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Research suggests that personality traits are associated with mild cognitive impairment (MCI), dementia,
and mortality risk, but the timing of when traits are most important in the progression to dementia and the
extent to which they are associated with years of cognitive health span are unclear. This project applied
secondary data analysis to the Rush Memory and Aging Project (N = 1954; baselineMage = 80 years; 74%
female) over up to 23 annual assessments. Multistate survival modeling examined the extent to which
conscientiousness, neuroticism, and extraversion, assessed using the NEO Five Factor Inventory, were
associated with transitions between cognitive status categories and death. Additionally, multinomial
regression models estimated cognitive health span and total survival based on standard deviation units
of personality traits. Adjusting for demographics, depressive symptoms, and apolipoprotein (APOE) ε4,
personality traits were most important in the transition from no cognitive impairment (NCI) to MCI. For
instance, higher conscientiousness was associated with a decreased risk of transitioning from NCI to MCI,
hazard ratio (HR) = 0.78, 95% CI [0.72, 0.85] and higher neuroticism was associated with an increased risk
of transitioning from NCI to MCI, HR = 1.12, 95% CI [1.04, 1.21]. Additional significant and
nonsignificant results are discussed in the context of the existing literature. While personality traits
were not associated with total longevity, individuals higher in conscientiousness and extraversion, and
lower in neuroticism, had more years of cognitive health span, particularly female participants. These
findings provide novel understanding of the simultaneous associations between personality traits and
transitions between cognitive status categories and death, as well as cognitive health span and total
longevity.
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Factors contributing to increased life expectancy, and particularly
to extended cognitive health span (i.e., years without cognitive
impairment), are of high importance to researchers, policy makers,
and the general public. Existing literature indicates that personality
traits are related to individual differences in longevity (e.g., Graham
et al., 2017; Jokela et al., 2013; Wilson et al., 2004) and cognition
(e.g., Aschwanden et al., 2020; Baker & Bichsel, 2006; Boyle et al.,
2010; Duberstein et al., 2011; Graham et al., 2021; Stephan et al.,
2021). Limited research, however, has examined the association
between personality traits and cognitive health span, the simulta-
neous risk of personality traits on multiple cognitive outcomes and
death, or the transition from mild cognitive impairment (MCI) to no
cognitive impairment (NCI) or dementia. To address these gaps in
the literature, this project investigates the extent to which conscien-
tiousness, neuroticism, and extraversion are associated with cogni-
tive health span, as well as with transitions between cognitive status
categories and death using multistate survival modeling (MSM)
and data from the Rush Memory and Aging Project (MAP; Bennett
et al., 2012).
Personality traits reflect relatively stable tendencies to think,

behave, and react in particular ways (McCrae & Costa, 2004).
These enduring patterns of interacting with one’s environment
permeate many domains of life and may help shape the course of
our lives. Importantly, personality traits affect health behaviors
cumulatively across the lifespan, thereby affecting mortality risk
(Graham et al., 2017; Wilson et al., 2004). Associations between
personality traits and mortality are partially mediated by the social,
cognitive, and physical activity patterns distinctive of particular
personality traits (Wilson et al., 2005). For instance, a meta-analysis
including 194 reports examining conscientiousness and prominent
behavioral contributors of mortality (e.g., diet and physical activity,
risky driving, violence, drug use) found that conscientiousness was
negatively associated with all risky behaviors and positively asso-
ciated with all health promoting behaviors (Bogg & Roberts, 2004),
demonstrating the importance of conscientiousness for mortality
and health outcomes affected by behavior.
Personality traits are also thought to affect cognitive functioning

in older adulthood via relatively uniform behavioral and cognitive
tendencies across a lifetime (Curtis et al., 2015), similarly to the
mechanisms underlying the associations between personality traits
and mortality. For instance, the risky health behaviors associated
with low conscientiousness (Bogg & Roberts, 2004) may also
contribute to cognitive senescence in both healthy and unhealthy
aging. Indeed, personality is proposed to impact cognition by
moderating the association between risk/protective factors and
cognitive functioning (Dixon & Lachman, 2019). The Invest-
and-Accrue model of conscientiousness (Hill & Jackson, 2016)
provides an excellent explanation underlying the associations
between conscientiousness, health, cognition, and mortality. The
model posits that individuals high in conscientiousness invest in
their future by behaving in ways to maximize future gains (e.g.,
devoting current resources such as time, energy, and assets). These
behaviors may reflect explicit and implicit decisions to avoid or
offset short-term compensation and rewards. Subsequently, under-
lying levels of conscientiousness, which drive investment behaviors,
lead to the association with positive outcomes in the domains of
health, relationships, education, and occupation (Hill & Jackson,
2016), which subsequently protect against cognitive decline and
risk of mortality.

