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Abstract

Background—As adult brain structure is primarily established in early life, genetic and 

environmental exposures in infancy and childhood influence risk for Alzheimer Disease (AD). In 

this systematic review, we identify several early life risk factors and discuss the evidence and 

underlying mechanism for each.

Summary—Early risk factors for AD may alter brain anatomy, causing vulnerability to AD-

related dementia later in life. In the perinatal period, both genes and learning disabilities have been 

associated with the development of distinct AD phenotypes. During early childhood, education 

and intellect as well as body growth may predispose to AD through alterations in cognitive and 

brain reserve, though the specific mediators of neural injury are disputed. Childhood 

socioeconomic status may predispose to AD by influencing adult socioeconomic status and 

cognition. Association of these risk factors with underlying AD pathology (rather than just clinical 

diagnosis) has not been sufficiently examined.

Key messages—Factors that impede or alter brain growth during early life could render certain 

brain regions or networks selectively vulnerable to the onset accumulation or spread of AD-related 

pathology during late-life. Careful life-course epidemiology could provide clues as to why the 

brain systematically degenerates during AD.

Introduction

Adult brain structure is primarily established in early life1 and is a major determinant of an 

individual’s susceptibility to Alzheimer Disease (AD)2. By altering both the anatomical 

(number and connectivity of neurons) and functional (ability to engage alternative brain 

networks) organization of the adult brain, early life exposures influence the vulnerability of 

brain regions to AD pathology and the ability of the brain to compensate in the presence of 

disease3. Because AD is diagnosed clinically long after early life, and the onset of 

pathology, the links between early exposures, premorbid brain structure, and AD pathology 

and symptomatology remain unclear.
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Prior reviews have proposed a developmental basis for AD2, 4–8 and recent studies 

demonstrate evidence of atypical neurodevelopmental trajectories in people at genetic risk 

for AD 9, 10 and in people diagnosed with a variant of progressive aphasia (logopenic 

primary progressive aphasia) associated with AD pathology11. Here, we focus specifically 

on human epidemiological studies in English that have used incident AD as the primary 

outcome and excluded studies that used general or all-cause dementia as the outcome 

measure. Specifically, we discuss the impact of education and intellect, childhood 

socioeconomic status (SES), body growth, childhood adversity, learning disabilities, and 

genetics on late-life AD risk, in the context of brain structure and development (Table 2 and 

Figure 3). We suggest that the mechanisms of these risk factors are best characterized by 

four models— critical period, latent, cumulative and trajectory 12— that describe the effects 

of early exposures as timing-specific, clinically unmasked by a stressor later in life, 

accumulated over time, or determinant of later pathways, respectively (Figure 1). 

Considered In the context of final achieved adult brain connectivity, these models offer a 

unified conceptual framework linking early social and biological conditions, premorbid 

brain structure, and ultimate susceptibility or resilience to AD.

We discuss the findings in the context of the hypothesis that genetic and environmental 

factors that cause atypical brain development may lead to an adult brain that is more 

susceptible to neurodegenerative pathology in late life. Ultimately, increased awareness of 

the early life factors associated with risk for AD could lead not only to a better 

understanding of the causes of AD but also to earlier identification of at-risk individuals and 

more timely access to future preventative interventions.

Materials & Methods

References for this review were identified by searches of PubMed between March 1970 and 

October 2014, including references from relevant articles. The following search terms and 

their synonyms were used to identify the initial list of abstracts: Alzheimer’s Disease, 

Childhood, Socioeconomic Status, adversity, nutrition, head circumference, stature, arm 

length, leg length, and learning disability. We searched for articles published in English 

between January 1st, 1970 and December 31st, 2014. These terms were drawn from previous 

reviews of the literature on early life epidemiology of cognition2, 8. Of the 2711 abstracts 

initially identified as potentially relevant, a total of 436 were selected for review of the full 

article. Of the 436 full articles reviewed for this study, a total of 43 were selected for final 

inclusion. We only included studies of late-onset Alzheimer’s Disease, as the early onset 

form has a different molecular pathogenesis and is likely affected by different risk factors. 

