano, R. Manso-Calderon, J.P. Jia, H. Schmidt, L. Middleton,
B. Nacmias, S. Siddiqi, H.H. Adams, Genetics of vascular dementia - review from
the ICVD working group, BMC Med. 15 (1) (2017) 48.

E. Persyn, K.B. Hanscombe, J.M.M. Howson, C.M. Lewis, M. Traylor, H.S. Markus,
Genome-wide association study of MRI markers of cerebral small vessel disease in
42,310 participants, Nat. Commun. 11 (1) (2020) 2175.

S. Suri, C.E. Mackay, M.E. Kelly, M. Germuska, E.M. Tunbridge, G.B. Frisoni, P.
M. Matthews, K.P. Ebmeier, D.P. Bulte, N. Filippini, Reduced cerebrovascular
reactivity in young adults carrying the APOE epsilon4 allele, Alzheimers Dement.
11 (6) (2015) 648-657, el.

D. Tacono, G.C. Feltis, Impact of Apolipoprotein E gene polymorphism during
normal and pathological conditions of the brain across the lifespan, Aging 11 (2)
(2019) 787-816 (Albany. NY).

E.M. Reiman, K. Chen, G.E. Alexander, R.J. Caselli, D. Bandy, D. Osborne, A.
M. Saunders, J. Hardy, Functional brain abnormalities in young adults at genetic
risk for late-onset Alzheimer’s dementia, Proc. Natl. Acad. Sci. U. S. A. 101 (1)
(2004) 284-289.

N. Filippini, K.P. Ebmeier, B.J. MacIntosh, A.J. Trachtenberg, G.B. Frisoni, G.
K. Wilcock, C.F. Beckmann, S.M. Smith, P.M. Matthews, C.E. Mackay, Differential
effects of the APOE genotype on brain function across the lifespan, Neuroimage
54 (1) (2011) 602-610.


http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0001
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0001
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0001
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0002
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0002
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0002
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0003
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0003
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0003
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0004
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0004
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0005
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0005
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0005
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0006
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0006
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0006
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0007
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0007
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0008
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0009
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0009
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0010
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0010
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0011
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0011
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0011
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0012
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0012
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0013
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0013
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0013
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0014
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0014
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0014
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0014
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0015
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0015
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0015
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0015
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0016
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0016
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0016
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0016
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0017
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0017
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0017
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0017
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0018
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0018
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0019
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0019
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0019
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0019
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0019
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0020
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0020
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0020
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0021
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0021
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0021
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0022
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0022
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0022
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0023
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0023
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0023
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0024
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0024
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0024
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0024
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0025
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0025
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0025
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0026
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0026
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0026
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0026
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0027
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0027
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0027
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0027

H.G. Kuhn et al.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

N.A. Dennis, J.N. Browndyke, J. Stokes, A. Need, J.R. Burke, K.A. Welsh-Bohmer,
R. Cabeza, Temporal lobe functional activity and connectivity in young adult
APOE varepsilon4 carriers, Alzheimers Dement. 6 (4) (2010) 303-311.

D.H. Mauch, K. Nagler, S. Schumacher, C. Goritz, E.C. Muller, A. Otto, F.

W. Pfrieger, CNS synaptogenesis promoted by glia-derived cholesterol, Science
294 (5545) (2001) 1354-1357 (1979).

Y. Chen, M.S. Durakoglugil, X. Xian, J. Herz, ApoE4 reduces glutamate receptor
function and synaptic plasticity by selectively impairing ApoE receptor recycling,
Proc. Natl. Acad. Sci. U. S. A. 107 (26) (2010) 12011-12016.

P. Shaw, J.P. Lerch, J.C. Pruessner, K.N. Taylor, A.B. Rose, D. Greenstein,

L. Clasen, A. Evans, J.L. Rapoport, J.N. Giedd, Cortical morphology in children
and adolescents with different apolipoprotein E gene polymorphisms: an
observational study, Lancet Neurol. 6 (6) (2007) 494-500.

L. Chang, V. Douet, C. Bloss, K. Lee, A. Pritchett, T.L. Jernigan, N. Akshoomoff, S.
S. Murray, J. Frazier, D.N. Kennedy, D.G. Amaral, J. Gruen, W.E. Kaufmann, B.
J. Casey, E. Sowell, T. Ernst, Gray matter maturation and cognition in children
with different APOE e genotypes, Neurology 87 (6) (2016) 585-594.

R.O. Wright, H. Hu, E.K. Silverman, S.W. Tsaih, J. Schwartz, D. Bellinger,

E. Palazuelos, S.T. Weiss, M. Hernandez-Avila, Apolipoprotein E genotype
predicts 24-month bayley scales infant development score, Pediatr. Res. 54 (6)
(2003) 819-825.

C.A. Reynolds, A. Smolen, R.P. Corley, E. Munoz, N.P. Friedman, S.H. Rhee, M.
C. Stallings, J.C. DeFries, S.J. Wadsworth, APOE effects on cognition from
childhood to adolescence, Neurobiol. Aging 84 (2019) 239.e1-239.e8.

G. Verdile, K.N. Keane, V.F. Cruzat, S. Medic, M. Sabale, J. Rowles, N. Wijesekara,
R.N. Martins, P.E. Fraser, P. Newsholme, Inflammation and oxidative stress: the
molecular connectivity between insulin resistance, obesity, and Alzheimer’s
disease, Mediators. Inflamm. 2015 (2015) 105828.

D. El-Lebedy, H.M. Raslan, A.M. Mohammed, Apolipoprotein E gene
polymorphism and risk of type 2 diabetes and cardiovascular disease, Cardiovasc.
Diabetol. 15 (2016) 12.

Q. Tao, T.F.A. Ang, C. DeCarli, S.H. Auerbach, S. Devine, T.D. Stein, X. Zhang,
J. Massaro, R. Au, W.Q. Qiu, Association of chronic low-grade inflammation with
risk of Alzheimer disease in ApoE4 carriers, JAMA Netw. Open 1 (6) (2018)
€183597. -e183597.

C.L. Berkowitz, L. Mosconi, A. Rahman, O. Scheyer, H. Hristov, R.S. Isaacson,
Clinical application of APOE in Alzheimer’s prevention: a precision medicine
approach, J. Prev. Alzheimers Dis. 5 (4) (2018) 245-252.

