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Abstract: With the aging of the U.S. population, the number of cognitively disabled persons is
expected to substantially increase in coming decades, underscoring the urgent need for effective
interventions. Here, we review the current evidence linking psychosocial factors to late-life cognitive
loss and consider the study design needed to illuminate the biologic bases of the associations. We then
examine an ongoing study that includes several of the key design elements, the Rush Memory and
Aging Project. In this longitudinal clinical-pathological cohort study, indicators of personality, social
connectedness, and psychological well-being were shown to predict late-life cognitive outcomes.
Participants who died underwent a uniform neuropathologic examination to quantify common
dementia-related pathologies. Some psychosocial indicators were associated with cerebral infarction;
some indicators modified the association of neurodegenerative pathologies with cognitive loss;
and the association of some indicators with cognitive outcomes appears to be independent of the
pathologies traditionally associated with late-life dementia. These findings suggest that psychosocial
behavior influences late-life cognitive health through multiple neurobiologic mechanisms. A better
understanding of these mechanisms may lead to novel strategies for preserving cognitive health in
old age.
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1. Introduction

The age of the population of the United States and much of the rest of the world is projected to
increase in the coming decades. Without effective interventions, it is therefore likely that age-related
conditions will be more common. Dementia, which is characterized by progressive cognitive decline
and impairment in multiple cognitive domains [1,2], is robustly related to age. Although dementia is
known to occur before the age of 65, it is relatively rare. By contrast, among persons aged 85 years
or older, the fastest growing age group in the population, approximately 40% are estimated to meet
dementia criteria [3]. Because of this demographic shift, the number of people with dementia in
the United States is expected to double or triple by mid-century [3], representing a substantial
challenge to our health care system, even if the overall prevalence of late-life dementia is slightly
decreasing, as suggested by some epidemiologic data from the United States [4,5] and Europe [6].
These observations underscore the urgent need for interventions to help maintain cognitive functioning
in old age.

Most dementia reflects a mix of pathologic changes in the brain [7–11]. Those most commonly
seen during a postmortem examination of the brains of older persons include neuritic plaques,
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neurofibrillary tangles, Lewy bodies, transactive response DNA-binding protein 43 (TDP-43) pathology,
hippocampal sclerosis, cerebral infarcts, atherosclerosis, arteriolosclerosis, and cerebral amyloid
angiopathy. Dementia occurs toward the end of chronic disease processes that can be divided into
asymptomatic and symptomatic phases [12]. The symptomatic phase is thought to consist of gradually
accelerating cognitive decline and other subtle changes in behavior that precede the point at which
dementia criteria are met by approximately one [13,14] or two [15] decades. The asymptomatic phase
is thought to consist of the accumulation of neurodegenerative and vascular changes in the brain
over many years. Precursors of Alzheimer’s disease (AD), for example, have been identified during
a postmortem examination of the brains of young adults [16].

Research on cognition in old age has traditionally treated cognitive change within the normal
range as entirely distinct from cognitive change in the impaired range (i.e., MCI and dementia).
However, the long periods of cognitive decline preceding diagnoses of MCI and dementia [13–15]
underscore how difficult it is to separate the incipient stages of these conditions from normal
cognitive functioning. In addition, the neurodegenerative and cerebrovascular pathologies traditionally
associated with MCI and dementia have been shown to be robustly related to incipient mild changes
in cognition [17–19]. Therefore, on the basis of current evidence, we think it is more parsimonious to
assume that the mechanisms underlying late life cognitive loss are broadly similar across the spectrum
of cognitive ability.

Although these age-related pathologic changes in the brain are thought to be the main drivers
of late-life dementia and cognitive decline, it has long been recognized that the correlation of these
pathologies with variability in late-life cognitive functioning is imperfect [20]. For example, recent
studies suggest that dementia-related pathologies account for less than half of the variance in late-life
cognitive decline [18,19]. These modest cognitive-pathologic correlations suggest that factors other
than dementia-related pathologies are contributing to the risk of late-life dementia.

A wide range of demographic, genetic, medical, and experiential measures have been associated
with the risk of dementia. The focus of this article is on the psychosocial aspects of life experience,
including personality traits, psychological traits, and social connectedness. Specifically, we will
examine the current knowledge on the association of psychosocial behaviors with late-life cognitive
health, consider how advances in study design and operations might address gaps in current
knowledge, and briefly describe findings from an ongoing longitudinal clinical-pathologic cohort
study that includes several of these design and operational components, the Rush Memory and Aging
Project [21,22].

2. Psychosocial Factors and Cognition

2.1. Big Five Personality Traits

In the past 15 years, observational studies have examined associations between the big five
personality traits and cognition in old age. Perhaps the most investigated trait has been neuroticism.
Individuals differ in their proneness to experience psychological distress (in the form of negative
emotions such as depression and anxiety). This trait, variously referred to as neuroticism [23], emotional
instability [24], and negative affectivity [25], is included in most typologies of personality. Although
some change in the trait has been observed during adulthood, possibly in response to negative life
events [26,27], it is generally quite stable, with six-year test-retest correlations approaching unity in one
study [28]. Therefore, the level of the neuroticism trait in old age provides an indicator of the cumulative
level of psychological stress experienced across the life span. A higher level of neuroticism has been
associated with adverse cognitive outcomes, including an increased risk of mild cognitive impairment
(MCI) [29] and dementia [30–34], and a more rapid rate of cognitive decline [35–39]. Some studies
have not observed an association of neuroticism with cognitive outcomes [40,41], perhaps reflecting
methodological factors [42], but also suggesting that the magnitude of the association may be modest.
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The neuroticism trait is robustly associated with the future occurrence of negative emotions such
as depression [43]. Many studies have examined the relation of depressive symptoms to subsequent
cognitive outcomes, with most results supporting an association with the risk of dementia. Thus,
a higher level of depressive symptoms has been associated with a higher incidence of dementia [44–47]
and MCI [48,49], and a more rapid rate of cognitive decline [44,50,51], with dual change models
suggesting that the association is mainly due to depressive symptoms predicting subsequent changes
in cognition [52]. In addition, individuals with a clinical diagnosis of depression are more likely
to develop dementia [53]. Although negative results have been reported, these have often been
contradicted by later studies of the same cohort or are attributable to methodological shortcomings [42].

Psychological distress can arise from exposure to stressors. However, the association between
exposure to psychosocial stressors and late-life cognitive health has not been extensively investigated
and results have been inconsistent. The strongest evidence for an association comes from a Scandinavian
study that assessed psychological stress with a single question. A higher level of stress at midlife
predicted a higher risk of dementia in old age after controlling for chronic psychological distress [54].
A link between negative life events and subsequent cognitive outcomes has been observed in some
studies [55,56], but other studies have found mixed [57] or no [58,59] evidence of an association.

Another approach has been to quantify psychological stress in the workplace. An initial study found
that higher work-related stress, as indicated by low job control and high job demands, was associated
with a higher risk of late-life dementia [60]. However, support for this finding has been mixed in
subsequent research [61,62].

In animal models, chronic stress is associated with functional and structural changes in the brain,
particularly the limbic-hypothalamic-pituitary-adrenal axis [63]. The hippocampal formation and
hippocampally mediated forms of learning and memory appear especially vulnerable [64]. Thus,
chronic psychological distress may gradually compromise memory systems so that relatively less
dementia-related pathology is needed to impair function in old age. In this regard, it is noteworthy that
chronic anxiety and depression have been associated with decreased dendritic arborization in the CA3
subfield of the hippocampus [65], a prominent finding in animals exposed to chronic stress [64,65].

There has been less research on the other four of the big five personality traits. A higher level of
conscientiousness, which refers to goal directedness and self-control, has been consistently associated
with slower cognitive decline [39,66,67] and a reduced risk of developing cognitive impairment [34]
and dementia [32,34,68]. Openness to experience denotes intellectual curiosity and interest in learning.
A higher level of the trait has been associated with a higher level of cognition [66] and reduced
cognitive decline [39,69]. Meta-analyses suggest a marginal association between openness and risk
of dementia [32,68]. Higher levels of extraversion [39] and agreeableness [39,68] have been linked to
better cognitive outcomes in some studies, but these associations have not been consistently observed.

2.2. Social Connectedness

Much human activity is devoted to social connections, and the brain is the “central organ for
forming, monitoring, maintaining, repairing, and replacing salutary connections with others” [70]. It is
not unreasonable to suppose, therefore, that different levels of social connectedness in old age might be
associated with cognitive health, and epidemiologic research has provided some support for this idea.

Several studies have asked persons to rate how often they engage in common social activities,
such as volunteering in community activities or visiting friends or relatives. In most [71–75], but not
all [76] of these studies, more frequent participation in late-life social activities has been associated
with better cognitive outcomes. The results for social network size have been mixed, with a larger
network size related to better cognitive outcomes in some studies [77,78], but not others [79,80].

Some of this inconsistency may reflect variation in the quality, rather than the quantity, of social
interactions. Thus in one study, it was not the size of social networks that predicted the subsequent
risk of dementia, but how satisfying and reciprocal they were [80]. Along similar lines, more frequent
negative social interactions, such as the unsolicited criticism of an individual or excluding an individual
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from a group activity, have been associated with adverse health outcomes such as depression [81–83]
and disability [84,85]. The relation of negative social interactions to late-life cognitive health has not
been extensively investigated, but one study found more frequent negative social interaction to be
related to an increased risk of developing MCI [59]. This association appeared to be mainly due to the
correlation of negative social interactions with a lower level of cognition, rather than with a faster rate
of cognitive decline. It also may be that satisfying interactions tend to be cognitively stimulating and
thereby benefit cognition [42].

Some of the inconsistent findings with objective measures of social connectedness may be because
they do not adequately capture the emotional dimension of connectedness. Individuals differ in how
connected they feel to others and this is only weakly related to more objective indicators of social
engagement. People who feel less connected to others (i.e., lonelier) experience more rapid cognitive
decline [86–89] and are more likely to develop dementia [90,91] than persons who feel more connected,
even after adjusting for objective indicators of social connectedness and depressive symptoms.

The neurobiologic basis of the association of loneliness with cognition in old age is not well
understood. Several factors associated with late-life loss of cognition, including an elevated blood
pressure, low physical activity, depressive symptoms, and sleep fragmentation, are also related to
loneliness [92–95]. Therefore, it may be that loneliness partly mediates these associations. Loneliness has
also been associated with neuroradiologic evidence of cortical amyloid burden [96], a neuropathologic
sign of AD, suggesting that loneliness might also be related to cognition through an association with
dementia-related pathology. In addition, loneliness is associated with alterations in gene expression,
including the increased activity of pro-inflammatory genes [97] that may compromise brain function.

2.3. Well-Being

Well-being is widely viewed as an essential component of healthy aging. Consistent with this idea,
a higher level of well-being has been associated with reduced morbidity [98–101] and mortality [102]
in longitudinal studies. However, the association of well-being with late-life cognitive health has not
been extensively studied.