Studies in which the primary outcome included final adult cognition but not Alzheimer’s 

Disease diagnosis were not included. Studies in which the primary outcome included 

episodic memory difficulty and/or decline were retained in the final list because the most 

common cause of episodic memory trouble in late life is Alzheimer’s Disease.

Results

Myriad cross-sectional and longitudinal epidemiological studies were identified linking 

early life factors to adult brain structure and AD risk, including a few studies in which 
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pathology-supported criteria was used for AD diagnosis. Table 1 lists the characteristics of 

each study in further detail. Below, we discuss the studies in order of risk factor and 

classified by the study design.

Genetics

Genes are major determinants of brain development and adult neuroanatomy and modify 

risk for AD later in life. Many studies have shown that brain network structure and function 

develop differently during early childhood and adolescence in individuals with genetic risk 

for AD, particularly carriers of the late-onset risk genes APOE4 and SORL19, 10. Infant 

carriers of APOE4 develop less white and gray matter volume during the first three years of 

life than non-carriers in temporal, parietal, and cingulate regions preferentially affected by 

AD9. Similarly, the left entorhinal cortex is significantly thinner in healthy children and 

adolescents carrying APOE4 compared to non-carriers13 and symptomatic APOE4 carriers 

have smaller hippocampi, with differences most pronounced prior to age 6514. In young 

healthy adults, APOE4 is also associated with abnormal white matter microstructure and 

with reduced posterior cingulate mitochondrial activity, without differences in soluble or 

insoluble amyloid15. Remarkably, APOE4 positive children with a family history of AD 

show impairment on tests of reading and language, suggesting that the early structural 

changes from APOE4 may cause functional impairment long before AD pathology begins16. 

Together, these findings indicate that the presence of the APOE4 allele significantly reduces 

cortical volume and connectivity in a distributed network later affected by AD and may 

impair cognition throughout the lifespan.

Other genetic elements may also alter brain anatomy and contribute to AD risk. Mutations in 

the APOE receptor SORL1 have also been linked to late-onset AD and alter neural structure 

in AD-affected networks17. SORL1 variant children show white matter microstructural 

abnormalities, and the underexpression of SORL1 mRNA in brain occurs specifically during 

childhood and adolescence10. Similarly, SORL1 polymorphisms, including the AD-

associated SNP rs668387, were also associated with reduced hippocampal volume in a 936 

healthy Caucasian young persons aged 18 to 36 years18. Though late-onset AD genes like 

APOE4 and SORL1 have been the focus of most studies, the early-onset AD genes 

presenilin 1, presenilin 2, and amyloid precursor protein are also neurodevelopmental genes 

that may cause similar abnormalities19,20. . Consistent with a trajectory model, AD-

associated genetic and epigenetic alterations contribute not only to the molecular pathology 

of AD but also cause aberrant structural and functional development that may make the 

brain anatomically susceptible to AD.

Childhood Intellect & Learning Disabilities

Here we discuss studies of innate intellect or learning disabilities, as opposed to educational 

levels, and late-life AD risk. Higher education has been consistently associated with reduced 

risk for AD in many cross-sectional and longitudinal studies, and two recent meta-analyses 

both found that the incidence of AD is inversely proportional to level of education21, 22. Full 

discussion of this extensively studied topic3 is beyond the scope of this review and thus 

studies on education and AD risk were not included in the final list of studies, but the 
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mechanisms of the protective effects of education are discussed in the discussion section in 

the context of childhood SES.

Native intelligence may influence risk for AD. In a population-based, case-control study, 

participants rated their childhood school performance; “below average” performance was 

correlated with a fourfold higher incidence of AD23. Similarly, two longitudinal studies of 

adolescent handwritten memoirs from cloistered nuns found that lower idea density in the 

memoirs predicted greater neurofibrillary tangle and senile plaque pathology at autopsy and 

an increased incidence of clinical diagnosis of AD24, 25. There was no association between 

grammaticality and AD, indicating that the effect of idea density on AD pathology is 

unrelated to general writing ability developed in school.

For people with atypical neurodevelopmental trajectories, developmental or acquired 

alterations in the language network may lead to selective vulnerability of the language 

cortex to neurodegenerative pathology in later life26. Four studies have examined the 

association of developmental learning disabilities and specific types of dementia, 

particularly the atypical AD variant of logopenic-type primary progressive aphasia (PPA). 