A. Solomon, H. Turunen, T. Ngandu, M. Peltonen, E. Levalahti, S. Helisalmi,

R. Antikainen, L. Backman, T. Hanninen, A. Jula, T. Laatikainen, J. Lehtisalo,

J. Lindstrom, T. Paajanen, S. Pajala, A. Stigsdotter-Neely, T. Strandberg,

J. Tuomilehto, H. Soininen, M. Kivipelto, Effect of the apolipoprotein e genotype
on cognitive change during a multidomain lifestyle intervention: a subgroup
analysis of a randomized clinical trial, JAMA Neurol. 75 (4) (2018) 462-470.
C. Remacle, B. Reusens, L. Kalbe, C.N. Hales, S.E. Ozanne, B. Bréant, M. Polak, W.
D. Rees, C.M. McKinnon, S.F. Olsen, J. Nerup, J. Tamarit, W. Reik, Early
malnutrition and programming of adult degenerative diseases: experimental,
epidemiological and preventive studies, Nutr. Metab. Cardiovasc. Dis. 11 (4
Suppl) (2001) 99-102.

M. Richards, R. Hardy, D. Kuh, M.E. Wadsworth, Birth weight and cognitive
function in the British 1946 birth cohort: longitudinal population based study,
BMJ 322 (7280) (2001) 199-203.

C. Osmond, D.J. Barker, Fetal, infant, and childhood growth are predictors of
coronary heart disease, diabetes, and hypertension in adult men and women,
Environ. Health Perspect. 108 (Suppl 3) (2000) 545-553. Suppl 3.

Y. Yoshida-Montezuma, E. Stone, S. Iftikhar, V. De Rubeis, A.T. Andreacchi,

C. Keown-Stoneman, L. Mbuagbaw, H.K. Brown, R.J. de Souza, L.N. Anderson,
The association between late preterm birth and cardiometabolic conditions across
the life course: a systematic review and meta-analysis, Paediatr. Perinat.
Epidemiol. 36 (2) (2022) 264-275.

M.V. Johnston, A. Ishida, W.N. Ishida, H.B. Matsushita, A. Nishimura, M. Tsuji,
Plasticity and injury in the developing brain, Brain Dev. 31 (1) (2009) 1-10.
U.A. Tooley, D.S. Bassett, A.P. Mackey, Environmental influences on the pace of
brain development, Nat. Rev. Neurosci. 22 (6) (2021) 372-384.

M. Staudt, Reorganization after pre- and perinatal brain lesions, J. Anat. 217 (4)
(2010) 469-474.

L.G. Cohen, R.A. Weeks, N. Sadato, P. Celnik, K. Ishii, M. Hallett, Period of
susceptibility for cross-modal plasticity in the blind, Ann. Neurol. 45 (4) (1999)
451-460.

J.A. Eyre, Corticospinal tract development and its plasticity after perinatal injury,
Neurosci. Biobehav. Rev. 31 (8) (2007) 1136-1149.

R. Jacobs, A.S. Harvey, V. Anderson, Executive function following focal frontal
lobe lesions: impact of timing of lesion on outcome, Cortex 43 (6) (2007)
792-805.

F.Y. Ismail, A. Fatemi, M.V. Johnston, Cerebral plasticity: windows of opportunity
in the developing brain, Eur. J. Paediatr. Neurol. 21 (1) (2017) 23-48.

A.J. Lewandowski, P.T. Levy, M.L. Bates, P.J. McNamara, A.M. Nuyt, K.N. Goss,
Impact of the vulnerable preterm heart and circulation on adult cardiovascular
disease risk, Hypertension 76 (4) (2020) 1028-1037.

M. Bavineni, T.M. Wassenaar, K. Agnihotri, D.W. Ussery, T.F. Luscher, J.L. Mehta,
Mechanisms linking preterm birth to onset of cardiovascular disease later in
adulthood, Eur. Heart. J. 40 (14) (2019) 1107-1112.

H. Hagberg, P. Gressens, C. Mallard, Inflammation during fetal and neonatal life:
implications for neurologic and neuropsychiatric disease in children and adults,
Ann. Neurol. 71 (4) (2012) 444-457.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]
[74]

[75]

[76]

[77]

[78]

[79]

[801]

[81]

[82]

[83]

[84]

Cerebral Circulation - Cognition and Behavior 6 (2024) 100217

S.L. Andersen, Neuroinflammation, early-life adversity, and brain development,
Harv. Rev. Psychiatry 30 (1) (2022) 24-39.

J.L. Bolton, A.K. Short, S. Othy, C.L. Kooiker, M. Shao, B.G. Gunn, J. Beck, X. Bai,
S.M. Law, J.C. Savage, J.J. Lambert, D. Belelli, M. Tremblay, M.D. Cahalan, T.
Z. Baram, Early stress-induced impaired microglial pruning of excitatory synapses
on immature CRH-expressing neurons provokes aberrant adult stress responses,
Cell Rep. 38 (13) (2022) 110600.

K.L. Phillips, L.A. Schieve, S. Visser, S. Boulet, A.J. Sharma, M.D. Kogan, C.

A. Boyle, M. Yeargin-Allsopp, Prevalence and impact of unhealthy weight in a
national sample of US adolescents with autism and other learning and behavioral
disabilities, Matern. Child Health J. 18 (8) (2014) 1964-1975.

E.I. Knudsen, Sensitive periods in the development of the brain and behavior,

J. Cogn. Neurosci. 16 (8) (2004) 1412-1425.

P.K. Kuhl, Brain mechanisms in early language acquisition, Neuron 67 (5) (2010)
713-727.

T.C. Zhao, P.K. Kuhl, Development of infants’ neural speech processing and its
relation to later language skills: a MEG study, Neuroimage 256 (2022) 119242.
A.A. Ledoux, R.J. Webster, A.E. Clarke, D.B. Fell, B.D. Knight, W. Gardner,

P. Cloutier, C. Gray, M. Tuna, R. Zemek, Risk of mental health problems in
children and youths following concussion, JAMA Netw. Open. 5 (3) (2022)
€221235.

V. Anderson, M. Spencer-Smith, A. Wood, Do children really recover better?
Neurobehavioural plasticity after early brain insult, Brain 134 (Pt 8) (2011)
2197-2221.