An important early prospective study of well-being and cognition was based on 13 years of data
collected in the Berlin Aging Study [103]. In a dual change score model, a higher level of well-being
predicted less subsequent decline in perceptual speed. Further, the level of perceptual speed did
not predict the subsequent change in well-being, consistent with a previous longitudinal study [104].
However, a more recent study found evidence of a bidirectional relationship between well-being and
cognition [105].

These observations suggest that a higher level of well-being in old age is associated with better
cognitive health. However, the basis of the association is uncertain. It is possible that lower well-being
is partly a consequence of cognitive loss or that well-being somehow modifies the impact of age-related
brain pathologies on cognition. For example, positive emotions are hypothesized to broaden
thought-action repertoires; thereby building intellectual, social, and psychological resources [106]
and perhaps cognitive reserve. Alternatively, the mechanisms linking well-being with cognition may
be independent of common dementia-related pathologies. In addition, well-being is not a unitary
construct [107], and it is possible that dimensions of well-being are differentially related to late-life
cognitive functioning.

2.4. Methodologic Challenges

Any attempt to understand how a given psychosocial factor impacts late-life cognitive functioning
must confront substantial challenges. First, because it appears that incipient cognitive and neuropathologic
changes begin to appear prior to old age, a longitudinal study should enroll individuals early in the
life span, before these changes begin to occur. That is, to the extent that late-life cognition depends on
childhood experiences (e.g., early life cognitive ability [108], cognitive activity [109], and socioeconomic



Brain Sci. 2017, 7, 56 5 of 15

status [110,111]), the ideal longitudinal study would need to enroll individuals early in the life span to
account for all potential mechanisms and covariates.

A second challenge is that because the dementia syndrome has such a chronic course with the onset
of its asymptomatic and symptomatic phases difficult to identify, it can be hard to distinguish a risk
factor from a prodromal manifestation of dementia. This is particularly true for potentially modifiable
behavioral risk variables that are possible targets of interventions, such as psychosocial behaviors.
The most definitive way to confront this issue is to conduct a uniform postmortem examination of the
brain to quantify dementia-related pathologies. If one or more of these pathologies are related to the
behavior in question, it is a potential disease manifestation. If the pathologic markers are not related to
the behavior in question, it is likely to be a risk factor. This approach is particularly important when
participants in a cognitive aging study are enrolled late in the life span.

Another challenge in research on cognitive reserve and dementia is that, as noted above, dementia
and MCI are usually the result of multiple pathologic processes, several of which cannot currently be
reliably identified without a detailed neuropathologic examination (e.g., microinfacts, Lewy bodies,
TDP-43). Thus, to quantify the full impact of these pathologies on cognition, a vital first step in
assessing cognitive reserve, a postmortem neuropathologic examination is of crucial importance. Such
an examination also allows for the possibility that cognitive reserve effects may vary across different
pathologic processes.

Another challenge in research on late-life cognition is accounting for the impact of impending
death. Much of late-life cognitive decline occurs in the last few years of life, with relatively little
cognitive loss preceding this terminal period [112–115]. Thus, it is difficult to model late-life cognitive
changes without knowing the time until death. Although dementia-related pathologies are associated
with both preterminal and terminal cognitive decline [17,18,116], a substantial portion of terminal
decline is not associated with these pathologies. It is quite possible, therefore, that cognitive reserve
may differentially relate to preterminal versus terminal cognitive change [117].

In summary, research on how psychosocial factors hasten or delay the development of late-life
dementia faces many challenges. The ideal study would enroll participants early in life; collect
longitudinal data on (psychosocial, genomic, and medical) risk factors, cognition, and biomarkers
until death; and conduct a uniform postmortem examination of the brain to quantify pathologies
traditionally associated with dementia and putative markers of neural reserve. To date, we are not
aware of scientific results from a study that includes all of these components, but there are studies that
incorporate some of these components. We will describe one such study, the Rush Memory and Aging
Project, and its findings to date on the psychosocial components of cognitive aging.

3. Rush Memory and Aging Project

3.1. Study Design and Operations

The Rush Memory and Aging Project is an ongoing longitudinal clinical-pathologic cohort study
that began in 1997 [21,22]. Eligibility is determined at the time of enrollment. Inclusion criteria are
age >50, agreement to annual clinical evaluations, and a brain autopsy and neuropathological
examination upon death. The only exclusion criterion is a prior clinical diagnosis of dementia.
Individuals are recruited from retirement communities, subsidized housing facilities, social service
agencies, and churches. After a presentation about the project, interested individuals discuss it further
with study staff, who obtain written informed consent and an Anatomic Gift act for the donation of
the brain, spinal cord, nerves, and muscle. The project was approved by the institutional review board
of Rush University Medical Center.

At the time of enrollment and annually thereafter, participants undergo a uniform clinical
evaluation that includes an assessment of the possible risk factors, structured medical history,
neurological examination, and detailed cognitive and motor testing. On the basis of this evaluation,
an experienced clinician diagnoses MCI, dementia, AD, and other common chronic conditions of
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old age. Clinical classification at each annual evaluation is done blinded to all previously collected
data. As a result, incident diagnoses (i.e., MCI, dementia) and the change in cognitive function are
relatively independent outcomes, and analyses of cognitive change can be used to validate the clinical
classification system [118].

At death, the brain is removed and examiners, blinded to all clinical data, follow a standard
protocol for preserving and sectioning the tissue and quantifying the pathologic findings [119,120].
Slabs are visually examined for gross infarcts. Nine regions in one hemisphere are examined for
microscopic infarcts with 6-µm sections embedded in parafin and stained with hematoxilyn and
eosin [121]. Cerebral atherosclerosis is rated on a six-point scale based on a gross inspection of the
anterior, middle, and posterior cerebral arteries at the circle of Willis; cerebral arteriolarsclerosis is
rated on a six-point scale based on a microscopic examination of sections from the anterior basal
ganglia [122]. Cerebral amyloid angiopathy is based on ratings of amyloid deposition on meningeal
and parenchymal vessels from four neocortical regions [123].

Beta-amyloid plaques and tau-tangles are assessed in eight brain regions using immunohistochemistry
and computer-assisted sampling, with regional scores averaged to yield composite measures [124].
Lewy bodies are identified in six brain regions using monoclonal antibodies to alpha-synuclein [125].
Severe neuronal loss in the pyramidal cell layer of the subiculum or any hippocampal subfield is classified
as hippocampal sclerosis [126]. TDP-43 pathology is assessed in six brain regions using monoclonal
antibodies to phosphorylated TDP-43 [127] that stains pathologically phosphorylated TDP-43, but not
normal nuclear TDP-43 [126,128].

Enrollment in the Rush Memory and Aging Project is ongoing. As of 1 March 2017, 1895 individuals
had enrolled and completed the initial clinical evaluation (mean age at baseline = 80.0, SD = 7.6,
range: 60–99). A total of 1664 persons had completed at least one follow-up evaluation (96.6% of
1722 eligible survivors), with a mean of 7.5 completed annual evaluations per participant (SD = 3.9; range:
2–20). To date, 610 persons have developed incident MCI and 391 have developed incident dementia.
There have been 788 deaths. Of these, 661 have had a brain autopsy (83.9%) followed by a uniform
neuropathologic examination.

In summary, the Rush Memory and Aging Project includes all of the design and operational
features that are standard for an analytic epidemiologic cohort study of incident disease, and nested
within the study is organ donation. This provides a useful platform from which to investigate the
neurobiological mechanisms linking psychosocial behavior with cognitive functioning in old age.
Although participants are not enrolled in early life, they all undergo a life course interview and agree
to organ autopsy and detailed neuropathological examination at death. Importantly, this allows
for testing whether risk factors are related to cognition/dementia through a direct association with
dementia-related pathologies, as might be expected for a traditional risk factor or in the case of reverse
causation; by somehow modifying the association of neuropathological burden with cognition; or by
some mechanism that is independent of the pathologies traditionally linked with cognitive aging and
dementia. Details of all variables obtained in the study can be found at [129].

3.2. Psychosocial Research

The Rush Memory and Aging Project assesses a range of psychosocial behaviors and many of
these behavioral measures have been associated with the subsequent rate of cognitive decline, risk
of incident cognitive diagnoses (i.e., MCI, dementia), or both. These include anxiety-related traits
(i.e., neuroticism [130,131], especially anxiety and vulnerability facets [132], and harm avoidance [133]),
conscientiousness [134], state measures of psychological distress (i.e., depressive symptoms [135]),
social [136,137] and emotional [136] isolation, and purpose in life [138].

Despite these links between psychosocial behavior and late-life cognitive health, for the most part,
psychosocial measures have not been correlated with neuropathologic changes traditionally associated
with dementia in old age. Exceptions are that a higher level of the harm avoidance trait [139] and
lower level of the well-being dimension of purpose in life [140] have been associated with a higher
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likelihood of cerebral infarction. However, infarcts appear to account for a relatively small proportion
of late-life cognitive variability [18,19], making it unlikely that infarcts mediate much of the association
of these measures with cognition. It is notable that these clinical-pathologic studies have not found
evidence that psychosocial measures (including neuroticism [130], harm avoidance [133], depressive
symptoms [133], depressive disorder [141], loneliness [136], and purpose in life [142]) are related to
common markers of neurodegeneration, including neuritic plaques, neurofibrillary tangles, Lewy
bodies, TDP-43, and hippocampal sclerosis. These data do not support the reverse causality hypothesis.
That is, it does not appear that psychosocial measures predict dementia because they are early signs
of the disorder. This conclusion is also consistent with evidence from the Rush Memory and Aging
Project and the Religious Orders Study that there is not an uptick in depressive symptoms preceding
the diagnosis of dementia [133,143].

If psychosocial behavior is not strongly associated with dementia-related pathology, why is it
related to dementia? One possibility is that it may somehow modify the deleterious association of
pathology with cognition. Thus, in one report, the association of the neurofibrillary tangle density with
a lower level of cognition proximate to death was reduced in individuals with larger social networks
compared to those with smaller networks [144]. In a later report, the association of tangles with both
a level of cognitive function and rate of cognitive decline proximate to death was reduced in persons
with high levels of purpose in life compared to those with low levels of purpose [142]. These results
suggest that the negative impact of an important component of Alzheimer’s disease pathology on
cognition may be partly conditional on aspects of psychosocial behavior.

How psychosocial behavior might modify the brain’s response to gradual neurodegenerative
changes is uncertain. One possible mechanism is through gene expression. Loneliness has been
associated with the expression of inflammatory genes in peripheral leukocytes [97]. In a recent report,
loneliness was associated with differential transcriptome expression in the nucleus accumbens,
suggesting gene networks and regulatory mechanisms that might play a role in the association
of loneliness with late-life cognitive health [145].