Logopenic PPA from AD has the same molecular pathology as hippocampal (“typical”) AD 

and is affected by the same early life risk factors; we discuss it specifically in this section 

because a history of learning disability appears to predispose individuals not just to AD 

pathology but also to the unique anatomical involvement and clinical presentation seen in 

logopenic PPA from AD.

Cross-sectional Studies—In a study of over 600 subjects from the Northwestern 

Alzheimer’s Disease Center registry, 16% of the 108 individuals with PPA (of any type) and 

32% of their first degree family members answered affirmatively to having a history of 

learning disability27. These frequencies were significantly higher than those noted in control 

subjects without AD, subjects with typical amnestic AD and subjects with behavioral variant 

FTLD. Among the families of PPA probands, remarkable clusters of learning disabilities, 

particularly developmental dyslexia, were noted.

A second study used a more specific breakdown of the type of PPA, with imaging-supported 

classification11. Specifically, 8% of all PPA subjects from the University of California San 

Francisco Memory and Aging Center had self- or informant-based report personal history of 

delay in speaking or reading at baseline medical interview. This was driven by a particularly 

high prevalence (25%) in the 48 subjects with logopenic PPA. This finding is important 

because although logopenic-type PPA is often caused by underlying FTLD pathology, it is 

frequently associated with AD pathology28. Logopenic PPA subjects with learning disability 

were younger at onset and showed atrophy in the areas affected by developmental dyslexia 

(posterior middle and superior temporal gyri).

The authors of the initial study demonstrating higher rates of self-reported LD in people 

with PPA recently published a follow-up study using pathology-supported diagnoses to 

attempt to address the question of whether PPA patients reporting prior LD in fact had AD 

or FTLD pathology. The results showed both AD and FTLD pathology were represented 

equally in the PPA patients reporting childhood LD, suggesting that the relationship between 
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LD and neurodegenerative disease is not specific to neurodegeneration due to AD.29 One 

major caveat is that this study used family history as the proxy for LD; although LD does 

run in families, a family history of LD does not equate with a personal history of LD.

Finally, our group recently compared the frequency of self-reported learning disabilities in 

68 typical AD cases, vs. 17 atypical AD cases (Posterior Cortical Atrophy or PCA, 

Logopenic type PPA, and Dysexecutive AD; we demonstrated a 13-fold higher risk of self-

reported LD in the atypical group, after adjusting for demographics and disease severity30. 

The type of learning disability was different for PPA vs. PCA cases.

In summary, native intellect, including atypical neurodevelopment as seen in learning 

disabilities, likely predisposes either to AD risk/resilience or to atypical phenotypes of AD. 

The factor(s) that determine which people with learning disabilities develop atypical 

dementias remain unknown. However, it is striking that the types of learning disabilities 

may in fact segregate with subtypes of AD phenotypes; this would be consistent with latent 

model in which early changes in a specific anatomical region predispose to AD pathology in 

that region, rather than serving as a systemic risk factor.

Early Life Socioeconomic Status

Several studies have examined the association between early life SES and incidence of late-

life AD; markers of early life SES include place of birth, literacy and education, sibship size, 

birth order, and parental occupation and education. Though multiple studies agree that a 

lower early-life SES is associated with reduced late-life cognitive ability, evidence for an 

association with late-life AD is equivocal. In general, SES would be expected to influence 

late-life AD risk via a social trajectory model as early SES has a major impact on adult 

health and cognition31.

Cross-sectional Studies—Various cross-sectional studies have reported that early 

residence, parental occupation, and sibship size increase risk for AD, though these factors 

interact with education level and the APOE4 genotype. In 2,212 African Americans 65 years 

of age or older drawn from a community-based prevalence study of AD from 29 census 

tracts in Indianapolis, the combination of living in a rural residence and having less than six 

years of schooling had the strongest effect size in increasing risk for AD32. The authors 

concluded that low education serves as a marker for other factors related to low SES that 

may increase risk for AD in late-life. In a case control study of over 700 participants of the 

Genetic Differences in AD study from the University of Washington Alzheimer’s Disease 

Patient Registry, subjects with a higher sibship size or a father in a manual occupation had a 

higher risk for AD but the effect was only significant in the presence of APOE433. In a 

community-based, case control study of over 700 individuals recruited from a health 

maintenance organization in the Seattle region, area of residence before age 18 years and 

number of siblings were associated with clinical or pathological diagnosis of AD34.