K.L. Hung, Pediatric abusive head trauma, Biomed. J. 43 (3) (2020) 240-250.
R.O. Serpa, L. Ferguson, C. Larson, J. Bailard, S. Cooke, T. Greco, M.L. Prins,
Pathophysiology of pediatric traumatic brain injury, Front. Neurol. 12 (2021)
696510.

C. Hertzman, The significance of early childhood adversity, Paediatr. Child
Health 18 (3) (2013) 127-128.

AK. Short, T.Z. Baram, Early-life adversity and neurological disease: age-old
questions and novel answers, Nat. Rev. Neurol. 15 (11) (2019) 657-669.

P. Pechtel, D.A. Pizzagalli, Effects of early life stress on cognitive and affective
function: an integrated review of human literature, Psychopharmacology 214 (1)
(2011) 55-70 (Berl).

W.R. Lovallo, N.H. Farag, K.H. Sorocco, A.J. Cohoon, A.S. Vincent, Lifetime
adversity leads to blunted stress axis reactivity: studies from the Oklahoma
Family Health Patterns Project, Biol. Psychiatry 71 (4) (2012) 344-349.

A.S. Ivy, C.S. Rex, Y. Chen, C. Dube, P.M. Maras, D.E. Grigoriadis, C.M. Gall,

G. Lynch, T.Z. Baram, Hippocampal dysfunction and cognitive impairments
provoked by chronic early-life stress involve excessive activation of CRH
receptors, J. Neurosci. 30 (39) (2010) 13005-13015.

M.H. Teicher, J.A. Samson, C.M. Anderson, K. Ohashi, The effects of childhood
maltreatment on brain structure, function and connectivity, Nat. Rev. Neurosci.
17 (10) (2016) 652-666.

K.A. McLaughlin, D. Weissman, D. Bitran, Childhood adversity and neural
development: a systematic review, Annu Rev. Dev. Psychol. 1 (2019) 277-312.
S.D. Pollak, C.A. Nelson, M.F. Schlaak, B.J. Roeber, S.S. Wewerka, K.L. Wiik, K.
A. Frenn, M.M. Loman, M.R. Gunnar, Neurodevelopmental effects of early
deprivation in postinstitutionalized children, Child Dev. 81 (1) (2010) 224-236.
K.J. Bos, N. Fox, C.H. Zeanah, C.A. Nelson lii, Effects of early psychosocial
deprivation on the development of memory and executive function, Front. Behav.
Neurosci. 3 (2009) 16.

M.M.C. Elwenspoek, A. Kuehn, C.P. Muller, J.D. Turner, The effects of early life
adversity on the immune system, Psychoneuroendocrinology 82 (2017) 140-154.
D.M. MacGillivray, T.R. Kollmann, The role of environmental factors in
modulating immune responses in early life, Front. Inmunol. 5 (2014) 434.

C.H. Vinkers, A.L. Kalafateli, B.P. Rutten, M.J. Kas, Z. Kaminsky, J.D. Turner, M.
P. Boks, Traumatic stress and human DNA methylation: a critical review,
Epigenomics 7 (4) (2015) 593-608.

X. Xiang, J. Cho, Y. Sun, X. Wang, Childhood adversity and cognitive impairment
in later life, Front. Psychol. 13 (2022) 935254.

S.E. Tom, M. Phadke, R.A. Hubbard, P.K. Crane, Y. Stern, E.B. Larson, Association
of demographic and early-life socioeconomic factors by birth cohort with
dementia incidence among US adults born between 1893 and 1949, JAMa Netw.
Open 3 (7) (2020) e2011094.

D. Nilaweera, R. Freak-Poli, C. Gurvich, K. Ritchie, I. Chaudieu, M.L. Ancelin,
J. Ryan, The association between adverse childhood events and later-life
cognitive function and dementia risk, J. Affect. Disord. 304 (2022) 128-132.

Z. Huang, J.D. Jordan, Q. Zhang, Early life adversity as a risk factor for cognitive
impairment and Alzheimer’s disease, Transl. Neurodegener. 12 (1) (2023) 25.
D.A. Hackman, M.J. Farah, Socioeconomic status and the developing brain,
Trends Cogn. Sci. 13 (2) (2009) 65-73.

J.R. Marden, E.J. Tchetgen Tchetgen, I. Kawachi, M.M. Glymour, Contribution of
socioeconomic status at 3 life-course periods to late-life memory function and
decline: early and late predictors of dementia risk, Am. J. Epidemiol. 186 (7)
(2017) 805-814.

M. Osler, K. Avlund, E.L. Mortensen, Socio-economic position early in life,
cognitive development and cognitive change from young adulthood to middle
age, Eur. J. Public Health 23 (6) (2013) 974-980.

H. Cha, M.P. Farina, M.D. Hayward, Socioeconomic status across the life course
and dementia-status life expectancy among older Americans, SSM Popul. Health
15 (2021) 100921.

K.M. George, P.L. Lutsey, A. Kucharska-Newton, P. Palta, G. Heiss, T. Osypuk, A.
R. Folsom, Life-course individual and neighborhood socioeconomic status and


http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0028
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0028
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0028
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0029
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0029
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0029
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0030
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0030
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0030
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0031
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0031
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0031
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0031
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0032
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0032
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0032
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0032
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0033
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0033
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0033
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0033
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0034
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0034
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0034
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0035
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0035
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0035
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0035
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0036
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0036
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0036
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0037
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0037
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0037
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0037
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0038
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0038
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0038
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0039
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0040
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0040
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0040
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0040
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0040
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0041
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0041
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0041
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0042
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0042
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0042
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0043
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0043
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0043
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0043
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0043
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0044
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0044
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0045
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0045
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0046
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0046
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0047
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0047
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0047
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0048
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0048
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0049
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0049
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0049
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0050
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0050
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0051
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0051
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0051
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0052
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0052
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0052
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0053
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0053
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0053
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0054
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0054
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0055
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0055
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0055
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0055
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0055
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0056
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0056
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0056
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0056
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0057
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0057
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0058
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0058
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0059
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0059
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0060
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0060
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0060
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0060
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0061
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0061
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0061
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0062
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0063
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0063
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0063
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0064
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0064
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0065
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0065
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0066
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0066
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0066
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0067
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0067
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0067
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0068
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0068
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0068
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0068
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0069
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0069
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0069
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0070
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0070
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0071
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0071
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0071
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0072
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0072
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0072
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0073
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0073
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0074
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0074
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0075
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0075
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0075
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0076
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0076
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0077
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0077
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0077
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0077
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0078
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0078
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0078
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0079
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0079
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0080
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0080
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0081
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0081
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0081
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0081
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0082
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0082
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0082
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0083
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0083
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0083
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0084
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0084

H.G. Kuhn et al.