Theorists also propose that personality may modulate aging
effects on brain structures (Jackson et al., 2011) or improve
one’s ability to withstand symptoms of neuropathology (Dixon &
Lachman, 2019). For instance, high conscientiousness is related to
larger brain volume and reduced age-related neural decline in
prefrontal and medial temporal brain regions (Jackson et al.,
2011), suggesting that certain personality traits may moderate
neurodegeneration and subsequently lead to reduced likelihood
of incident cognitive impairment. Likewise, individuals high in
conscientiousness may demonstrate better resilience in the face
of dementia symptoms (i.e., more likely to be asymptomatic) despite
underlying Alzheimer’s disease pathology (Wilson et al., 2015),
thereby diminishing the likelihood that individuals may appear to
have cognitive impairment. The existing literature documents exten-
sive evidence consistent with the underlying pathways linking
conscientiousness and cognitive functioning (e.g., Invest-and-
Accrue model; contribution to neural integrity and cognitive
reserve). Specifically, research finds a decreased risk of cognitive
impairment (Graham & Lachman, 2012; Mendez Rubio et al.,
2013), cognitive decline (Luchetti et al., 2016), dementia
(Aschwanden et al., 2021; Duberstein et al., 2011; Kaup et al.,
2019; Terracciano et al., 2014), and mortality (Graham et al., 2017;
Jokela et al., 2013; Kern & Friedman, 2008; Wilson et al., 2004) in
individuals high in conscientiousness.

Similarly, the existing literature paints a relatively consistent
picture of the adverse impact of neuroticism on cognition and
mortality. Characterized by anxiety, depressive symptoms, and a
propensity toward negative emotionality (Costa & McCrae, 1992a;
Eysenck & Eysenck, 1985), neuroticism may affect cognition and
mortality through experience and mediation of perceived stress, and,
subsequently, engagement in unhealthy behaviors (e.g., increased
risk of smoking; Graham et al., 2017). For instance, individuals high
in neuroticism are more likely to experience greater negative affect
and daily stress (Mroczek & Almeida, 2004). As stress is associated
with unhealthy behaviors, such as unhealthy dietary patterns
(Kazmierski et al., 2021), drug use (Lloyd & Striley, 2018), and
difficulty sleeping (Weeks et al., 2019), individuals experiencing
stress may be at increased risk of cognitive decline and mortality.
Relatedly, neuroticism is positively associated with cortisol (Garcia-
Banda et al., 2014) and allostatic load (Stephan et al., 2016), both of
which further contribute to adverse cognitive outcomes such as
impaired cognition, cognitive dysfunction, and dementia
(Csernansky et al., 2006; Karlamangla et al., 2014). Likewise,
brain-imaging research indicates an age-related association between
high neuroticism and smaller regional neural volume, along with
greater decreases in brain volume (Jackson et al., 2011), suggesting
that neuroticismmay contribute to neural degeneration. The existing
literature indicates that high or increasing neuroticism is associated
with worse cognitive functioning (Boyle et al., 2010; Chapman et
al., 2012; Crowe et al., 2006; Graham et al., 2021; Klaming et al.,
2017; Meier et al., 2002), cognitive decline (Chapman et al., 2012;
Luchetti et al., 2016), dementia (Aschwanden et al., 2021;
Duberstein et al., 2011; Johansson et al., 2014; Terracciano
et al., 2014; Yoneda et al., 2017, 2020), and risk of mortality
(Graham et al., 2017; Wilson et al., 2004).

In contrast, research examining the links between extraversion,
cognitive functioning, and mortality reveals somewhat inconsistent
findings. Extraversion is characterized by social activity, assertive-
ness, positive emotionality, high activity levels, and sensitivity to
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reward (Costa & McCrae, 1992a; Eysenck & Eysenck, 1985).
Individuals high in extraversion are more driven to be socially
active, which may indirectly influence cognitive functioning and
mortality, as social engagement protects against cognitive decline
(James et al., 2011; Kelly et al., 2017) and mortality (Bennett, 2002;
Thomas, 2012). Further, those high in extraversion may perform
better on cognitive tasks due to faster responding, assertiveness, and
lower general arousal (Chamorro-Premuzic & Furnham, 2004).
These hypotheses and supporting evidence are reinforced by
research suggesting that higher extraversion is associated with better
cognitive functioning (Luchetti et al., 2016) and episodic memory
performance (Meier et al., 2002) in older adults. However, research
also suggests that lower extraversion (i.e., introversion) is associated
with better crystallized ability (Baker & Bichsel, 2006; Soubelet &
Salthouse, 2011) and fluid intelligence (2011), and that moderate
levels of extraversion are associated with lower risk of cognitive
impairment compared to low or high extraversion (Crowe et al.,
2006). These inconsistent associations between extraversion and
cognition are further reinforced by a meta-analysis suggesting that
extraversion is inconsistently associated with dementia risk, depend-
ing on country of origin (Aschwanden et al., 2021).
The existing literature provides some evidence that the two