Longitudinal Studies—In contrast to the cross-sectional studies demonstrating possible 

links between childhood SES and AD risk, two longitudinal studies with approximately five 

to six years of follow-up showed associations between early life SES and overall late-life 

cognitive capacity but not rates of AD dementia35, 36. In a population of Chicago adults, a 
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combined measure of parental education, occupation, and financial status showed a small 

but significant association with cognitive testing at age 65 or older in a population of 

Chicago adults35. In a study of Catholic clergy members, the socioeconomic level of the 

participants’ birth county and household correlated with late-life cognitive function; 

however, there was no association with the development of AD in either study36.

Early SES may influence late-life cognitive function through its effects on adult brain 

anatomy and cognition. Individuals with lower childhood SES have smaller hippocampi by 

volumetric MRI37 and one prospective cohort study demonstrated that higher adult reading 

level predicted a larger discrepancy between evidence of AD at pathology and late-life 

cognitive testing and thus greater resilience to AD38. Reading level accounted for the effects 

of early life SES, implying that the effect of childhood SES on clinical AD may be mediated 

indirectly through adult cognition.

Together, these studies suggest three conclusions. First, some studies have demonstrated a 

link between childhood SES and late-onset AD, though other results are inconsistent. 

Second, APOE4 status and other biological risk factors may be critical determinants of the 

effects of early SES on AD risk. Finally, early SES has been consistently shown to be 

associated with cognition, brain anatomy and SES in adulthood; any effects of early SES on 

later AD may thus be mediated through the adult milieu consistent with a trajectory 

model39. The potential relationship between early life SES and pathologically defined AD, 

partly addressed in only one study34, requires further exploration.

Body Growth & Development

Of all the childhood risk factors for AD, early life body growth has been studied the most 

extensively. Adult anthropomorphic measures of early life body development such as leg 

length, height, head circumference and digit ratios are markers of early life nutrition 

influenced by a host of early environmental factors, including hormonal exposure, and have 

been associated with late life cognitive outcomes including clinical diagnoses of AD. As 

optimal body and brain development is achieved during specific periods of childhood and 

adolescence40, the effects of body growth on brain size, cognitive reserve, and ultimate 

symptomatology of AD are best described with a critical window model.

Cross-sectional Studies Included in the Analysis—Most cross-sectional studies 

suggest that smaller cranial and body measurements are associated with increased risk for 

AD. In 746 Koreans aged 65 or over, shorter arm and leg length were independently 

associated with clinical diagnosis of both vascular dementia and AD, but only in women41; 

in a similar sample, arm length but not body height was associated with cognitive function 

and clinical diagnosis of AD dementia in both genders42 In a convenience sample of 28 

women with clinical diagnosis of Probable AD attending an outpatient memory disorders 

clinic in New York, lower intracranial area measured on CT scan in adulthood was 

associated with earlier age of onset of symptoms43. In a large, ethnically diverse, 

population-based sample from the Northern Manhattan Aging Project, subjects in the 

smallest quintile of head circumference had a higher risk for prevalent Probable or Possible 

AD44. Head circumference was not associated with educational attainment or premorbid 

Seifan et al. Page 6

Neuroepidemiology. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cognitive capacity. Interestingly, in a small study of 20 adults diagnosed with AD and 20 

controls, digit ratio - a marker of prenatal testosterone and estrogen exposure - was 

associated with AD risk, with opposite patterns for males vs. females (higher digit ratios in 

AD males and lower digit ratios in AD females)45. Finally, high childhood BMI and 

concomitant insulin resistance increases circulating levels of the AD-associated proteins 

amyloid-beta 42 and presenilin-1, suggesting a molecular link between childhood 

metabolism, body measurements, and later AD46.