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]
[104]

[105]

[106]

[107]

[108]

[109]

[110]

risk of dementia in the atherosclerosis risk in communities neurocognitive study,
Am. J. Epidemiol. 189 (10) (2020) 1134-1142.

M.A. Rogers, B.L. Plassman, M. Kabeto, G.G. Fisher, J.J. McArdle, D.J. Llewellyn,
G.G. Potter, K.M. Langa, Parental education and late-life dementia in the United
States, J. Geriatr. Psychiatry Neurol. 22 (1) (2009) 71-80.

K. Deckers, D. Cadar, M.P.J. van Boxtel, F.R.J. Verhey, A. Steptoe, S. Kohler,
Modifiable risk factors explain socioeconomic inequalities in dementia risk:
evidence from a population-based prospective cohort study, J. Alzheimers Dis. 71
(2) (2019) 549-557.

K.G. Noble, S.M. Houston, N.H. Brito, H. Bartsch, E. Kan, J.M. Kuperman,

N. Akshoomoff, D.G. Amaral, C.S. Bloss, O. Libiger, N.J. Schork, S.S. Murray, B.
J. Casey, L. Chang, T.M. Ernst, J.A. Frazier, J.R. Gruen, D.N. Kennedy, P. Van Zijl,
S. Mostofsky, W.E. Kaufmann, T. Kenet, A.M. Dale, T.L. Jernigan, E.R. Sowell,
Family income, parental education and brain structure in children and
adolescents, Nat. Neurosci. 18 (5) (2015) 773-778.

C.L. McDermott, J. Seidlitz, A. Nadig, S. Liu, L.S. Clasen, J.D. Blumenthal, P.

K. Reardon, F. Lalonde, D. Greenstein, R. Patel, M.M. Chakravarty, J.P. Lerch,
A. Raznahan, Longitudinally mapping childhood socioeconomic status
associations with cortical and subcortical morphology, J. Neurosci. 39 (8) (2019)
1365-1373.

K. Jednordg, 1. Altarelli, K. Monzalvo, J. Fluss, J. Dubois, C. Billard, G. Dehaene-
Lambertz, F. Ramus, The influence of socioeconomic status on children’s brain
structure, PLoS One 7 (8) (2012) e42486.

R.T. Staff, A.D. Murray, T.S. Ahearn, N. Mustafa, H.C. Fox, L.J. Whalley,
Childhood socioeconomic status and adult brain size: childhood socioeconomic
status influences adult hippocampal size, Ann. Neurol. 71 (5) (2012) 653-660.
L. Loued-Khenissi, O. Trofimova, P. Vollenweider, P. Marques-Vidal, M. Preisig,
A. Lutti, M. Kliegel, C. Sandi, F. Kherif, S. Stringhini, B. Draganski, Signatures of
life course socioeconomic conditions in brain anatomy, Hum. Brain Mapp. 43 (8)
(2022) 2582-2606.

R.H. Bradley, R.F. Corwyn, Socioeconomic status and child development, Annu.
Rev. Psychol. 53 (2002) 371-399.

K. Franke, C. Gaser, T.J. Roseboom, M. Schwab, S.R. de Rooij, Premature brain
aging in humans exposed to maternal nutrient restriction during early gestation,
Neuroimage 173 (2018) 460-471.

Y.A. Momtaz, S.A. Haron, T.A. Hamid, R. Ibrahim, J. Masud, Does food
insufficiency in childhood contribute to dementia in later life? Clin. Interv. Aging
10 (2015) 49-53.

C.J. Peter, L.K. Fischer, M. Kundakovic, P. Garg, M. Jakovcevski, A. Dincer, A.
C. Amaral, E.I. Ginns, M. Galdzicka, C.P. Bryce, C. Ratner, D.P. Waber, D. Mokler,
G. Medford, F.A. Champagne, D.L. Rosene, J.A. McGaughy, A.J. Sharp, J.

R. Galler, S. Akbarian, DNA methylation signatures of early childhood
malnutrition associated with impairments in attention and cognition, Biol.
Psychiatry 80 (10) (2016) 765-774.

S. Debette, S. Seshadri, A. Beiser, R. Au, J.J. Himali, C. Palumbo, P.A. Wolf,

C. DeCarli, Midlife vascular risk factor exposure accelerates structural brain aging
and cognitive decline, Neurology 77 (5) (2011) 461-468.

J.C. Nguyen, A.S. Killcross, T.A. Jenkins, Obesity and cognitive decline: role of
inflammation and vascular changes, Front. Neurosci. 8 (2014) 375.

N. Pannacciulli, A. Del Parigi, K. Chen, D.S. Le, E.M. Reiman, P.A. Tataranni,
Brain abnormalities in human obesity: a voxel-based morphometric study,
Neuroimage 31 (4) (2006) 1419-1425.

D. Gustafson, L. Lissner, C. Bengtsson, C. Bjorkelund, I. Skoog, A 24-year follow-
up of body mass index and cerebral atrophy, Neurology 63 (10) (2004)
1876-1881.

P.L. Yau, M.G. Castro, A. Tagani, W.H. Tsui, A. Convit, Obesity and metabolic
syndrome and functional and structural brain impairments in adolescence,
Pediatrics 130 (4) (2012) e856-e864.

1. Valladolid-Acebes, B. Merino, A. Principato, A. Fole, C. Barbas, M.P. Lorenzo,
A. Garcia, N. Del Olmo, M. Ruiz-Gayo, V. Cano, High-fat diets induce changes in
hippocampal glutamate metabolism and neurotransmission, Am. J. Physiol.
Endocrinol. Metab. 302 (4) (2012) E396-E402.