additional Big Five personality traits, openness to experience and
agreeableness, are also associated with cognitive aging processes
and mortality (e.g., Aschwanden et al., 2020; Stephan et al., 2021;
Williams et al., 2010). These associations, however, tend to be less
consistent both between (e.g., Duberstein et al., 2011; Iwasa et al.,
2008; Jokela et al., 2013; Martin et al., 2007; Wilson et al., 2004)
and within (e.g., Graham et al., 2017) studies, as well as between
studies using the same data set (e.g., Martin et al. 2007; Martin &
Friedman, 2000). Given the inconsistencies, and because the
selected data set for this study was ideal for the analytic approach
in numerous ways but did not collect data on openness or agree-
ableness, the present study focuses on conscientiousness, neuroti-
cism, and extraversion.
Overall, research has typically focused on the independent asso-

ciations between personality traits and either MCI (e.g., Mendez
Rubio et al., 2013), dementia (e.g., Terracciano et al., 2014), or
mortality (e.g., Graham et al., 2017). Relatively few studies have
examined the simultaneous risk of personality traits on both MCI
and dementia (e.g., Neuvonen et al., 2020). Further, to our knowl-
edge, no studies have yet examined the simultaneous risk of
personality traits on MCI, dementia, and mortality, though some
have adjusted for cognitive functioning in the examination of the
association between personality traits and risk of mortality (Wilson
et al., 2004, 2005). While MCI has good predictive ability for risk of
dementia (Bruscoli & Lovestone, 2004), the transition from NCI to
dementia is heterogeneous; not all older adults will develop MCI,
and not all individuals with MCI will develop Alzheimer’s disease
or other dementias (Kaduszkiewicz et al., 2014; Visser et al., 2006).
Further, individuals with MCI may revert to NCI at a later occasion
(Welstead et al., 2021), though still remain at higher risk of incident
dementia (Koepsell & Monsell, 2012). Moreover, MCI, cognitive
decline, and dementia also increase risk of mortality (Rajan et al.,
2014; Schupf et al., 2005; Taniguchi et al., 2019; Wilson
et al., 2006).
In other words, research investigating the simultaneous associa-

tions between personality traits and transitions between NCI, MCI,
dementia, and death in older adulthood is critical, as MCI, dementia,

and mortality are dependent outcomes and further, the likelihood of
each outcome increases alongside older age. Specifically, research
investigating the impact of personality on a single outcome, such as
dementia, does not account for the added risks of additional out-
comes, such as death or MCI, which limits the ability to capture the
independent association between personality and the single out-
come. Importantly, previous findings suggesting an association
between personality and mortality may be conflated with the
association between personality and cognitive impairment (as in-
dividuals with cognitive impairment are at greater risk of death) or
vice versa (as individuals who are more likely to die may be at
greater risk of already having cognitive impairment). Further, to our
knowledge, limited research has examined whether personality traits
contribute to transitioning either back to NCI or forward to dementia
following anMCI diagnosis. Finally, elucidating the extent to which
personality traits contribute to cognitive health span would address a
prominent gap in the existing literature, as healthy cognitive func-
tioning is important for quality of life in older adulthood (Cohrdes et
al., 2018; Keyes, 2013) and also substantially reduces economic and
health care burden (Brookmeyer et al., 2007; Taniguchi et al., 2019;
Zissimopoulos et al., 2014).

To address these gaps in the literature, this research implemented
MSM to examine the association between personality traits and
transitions between cognitive status categories (NCI, MCI, and
dementia) and mortality in a longitudinal study of older adults
with annual assessment, comprehensive clinical diagnoses based on
standardized criteria, and excellent participant retention rates and
death data. Additionally, we estimated nonimpaired and total life
expectancies (LEs) for each personality trait using the transition
probabilities estimated by the MSM. Based on previous literature,
we predicted that lower conscientiousness and higher neuroticism
would be associated with increased risk of transitioning forward
through cognitive status categories. Further, we predicted that
higher conscientiousness and lower neuroticism would be associ-
ated with longer health span and overall longevity. While the
literature examining extraversion is more variable compared to
the research examining conscientiousness and neuroticism, the
importance of social engagement is particularly salient for cognitive
functioning and mortality (James et al., 2011; Kelly et al., 2017).
As such, we also predicted that higher extraversion would be
associated with a decreased risk of transitioning forward through
cognitive status categories, as well as longer health span, and overall
longevity.

To our knowledge, only one study has investigated the role of
personality traits on backward transitions fromMCI to NCI, and this
research only included assessment of neuroticism, conscientious-
ness, and openness to experience. Using logistic regression analyses
to compare reverters (N = 66) to nonreverters (N = 157), results
suggest that, adjusting for age and sex, lower neuroticism was
associated with reverting from MCI to NCI, but the estimate was
no longer significant when additionally adjusting for conscientious-
ness and openness (p = .078; Sachdev et al., 2013). Given limited
research in this area, we did not make firm predictions regarding the
backward transitions. However, wemade two additional exploratory
predictions. First, we expected that higher conscientiousness would
be associated with an increased likelihood of the backward transition
from MCI to NCI, as individuals high in conscientiousness may
better adhere to physician recommendations. Second, we expected
that higher extraversion would be associated with an increased
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likelihood of transitioning back to NCI from MCI, as existing
research suggests that extraverts perceive greater social support
(Barańczuk, 2019) and are more likely to seek social support
(Connor-Smith & Flachsbart, 2007), which is particularly important
for MCI outcomes (Song et al., 2019).