Longitudinal Studies—Results from the longitudinal studies largely agree with those of 

the cross-sectional studies. Two studies have associated shorter body height with increased 

incidence of AD: the Honolulu Asia Aging study found that AD was significantly more 

common in men 61 inches or shorter in over 3000 Japanese men47, and the Israeli Ischemic 

Heart Disease Study found increased risk of AD in individuals with shorter stature48. Other 

longitudinal studies have focused on more specific measurements., while in the 

Cardiovascular Health Cognition Study of Medicare recipients the participants in the lowest 

quartile of arm span had increased risk of incident clinical AD49. Effects were not mediated 

by education, income or self-reported health.

Though most of these studies indicate that reduced body measurements may predispose to 

AD, a few studies either qualify or disagree with these results. In 215 men and women aged 

66–75 years from England whose head circumference had been recorded at birth and as 

adults, people who had a larger head circumference as an adult, but not at birth, were less 

likely to show decline over a 3.5 year period in immediate and delayed recall on the Logical 

Memory test50. Although diagnosis of AD was not made in this study, impaired delayed 

recall is specifically associated with AD. Similarly, a study of 674 subjects with normal 

cognition, amnestic MCI, or AD found that increased intracranial volume attenuated the 

impact of cortical atrophy from AD on cognition51. Though body measurements are 

presumably determined in early life, it is possible that growth in adolescence and young 

adulthood contributes to adult body measurements and the risk for AD. Finally, three other 

studies showed no association between intracranial volume measurements and clinical 

diagnosis or age of onset of AD52–54.

Interactions with APOE genotype, gender and other factors may explain some of these 

discrepancies (although one study showed no interaction with genotype)44. Among a cohort 

of 1859 Japanese Americans living in Washington, followed prospectively for six years, 

developmental risk factors were associated with incident AD in APOE4 positive individuals, 

whereas vascular risk factors were more important for APOE4 negative individuals55. In 59 

incident cases of probable AD identified from 1,869 individuals, the combination of low 

head circumference and APOE4 4 strongly predicted earlier onset of AD56.

Taken together, a few consistent and interesting findings emerge from the literature of early 

life body growth and dementia. There appears to be an association between early life 

markers of childhood body growth (height, arm length, leg length, head circumference) and 

clinical diagnosis of AD in some studies and the effect of body growth on AD risk likely 

follows a critical-window model. This association appears partly independent of education 

but may interact with gender, APOE status and handedness. Importantly, the relationship 
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between early life body growth and pathologically defined AD has not been demonstrated 

and will be an important area of further research.

Childhood Adversity

Childhood adversity includes abuse and neglect, parental mental illness, substance abuse, 

criminal behavior, and domestic violence, as well as parental loss and divorce, childhood 

physical illness, and family economic adversity. Although the negative effect of childhood 

adversity on adult cognition and brain structure is well-established57, few studies have 

examined the relationship between exposure to childhood adversity and cognitive decline or 

dementia due to AD. Currently, only one study relates childhood adversity to clinical or 

pathological diagnosis of AD. In a population-based study of over four thousand older 

subjects in Utah, adults with who had suffered maternal death from eleven to seventeen 

years old were twice as likely to develop AD58. Though it did not study AD specifically, the 

Israel Heart Disease cohort study similarly demonstrated that the risk for incident dementia 

(of any type) was increased in individuals who reported experiencing parental death in 

childhood as compared to parental death in adulthood, particularly for individuals who 

experienced the event at a younger age in childhood59. In contrast, one study showed 

different relationships between childhood adversity and cognitive decline in African 

Americans and Caucasian, over a follow-up of 16 years60. The effects of childhood 

adversity on AD may follow a latent exposure model: initial sequelae of childhood trauma, 

such as reduced hippocampal size, would subsequently be exacerbated in the presence of 

late-life stressors and risk factors. Effects will likely depend upon the particular timing of 

the event during childhood.

Discussion

As shown in Figure 3, several early life factors have been associated with increased risk of 

clinical diagnosis of AD through their impact on adult brain structure. Table 1 shows the 

number of studies included in this review segregated by risk factor category. Below, we will 

briefly review the evidence and mechanistic model of risk of each of the early life exposures 

that are summarized in Table 2.