M. Asadbegi, A. Komaki, I. Salehi, P. Yaghmaei, A. Ebrahim-Habibi, S. Shahidi,
A. Sarihi, S. Soleimani Asl, Z. Golipoor, Effects of thymol on amyloid-p-induced
impairments in hippocampal synaptic plasticity in rats fed a high-fat diet, Brain
Res. Bull. 137 (2018) 338-350.

J.A. Mortimer, Y. Stern, Physical exercise and activity may be important in
reducing dementia risk at any age, Neurology 92 (8) (2019) 362-363.

D.E. Warburton, C.W. Nicol, S.S. Bredin, Health benefits of physical activity: the
evidence, CMAJ 174 (6) (2006) 801-809.

C. Voelcker-Rehage, C. Niemann, Structural and functional brain changes related
to different types of physical activity across the life span, Neurosci. Biobehav.
Rev. 37 (9 Pt B) (2013) 2268-2295.

M. Song, D. Lauseng, S. Lee, M. Nordstrom, V. Katch, Enhanced physical activity
improves selected outcomes in children with ADHD: systematic review, West J.
Nurs. Res. 38 (9) (2016) 1155-1184.

J. Gapin, J.L. Etnier, The relationship between physical activity and executive
function performance in children with attention-deficit hyperactivity disorder,
J. Sport Exerc. Psychol. 32 (6) (2010) 753-763.

G. Kennedy, R.J. Hardman, H. Macpherson, A.B. Scholey, A. Pipingas, How does
exercise reduce the rate of age-associated cognitive decline? A review of potential
mechanisms, J. Alzheimer’s Dis. JAD 55 (1) (2017) 1-18.

C. Vivar, H. van Praag, Running changes the brain: the long and the short of it,
Physiology 32 (6) (2017) 410-424 (Bethesda).

V. Carson, S. Hunter, N. Kuzik, S.A. Wiebe, J.C. Spence, A. Friedman, M.

S. Tremblay, L. Slater, T. Hinkley, Systematic review of physical activity and

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]
[126]
[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

Cerebral Circulation - Cognition and Behavior 6 (2024) 100217

cognitive development in early childhood, J. Sci. Med. Sport 19 (7) (2016)
573-578.

L. Chaddock, K.I. Erickson, R.S. Prakash, M. VanPatter, M.W. Voss, M.B. Pontifex,
L.B. Raine, C.H. Hillman, A.F. Kramer, Basal ganglia volume is associated with
aerobic fitness in preadolescent children, Dev. Neurosci. 32 (3) (2010) 249-256.
L. Chaddock, K.I. Erickson, R.S. Prakash, J.S. Kim, M.W. Voss, M. Vanpatter, M.
B. Pontifex, L.B. Raine, A. Konkel, C.H. Hillman, N.J. Cohen, A.F. Kramer,

A neuroimaging investigation of the association between aerobic fitness,
hippocampal volume, and memory performance in preadolescent children, Brain
Res. 1358 (2010) 172-183.

J. Scholz, M.C. Klein, T.E. Behrens, H. Johansen-Berg, Training induces changes
in white-matter architecture, Nat. Neurosci. 12 (11) (2009) 1370-1371.

L. Chaddock-Heyman, K.I. Erickson, J.L. Holtrop, M.W. Voss, M.B. Pontifex, L.
B. Raine, C.H. Hillman, A.F. Kramer, Aerobic fitness is associated with greater
white matter integrity in children, Front. Hum. Neurosci. 8 (2014) 584.

D. Fuhrmann, L.J. Knoll, S.J. Blakemore, Adolescence as a sensitive period of
brain development, Trends Cogn. Sci. 19 (10) (2015) 558-566.

B. Larsen, B. Luna, Adolescence as a neurobiological critical period for the
development of higher-order cognition, Neurosci. Biobehav. Rev. 94 (2018)
179-195.

L. Steinberg, Cognitive and affective development in adolescence, Trends Cogn.
Sci. 9 (2) (2005) 69-74.

D. Wahlstrom, T. White, M. Luciana, Neurobehavioral evidence for changes in
dopamine system activity during adolescence, Neurosci. Biobehav. Rev. 34 (5)
(2010) 631-648.

T. Paus, How environment and genes shape the adolescent brain, Horm. Behav.
64 (2) (2013) 195-202.

M.F. Fraga, E. Ballestar, M.F. Paz, S. Ropero, F. Setien, M.L. Ballestar, D. Heine-
Suner, J.C. Cigudosa, M. Urioste, J. Benitez, M. Boix-Chornet, A. Sanchez-
Aguilera, C. Ling, E. Carlsson, P. Poulsen, A. Vaag, Z. Stephan, T.D. Spector, Y.
Z. Wu, C. Plass, M. Esteller, Epigenetic differences arise during the lifetime of
monozygotic twins, Proc. Natl. Acad. Sci. U. S. A. 102 (30) (2005) 10604-10609.
L.D. Johnston, R.A. Miech, P.M. O’Malley, J.G. Bachman, J.E. Schulenberg, M.
E. Patrick. Monitoring the Future national survey results on drug use 1975-2021:
Overview, key findings on adolescent drug use, Institute for Social Research,
University of Michigan, Ann Arbor, 2022.

L. Gerlikhman, U. Das, D.K. Sarkar, Prenatal and adolescent alcohol exposure,
neuroinflammation, and Alzheimer’s disease: a network meta analysis approach,
NeuroImmune Pharmacol. Ther. 2 (4) (2023) 353-363.

A. Barnett, E. David, A. Rohlman, V.D. Nikolova, S.S. Moy, R.P. Vetreno, L.

G. Coleman Jr., Adolescent binge alcohol enhances early Alzheimer’s disease
pathology in adulthood through proinflammatory neuroimmune activation,
Front. Pharmacol. 13 (2022) 884170.

F.T. Crews, R.P. Vetreno, M.A. Broadwater, D.L. Robinson, Adolescent alcohol
exposure persistently impacts adult neurobiology and behavior, Pharmacol. Rev.
68 (4) (2016) 1074-1109.

L.P. Spear, Effects of adolescent alcohol consumption on the brain and behaviour,
Nat. Rev. Neurosci. 19 (4) (2018) 197-214.

Y.E. Dobs, M.M. Ali, The epigenetic modulation of alcohol/ethanol and cannabis
exposure/co-exposure during different stages, Open Biol. 9 (1) (2019) 180115.
D.I. Lubman, A. Cheetham, M. Yiicel, Cannabis and adolescent brain
development, Pharmacol. Ther. 148 (2015) 1-16.