Method

Sample

Data were drawn from the Rush Memory and Aging Project
(MAP; Bennett et al., 2012), a longitudinal cohort study of older
adults (N= 2,184;Mage = 80.0 years;Meducation = 14.9 years; 73.5%
female; 87% White) living in the greater Chicago metropolitan
region and northeastern Illinois. Participants without a formal
diagnosis of dementia were recruited from retirement communities,
church groups, and subsidized senior housing facilities. Data col-
lection began in 1997, with ongoing recruitment in northeastern
Illinois (for information regarding cumulative enrollment by year,
see: https://www.radc.rush.edu/documentation.htm). Participants
with at least one personality trait assessment and at least two states
(i.e., at least two cognitive assessments or one cognitive assessment
plus death) met eligibility for the current project, which resulted in
excluding 107 and 127 participants, respectively, for a total of
10.5% of individuals (N= 230). Included versus excluded participants
were not significantly different in regards to baseline age, years of
education, sex, or race.
At enrollment, all participants agreed to annual clinical assess-

ments until death. As organ donation is a condition of study entry,
and the autopsy rate surpasses 80%, the precise date of death is
known for more than four-fifths of deceased participants. In addition
to annual assessments, research assistants contacted participants
four times per year to track critical changes in health, including
death. Finally, the Social Security Administration Databases and
National Death Index were regularly reviewed to check for deaths
that may have been missed through participant–researcher commu-
nications. Across participants, approximately 95% of participants
completed annual follow-up assessments (Stewart et al., 2020). The
Institutional Review Board of Rush University Medical Center
reviewed the study, and all participants signed an informed consent
and a repository consent, which allows their data to be used for
ongoing projects. Researchers may request to access MAP data
(www.radc.rush.edu/res/ext/home.htm).

Measures

MAP (Bennett et al., 2012) includes annual assessments across an
extensive variety of biological and neuropsychological variables
(for a complete list, see: https://www.radc.rush.edu/docs/var/varI
ndex.htm). All assessments were completed exclusively in-person
using the Blaise computer-assisted interviewing system. When in-
person interviews were not possible, a subset of surveys and
cognitive tests were administered via telephone-structured inter-
views. The current project selected the following measures for the
planned statistical analyses.

Clinical Diagnoses

Assessment of clinical diagnoses (i.e., cognitive status categories)
was based on a three-stage process. First, all participants completed

structured clinical evaluations annually, which included an exten-
sive neuropsychological battery of 19 cognitive tests across five
cognitive domains (episodic, working, and semantic memory, per-
ceptual speed, and visuospatial ability; for more details, see https://
www.radc.rush.edu/docs/var/overview.htm?category=Cognition;
Bennett et al., 2006). Trained technicians administered the cognitive
tests, which were scored by a computer. Using a decision tree
designed to mimic clinical judgment, a rating of impairment severity
based on the cognitive test scores was generated. Second, an
experienced neuropsychologist, who was blinded to the partici-
pants’ age, sex, and race, reviewed the impairment rating and other
clinical information to assert a clinical judgment regarding the
presence of cognitive impairment. In this step, the neuropsycholo-
gist also considered the participant’s education, occupation, sensory
and motor deficits, and effort. Third, all participants who met
cognitive impairment criteria in step two were examined in-person
by a neurologist, geriatrician, or nurse practitioner who had exper-
tise in evaluation of older adults with and without dementia. After
reviewing all available data, the clinician made a final status
classification based on criteria of the joint working groups of the
National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and Related Disorders
Association (NINCDS/ADRDA). Specifically, probable Alzhei-
mer’s disease and related dementias were diagnosed if there was
evidence of meaningful decline in cognitive functioning relative to
previous levels, with impairment in memory and at least one
additional cognitive domain. These diagnoses represent State 3 in
the current analyses. MCI was diagnosed in the context of cognitive
impairment, but when the participant did not meet the criteria for
dementia (i.e., State 2 in the current analyses). No cognitive
impairment (NCI) referred to individuals without evidence of
cognitive impairment (i.e., State 1 in the current analyses).

The standardized cognitive assessments, which were identical
across measurement occasions, were used to enhance consistency
across examiners and over time. Further, the neuropsychologists’
(Step 2) and clinicians’ (Step 3) decisions were the result of highly
qualified clinical judgment. The predictive value of the three-stage
diagnostic procedure employed in MAP is greater than 90% for
probable Alzheimer’s disease, and between 60% and 70% for
possible Alzheimer’s disease, which is comparable to specialty
dementia clinics (80% and 65% and 85%, respectively; Bennett
et al., 2006).