In addition to neuropathologies, we are also investigating the role of molecular and structural
components of the neural elements that subserve cognition. For example, we found that select
presynaptic proteins [18,146], neural density in the locus ceruleous [147], and the expression of brain
derived neurotrophic factor [148] were all related to cognition. In one study, we found that depressive
symptoms, purpose in life, and social isolation were related to cognitive decline, controlling for both
neuropathologies and neuronal density in the locus [149]. These data suggest that the locus neuron
density is not responsible for the effects of these psychosocial factors.

3.3. Future Directions

Current evidence supports the hypothesis that psychological and social experiences contribute to
cognitive health in old age, but the underlying mechanisms remain uncertain. Although psychosocial
factors are directly related to some neuropathologic conditions, it seems more likely that psychosocial
factors work by contributing to changes in brain structure and function that modify how dementia-related
pathologies are clinically expressed. By incorporating organ donation into an analytic epidemiologic
cohort study, the study design of the Rush Memory and Aging Project offers unique opportunities to
interrogate a wide range of molecular factors as potential mediators. Over the past decade, we have
generated a wide range of molecular data including genome-, epigenome-, and transcriptome- wide
data, and are now generating proteomics and metabolomics data [150]. In the future, these data, along
with ante- and post-mortem neuroimaging [151], can be used to explore biologic mechanisms linking
psychosocial risk factors to cognitive decline, MCI, and dementia. It is possible that common mechanisms
will be found that underlie these associations and some of these mechanisms may serve as therapeutic
targets offering a means of slowing cognitive decline agnostic to brain pathologies [152].



Brain Sci. 2017, 7, 56 8 of 15

Acknowledgments: This research was supported by grants from the National Institutes of Health (P30AG10161,
R01AG15819, and R01AG17917) and the Illinois Department of Public Health.

Author Contributions: R.S.W. and D.A.B. devised the study concept and drafted and revised the manuscript.

Conflicts of Interest: The authors declare no conflict of interest. The funding sponsors had no role in the design
of the study; in the collection, analysis, or interpretation of the data; in the writing of the manuscript; or in the
decision to publish the results.

References

1. McKhann, G.; Drachman, D.; Folstein, M.; Katzman, R.; Price, D.; Stadlan, E. Clinical diagnosis of Alzheimer’s
disease: Report of the NINCDS/ADRDA Work Group under the auspices of Department of Health and
Human Services Task Force on Alzheimer’s disease. Neurology 1984, 34, 939–944. [CrossRef] [PubMed]

2. McKhann, G.M.; Knopman, D.S.; Chertkow, H.; Hymnan, B.T.; Jack, C.R., Jr.; Kawas, C.H.; Klunk, W.E.;
Koroshetz, W.J.; Manly, J.J.; Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease:
Recommendations from the National Institute of Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimer Dement. 2011, 7, 263–269. [CrossRef] [PubMed]

3. Hebert, L.E.; Weuve, J.; Scherr, P.A.; Evans, D.A. Alzheimer’s disease in the United States (2010–2050)
estimated using the 2010 Census. Neurology 2013, 80, 1778–1783. [CrossRef] [PubMed]

4. Satisabal, C.L.; Beiser, A.S.; Chouraki, V.; Chene, G.; Dufouil, C.; Seshadri, S. Incidence of dementia over
three decades in the Framingham Heart Study. N. Engl. J. Med. 2016, 374, 523–532. [CrossRef] [PubMed]

5. Langa, K.M.; Larson, E.B.; Crimmins, E.M.; Faul, J.D.; Levine, D.A.; Kabeto, M.U.; Weir, D.R. A comparison
of the prevalence of dementia in the United States in 2000 and 2012. JAMA Intern. Med. 2017, 177, 51–58.
[CrossRef] [PubMed]

6. Matthews, F.E.; Arthur, A.; Barnes, L.E.; Bond, J.; Jagger, C.; Robinson, L.; Brayne, C. Medical Research
Council Cognitive Function and Ageing Collaboration. A two-decade comparison of prevalence of dementia
in individuals aged 65 years and older from three geographical areas of England: Results of the Cognitive
Function and Ageing Study I and II. Lancet 2013, 382, 1405–1412. [PubMed]

7. Jicha, G.A.; Parisi, J.E.; Dickson, D.W.; Johnson, K.; Cha, R.; Ivnik, R.J.; Peterson, R.C. Neuropathologic
outcome of mild cognitive impairment following progression to clinical dementia. Arch. Neurol. 2006, 63,
674–681. [CrossRef] [PubMed]

8. Schneider, J.A.; Arvanitakis, Z.; Leurgans, S.E.; Bennett, D.A. The neuropathology of probable Alzheimer
disease and mild cognitive impairment. Ann. Neurol. 2009, 66, 200–208. [CrossRef] [PubMed]

9. Jellinger, K.A.; Attems, J. Prevalence of dementia disorders in the oldest-old: An autopsy study. Acta Neuropathol.
2010, 119, 421–433. [CrossRef] [PubMed]

10. Kovacs, G.G.; Milenkovic, I.; Wohrer, A.; Hoftberger, R.; Gelpi, E.; Haberler, C.; Budka, H. Non-Alzheimer
neurodegenerative pathologies and their combinations are more frequent than commonly believed in the
elderly brain: A community-based autopsy series. Acta Neuropathol. 2013, 126, 365–384. [CrossRef] [PubMed]

11. Kawas, C.H.; Kim, R.C.; Sonnen, J.A.; Bullain, S.S.; Trieu, T.; Corrada, M.M. Multiple pathologies are common
and related to dementia in the oldest-old: The 90+ Study. Neurology 2015, 85, 535–542. [CrossRef] [PubMed]

12. Monsell, S.E.; Mock, C.; Hassenstab, J.; Roe, C.M.; Cairns, N.J.; Morris, J.C.; Kukull, W. Neuropsychological
changes in asymptomatic persons with Alzheimer disease neuropathology. Neurology 2014, 83, 434–440.
[CrossRef] [PubMed]

13. Amieva, H.G.; Millett, M.L.; Orgogozo, J.M.; Peres, K.; Barberger-Gateau, P.; Jacqmin-Gadda, H.; Dartigues, J.F.
Prodromal Alzheimer’s disease: Successive emergence of the clinical symptoms. Ann. Neurol. 2008, 64,
492–498. [CrossRef] [PubMed]

14. Wilson, R.S.; Leurgans, S.E.; Boyle, P.A.; Bennett, D.A. Cognitive decline in prodromal Alzheimer disease
and mild cognitive impairment. Arch. Neurol. 2011, 68, 351–356. [CrossRef] [PubMed]

15. Rajan, K.B.; Wilson, R.S.; Weuve, J.; Barnes, L.L.; Evans, D.A. Cognitive impairment 18 years prior to clinical
diagnosis of Alzheimer’s disease dementia. Neurology 2015, 85, 898–904. [CrossRef] [PubMed]

16. Baker-Nigh, A.; Vahedi, S.; Davis, E.G.; Wintraub, S.; Bigio, E.H.; Klein, W.L.; Geula, C. Neuronal amyloid-ß
accumulation within cholinergic basal forebrain in ageing and Alzheimer’s disease. Brain 2015, 138, 1722–1737.
[CrossRef]

http://dx.doi.org/10.1212/WNL.34.7.939
http://www.ncbi.nlm.nih.gov/pubmed/6610841
http://dx.doi.org/10.1016/j.jalz.2011.03.005
http://www.ncbi.nlm.nih.gov/pubmed/21514250
http://dx.doi.org/10.1212/WNL.0b013e31828726f5
http://www.ncbi.nlm.nih.gov/pubmed/23390181
http://dx.doi.org/10.1056/NEJMoa1504327
http://www.ncbi.nlm.nih.gov/pubmed/26863354
http://dx.doi.org/10.1001/jamainternmed.2016.6807
http://www.ncbi.nlm.nih.gov/pubmed/27893041
http://www.ncbi.nlm.nih.gov/pubmed/23871492
http://dx.doi.org/10.1001/archneur.63.5.674
http://www.ncbi.nlm.nih.gov/pubmed/16682537
http://dx.doi.org/10.1002/ana.21706
http://www.ncbi.nlm.nih.gov/pubmed/19743450
http://dx.doi.org/10.1007/s00401-010-0654-5
http://www.ncbi.nlm.nih.gov/pubmed/20204386
http://dx.doi.org/10.1007/s00401-013-1157-y
http://www.ncbi.nlm.nih.gov/pubmed/23900711
http://dx.doi.org/10.1212/WNL.0000000000001831
http://www.ncbi.nlm.nih.gov/pubmed/26180144
http://dx.doi.org/10.1212/WNL.0000000000000650
http://www.ncbi.nlm.nih.gov/pubmed/24951474
http://dx.doi.org/10.1002/ana.21509
http://www.ncbi.nlm.nih.gov/pubmed/19067364
http://dx.doi.org/10.1001/archneurol.2011.31
http://www.ncbi.nlm.nih.gov/pubmed/21403020
http://dx.doi.org/10.1212/WNL.0000000000001774
http://www.ncbi.nlm.nih.gov/pubmed/26109713
http://dx.doi.org/10.1093/brain/awv024


Brain Sci. 2017, 7, 56 9 of 15

17. Wilson, R.S.; Leurgans, S.E.; Boyle, P.A.; Schneider, J.A.; Bennett, D.A. Neurodegenerative basis of age-related
cognitive decline. Neurology 2010, 75, 1070–1078. [CrossRef] [PubMed]

18. Boyle, P.A.; Wilson, R.S.; Yu, L.; Barr, A.M.; Honer, W.G.; Schneider, J.A.; Bennett, D.A. Much of late life
cognitive decline is not due to common neurodegenerative pathologies. Ann. Neurol. 2013, 74, 478–489.
[CrossRef] [PubMed]

19. Boyle, P.A.; Yu, L.; Wilson, R.S.; Schneider, J.A.; Bennett, D.A. Relation of neuropathology with cognitive
decline among older persons without dementia. Front. Aging Neurosci. 2013, 5, 50. [CrossRef] [PubMed]

20. Zhang, M.Y.; Katzman, R.; Salmon, D.; Jin, H.; Cai, G.J.; Wang, Z.Y.; Qu, G.Y.; Grant, I.; Yu, E.; Levy, P.
The prevalence of dementia and Alzheimer’s disease in Shanghai, China: Impact of age, gender, and education.
Ann. Neurol. 1990, 27, 428–437. [CrossRef]

21. Bennett, D.A.; Schneider, J.A.; Buchman, A.S.; Mendes de Leon, C.F.; Wilson, R.S. The Rush Memory and
Aging Project: Study design and baseline characteristics of the study cohort. Neuroepidemiology 2005, 25,
163–175. [CrossRef] [PubMed]

22. Bennett, D.A.; Schneider, J.A.; Buchman, A.S.; Barnes, L.L.; Boyle, P.A.; Wilson, R.S. Overview and findings
from the Rush Memory and Aging Project. Curr. Alzheimer Res. 2012, 9, 646–663. [CrossRef] [PubMed]

23. Costa, P.T.; McCrae, R.R. Revised NEO Personality Inventory (NEO-PI-R) and NEO Five-Factor Inventory
(NEO-FFI) Professional Manual; Psychological Assessment Resources: Odessa, FL, USA, 1992.