Genetics may influence AD risk by altering the developmental trajectories and ultimate 

adult connectivity of functional brain networks. As discussed above, these networks show 

structural and functional abnormalities as early as childhood, suggesting that their 

pathological trajectories may influence cognitive health long before the appearance of 

dementia. In addition, epigenetic modifications may play a significant role in AD pathology; 

recent studies in humans have identified multiple genes methylated in AD that are linked to 

PTK2B, a regulator of hippocampal synaptic function91. Consistent with the concept of 

selective vulnerability, in which the developmental history of a brain region determines the 

course of its later degeneration, these modified functional networks will be particularly 

vulnerable to late-life neurodegeneration92.

Developmental learning disabilities and low native intellect may act as latent risks for 

different phenotypic variants of neurodegenerative disease. Dyslexia is present in 7% of the 

population87 and is thought to be caused by under-activity in the left temporal and occipital 
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regions during reading and abnormal activation of the left inferior frontal gyrus88,89, 90. In 

this review, we described three studies linking dyslexia to atypical neurodegenerative 

disease and proposed that dyslexia anatomically predisposes the brain to an atypical variant 

of AD that presents as logopenic PPA. It remains to be seen whether other types of LD 

(dyscalculia, e.g.) influence the anatomical involvement and clinical phenotype of 

neurodegenerative disease and better imaging methods will be required to examine whether 

congenitally-affected brain regions in people with specific LDs are indeed the first to be 

affected in late-life degeneration.

Evidence for an association between early life SES and AD is equivocal, though multiple 

cross-sectional studies have shown significantly increased AD risk in groups with low 

childhood SES. Study of SES is particularly challenging because of its close relationship 

with educational opportunities. Early life SES affects adult cognitive outcomes partly by 

influencing adult SES and education levels61–66, while unfavorable SES is an independent 

risk factor for AD67. Biologically, early life SES alters telomere attrition rates and 

hippocampal volumes37, 68 and low childhood SES is a risk factor for stroke69. In addition, 

education increases cognitive and brain reserve; higher education has been associated with 

increased cortical thickness in the temporal lobe70, as well as lower CSF tau concentrations 

in patients with amnestic MCI71. Importantly, education is partially separable from other 

risk factors: though education may determine adult SES, low education is an independent 

risk factor for AD72, 73. The effects of childhood SES are consistent with a trajectory model 

as SES may determine the later educational, cognitive, and neuroanatomical path of the 

individual and ultimately lead to the development of AD.

The relationship between body measurements, physiologic variables like brain size and 

nutrition, and late-life AD are complex. Though this may be due to increased brain reserve81 

(and cognitive reserve), other causal mechanisms are likely at work. Small head size and 

susceptibility to AD may share genetic influences, or small head size may reflect 

environmental exposures that increase risk of AD independently of brain size. Importantly, 

the critical window for nutrition is during pregnancy and the first two years of life82 and 

chronic undernutrition affects about 165 million children worldwide (primarily in Sub-

Saharan Africa and South Asia)83. Anthropomorphic measurements of body growth are thus 

markers of early nutritional status. Neurobiologically, undernutrition can delay the rate of 

cell division; myelination is especially vulnerable to even moderate undernourishment and 

the resulting hypomyelination can permanently affect the brain even after nutritional 

restoration84. Metabolically, IGF-1 levels were recently related to incident AD85 and may be 

altered by suboptimal nutrition and subsequent insulin resistance86. Further research on the 

mechanisms and reliability of anthropomorphic measurements as proxies for critical 

developmental windows on brain reserve and AD risk is necessary.

Effects of childhood adversity on brain and behavior are remarkably timing-specific74, so a 

critical window model applies best. Exposure to childhood adversity is surprisingly 

common; 73% of respondents in one study reported exposure to at least one adversity75. 