Personality

The NEO Five Factor Inventory (NEO-FFI; Costa & McCrae,
1992b) was used to assess conscientiousness, neuroticism, and
extraversion. Each subscale includes 12 items, however, to mini-
mize participant burden, only six items from the NEO-FFI extra-
version subscale were administered, once, at participants’ first
measurement occasion. The 12-item neuroticism and conscientious-
ness subscales were also administered once, starting in 2004 and
2008, respectively, such that participants previously enrolled com-
pleted the subscale in 2004 and 2008, while participants enrolled
after those occasions completed all three subscales at their baseline
occasion. Conscientiousness was assessed with 12 items, such as “I
am a productive person who always gets the job done.”Neuroticism
was assessed with 12 items, such as “I often feel tense and jittery.”
Extraversion was assessed with six items, such as “I like to have a lot
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of people around me.” Items were rated on a 5-point scale, ranging
from strongly agree to strongly disagree. Negatively worded items
were reverse coded, so that higher scores consistently indicate
higher levels of each trait. Items were summed to yield a composite
score plausibly ranging from 0 to 48 for conscientiousness and
neuroticism, and from 0 to 24 for extraversion. Reliability estimates
for the entire MAP sample indicate good internal consistency across
all trait scales (Cronbach’s α = .80). For this analysis, personality
trait scores were z-standardized in standard deviation (SD) units to
facilitate the interpretation of hazard ratios (HRs) and estimated life
expectancies (LEs).

Covariates

Age and education were measured in years and mean-centered,
while sex was dichotomized with female participants as the reference
(i.e., female = 0; male = 1), as 75% of MAP participants are female.
Given existing literature suggesting an association between depres-
sion and the primary variables, a number of depressive symptoms
measured at baseline by the Center for Epidemiologic Studies
Depression Scale (CES-D; Radloff, 1977) were included in models.
Models also adjusted for apolipoprotein (APOE) ε4 genotype (0 =
does not carry APOE ε4 allele; 1 = carrier of one or more ε4 allele).
APOE genotypes were determined by investigators who were blinded
to clinical and pathological data. Polymorphic DNA Technologies
(Alameda, CA) performed genotyping using DNA extracted from
peripheral blood (∼75%) or postmortem brain tissue (∼25%). There
were nearly complete data for age, sex, education, and depressive
symptoms (over 99.9%), but individuals without genetic testing (n =
291) were significantly higher in conscientiousness, t(1,255) = 3.46,
p = .001, and lower in neuroticism, t(1,795) = 3.16, p = .002,
compared to individuals with genetic testing.
Post hoc sensitivity analyses additionally adjust for global

chronic conditions, which were a computed count variable based
on prevalent hypertension, cancer, diabetes, head injury, thyroid
conditions, congestive heart failure, vascular disease burden, heart
disease, and stroke. All chronic conditions were assessed via self-
report, except for history of stroke, which was ascertained by a
clinician via review of self-report and interview questions, cognitive
testing, and a neurological exam. Chronic conditions were summed,
such that higher values indicated having more chronic conditions.

Statistical Analysis

Multistate survival modeling (MSM; van den Hout, 2016) simul-
taneously models transitions between multiple states, whereas Cox
regression models one transition in one direction (e.g., the risk of
death). MSM provides a powerful analytic approach for discrimi-
nating the effect of factors (e.g., personality traits) at different stages
of cognitive impairment and allows flexibility in transitions between
cognitive status categories (e.g., backward transitions, skipping
specific stages). Importantly, MSM accounts for death as a compet-
ing risk factor in the estimation of transitioning between cognitive
status categories, and likewise, accounts for various levels of
cognitive impairment as a competing risk factor in the estimation
of death. Furthermore, MSM does not include assumptions about
time spent in each state, which is particularly desirable when data are
interval censored (e.g., survey data). Due to the complexity of
modeling several transitions, a limitation of MSM is potential
numerical problems when several covariates are included within
analyses, especially when there are few individual transitions
between states. For this analysis, a four-state model was applied
(State 1 = NCI; State 2 =MCI; State 3 = dementia; State 4 = death;
see Figure 1, which includes the number of transitions between
states). Three MSMs aligned according to chronological age were fit
to examine the impact of personality traits (conscientiousness,
neuroticism, and extraversion) on transitioning between cognitive
status categories and death during up to 23 years of annual follow-
up. The MSM package (Jackson, 2011) for R was used to estimate
multistate survival models, applying general purpose optimization,
and the Broyden–Fletcher–Goldfarb–Shanno (BFGS) method of
algorithm was applied to optimize functioning. MSM requires at
least two states and complete demographic data.

To complement the MSM analyses and to provide an estimate of
the impact of personality on total and nonimpaired life expectancy
(i.e., cognitive health span; partial LE), nonimpaired and total LEs
were estimated for each of three personality traits using the elect
package in R (van den Hout et al., 2019). The package fits a
multinomial regression model, conditional on age, using the transi-
tion probabilities estimated by the MSM for time-invariant covari-
ates (besides age; van den Hout et al., 2019). LEs were estimated for
male and female participants at 80 and 90 years of age, at the mean
years of education, with no depressive symptoms or APOE ε4 allele,
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Figure 1
Number of Transitions Between Cognitive Status Categories and Death in the Four-
State Model

Note. Values represent the individual number of transitions between states (e.g., NCI–NCI =
7,368; NCI–MCI = 970). NCI = no cognitive impairment; MCI = mild cognitive impairment.
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and at three levels of each personality trait (1 SD below the mean, at
the mean, and 1 SD above the mean). Besides standardizing
personality trait scores, there were no other data transformations.