24. Goldberg, L.R. An alternative “description of personality”: The big-five structure. J. Personal. Soc. Psychol.
1990, 59, 1216–1229. [CrossRef]

25. Watson, D.; Clark, L.A. Negative affectivity: The disposition to experience aversive emotional states. Psychol. Bull.
1984, 96, 465–490. [CrossRef] [PubMed]

26. Jeronimus, B.F.; Ormel, J.; Aleman, A.; Penninx, B.W.; Riese, H. Negative and positive life events are
associated with small but lasting change in neuroticism. Psychol. Med. 2013, 43, 2403–2415. [CrossRef]
[PubMed]

27. Jeronimus, B.F.; Riese, H.; Sanderman, R.; Ormel, J. Mutual reinforcement between neuroticism and lefe
experiences: A five wave, 16-year study to test reciprocal causation. J. Personal. Soc. Psychol. 2014, 107,
751–764. [CrossRef] [PubMed]

28. Costa, P.T.; McCrae, R.R. Personality in adulthood: A six-year longitudinal study of self-reports and spouse
ratings on the NEO personality inventory. J. Personal. Soc. Psychol. 1998, 54, 853–863. [CrossRef]

29. Kuzma, E.; Sattler, C.; Toro, P.; Schonknecht, P.; Schroder, J. Premorbid personality traits and their course in
mild cognitive impairment: Results from a prospective population-based study in Germany. Dement. Geriatr.
Cogn. Disord. 2011, 32, 171–177. [CrossRef] [PubMed]

30. Wilson, R.S.; Barnes, L.L.; Bennett, D.A.; Li, Y.; Bienias, J.L.; Mendes de Leon, C.F.; Evans, D.A. Proneness to
psychological distress and risk of Alzheimer’s disease in a biracial community. Neurology 2005, 64, 380–383.
[CrossRef] [PubMed]

31. Wang, H.X.; Karp, A.; Herlitz, A.; Crowe, M.; Kareholt, I.; Winblad, B.; Fratiglioni, L. Personality and lifestyle
in relation to dementia incidence. Neurology 2009, 72, 253–259. [CrossRef] [PubMed]

32. Low, L.F.; Harrison, F.; Lackersteen, S.M. Does personality affect risk for dementia? A systematic review and
meta-analysis. Am. J. Geriatr. Psychiatry 2013, 21, 713–728. [CrossRef] [PubMed]

33. Johansson, L.; Guo, X.; Duberstein, P.R.; Hallstrom, T.; Waern, M.; Ostling, S.; Skoog, I. Midlife personality
and risk of Alzheimer’s disease and distress: A 38-year follow-up. Neurology 2014, 83, 1538–1544. [CrossRef]
[PubMed]

34. Terrracciano, A.; Stephan, Y.; Luchetti, M.; Albanese, E.; Sutin, A.R. Personality traits and risk of cognitive
impairment and dementia. J. Psychiatr. Res. 2017, 89, 22–27. [CrossRef] [PubMed]

35. Wilson, R.S.; Bennett, D.A.; Mendes de Leon, C.F.; Bienias, J.L.; Morris, M.C.; Evans, D.A. Distress proneness
and cognitive decline in a population of older persons. Psychoneuroendocrinol 2005, 30, 11–17. [CrossRef]
[PubMed]

36. Hagger-Johnson, G.E.; Shickle, D.A.; Roberts, B.A.; Deary, I.J. Neuroticism combined with slower and more
variable reaction time: Synergistic risk factors for 7-year cognitive decline in females. J. Gerontol. B Pscyhol.
Sci. Soc. Sci. 2012, 67, 572–581. [CrossRef] [PubMed]

37. Hock, R.; Lee, H.; Bienvenu, O.; Nestadt, G.; Samuels, J.; Parisi, J.; Costa, P.; Spira, A. Personality and
Cognitive Decline in the Baltimore Epidemiologic Catchment Area Follow-up Study. Am. J. Geriatr. Psychiatry
2014, 22, 917–925. [CrossRef] [PubMed]

http://dx.doi.org/10.1212/WNL.0b013e3181f39adc
http://www.ncbi.nlm.nih.gov/pubmed/20844243
http://dx.doi.org/10.1002/ana.23964
http://www.ncbi.nlm.nih.gov/pubmed/23798485
http://dx.doi.org/10.3389/fnagi.2013.00050
http://www.ncbi.nlm.nih.gov/pubmed/24058343
http://dx.doi.org/10.1002/ana.410270412
http://dx.doi.org/10.1159/000087446
http://www.ncbi.nlm.nih.gov/pubmed/16103727
http://dx.doi.org/10.2174/156720512801322663
http://www.ncbi.nlm.nih.gov/pubmed/22471867
http://dx.doi.org/10.1037/0022-3514.59.6.1216
http://dx.doi.org/10.1037/0033-2909.96.3.465
http://www.ncbi.nlm.nih.gov/pubmed/6393179
http://dx.doi.org/10.1017/S0033291713000159
http://www.ncbi.nlm.nih.gov/pubmed/23410535
http://dx.doi.org/10.1037/a0037009
http://www.ncbi.nlm.nih.gov/pubmed/25111305
http://dx.doi.org/10.1037/0022-3514.54.5.853
http://dx.doi.org/10.1159/000332082
http://www.ncbi.nlm.nih.gov/pubmed/22005607
http://dx.doi.org/10.1212/01.WNL.0000149525.53525.E7
http://www.ncbi.nlm.nih.gov/pubmed/15668449
http://dx.doi.org/10.1212/01.wnl.0000339485.39246.87
http://www.ncbi.nlm.nih.gov/pubmed/19153372
http://dx.doi.org/10.1016/j.jagp.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/23567438
http://dx.doi.org/10.1212/WNL.0000000000000907
http://www.ncbi.nlm.nih.gov/pubmed/25274849
http://dx.doi.org/10.1016/j.jpsychires.2017.01.011
http://www.ncbi.nlm.nih.gov/pubmed/28153642
http://dx.doi.org/10.1016/j.psyneuen.2004.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15358438
http://dx.doi.org/10.1093/geronb/gbr151
http://www.ncbi.nlm.nih.gov/pubmed/22367712
http://dx.doi.org/10.1016/j.jagp.2012.12.217
http://www.ncbi.nlm.nih.gov/pubmed/23759291


Brain Sci. 2017, 7, 56 10 of 15

38. Caselli, R.; Dueck, A.; Locke, D.; Henslin, B.; Johnson, T.; Woodruff, B.; Hoffman-Snyder, C.; Geda, Y. Impact
of Personality on Cognitive Aging: A Prospective Cohort Study. J. Int. Neuropsychol. Soc. 2016, 22, 765–776.
[CrossRef] [PubMed]

39. Luchetti, M.; Terracciano, A.; Stephan, Y.; Sutin, A. Personality and Cognitive Decline in Older Adults: Data
from a Longitudinal Sample and Meta-Analysis. J. Gerontol. B Psychol. Sci. Soc. Sci. 2015, 71, 591–601.
[CrossRef] [PubMed]

40. Wetherell, J.L.; Reynolds, C.A.; Gatz, M.; Pedersen, N.L. Anxiety, cognitive performance, and cognitive
decline in normal aging. J. Gerontol. B Pscyhol. Sci. Soc. Sci. 2002, 57, 246–255. [CrossRef]

41. Jelicic, M.; Bosma, H.; Ponds, R.; Van Boxtel, M.; Houx, P.; Jolles, J. Neuroticism Does Not Affect Cognitive
Functioning in Later Life. Exp. Aging Res. 2003, 29, 73–78. [CrossRef] [PubMed]

42. Hertzog, C.; Kramer, A.F.; Wilson, R.S.; Lindenberger, U. Enrichment effects on adult cognitive development:
Can the functional capacity of older adults be preserved and enhanced? Psychol. Sci. Pub. Int. 2009, 9, 1–65.
[CrossRef] [PubMed]

43. Kendler, K.; Kuhn, J.; Prescott, C. The interrelationship of neuroticism, sex, and stressful life events in the
prediction of episodes of major depression. Am. J. Psychiatry 2004, 161, 631–636. [CrossRef] [PubMed]

44. Wilson, R.S.; Barnes, L.L.; Mendes de Leon, C.F.; Aggarwal, N.T.; Schneider, J.S.; Bach, J.; Pilat, J.; Beckett, L.A.;
Arnold, S.E.; Evans, D.A.; Bennett, D.A. Depressive symptoms, cognitive decline, and risk of AD in older
persons. Neurology 2002, 59, 364–370. [CrossRef] [PubMed]

45. Ownby, R.L.; Crocco, E.; Acevedo, A.; John, V.; Loewenstein, D. Depression and risk for Alzheimer disease:
Systematic review, meta-analysis, and meta-regression analysis. Arch. Gen. Psychiatry 2006, 63, 530–538.
[CrossRef] [PubMed]

46. Byers, A.L.; Yaffe, K. Depression and risk of developing dementia. Nat. Rev. Neurol. 2011, 7, 323–331.
[CrossRef] [PubMed]

47. Barnes, D.E.; Yaffe, K.; Byers, A.L.; McCormick, M.; Schaefer, C.; Whitmer, R.A. Midlife vs late-life depressive
symptoms and risk of dementia. Arch. Gen. Psychiatry 2012, 69, 493–498. [PubMed]

48. Barnes, D.E.; Alexopoulos, G.S.; Lopez, O.L.; Williamson, J.D.; Yaffe, K. Depressive symptoms, vascular
disease, and mild cognitive impairment: Findings from the Cardiovascular Health Study. Arch. Gen. Psychiatry
2006, 63, 273–279. [CrossRef] [PubMed]

49. Geda, Y.E.; Knopman, D.S.; Mrazek, D.A.; Jicha, G.A.; Smith, G.E.; Negash, S. Depression, apolipoprotein
E genotype, and the incidence of mild cognitive impairment: A prospective cohort study. Arch. Neurol.
2006, 63, 435–440. [CrossRef] [PubMed]

50. Wilson, R.S.; Mendes de Leon, C.F.; Bennett, D.A.; Bienias, J.L.; Evans, D.A. Depressive symptoms and
cognitive decline in a community population of older persons. J. Neurol. Neurosurg. Psychiatry 2004, 75,
126–129. [PubMed]

51. Köhler, S.; van Boxtel, M.P.; van Os, J.; Thomas, A.J.; O’Brien, J.T.; Jolles, J.; Verhey, F.R.; Allardyce, J. Depressive
symptoms and cognitive decline in community-dwelling older adults. J. Am. Geriatr. Soc. 2010, 58, 873–879.
[CrossRef] [PubMed]

52. Bielak, A.A.; Gerstof, D.; Kiely, K.M.; Anstey, K.J.; Luszcz, M. Depressive symptoms predict decline in
perceptual speed in older adulthood. Psychol. Aging 2011, 26, 576–583. [CrossRef] [PubMed]