D.S. Counotte, A.B. Smit, T. Pattij, S. Spijker, Development of the motivational
system during adolescence, and its sensitivity to disruption by nicotine, Dev.
Cogn. Neurosci. 1 (4) (2011) 430-443.

J.B. Dwyer, S.C. McQuown, F.M. Leslie, The dynamic effects of nicotine on the
developing brain, Pharmacol. Ther. 122 (2) (2009) 125-139.

M.G. Bossong, R.J. Niesink, Adolescent brain maturation, the endogenous
cannabinoid system and the neurobiology of cannabis-induced schizophrenia,
Prog. Neurobiol. 92 (3) (2010) 370-385.

P. Nordstrom, A. Nordstrom, M. Eriksson, L.O. Wahlund, Y. Gustafson, Risk
factors in late adolescence for young-onset dementia in men: a nationwide cohort
study, JAMA Intern. Med. 173 (17) (2013) 1612-1618.

V. Trezza, P.J. Baarendse, L.J. Vanderschuren, On the interaction between drugs
of abuse and adolescent social behavior, Psychopharmacology 231 (8) (2014)
1715-1729 (Berl).

R.E. Roberts, H.T. Duong, The prospective association between sleep deprivation
and depression among adolescents, Sleep 37 (2) (2014) 239-244.

M. Jalbrzikowski, R.A. Hayes, K.E. Scully, P.L. Franzen, B.P. Hasler, G.J. Siegle, D.
J. Buysse, R.E. Dahl, E.E. Forbes, C.D. Ladouceur, D.L. McMakin, N.D. Ryan, J.
S. Silk, T.R. Goldstein, A.M. Soehner, Associations between brain structure and
sleep patterns across adolescent development, Sleep 44 (10) (2021) 1-12.

L. Shi, S.J. Chen, M.Y. Ma, Y.P. Bao, Y. Han, Y.M. Wang, J. Shi, M.V. Vitiello,
L. Lu, Sleep disturbances increase the risk of dementia: a systematic review and
meta-analysis, Sleep Med. Rev. 40 (2018) 4-16.

T.B. Vanltallie, Traumatic brain injury (TBI) in collision sports: possible
mechanisms of transformation into chronic traumatic encephalopathy (CTE),
Metabolism 100S (2019) 153943.

A.C. McKee, R.A. Stern, C.J. Nowinski, T.D. Stein, V.E. Alvarez, D.H. Daneshvar,
H.S. Lee, S.M. Wojtowicz, G. Hall, C.M. Baugh, D.O. Riley, C.A. Kubilus, K.

A. Cormier, M.A. Jacobs, B.R. Martin, C.R. Abraham, T. Ikezu, R.R. Reichard, B.
L. Wolozin, A.E. Budson, L.E. Goldstein, N.W. Kowall, R.C. Cantu, The spectrum
of disease in chronic traumatic encephalopathy, Brain 136 (Pt 1) (2013) 43-64.
J. Nyberg, M.A. f\berg, L. Schioler, M. Nilsson, A. Wallin, K. Toren, H.G. Kuhn,
Cardiovascular and cognitive fitness at age 18 and risk of early-onset dementia,
Brain 137 (Pt 5) (2014) 1514-1523.


http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0084
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0084
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0085
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0085
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0085
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0086
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0086
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0086
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0086
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0087
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0088
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0088
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0088
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0088
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0088
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0089
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0089
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0089
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0090
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0090
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0090
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0091
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0091
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0091
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0091
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0092
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0092
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0093
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0093
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0093
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0094
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0094
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0094
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0095
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0096
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0096
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0096
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0097
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0097
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0098
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0098
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0098
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0099
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0099
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0099
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0100
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0100
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0100
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0101
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0101
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0101
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0101
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0102
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0102
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0102
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0102
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0103
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0103
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0104
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0104
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0105
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0105
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0105
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0106
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0106
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0106
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0107
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0107
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0107
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0108
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0108
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0108
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0109
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0109
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0110
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0110
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0110
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0110
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0111
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0111
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0111
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0112
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0112
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0112
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0112
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0112
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0113
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0113
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0114
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0114
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0114
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0115
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0115
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0116
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0116
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0116
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0117
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0117
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0118
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0118
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0118
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0119
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0119
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0120
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0120
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0120
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0120
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0120
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0121
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0121
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0121
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0121
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0122
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0122
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0122
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0123
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0123
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0123
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0123
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0124
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0124
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0124
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0125
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0125
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0126
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0126
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0127
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0127
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0128
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0128
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0128
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0129
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0129
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0130
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0130
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0130
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0131
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0131
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0131
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0132
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0132
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0132
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0133
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0133
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0134
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0134
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0134
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0134
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0135
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0135
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0135
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0136
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0136
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0136
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0137
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0137
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0137
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0137
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0137
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0138
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0138
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0138

H.G. Kuhn et al.

[139] L. Larun, L.V. Nordheim, E. Ekeland, K.B. Hagen, F. Heian, Exercise in prevention
and treatment of anxiety and depression among children and young people,
Cochrane Database Syst. Rev. 3 (2006) CD00469.

[140] L.L. Craft, D.M. Landers, The effect of exercise on clinical depression and
depression resulting from mental illness: a meta-analysis, J. Sport Exerc. Psychol.
20 (4) (1998) 339-357.

[141] K.J. Calfas, Effects of physical activity on psychological variables in adolescents,
Pediatr. Exerc. Sci. 6 (1994) 406-423.

[142] T.C. North, P. McCullagh, Z.V. Tran, Effect of exercise on depression, Exerc. Sport
Sci. Rev. 18 (1990) 379-415.

[143] K.J. Calfas, W.C. Taylor, Effects of physical activity on psychological variables in
adolescents, Pediatr. Exerc. Sci. 6 (4) (1994) 406-423.

[144] B.M. Wipfli, C.D. Rethorst, D.M. Landers, The anxiolytic effects of exercise: a
meta-analysis of randomized trials and dose-response analysis, J. Sport Exerc.
Psychol. 30 (4) (2008) 392-410.