Post Hoc Sensitivity Analyses

Based on reviewer suggestions, we executed two primary sets of
post hoc sensitivity analyses. First, we fit the primary MSMs
additionally adjusting for chronic conditions. These analyses exam-
ine the extent to which personality traits are associated with transi-
tions between cognitive status categories and mortality above and
beyond health. Second, Cox proportional hazard models examined
the association between personality traits and survival time to
dementia and to death (separately), adjusting for age, sex, education,
APOE, and depression symptoms. These analyses aim to provide
context for the importance of simultaneous modeling of dementia
and death (i.e., MSM) when investigating the role of personality in
cognitive aging processes and mortality. Additional post hoc anal-
yses estimated LEs for individuals with depressive symptoms and
with at least one APOE allele, which are documented within the
online Open Science Framework Supplemental Material.

Transparency and Openness

The longitudinal data analyzed in the current research are drawn
from the MAP study (Bennett et al., 2012). We report all measures
assessed in MAP that are relevant to the current research, how the
sample size from MAP was determined, all data exclusions, and
exclusions of variables in our statistical models; we follow Journal
Article Reporting Standards (Appelbaum et al., 2018). For a com-
prehensive list of MAP measures, see: https://www.radc.rush.edu/
docs/var/varIndex.htm. Access to MAP data (Bennett et al., 2012)
may be requested (www.radc.rush.edu/res/ext/home.htm). Data anal-
ysis was done in R, version 3.6.3 (R Core Team, 2020), using the
MSM package (Jackson, 2011) and the elect package (van den Hout
et al., 2019). Data from all participants who had measurement of at
least one personality trait, complete demographic information, and
clinical diagnosis at two or more measurement occasions (or one
clinical diagnosis and death), were included in the current project.
Primary hypotheses, the full preregistered analytic plan, participant
eligibility criteria, criteria for inferential statistics, and analytic scripts
in R, are reported on the Open Science Framework: https://osf.io/ua
dcm/?view_only=b5aaa02d47ce497ca9bbf4747029702a.
Data from theMAP study (Bennett et al., 2012) have been used in

prior publications examining personality (e.g., Gaynes et al., 2013),
cognition (e.g., Boyle et al., 2013), and mortality (e.g., Stewart et al.,
2020). For a comprehensive list of prior publications analyzing
MAP data, see: https://www.radc.rush.edu/docs/studyPublications
.htm;jsessionid=472F0541B864CBF3C433541521FCED32?study
Name=MAP. However, this project is the first implementation of
multistate survival modeling to examine the impact of personality
traits on transitions between NCI, clinical diagnoses, and death
using MAP data.

Results

Baseline descriptive statistics of the sample are reported in
Table 1. During follow-up (Moccasions = 8; range = 2–23), 54%
of the sample died (n = 1,059). Supplemental Table 1 reports the

total number of individual transitions between cognitive status
categories and death. The majority of observed transitions were
from NCI to NCI (N = 7,368), MCI to MCI (N = 1,244), and
dementia to dementia (N = 876), suggesting that relative stability in
cognitive status across measurement occasions was commonplace,
which is unsurprising given annual assessment. There were, how-
ever, several backward transitions from MCI to NCI (N = 725),
which may reflect improvement or within-person variability in
cognitive functioning, or learning effects. Comparatively, there
were few backward transitions from dementia (dementia to MCI,
N = 114; dementia to NCI, N = 12), suggesting that improvement in
cognitive status was relatively rare, particularly once an individual
progresses to dementia. Supplemental Table 2 reports the correlation
matrix of the time-invariant variables included in the current
analyses. Estimated HRs (and 95% CIs) of the effect of each
personality trait, adjusting for covariates (age, sex, education,
depressive symptoms, and APOE ε4 allele), on risk of transitioning
between states are presented in Table 2, and the full model results
(including estimates for covariates) are reported in Supplemental
Table 3. The following subsections report the results of the models
across demographics, and then each personality trait. Statistical
inference was made as follows: For the neuroticism model, if any of
the estimates are above 1.0 and the 95% CI does not contain 1.0 for
the transition, we concluded that higher neuroticism is associated
with increased likelihood of the transition; for the conscientiousness
and extraversion models, if any of the estimates are below 1.0 and
the 95% CI does not contain 1.0 for the transition, we concluded that
these traits are associated with decreased likelihood of the transition.
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Table 1
Characteristics of the Rush Memory and Aging Project Study
Participants

Variable N M (SD) Range or %

Baseline age 1954 79.93 (7.57) 53.35–100.47
Education in years 1954 14.93 (3.32) 0.00–30.00
Sex
Female 1,441 73.70
Male 513 26.30

Race
White 1,696 86.80
Black or African American 105 5.40
Other 18 1.00

Baseline depressive symptoms 1951 1.13 (1.66) 0.00–9.00
APOE
ε4 carrier 392 20.10
ε4 noncarrier 1,271 65.00