One longitudinal study has shown a clear association between childhood adversity and AD, 

and others have linked adversity and all-cause dementia. The effects of adversity may be 

mediated by chronic stress, increased vulnerability to neurodegeneration, cellular senescence 
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via shortened telomere length76, 77, or ineffective coping strategies such as tobacco use and 

alcoholism69, 78.. Exposure to childhood adversities also increases the risk of heart disease, 

stroke, and diabetes, all of which are risk factors for AD79, 80

Several methodological challenges preclude our ability to draw clear associations between 

early life factors and AD risk. Almost all studies relied on clinical diagnosis of AD using 

NINDCDS/NINDS criteria rather than neuropathological diagnosis. These criteria only 

detect 81% of pathologically confirmed cases of AD and are only 70% specific93 as AD 

dementia is associated with multiple underlying pathologies including amyloidopathy, 

cerebrovascular disease, synucleinopathy, and TDP-4394. Also, very few studies used an a 

priori approach to test mediating adult life mechanisms of early life factors and instead 

relied on self-report and indirect measures. Few studies were prospective and survival bias 

was prominent because early life factors may cause selective attrition of weaker individuals. 

Early life factors may explain the poorly understood phenomenon of phenotypic 

heterogeneity in AD. The typical, late-onset phenotype of AD begins with amnestic 

symptoms that correlate with neurofibrillary pathology in lateral entorhinal cortex. Atypical 

phenotypes of AD (posterior cortical atrophy and logopenic-type primary progressive 

aphasia), begin with non-amnestic symptoms and neurofibrillary pathology in non-

hippocampal structures95. The varying susceptibility of different brain networks to AD 

pathology in different individuals may relate to the concept of selective vulnerability, which 

posits that the brain networks that developed least optimally during early life are among the 

first to degenerate during late life92. Intriguingly, AD preferentially affects the 

evolutionarily newest regions of the human brain (higher order association cortex)96 and the 

neurofibrillary neurodegeneration of AD seems to spread in reverse order to that of cortical 

myelination, beginning in the neurons which are the last to myelinate and the most poorly 

myelinated97. Because myelination is mostly finished by young adulthood, this may have 

implications for primary prevention.

There are myriad challenges challenges for future investigation of the relationship between 

early life factors and AD risk. The prevalence of childhood risk factors, particularly in 

children at genetic risk for AD, requires more accurate measurement and interactions 

between exposures and genetic risk for AD remain unclear. Though some mechanisms by 

which early life factors influence late life cognitive outcomes are partially understood and 

are discussed above, detailed molecular and anatomic pathophysiology has yet to be 

described. Timing effects, particularly during critical windows of brain development such as 

adolescence, and ongoing identification of gene candidates for learning disabilities represent 

particularly important opportunities for exploration. Finally, more epidemiological studies 

need to incorporate pathological endpoints as pathology can both confirm the clinical AD 

diagnosis and reveals much about the anatomical specificity of these myriad early life 

exposures.

Careful epidemiology, linking well-measured exposures to pathologically defined dementia 

outcomes, may provide clues as to how the brain systematically degenerates during AD and 

other dementias. Ideally, a better understanding of the lifelong time-course of AD may lead 

to preventative interventions delivered during critical life stages; the availability of 

biomarkers to detect Preclinical AD holds particular promise in this regard. Ultimately, 
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identification of early life, causative risk factors for AD, especially in at-risk individuals 

such as those with family history of dementia, will help reduce the global burden of 

disability from dementia.
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Figure 1. 
Models of early life risk factors for AD.
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Figure 2. 
Histogram showing number of included studies assessing early life risk factors.
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Figure 3. 
Conceptual model of relationship between early-life risk factors and adult AD pathology. In 

this model, genetically and environmentally influenced childhood brain structure determines 

adult brain structure and vulnerability. Subsequently, cumulative age-related brain 

pathologies (including cerebrovascular disease, synucleinopathy and TDP-43) and other 

adult risk factors influence when and whether neurodegeneration begins in the selectively 

vulnerable region. Interventions to address childhood risk factors for AD would work by 

influencing childhood brain development.
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Table 2

Mechanistic models describing the effects of early life risk factors on ad risk

Risk Factor Model Mechanism

Childhood SES Trajectory Gradual accrual of risk or protection over time

Body Growth Critical Window Timing-specific risk or protection

Intellect & Learning
Disability

Latent Initial factor unmasked by a later factor

Genetics Trajectory Initial factor determines later development

Childhood Adversity Latent Initial factor unmasked by a later factor
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