[145] S.J. Petruzzello, D.M. Landers, B.D. Hatfield, K.A. Kubitz, W. Salazar, A meta-
analysis on the anxiety-reducing effects of acute and chronic exercise. Outcomes
and mechanisms, Sports Med. 11 (3) (1991) 143-182.

[146] E. Ekeland, F. Heian, K.B. Hagen, Can exercise improve self esteem in children
and young people? A systematic review of randomised controlled trials, Br. J.
Sports Med. 39 (11) (2005) 792-798, discussion 792-8.

[147] K.K. Dayananda, S. Ahmed, D. Wang, B. Polis, R. Islam, A. Kaffman, Early life
stress impairs synaptic pruning in the developing hippocampus, Brain Behav.
Immun. 107 (2023) 16-31.

[148] A. Korosi, M. Shanabrough, S. McClelland, Z.W. Liu, E. Borok, X.B. Gao, T.

L. Horvath, T.Z. Baram, Early-life experience reduces excitation to stress-
responsive hypothalamic neurons and reprograms the expression of corticotropin-
releasing hormone, J. Neurosci. 30 (2) (2010) 703-713.

[149] D.S. Fareri, N. Tottenham, Effects of early life stress on amygdala and striatal
development, Dev. Cogn. Neurosci. 19 (2016) 233-247.

[150] J.L. Hanson, B.M. Nacewicz, M.J. Sutterer, A.A. Cayo, S.M. Schaefer, K.

D. Rudolph, E.A. Shirtcliff, S.D. Pollak, R.J. Davidson, Behavioral problems after
early life stress: contributions of the hippocampus and amygdala, Biol. Psychiatry
77 (4) (2015) 314-323.

[151] A. Chocyk, B. Bobula, D. Dudys, A. Przyborowska, I. Majcher-Maslanka, G. Hess,
K. Wedzony, Early-life stress affects the structural and functional plasticity of the
medial prefrontal cortex in adolescent rats, Eur. J. Neurosci. 38 (1) (2013)
2089-2107.

[152] T.C. Francis, R. Chandra, A. Gaynor, P. Konkalmatt, S.R. Metzbower, B. Evans,
M. Engeln, T.A. Blanpied, M.K. Lobo, Molecular basis of dendritic atrophy and
activity in stress susceptibility, Mol. Psychiatry 22 (11) (2017) 1512-1519.

[153] M. Orre, W. Kamphuis, L.M. Osborn, A.H.P. Jansen, L. Kooijman, K. Bossers, E.
M. Hol, Isolation of glia from Alzheimer’s mice reveals inflammation and
dysfunction, Neurobiol. Aging 35 (12) (2014) 2746-2760.

[154] A. Verkhratsky, M. Olabarria, H.N. Noristani, C.Y. Yeh, J.J. Rodriguez, Astrocytes
in Alzheimer’s disease, Neurotherapeutics 7 (4) (2010) 399-412.

[155] Y. Cai, J. Liu, B. Wang, M. Sun, H. Yang, Microglia in the neuroinflammatory
pathogenesis of Alzheimer’s disease and related therapeutic targets, Front.
Immunol. 13 (2022) 856376.

[156] H. Zhang, Y. Yang, J. Zhang, L. Huang, Y. Niu, H. Chen, Q. Liu, R. Wang,
Oligodendrocytes play a critical role in white matter damage of vascular
dementia, Neuroscience 538 (2023) 1-10.

[157] G. Caliskan, A. Miiller, A. Albrecht, Long-term impact of early-life stress on
hippocampal plasticity: spotlight on astrocytes, Int. J. Mol. Sci. 21 (14) (2020)
4999.

[158] B.G. Gunn, L. Cunningham, M.A. Cooper, N.L. Corteen, M. Seifi, J.D. Swinny, J.
J. Lambert, D. Belelli, Dysfunctional astrocytic and synaptic regulation of
hypothalamic glutamatergic transmission in a mouse model of early-life
adversity: relevance to neurosteroids and programming of the stress response,
J. Neurosci. 33 (50) (2013) 19534-19554.

[159] J.C. Delpech, L. Wei, J. Hao, X. Yu, C. Madore, O. Butovsky, A. Kaffman, Early life
stress perturbs the maturation of microglia in the developing hippocampus, Brain
Behav. Immun. 57 (2016) 79-93.

[160] C. Catale, S. Gironda, L. Lo Iacono, V. Carola, Microglial function in the effects of
early-life stress on brain and behavioral development, J. Clin. Med. 9 (2) (2020)
468.

[161] F.K. Johnson, A. Kaffman, Early life stress perturbs the function of microglia in

the developing rodent brain: new insights and future challenges, Brain Behav.
Immun. 69 (2018) 18-27.

[162]

[163]
[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

Cerebral Circulation - Cognition and Behavior 6 (2024) 100217

S. McClelland, A. Korosi, J. Cope, A. Ivy, T.Z. Baram, Emerging roles of epigenetic
mechanisms in the enduring effects of early-life stress and experience on learning
and memory, Neurobiol. Learn. Mem. 96 (1) (2011) 79-88.

L. Zocchi, P. Sassone-Corsi, Joining the dots: from chromatin remodeling to
neuronal plasticity, Curr. Opin. Neurobiol. 20 (4) (2010) 432-440.

S.B. Burns, J.K. Szyszkowicz, G.N. Luheshi, P.E. Lutz, G. Turecki, Plasticity of the
epigenome during early-life stress, Semin. Cell Dev. Biol. 77 (2018) 115-132.

J. Martins, D. Czamara, S. Sauer, M. Rex-Haffner, K. Dittrich, P. Dorr, K. de
Punder, J. Overfeld, A. Knop, F. Dammering, S. Entringer, S.M. Winter, C. Buss,
C. Heim, E.B. Binder, Childhood adversity correlates with stable changes in DNA
methylation trajectories in children and converges with epigenetic signatures of
prenatal stress, Neurobiol. Stress 15 (2021) 100336.

D. Baker-Andresen, V.S. Ratnu, T.W. Bredy, Dynamic DNA methylation: a prime
candidate for genomic metaplasticity and behavioral adaptation, Trends
Neurosci. 36 (1) (2013) 3-13.

P.O. McGowan, A. Sasaki, A.C. D’Alessio, S. Dymov, B. Labonté, M. Szyf,

G. Turecki, M.J. Meaney, Epigenetic regulation of the glucocorticoid receptor in
human brain associates with childhood abuse, Nat. Neurosci. 12 (3) (2009)
342-348.