Chronic conditions 1952 1.53 (1.16) 0.00–7.00
Personality traits
Conscientiousness 1,231 33.77 (5.89) 6.00–48.00
Neuroticism 1,710 15.20 (7.07) 0.00–45.00
Extraversion 1940 15.86 (3.05) 5.00–24.00

Cognitive status categories at baseline
NCI 1,386 70.90
MCI 486 24.90
Dementia 82 4.20

Age at death 1,059 90.13 (6.44) 65.91–108.26
Total number of states 1954 7.61 (4.51) 2.00–24.00

Note. Raw personality scores are reported, though SDs were used within
the analyses; Other race = Indigenous, Alaska Native, Other; APOE ε4 =
apolipoprotein ε4 genotype; NCI = no cognitive impairment; MCI = mild
cognitive impairment; states refer to cognitive status categories and death.
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Multistate Survival Models

Demographics

Estimated HRs (and 95% CIs) of the effect of covariates for each
personality trait model are reported in Supplemental Table 3, but not
reported in text, as estimated HRs vary slightly across the personal-
ity trait models. Consistent across all personality trait models, results
suggest that older participants are significantly more likely to
transition forward through clinical diagnoses and to death compared
to younger participants. Additionally, older participants were less
likely to transition from MCI back to NCI consistently across each
of the models. In the neuroticism model, older participants were also
estimated to be less likely to transition from dementia back to MCI.
Across all trait models, male participants were more likely to

transition from dementia to death, and also back to MCI from
dementia. In the extraversion model, male participants were also
more likely to transition from NCI to death, while female participants
were more likely to transition back to NCI from MCI. Education was
not significantly associated with transitions within the conscientious-
ness models, but, in both the neuroticism and extraversion models,
higher education was associated with a decreased risk of transitioning
from NCI to death, as well as an increased likelihood of transitioning
back to NCI from MCI. Being a carrier of an APOE ε4 allele was
associated with an increased risk of transitioning from NCI to MCI,
and a decreased likelihood of transitioning from MCI back to NCI
across all personality trait models. In the conscientiousness and
neuroticism models, having an APOE ε4 allele was also associated
with an increased risk of transitioning from MCI to dementia. In the
extraversion model, having an APOE ε4 allele was associated with a
decreased likelihood of transitioning from MCI to death and from
dementia back to MCI. Finally, more depressive symptoms at
baseline were significantly associated with an increased risk of
transitioning from NCI to death in the conscientiousness and neuroti-
cism models. In the extraversion model, more depressive symptoms
were associated with an increased risk of transitioning from NCI to
MCI, as well as from dementia to death.

Personality Traits

Conscientiousness. When all covariates were included for all
transitions, the conscientiousness model would not converge due

to numerical problems. Consistent with our preregistration, we first
excluded APOE ε4 allele from the models, which resulted in model
convergence. Estimates from the conscientiousness model, adjust-
ing for age, sex, education, and depressive symptoms (but not
APOE ε4 allele) are reported in Table 2. The model also converged
when including age, sex, education, and APOE ε4 allele (not
depressive symptoms); estimates from this model are reported in
Supplemental Table 3 (see Conscientiousness 2). Higher consci-
entiousness was associated with a decreased risk of transitioning
from NCI to MCI, HR = 0.78, 95% CIs [0.72, 0.85]. However,
conscientiousness was not significantly associated with transitions
between the other cognitive status categories or death. As such, our
findings were partially consistent with our prediction that lower
conscientiousness would be associated with increased risk of
forward transitions through cognitive status categories. See Sup-
plemental Figure 1.

Neuroticism. We predicted that higher neuroticism would be
associated with increased likelihood of transitioning forward
through cognitive status categories. Consistent with this prediction,
higher neuroticism was associated with an increased risk of tran-
sitioning from NCI to MCI, HR = 1.12, 95% CIs [1.04, 1.21].
Though we did not make predictions regarding neuroticism and
backwards transitions, results suggest that higher neuroticism was
associated with a significant decreased likelihood of transitioning
from MCI back to NCI, HR = 0.90, 95% CIs [0.81, 1.00]; upper CI
< 1.00 prior to rounding to two decimals). Neuroticism was not
significantly associated with transitions between the other cognitive
status categories or death. See Supplemental Figure 2.

Extraversion. We predicted that higher extraversion would
be associated with decreased risk of transitioning forward through
cognitive status categories; however, this was not the case. Higher
extraversion was associated with an increased likelihood of
transitioning from MCI back to NCI, HR = 1.12, 95% CIs
[1.03, 1.22] and with a decreased likelihood of transitioning
from dementia back to MCI, HR = 0.83, 95% CIs [0.68, 0.99].
Further, higher extraversion was associated with an increased risk
of transitioning from dementia to death, HR = 1.12, 95% CIs
[1.04, 1.21], which was inconsistent with our prediction. Extra-
version was not significantly associated with transitions between
the other cognitive status categories or death. See Supplemental
Figure 3.
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Table 2
Hazard Ratio and 95% Confidence Intervals for the Effect of Each Personality Trait on Transitions Between Cognitive Status Categories and
Death