53. Jorm, A.F. History of depression as a risk factor for dementia: An updated review. Aust. N. Z. J. Psychiatry
2001, 35, 776–781. [CrossRef] [PubMed]

54. Johansson, L.; Guo, X.; Waern, M.; Ostling, S.; Gustafson, D.; Bengtsson, C.; Skoog, I. Midlife psychological
stress and risk of dementia: A 35-year longitudinal population study. Brain 2010, 133, 2217–2224. [CrossRef]
[PubMed]

55. Persson, G.; Skoog, I. A prospective population study of Psychosocial Risk Factors for Late Onset Dementia.
Int. J. Geriatr. Psych. 1996, 11, 15–22. [CrossRef]

56. Johansson, L.; Guo, X.; Hällström, T.; Norton, M.; Waern, M.; Östling, S.; Bengtsson, C.; Skoog, I. Common
psychosocial stressors in middle-aged women related to longstanding distress and increased risk of
Alzheimer’s disease: A 38-year longitudinal population study. BMJ Open 2013, 3, e003142. [CrossRef]
[PubMed]

57. Tschanz, J.; Pfister, R.; Wanzek, J.; Corcoran, C.; Smith, K.; Tschanz, B.; Steffens, D.; Østbye, T.; Welsh-Bohmer, K.;
Norton, M. Stressful life events and cognitive decline in late life: Moderation by education and age. The Cache
County Study. Int. J. Geriatr. Psychiatry 2012, 28, 821–830. [CrossRef] [PubMed]

http://dx.doi.org/10.1017/S1355617716000527
http://www.ncbi.nlm.nih.gov/pubmed/27346168
http://dx.doi.org/10.1093/geronb/gbu184
http://www.ncbi.nlm.nih.gov/pubmed/25583598
http://dx.doi.org/10.1093/geronb/57.3.P246
http://dx.doi.org/10.1080/03610730303704
http://www.ncbi.nlm.nih.gov/pubmed/12744220
http://dx.doi.org/10.1111/j.1539-6053.2009.01034.x
http://www.ncbi.nlm.nih.gov/pubmed/26162004
http://dx.doi.org/10.1176/appi.ajp.161.4.631
http://www.ncbi.nlm.nih.gov/pubmed/15056508
http://dx.doi.org/10.1212/WNL.59.3.364
http://www.ncbi.nlm.nih.gov/pubmed/12177369
http://dx.doi.org/10.1001/archpsyc.63.5.530
http://www.ncbi.nlm.nih.gov/pubmed/16651510
http://dx.doi.org/10.1038/nrneurol.2011.60
http://www.ncbi.nlm.nih.gov/pubmed/21537355
http://www.ncbi.nlm.nih.gov/pubmed/22566581
http://dx.doi.org/10.1001/archpsyc.63.3.273
http://www.ncbi.nlm.nih.gov/pubmed/16520432
http://dx.doi.org/10.1001/archneur.63.3.435
http://www.ncbi.nlm.nih.gov/pubmed/16533972
http://www.ncbi.nlm.nih.gov/pubmed/14707321
http://dx.doi.org/10.1111/j.1532-5415.2010.02807.x
http://www.ncbi.nlm.nih.gov/pubmed/20374396
http://dx.doi.org/10.1037/a0023313
http://www.ncbi.nlm.nih.gov/pubmed/21517186
http://dx.doi.org/10.1046/j.1440-1614.2001.00967.x
http://www.ncbi.nlm.nih.gov/pubmed/11990888
http://dx.doi.org/10.1093/brain/awq116
http://www.ncbi.nlm.nih.gov/pubmed/20488887
http://dx.doi.org/10.1002/(SICI)1099-1166(199601)11:1&lt;15::AID-GPS262&gt;3.0.CO;2-5
http://dx.doi.org/10.1136/bmjopen-2013-003142
http://www.ncbi.nlm.nih.gov/pubmed/24080094
http://dx.doi.org/10.1002/gps.3888
http://www.ncbi.nlm.nih.gov/pubmed/23037866


Brain Sci. 2017, 7, 56 11 of 15

58. Sundström, A.; Rönnlund, M.; Adolfsson, R.; Nilsson, L. Stressful life events are not associated with the
development of dementia. Int. Psychogeriatr. 2014, 26, 147–154. [CrossRef] [PubMed]

59. Wilson, R.S.; Boyle, P.A.; James, B.D.; Leurgans, S.E.; Buchman, A.S.; Bennett, D.A. Negative social
interactions and risk of mild cognitive impairment in old age. Neuropsychology 2015, 29, 561–570. [CrossRef]
[PubMed]

60. Wang, H.; Wahlberg, M.; Karp, A.; Winblad, B.; Fratiglioni, L. Psychosocial stress at work is associated with
increased dementia risk in late life. Alzheimers. Dement. 2012, 8, 114–120. [CrossRef] [PubMed]

61. Andel, R.; Crowe, M.; Hahn, E.; Mortimer, J.; Pedersen, N.; Fratiglioni, L.; Johansson, B.; Gatz, M. Work-Related
Stress May Increase the Risk of Vascular Dementia. J. Am. Geriatri. Soc. 2011, 60, 60–67. [CrossRef] [PubMed]

62. Sindi, S.; Hagman, G.; Håkansson, K.; Kulmala, J.; Nilsen, C.; Kåreholt, I.; Soininen, H.; Solomon, A.;
Kivipelto, M. Midlife work-related stress increases dementia risk in later life: The CAIDE 30-year study.
J. Gerontol. B Psychol. Sci. Soc. Sci. 2016, gbw043. [CrossRef] [PubMed]

63. McEwen, B.S. Allostasis and allostatic load: Implications for neuropsychopharmacology. Neuropsychopharmacology
2000, 22, 108–124. [CrossRef]

64. McEwen, B.S. Effects of adverse experiences for brain structure and function. Biol. Psychiatry 2000, 48,
721–731. [CrossRef]

65. Sousa, N.; Lukoyanov, N.V.; Madeira, M.D.; Almeida, O.F.; Paula-Barbosa, M.M. Reorganization of the
morphology of hippocampal neurites and synapses after stress-induced damage correlates with behavioral
improvement. Neuroscience 2000, 97, 253–266. [CrossRef]

66. Chapman, B.; Duberstein, P.; Tindle, H.A.; Sink, K.M.; Robbins, J.; Tancredi, D.J.; Franks, P. Personality
predicts cognitive function over seven years in older persons. Am. J. Geriatr. Psychiatry 2012, 20, 612–621.
[CrossRef] [PubMed]

67. Hock, R.S.; Lee, H.B.; Bienvenu, O.J.; Nestadt, G.; Samuels, J.F.; Parisi, J.M.; Costa, P.T., Jr.; Spira, A.P.
Personality and cognitive decline in the Baltimore Epidemiologic Catchment Area follow-up study. Am. J.
Geriatr. Psychiatry 2014, 22, 917–925. [CrossRef] [PubMed]

68. Terracciano, A.; Sutin, A.R.; An, Y.; O”Brien, R.J.; Ferrucci, L.; Zonderman, A.B.; Resnick, S.M. Personality and
risk of Alzheimer’s disease: New data and meta-analysis. Alzheimer Dement. 2014, 10, 179–186. [CrossRef]
[PubMed]

69. Ziegler, M.; Cengia, A.; Mussel, P. Openness as a buffer against cognitive decline: The Openness-Fluid-
Crystallized-Intelligence (OFCI) model applied to late adulthood. Psychol. Aging 2015, 30, 573–588.
[CrossRef] [PubMed]

70. Cacioppo, S.; Capitanio, J.; Cacioppo, J. Toward a neurology of loneliness. Psychol. Bull. 2014, 140, 1464–1504.
[CrossRef] [PubMed]

71. Zunzunegui, M.; Alvarado, B.; Del Ser, T.; Otero, A. Social networks, social integration, and social engagement
determine cognitive decline in community-dwelling Spanish older adults. J. Gerontol. B Psychol. Sci. Soc. Sci.
2003, 58, S93–S100. [CrossRef] [PubMed]

72. Barnes, L.L.; Mendes de Leon, C.F.; Wilson, R.S.; Bienias, J.L.; Evans, D.A. Social resources and cognitive
decline in a population of older African Americans and Caucasians. Neurology 2004, 63, 2322–2326. [CrossRef]
[PubMed]

73. Lövdén, M.; Ghisletta, P.; Lindenberger, U. Social participation attenuates decline in perceptual speed in old
and very old age. Psychol. Aging 2005, 20, 423–434. [CrossRef] [PubMed]

74. Fankhauser, S.; Forstmeier, S.; Maercker, A.; Luppa, M.; Luck, T.; Riedel-Heller, S. Risk of dementia in older
adults with low versus high occupation-based motivational processes. J. Geriatr. Psychiatry Neurol. 2015, 28,
126–135. [CrossRef] [PubMed]

75. Sörman, D.; Rönnlund, M.; Sundström, A.; Adolfsson, R.; Nilsson, L. Social relationships and risk of
dementia: A population-based study. Int. Psychogeriatr. 2015, 27, 1391–1399. [CrossRef] [PubMed]

76. Akbaraly, T.; Portet, F.; Fustinoni, S.; Dartigues, J.; Artero, S.; Rouaud, O.; Touchon, J.; Ritchie, K.; Berr, C.
Leisure activities and the risk of dementia in the elderly: Results from the three-city study. Neurology 2009, 73,
854–861. [CrossRef] [PubMed]

77. Fratiglioni, L.; Wang, H.; Ericsson, K.; Maytan, M.; Winblad, B. Influence of social network on occurrence of
dementia: A community-based longitudinal study. Lancet 2000, 355, 1315–1319. [CrossRef]