A. Wang, W. Nie, H. Li, Y. Hou, Z. Yu, Q. Fan, R. Sun, Epigenetic upregulation of
corticotrophin-releasing hormone mediates postnatal maternal separation-
induced memory deficiency, PLoS One 9 (4) (2014) e94394.

L.J. van der Knaap, H. Riese, J.J. Hudziak, M.M. Verbiest, F.C. Verhulst, A.

J. Oldehinkel, F.V. van Oort, Glucocorticoid receptor gene (NR3C1) methylation
following stressful events between birth and adolescence. The TRAILS study,
Transl. Psychiatry 4 (4) (2014) e381.

L. Xie, K.S. Korkmaz, K. Braun, J. Bock, Early life stress-induced histone
acetylations correlate with activation of the synaptic plasticity genes Arc and Egrl
in the mouse hippocampus, J. Neurochem. 125 (3) (2013) 457-464.

P.E. Lutz, M.A. Chay, A. Pacis, G.G. Chen, Z. Aouabed, E. Maffioletti, J.

F. Theroux, J.C. Grenier, J. Yang, M. Aguirre, C. Ernst, A. Redensek, L.C. van
Kempen, I. Yalcin, T. Kwan, N. Mechawar, T. Pastinen, G. Turecki, Non-CG
methylation and multiple histone profiles associate child abuse with immune and
small GTPase dysregulation, Nat. Commun. 12 (1) (2021) 1132.

S. Van der Auwera, S. Ameling, K. Wittfeld, E. d’'Harcourt Rowold, M. Nauck,
H. Volzke, K. Suhre, H. Najafi-Shoushtari, J. Methew, V. Ramachandran,

R. Bulow, U. Volker, H.J. Grabe, Association of childhood traumatization and
neuropsychiatric outcomes with altered plasma micro RNA-levels,
Neuropsychopharmacology 44 (12) (2019) 2030-2037.

R.H. Mulder, A. Neumann, C.A.M. Cecil, E. Walton, L.C. Houtepen, A.J. Simpkin,
J. Rijlaarsdam, B.T. Heijmans, T.R. Gaunt, J.F. Felix, V.W.V. Jaddoe, M.

J. Bakermans-Kranenburg, H. Tiemeier, C.L. Relton, L.M.H. van, M. Suderman,
Epigenome-wide change and variation in DNA methylation in childhood:
trajectories from birth to late adolescence, Hum. Mol. Genet. 30 (1) (2021)
119-134.

N. Gladish, S.M. Merrill, M.S. Kobor, Childhood trauma and epigenetics: state of
the science and future, Curr. Environ. Health Rep. 9 (4) (2022) 661-672.

E.M. Arenaza-Urquijo, P. Vemuri, Improving the resistance and resilience
framework for aging and dementia studies, Alzheimers Res. Ther. 12 (1) (2020)
41.

J. Nilsson, M. Loévdén, Naming is not explaining: future directions for the
"cognitive reserve" and "brain maintenance" theories, Alzheimers Res. Ther. 10 (1)
(2018) 34.

L. Nyberg, M. Lovdén, K. Riklund, U. Lindenberger, L. Baickman, Memory aging
and brain maintenance, Trends Cogn. Sci. 16 (5) (2012) 292-305.

Y. Stern, E.M. Arenaza-Urquijo, D. Bartrés-Faz, S. Belleville, M. Cantilon,

G. Chetelat, M. Ewers, N. Franzmeier, G. Kempermann, W.S. Kremen,

0. Okonkwo, N. Scarmeas, A. Soldan, C. Udeh-Momoh, M. Valenzuela, P. Vemuri,
E. Vuoksimaa, Whitepaper: defining and investigating cognitive reserve, brain
reserve, and brain maintenance, Alzheimers Dement. 16 (9) (2020) 1305-1311.
Y. Stern, M. Albert, C.A. Barnes, R. Cabeza, A. Pascual-Leone, P.R. Rapp,

A framework for concepts of reserve and resilience in aging, Neurobiol. Aging 124
(2023) 100-103.

W.S. Kremen, J.A. Elman, M.S. Panizzon, G.M.L. Eglit, M. Sanderson-Cimino, M.
E. Williams, M.J. Lyons, C.E. Franz, Cognitive reserve and related constructs: a
unified framework across cognitive and brain dimensions of aging, Front. Aging
Neurosci. 14 (2022) 834765.


http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0139
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0139
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0139
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0140
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0140
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0140
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0141
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0141
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0142
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0142
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0143
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0143
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0144
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0144
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0144
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0145
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0145
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0145
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0146
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0146
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0146
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0147
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0147
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0147
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0148
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0148
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0148
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0148
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0149
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0149
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0150
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0150
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0150
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0150
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0151
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0151
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0151
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0151
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0152
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0152
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0152
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0153
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0153
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0153
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0154
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0154
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0155
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0155
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0155
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0156
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0156
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0156
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0157
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0157
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0157
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0158
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0158
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0158
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0158
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0158
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0159
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0159
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0159
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0160
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0160
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0160
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0161
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0161
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0161
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0162
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0162
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0162
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0163
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0163
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0164
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0164
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0165
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0165
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0165
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0165
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0165
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0166
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0166
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0166
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0167
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0167
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0167
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0167
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0168
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0168
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0168
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0169
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0169
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0169
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0169
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0170
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0170
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0170
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0171
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0171
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0171
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0171
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0171
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0172
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0172
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0172
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0172
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0172
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0173
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0174
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0174
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0175
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0175
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0175
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0176
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0176
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0176
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0177
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0177
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0178
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0178
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0178
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0178
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0178
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0179
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0179
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0179
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0180
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0180
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0180
http://refhub.elsevier.com/S2666-2450(24)00018-7/sbref0180

	A lifetime perspective on risk factors for cognitive decline with a special focus on early events
	Introduction
	Genetic predisposition
	Perinatal neurodevelopmental challenges
	Adverse childhood experiences
	Psychosocial setting
	Nutrition and adiposity
	Physical activity
	Risk factors during adolescence
	Manifestation of childhood and adolescent experiences
	Epigenetic modifications
	Resilience, maintenance and reserve
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