78. Crooks, V.; Lubben, J.; Petitti, D.; Little, D.; Chiu, V. Social network, cognitive function, and dementia
incidence among elderly women. Am. J. Public Health 2008, 98, 1221–1227. [CrossRef] [PubMed]

http://dx.doi.org/10.1017/S1041610213001804
http://www.ncbi.nlm.nih.gov/pubmed/24182362
http://dx.doi.org/10.1037/neu0000154
http://www.ncbi.nlm.nih.gov/pubmed/25495828
http://dx.doi.org/10.1016/j.jalz.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/22404853
http://dx.doi.org/10.1111/j.1532-5415.2011.03777.x
http://www.ncbi.nlm.nih.gov/pubmed/22175444
http://dx.doi.org/10.1093/geronb/gbw043
http://www.ncbi.nlm.nih.gov/pubmed/27059705
http://dx.doi.org/10.1016/S0893-133X(99)00129-3
http://dx.doi.org/10.1016/S0006-3223(00)00964-1
http://dx.doi.org/10.1016/S0306-4522(00)00050-6
http://dx.doi.org/10.1097/JGP.0b013e31822cc9cb
http://www.ncbi.nlm.nih.gov/pubmed/22735597
http://dx.doi.org/10.1016/j.jagp.2012.12.217
http://www.ncbi.nlm.nih.gov/pubmed/23759291
http://dx.doi.org/10.1016/j.jalz.2013.03.002
http://www.ncbi.nlm.nih.gov/pubmed/23706517
http://dx.doi.org/10.1037/a0039493
http://www.ncbi.nlm.nih.gov/pubmed/26146885
http://dx.doi.org/10.1037/a0037618
http://www.ncbi.nlm.nih.gov/pubmed/25222636
http://dx.doi.org/10.1093/geronb/58.2.S93
http://www.ncbi.nlm.nih.gov/pubmed/12646598
http://dx.doi.org/10.1212/01.WNL.0000147473.04043.B3
http://www.ncbi.nlm.nih.gov/pubmed/15623694
http://dx.doi.org/10.1037/0882-7974.20.3.423
http://www.ncbi.nlm.nih.gov/pubmed/16248702
http://dx.doi.org/10.1177/0891988714554706
http://www.ncbi.nlm.nih.gov/pubmed/25431449
http://dx.doi.org/10.1017/S1041610215000319
http://www.ncbi.nlm.nih.gov/pubmed/25779679
http://dx.doi.org/10.1212/WNL.0b013e3181b7849b
http://www.ncbi.nlm.nih.gov/pubmed/19752452
http://dx.doi.org/10.1016/S0140-6736(00)02113-9
http://dx.doi.org/10.2105/AJPH.2007.115923
http://www.ncbi.nlm.nih.gov/pubmed/18511731


Brain Sci. 2017, 7, 56 12 of 15

79. Helmer, C.; Damon, D.; Fabrigoule, C.; Barberger-Gateau, P.; Lafont, S.; Fuhrer, R.; Antonucci, T.;
Commenges, D.; Orgogozo, J.M.; Dartigues, J.F. Marital status and risk of Alzheimer’s disease: A French
population-based cohort study. Neurology 1999, 53, 1953–1958. [CrossRef] [PubMed]

80. Amieva, H.; Stoykova, R.; Matharan, F.; Helmer, C.; Antonucco, T.C.; Dartigues, J.F. What aspects of social
network are protective for dementia? Not quantity but the quality of social interactions is protective up to
15 years later. Psychosom. Med. 2010, 72, 905–911. [CrossRef] [PubMed]

81. Finch, J.F.; Zautra, A.J. Testing latent longitudinal models of social ties and depression among elderly:
A comparison of distribution-free and maximum likelihood estimates with nonnormal data. Psychol. Aging
1992, 7, 107–118. [CrossRef] [PubMed]

82. Mavandadi, S.; Sorkin, D.H.; Rook, K.S.; Newsom, J.T. Pain, positive and negative social exchanges,
and depressive symptomatology in later life. J. Aging Health 2007, 7, 813–830. [CrossRef] [PubMed]

83. Stafford, M.; McNunn, A.; Zaninotto, P.; Nazroo, J. Positive and negative exchanges in social relationships as
predictors of depression: Evidence from the English longitudinal study of aging. J. Aging Health 2011, 23,
607–628. [CrossRef] [PubMed]

84. Mavandadi, S.; Rook, K.S.; Newsom, J.T. Positive and negative social exchanges and disability in later life:
An investigation of trajectories of change. J. Gerontol. B Psychol. Sci. Soc. Sci. 2007, 62, 361–370. [CrossRef]

85. Newsom, J.T.; Mahan, T.L.; Rook, K.S.; Krause, N. Stable negative social exchanges and health. Health Psychol.
2008, 27, 78–86. [CrossRef] [PubMed]

86. Tilvis, R.S.; Kähönen-Väre, M.H.; Jolkkonen, J.; Valvanne, J.; Pitkala, K.H.; Strandberg, T.E. Predictors of
cognitive decline and mortality of aged people over a 10-year period. J. Gerontol. A Biol. Sci. Med. Sci. 2004, 59,
268–274. [CrossRef] [PubMed]

87. Ellwardt, L.; Aartsen, M.; Deeg, D.; Steverink, N. Does loneliness mediate the relation between social support
and cognitive functioning in later life? Soc. Sci. Med. 2013, 98, 116–124. [CrossRef] [PubMed]

88. Zhong, B.L.; Chen, S.L.; Conwell, Y. Effects of Transient Versus Chronic Loneliness on Cognitive Function in
Older Adults: Findings From the Chinese Longitudinal Health Longevity Survey. Am. J. Geriatr. Psychiatry
2016, 24, 389–398. [CrossRef] [PubMed]

89. Donovan, N.J.; Wu, Q.; Rentz, D.M.; Sperling, R.A.; Marshall, G.A.; Glymour, M.M. Loneliness, depression
and cognitive function in older U.S. adults. Int. J. Geriatr. Psychiatry 2017, 32, 564–573. [CrossRef] [PubMed]

90. Holwerda, T.J.; Deeg, D.J.; Beekman, A.T.; van Tilberg, T.G.; Stek, M.L.; Jonker, C.; Schoevers, R.A. Feelings
of loneliness, but not social isolation, predict dementia onset: Results from the Amsterdam Study of the
Elderly (AMSTEL). J. Neurol. Neurosurg. Psychiatry 2014, 85, 135–142. [CrossRef] [PubMed]

91. Zhou, Z.; Wang, P.; Fang, Y. Loneliness and the risk of dementia among older Chinese adults: Gender
differences. Aging Ment. Health 2017. [CrossRef] [PubMed]

92. Hawkley, L.C.; Thisted, R.A.; Cacioppo, J.T. Loneliness predicts reduced physical activity: Cross-sectional &
longitudinal analyses. Health Psychol. 2009, 28, 354–363. [PubMed]

93. Hawkley, L.C.; Thisted, R.A.; Masi, C.M.; Cacioppo, J.T. Loneliness predicts increased blood pressure:
5-year cross-lagged analyses in middle-aged and older adults. Psychol. Aging 2010, 25, 132–141. [CrossRef]
[PubMed]

94. Cacioppo, J.T.; Hawkley, L.C.; Thisted, R.A. Perceived social isolation makes me sad: 5-year cross-lagged
analyses of loneliness and depressive symptomatology in the Chicago Health, Aging, and Social Relations
Study. Psychol. Aging 2010, 25, 453–463. [CrossRef] [PubMed]

95. Kurina, L.; Knutson, K.; Hawkley, L.; Cacioppo, J.; Lauderdale, D.; Ober, C. Loneliness is associated with
sleep fragmentation in a communal society. Sleep 2011, 34, 1519–1526. [CrossRef] [PubMed]

96. Donovan, N.; Okereke, O.; Vannini, P.; Amariglio, R.; Rentz, D.; Marshall, G.; Johnson, K.; Sperling, R.
Association of higher cortical amyloid burden with loneliness in cognitively normal older adults.
JAMA Psychiatry 2016, 73, 1230–1237. [CrossRef] [PubMed]

97. Cole, S.; Hawkley, L.; Arevalo, J.; Sung, C.; Rose, R.; Cacioppo, J. Social regulation of gene expression in
human leukocytes. Genome Biol. 2007, 8, R189. [CrossRef] [PubMed]

98. Ostir, G.; Markides, K.; Black, S.; Goodwin, J. Emotional well-being predicts disability, subsequent functional
independence and survival. J. Am. Geriatr. Soc. 2000, 48, 473–478. [CrossRef] [PubMed]

99. Ostir, G.; Ottenbacher, K.; Markides, K. Onset of frailty in older adults and the protective role of positive
affect. Psychol. Aging 2004, 19, 402–408. [CrossRef] [PubMed]

http://dx.doi.org/10.1212/WNL.53.9.1953
http://www.ncbi.nlm.nih.gov/pubmed/10599764
http://dx.doi.org/10.1097/PSY.0b013e3181f5e121
http://www.ncbi.nlm.nih.gov/pubmed/20807876
http://dx.doi.org/10.1037/0882-7974.7.1.107
http://www.ncbi.nlm.nih.gov/pubmed/1532718
http://dx.doi.org/10.1177/0898264307305179
http://www.ncbi.nlm.nih.gov/pubmed/17690337
http://dx.doi.org/10.1177/0898264310392992
http://www.ncbi.nlm.nih.gov/pubmed/21220351
http://dx.doi.org/10.1093/geronb/62.6.S361
http://dx.doi.org/10.1037/0278-6133.27.1.78
http://www.ncbi.nlm.nih.gov/pubmed/18230017
http://dx.doi.org/10.1093/gerona/59.3.M268
http://www.ncbi.nlm.nih.gov/pubmed/15031312
http://dx.doi.org/10.1016/j.socscimed.2013.09.002
http://www.ncbi.nlm.nih.gov/pubmed/24331889
http://dx.doi.org/10.1016/j.jagp.2015.12.009
http://www.ncbi.nlm.nih.gov/pubmed/26905049
http://dx.doi.org/10.1002/gps.4495
http://www.ncbi.nlm.nih.gov/pubmed/27162047
http://dx.doi.org/10.1136/jnnp-2012-302755
http://www.ncbi.nlm.nih.gov/pubmed/23232034
http://dx.doi.org/10.1080/13607863.2016.1277976
http://www.ncbi.nlm.nih.gov/pubmed/28094555
http://www.ncbi.nlm.nih.gov/pubmed/19450042
http://dx.doi.org/10.1037/a0017805
http://www.ncbi.nlm.nih.gov/pubmed/20230134
http://dx.doi.org/10.1037/a0017216
http://www.ncbi.nlm.nih.gov/pubmed/20545429
http://dx.doi.org/10.5665/sleep.1390
http://www.ncbi.nlm.nih.gov/pubmed/22043123
http://dx.doi.org/10.1001/jamapsychiatry.2016.2657
http://www.ncbi.nlm.nih.gov/pubmed/27806159
http://dx.doi.org/10.1186/gb-2007-8-9-r189
http://www.ncbi.nlm.nih.gov/pubmed/17854483
http://dx.doi.org/10.1111/j.1532-5415.2000.tb04991.x
http://www.ncbi.nlm.nih.gov/pubmed/10811538
http://dx.doi.org/10.1037/0882-7974.19.3.402
http://www.ncbi.nlm.nih.gov/pubmed/15382991


Brain Sci. 2017, 7, 56 13 of 15

100. Collins, A.; Goldman, N.; Rodriguez, G. Is positive well-being protective of mobility limitations among older
adults? J. Gerontol. B Psychol. Sci. Soc. Sci. 2008, 63, 321–327. [CrossRef]

101. Gale, C.; Cooper, C.; Deary, I.; Aihie Sayer, A. Psychological well-being and incident frailty in men and
women: The English Longitudinal Study of Ageing. Psychol. Med. 2013, 44, 697–706. [CrossRef] [PubMed]

102. Chida, Y.C.; Steptoe, A. Positive psychological well-being and mortality: A quantitative review of prospective
observational studies. Psychosom. Med. 2008, 70, 741–756. [CrossRef] [PubMed]

103. Gerstorf, D.; Lövdén, M.; Röcke, C.; Smith, J.; Lindenberger, U. Well-being affects changes in perceptual
speed in advanced old age: Longitudinal evidence for a dynamic link. Dev. Psychol. 2007, 43, 705–718.
[CrossRef] [PubMed]

104. Kurland, B.; Gill, T.; Patrick, D.; Larson, E.; Phelan, E. Longitudinal change in positive affect in community-
dwelling older persons. J. Am. Geriatr. Soc. 2006, 54, 1846–1853. [CrossRef] [PubMed]

105. Allerhand, M.; Gale, C.; Deary, I. The dynamic relationship between cognitive function and positive well-being
in older people: A prospective study using the English Longitudinal Study of Aging. Psychol. Aging 2014, 29,
306–318. [CrossRef] [PubMed]

106. Fredrickson, B.L. The role of positive emotions in positive psychology: The broaden-and-build theory of
positive emotions. Am. Psychol. 2001, 56, 218–226. [CrossRef] [PubMed]

107. Ryff, C.D. Happiness is everything, or is it? Explorations on the meaning of psychological well-being.
J. Personal. Soc. Psychol. 1989, 57, 1069–1081. [CrossRef]

108. Whalley, L.J.; Starr, J.M.; Athawes, R.; Hunter, D.; Pattie, A.; Deary, I.J. Childhood mental ability and
dementia. Neurology 2000, 55, 1455–1459. [CrossRef] [PubMed]

109. Wilson, R.S.; Boyle, P.A.; Yu, L.; Barnes, L.L.; Schneider, J.A.; Bennett, D.A. Life-span cognitive activity,
neuropathologic burden, and cognitive aging. Neurology 2013, 81, 314–321. [CrossRef] [PubMed]

110. Wilson, R.S.; Scherr, P.A.; Hoganson, G.; Bienias, J.L.; Evans, D.A.; Bennett, D.A. Early life socioeconomic
status and late life risk of Alzheimer’s disease. Neuroepidemiology 2005, 25, 8–14. [CrossRef] [PubMed]

111. Wilson, R.S.; Scherr, P.A.; Bienias, J.L.; Mendes de Leon, C.F.; Everson-Rose, S.A.; Bennett, D.A.; Evans, D.A.
Socioeconomic characteristics of the community in childhood and cognition in old age. Exp. Aging Res.
2005, 31, 393–407. [CrossRef] [PubMed]

112. Wilson, R.S.; Beckett, L.A.; Bienias, J.L.; Evans, D.A.; Bennett, D.A. Terminal decline in cognitive function.
Neurology 2003, 60, 1782–1787. [CrossRef] [PubMed]

113. Sliwinski, M.; Stawski, R.; Hall, C.; Katz, M.; Verghese, J.; Lipton, R. Distinguishing preterminal and terminal
cognitive decline. Eur. Psychol. 2006, 11, 172–181. [CrossRef]

114. Laukka, E.; MacDonald, S.; Backman, L. Contrasting cognitive trajectories of impending death and preclinical
dementia in the very old. Neurology 2006, 66, 833–838. [CrossRef] [PubMed]

115. Thorvaldsson, V.; Hofer, S.; Berg, S.; Skoog, I.; Sacuiu, S.; Johansson, B. Onset of terminal decline in cognitive
abilities in individuals without dementia. Neurology 2008, 71, 882–887. [CrossRef] [PubMed]

116. Wilson, R.S.; Segawa, E.; Hizel, L.P.; Boyle, P.A.; Bennett, D.A. Terminal dedifferentiation of cognitive abilities.
Neurology 2012, 78, 1116–1122. [CrossRef] [PubMed]

117. Wilson, R.S.; Boyle, P.A.; Yu, L.; Segawa, E.; Sytsma, J.; Bennett, D.A. Conscientiousness, dementia related
pathology, and trajectories of cognitive aging. Psychol. Aging 2015, 30, 74–82. [CrossRef] [PubMed]

118. Bennett, D.A.; Schneider, J.A.; Aggarwal, N.T.; Arvanitakis, Z.; Shah, R.C.; Kelly, J.F.; Fox, J.H.; Cochran, E.J.;
Arends, D.; Treinkman, A.D.; Wilson, R.S. Decision rules guiding the clinical diagnosis of Alzheimer’s
disease in two community-based cohort studies compared to standard practice in a clinic-based cohort study.
Neuroepidemiology 2006, 27, 169–176. [CrossRef] [PubMed]

119. Schneider, J.A.; Li, J.-L.; Li, Y.; Wilson, R.S.; Kordower, J.H.; Bennett, D.A. Neurofibrillary tangles in the
substantia nigra are related to gait impairment in older persons. Ann. Neurol. 2006, 59, 166–173. [CrossRef]
[PubMed]

120. Bennett, D.A.; Schneider, J.A.; Arvanitakis, Z.; Kelly, J.F.; Aggarwal, N.T.; Shah, R.C.; Wilson, R.S.
Neuropathology of older persons without cognitive impairment from two community-based studies.
Neurology 2006, 66, 1837–1844. [CrossRef] [PubMed]

121. Arvanitakis, Z.; Leurgans, S.; Barnes, L.; Bennett, D.; Schneider, J. Microinfarct pathology, dementia,
and cognitive systems. Stroke 2011, 42, 722–727. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/geronb/63.6.P321
http://dx.doi.org/10.1017/S0033291713001384
http://www.ncbi.nlm.nih.gov/pubmed/23822897
http://dx.doi.org/10.1097/PSY.0b013e31818105ba
http://www.ncbi.nlm.nih.gov/pubmed/18725425
http://dx.doi.org/10.1037/0012-1649.43.3.705
http://www.ncbi.nlm.nih.gov/pubmed/17484582
http://dx.doi.org/10.1111/j.1532-5415.2006.00970.x
http://www.ncbi.nlm.nih.gov/pubmed/17198489
http://dx.doi.org/10.1037/a0036551
http://www.ncbi.nlm.nih.gov/pubmed/24955999
http://dx.doi.org/10.1037/0003-066X.56.3.218
http://www.ncbi.nlm.nih.gov/pubmed/11315248
http://dx.doi.org/10.1037/0022-3514.57.6.1069
http://dx.doi.org/10.1212/WNL.55.10.1455
http://www.ncbi.nlm.nih.gov/pubmed/11094097
http://dx.doi.org/10.1212/WNL.0b013e31829c5e8a
http://www.ncbi.nlm.nih.gov/pubmed/23825173
http://dx.doi.org/10.1159/000085307
http://www.ncbi.nlm.nih.gov/pubmed/15855799
http://dx.doi.org/10.1080/03610730500206683
http://www.ncbi.nlm.nih.gov/pubmed/16147459
http://dx.doi.org/10.1212/01.WNL.0000068019.60901.C1
http://www.ncbi.nlm.nih.gov/pubmed/12796531
http://dx.doi.org/10.1027/1016-9040.11.3.172
http://dx.doi.org/10.1212/01.wnl.0000203112.12554.f4
http://www.ncbi.nlm.nih.gov/pubmed/16567699
http://dx.doi.org/10.1212/01.wnl.0000312379.02302.ba
http://www.ncbi.nlm.nih.gov/pubmed/18753475
http://dx.doi.org/10.1212/WNL.0b013e31824f7ff2
http://www.ncbi.nlm.nih.gov/pubmed/22491858
http://dx.doi.org/10.1037/pag0000013
http://www.ncbi.nlm.nih.gov/pubmed/25664558
http://dx.doi.org/10.1159/000096129
http://www.ncbi.nlm.nih.gov/pubmed/17035694
http://dx.doi.org/10.1002/ana.20723
http://www.ncbi.nlm.nih.gov/pubmed/16374822
http://dx.doi.org/10.1212/01.wnl.0000219668.47116.e6
http://www.ncbi.nlm.nih.gov/pubmed/16801647
http://dx.doi.org/10.1161/STROKEAHA.110.595082
http://www.ncbi.nlm.nih.gov/pubmed/21212395


Brain Sci. 2017, 7, 56 14 of 15

122. Wilson, R.S.; Boyle, P.A.; Levine, S.R.; Yu, L.; Anagnos, S.E.; Buchman, A.S.; Schneider, J.A.; Bennett, D.A.
Emotional neglect in childhood and cerebral infarction in older age. Neurology 2012, 79, 1534–1539. [CrossRef]
[PubMed]

123. Boyle, P.A.; Yu, L.; Nag, S.; Leurgans, S.E.; Wilson, R.S.; Bennet, D.A.; Schneider, J.A. Cerebral amyloid
angiopathy, Alzheimer’s dementia and cognitive decline in community based older person. Neurology
2015, 85, 1930–1936. [CrossRef] [PubMed]

124. Bennett, D.A.; Schneider, J.A.; Wilson, R.S.; Bienias, J.L.; Arnold, S.E. Neurofibrillary tangles mediate the
association of amyloid with clinical AD and level of cognitive function. Arch. Neurol. 2004, 61, 348–384.
[CrossRef] [PubMed]

125. Wilson, R.S.; Yu, L.; Schneider, J.A.; Arnold, S.E.; Buchman, A.S.; Bennett, D.A. Lewy bodies and olfactory
dysfunction in old age. Chem. Senses 2011, 36, 367–373. [CrossRef] [PubMed]

126. Nag, S.; Yu, L.; Capuano, A.W.; Wilson, R.S.; Leurgans, S.E.; Bennett, D.A.; Schneider, J.A. Hippocampal
sclerosis and TDP-43 pathology in aging and Alzheimer’s disease. Ann. Neurol. 2015, 77, 942–952. [CrossRef]
[PubMed]

127. Neumann, M.; Kwong, L.; Lee, E.; Kremmer, E.; Flatley, A.; Xu, Y.; Forman, M.; Troost, D.; Kretzschmar, H.;
Trojanowski, J.; Lee, V. Phosphorylation of S409/410 of TDP-43 is a consistent feature in all sporadic and
familial forms of TDP-43 proteinopathies. Acta Neuropathol. 2009, 117, 137–149. [CrossRef] [PubMed]

128. Wilson, R.S.; Yu, L.; Trojanowski, J.Q.; Chen, E.Y.; Boyle, P.A.; Bennett, D.A.; Schneider, J.A. TDP-43 pathology,
cognitive decline, and dementia in old age. JAMA Neurol. 2013, 70, 1418–1424. [CrossRef] [PubMed]

129. RADC Research Resource Sharing Hub. Available online: www.radc.rush.edu (accessed on 22 May 2017).
130. Wilson, R.S.; Arnold, S.E.; Schneider, J.A.; Kelly, J.F.; Tang, Y.; Bennett, D.A. Chronic psychological distress

and risk of Alzheimer’s disease in old age. Neuroepidemiology 2006, 27, 143–153. [CrossRef] [PubMed]
131. Wilson, R.S.; Schneider, J.A.; Boyle, P.A.; Arnold, S.E.; Tang, Y.; Bennett, D.A. Chronic distress and incidence

of mild cognitive impairment. Neurology 2007, 68, 2085–2092. [CrossRef] [PubMed]
132. Wilson, R.S.; Begeny, C.T.; Boyle, P.A.; Schneider, J.A.; Bennett, D.A. Vulnerability to stress, anxiety,

and development of dementia in old age. Am. J. Geriatr. Psychiatry 2011, 19, 327–334. [CrossRef] [PubMed]
133. Wilson, R.S.; Boyle, P.A.; Buchman, A.S.; Yu, L.; Arnold, S.E.; Bennett, D.A. Harm avoidance and risk of

Alzheimer’s disease. Psychosom. Med. 2011, 73, 690–696. [CrossRef] [PubMed]
134. Wilson, R.S.; Schneider, J.A.; Arnold, S.E.; Bienias, J.L.; Bennett, D.A. Conscientiousness and the incidence of

Alzheimer’s disease and mild cognitive impairment. Arch. Gen. Psychiatry 2007, 64, 1204–1212. [CrossRef]
[PubMed]

135. Wilson, R.S.; Capuano, A.W.; Boyle, P.A.; Hoganson, G.M.; Hizel, L.P.; Shah, R.C.; Nag, S.; Schneider, J.A.;
Arnold, S.E.; Bennett, D.A. Clinical-pathologic study of depressive symptoms and cognitive decline in old
age. Neurology 2014, 83, 702–709. [CrossRef] [PubMed]

136. Wilson, R.S.; Krueger, K.R.; Arnold, S.E.; Schneider, J.A.; Kelly, J.F.; Barnes, L.L.; Tang, Y.; Bennett, D.A.
Loneliness and risk of Alzheimer’s disease. Arch. Gen. Psychiatry 2007, 64, 234–240. [CrossRef] [PubMed]

137. James, B.D.; Wilson, R.S.; Barnes, L.L.; Bennett, D.A. Late-life social activity and cognitive decline in old age.
J. Int. Neuropsychol. Soc. 2011, 17, 998–1005. [CrossRef] [PubMed]

138. Boyle, P.; Buchman, A.; Barnes, L.; Bennett, D. Effect of purpose in life on risk of incident Alzheimer disease
and mild cognitive impairment in community-dwelling older persons. Arch. Gen. Psychiatry 2010, 67,
304–310. [CrossRef] [PubMed]

139. Wilson, R.S.; Boyle, P.A.; Levine, S.R.; Yu, L.; Hoganson, G.M.; Buchman, A.S.; Schnieder, J.A.; Bennett, D.A.
Harm avoidance and cerebral infraction. Neuroepidemiology 2014, 28, 305–311.

140. Yu, L.; Boyle, P.A.; Wilson, R.S.; Levine, S.R.; Schneider, J.A.; Bennett, D.A. Purpose in life and cerebral
infarcts in community dwelling older persons. Stroke 2015, 46, 1071–1076. [CrossRef] [PubMed]

141. Wilson, R.S.; Boyle, P.A.; Capuano, A.W.; Shah, A.C.; Hoganson, G.M.; Nag, S.; Bennett, D.A. Late-life
depression is not associated with dementia related pathology. Neuroepidemiology 2015, 30, 135–142. [CrossRef]
[PubMed]

142. Boyle, P.A.; Buchman, A.S.; Wilson, R.S.; Yu, L.; Schneider, J.A.; Bennett, D.A. Effect of purpose in life
on the relation between Alzheimer disease pathologic changes on cognitive function in advanced age.
Arch. Gen. Psychiatry 2012, 69, 499–504. [PubMed]

143. Wilson, R.S.; Arnold, S.E.; Beck, T.L.; Bienias, J.L.; Bennett, D.A. Change in depressive symptoms during the
prodromal phase of Alzheimer’s disease. Arch. Gen. Psychiatry 2008, 65, 439–445. [CrossRef] [PubMed]

http://dx.doi.org/10.1212/WNL.0b013e31826e25bd
http://www.ncbi.nlm.nih.gov/pubmed/22993291
http://dx.doi.org/10.1212/WNL.0000000000002175
http://www.ncbi.nlm.nih.gov/pubmed/26537052
http://dx.doi.org/10.1001/archneur.61.3.378
http://www.ncbi.nlm.nih.gov/pubmed/15023815
http://dx.doi.org/10.1093/chemse/bjq139
http://www.ncbi.nlm.nih.gov/pubmed/21257733
http://dx.doi.org/10.1002/ana.24388
http://www.ncbi.nlm.nih.gov/pubmed/25707479
http://dx.doi.org/10.1007/s00401-008-0477-9
http://www.ncbi.nlm.nih.gov/pubmed/19125255
http://dx.doi.org/10.1001/jamaneurol.2013.3961
http://www.ncbi.nlm.nih.gov/pubmed/24080705
www.radc.rush.edu
http://dx.doi.org/10.1159/000095761
http://www.ncbi.nlm.nih.gov/pubmed/16974109
http://dx.doi.org/10.1212/01.wnl.0000264930.97061.82
http://www.ncbi.nlm.nih.gov/pubmed/17562829
http://dx.doi.org/10.1097/JGP.0b013e31820119da
http://www.ncbi.nlm.nih.gov/pubmed/21427641
http://dx.doi.org/10.1097/PSY.0b013e3182302ale
http://www.ncbi.nlm.nih.gov/pubmed/21949425
http://dx.doi.org/10.1001/archpsyc.64.10.1204
http://www.ncbi.nlm.nih.gov/pubmed/17909133
http://dx.doi.org/10.1212/WNL.0000000000000715
http://www.ncbi.nlm.nih.gov/pubmed/25080520
http://dx.doi.org/10.1001/archpsyc.64.2.234
http://www.ncbi.nlm.nih.gov/pubmed/17283291
http://dx.doi.org/10.1017/S1355617711000531
http://www.ncbi.nlm.nih.gov/pubmed/22040898
http://dx.doi.org/10.1001/archgenpsychiatry.2009.208
http://www.ncbi.nlm.nih.gov/pubmed/20194831
http://dx.doi.org/10.1161/STROKEAHA.114.008010
http://www.ncbi.nlm.nih.gov/pubmed/25791714
http://dx.doi.org/10.1037/neu0000223
http://www.ncbi.nlm.nih.gov/pubmed/26237627
http://www.ncbi.nlm.nih.gov/pubmed/22566582
http://dx.doi.org/10.1001/archpsyc.65.4.439
http://www.ncbi.nlm.nih.gov/pubmed/18391132


Brain Sci. 2017, 7, 56 15 of 15

144. Bennett, D.A.; Schneider, J.A.; Tang, Y.; Arnold, S.E.; Wilson, R.S. The effect of social networks on the relation
between Alzheimer’s disease pathology and level of cognitive function in old people: A longitudinal cohort
study. Lancet Neurol. 2006, 5, 406–412. [CrossRef]

145. Canli, T.; Wen, R.; Wang, X.; Mikhailik, A.; Yu, L.; Fleischman, D.; Wilson, R.S.; Bennett, D.A. Differential
transcriptome expression in human nucleus accumbens as a function of loneliness. Mol. Psychiatry 2016.
[CrossRef] [PubMed]

146. Ramos-Miguel, A.; Sawada, K.; Jones, A.; Thornton, A.; Barr, A.; Leurgans, S.; Schneider, J.; Bennett, D.;
Honer, W. Presynaptic proteins complexin-I and complexin-II differentially influence cognitive function in
early and late stages of Alzheimer’s disease. Acta Neuropathol. 2017, 133, 395–407. [CrossRef] [PubMed]

147. Wilson, R.S.; Nag, S.; Boyle, P.A.; Hizel, L.P.; Yu, L.; Buchman, A.S.; Schneider, J.A.; Bennett, D.A. Neural
reserve, neuronal density in the locus coeruleus, and cognitive decline. Neurology 2013, 80, 1202–1208.
[CrossRef] [PubMed]

148. Buchman, A.; Yu, L.; Boyle, P.; Schneider, J.; De Jager, P.; Bennett, D. Higher brain BDNF gene expression is
associated with slower cognitive decline in older adults. Neurology 2016, 86, 735–741. [CrossRef] [PubMed]

149. Yu, L.; Boyle, P.A.; Segawa, E.; Leurgans, S.; Schneider, J.A.; Wilson, R.S.; Bennett, D.A. Residual decline
in cognition after adjustment for common neuropathologic conditions. Neuropsychology 2015, 3, 335–343.
[CrossRef] [PubMed]

150. Shulman, J.M.; Chen, K.; Keenan, B.T.; Chibnik, L.B.; Fleisher, A.; Thiyyagura, P.; Roontiva, A.; McCabe, C.;
Patsopoulos, N.A.; Corneveaux, J.; Yu, L.; Huentelman, M.J.; Evans, D.A.; Schneider, J.A.; Reiman, E.;
De Jager, P.L.; Bennett, D.A. Genetic susceptibility for Alzheimer disease neuritic plaque pathology.
JAMA Neurol. 2013, 70, 1150–1157. [CrossRef] [PubMed]

151. Han, S.D.; Boyle, P.A.; Arfanakis, K.; Fleischman, D.; Yu, L.; Edmonds, E.; Bennett, D.A. Neural intrinsic
connectivity networks associated with risk aversion in old age. Behav. Brain Res. 2012, 227, 233–240. [CrossRef]
[PubMed]

152. Bennett, D.A. Mixed pathologies and neural reserve: Implications of complexity for Alzheimer’s disease
drug discovery. PLoS Med. 2017, 14, e1002256. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S1474-4422(06)70417-3
http://dx.doi.org/10.1038/mp.2016.186
http://www.ncbi.nlm.nih.gov/pubmed/27801889
http://dx.doi.org/10.1007/s00401-016-1647-9
http://www.ncbi.nlm.nih.gov/pubmed/27866231
http://dx.doi.org/10.1212/WNL.0b013e3182897103
http://www.ncbi.nlm.nih.gov/pubmed/23486878
http://dx.doi.org/10.1212/WNL.0000000000002387
http://www.ncbi.nlm.nih.gov/pubmed/26819457
http://dx.doi.org/10.1037/neu0000159
http://www.ncbi.nlm.nih.gov/pubmed/25495832
http://dx.doi.org/10.1001/jamaneurol.2013.2815
http://www.ncbi.nlm.nih.gov/pubmed/23836404
http://dx.doi.org/10.1016/j.bbr.2011.10.026
http://www.ncbi.nlm.nih.gov/pubmed/22044475
http://dx.doi.org/10.1371/journal.pmed.1002256
http://www.ncbi.nlm.nih.gov/pubmed/28291788
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Psychosocial Factors and Cognition 
	Big Five Personality Traits 
	Social Connectedness 
	Well-Being 
	Methodologic Challenges 

	Rush Memory and Aging Project 
	Study Design and Operations 
	Psychosocial Research 
	Future Directions 