Conscientiousness Neuroticism Extraversion

Transition Hazard ratio [95% CI]

NCI–MCI 0.78 [0.72,0.85]* 1.12 [1.04, 1.21]* 0.97 [0.91, 1.04]
NCI–Death 1.16 [0.94, 1.45] 0.89 [0.74, 1.06] 0.88 [0.75, 1.03]
MCI–NCI 1.01 [0.91, 1.11] 0.90 [0.81, 1.00]* 1.12 [1.03, 1.22]*
NCI–Dementia 0.96 [0.85, 1.09] 1.12 [1.00, 1.26] 0.97 [0.88, 1.06]
MCI–Death 0.72 [0.50, 1.03] 0.99 [0.70, 1.41] 0.83 [0.63, 1.09]
Dementia–MCI 1.01 [0.79, 1.29] 1.19 [0.92, 1.53] 0.83 [0.68,0.99]*
Dementia–Death 0.89 [0.76, 1.03] 0.94 [0.82, 1.07] 1.13 [1.02, 1.25]*

Note. Analyses adjust for age, sex, education, depressive symptoms, and APOE ε4 allele, except for the Conscientiousness model, which adjusts for age, sex,
education, and depressive symptoms; APOE ε4 = apolipoprotein ε4 genotype; NCI = no cognitive impairment; MCI = mild cognitive impairment.
* p ≤ .05; CI values = 1.00, with *, were significant prior to rounding; CI values = 1.00, without *, were nonsignificant prior to rounding.
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Life Expectancies

We predicted that higher conscientiousness and extraversion, as
well as lower neuroticism, would be associated with longer health
span and overall longevity. Using the transition probabilities
estimated by the MSM, noncognitively impaired health span (i.e.,
cognitive health span; partial LE) and total LEs (i.e., total years of
longevity) were calculated for male and female participants at 80 and
90 years of age. Estimates for 80-year-olds are reported in Table 3 for
those with 15 years of education (sample mean), no depressive
symptoms, no APOE ε4 allele, and at three levels for each person-
ality trait (at the mean, as well as 1 SD below and 1 SD above).
Estimates for 90-year-olds with the same characteristics followed a
similar pattern as the participants who were 80 years old (see
Supplemental Table 4). Estimated 95% CIs for estimated years
of LE that do not overlap between levels of each personality trait (or
across sex categories) suggests that the trait (or sex) is significantly
associated with (shorter or longer) years of life expectancy.

Conscientiousness

Female participants one SD below the mean in conscientiousness
had shorter nonimpaired, 7.73 [6.97, 8.07], and total, 12.15 [11.34,
12.86], LE compared to individuals with average conscientiousness.
Further, individuals with average conscientiousness had shorter
nonimpaired, 8.69 [8.17, 9.02], and total, 12.95 [12.24, 13.59],
LE compared to individuals one SD above the mean, partial 9.51
[8.77, 10.22], total 13.49 [12.64, 14.30]. The pattern of results for
male and female participants was similar, but with relatively shorter
years of nonimpaired and total LE for male compared to female
participants. Overall, cognitive health span and total LE increased
linearly with higher levels of conscientiousness, but not significantly
at all levels, which was partially consistent with our predictions.
Female participants at the mean level of conscientiousness and one
SD above had significantly longer health span compared to those
one SD below the mean, but only male participants one SD above the
mean had significantly longer health span compared to participants
one SD below the mean. Conscientiousness was not substantially
related to total longevity.

Neuroticism

Female participants one SD below themean had longer partial, 8.28
[7.78, 8.85], and total, 11.88 [11.21, 12.63], LE compared
to individuals with average neuroticism, and individuals with average
neuroticism had slightly longer partial, 7.78 [7.41, 8.25], and total,
11.85 [11.21, 12.49], LE compared to individuals one SD above the
mean, partial 7.22 [6.61, 7.71], total 11.77 [10.88, 12.40]. The pattern
of results for male participants was similar, but with relatively shorter
years of nonimpaired and total life expectancy compared to female
participants. While cognitive health span and total LE estimates were
relatively shorter for individuals with higher levels of neuroticism,
there was no significant difference between participants with mean
neuroticism and one SD above or below the mean. However, female
participants one SD above the mean were estimated to live substan-
tially longer than female participants one SD below the mean, though
therewas no substantial difference for male participantswhowere one
SD above or below the mean in neuroticism, which was partially
consistent with our predictions. Likewise, level of neuroticism was
not substantially related to total longevity.

Extraversion

Female participants one SD below the mean in extraversion had
shorter partial, 7.03 [6.57, 7.51], and total, 11.24 [10.55, 11.95], LE
compared to individuals with average extraversion, and individuals
with average extraversion had shorter partial, 7.56 [7.21, 8.01], and
total, 11.63 [11.06, 12.25], LE compared to individuals one SD
above the mean, partial 8.12 [7.52, 8.58], total 12.03 [11.24, 12.57].
The pattern of results between male and female participants was
similar, but relatively shorter years of nonimpaired and total LE for
male compared to female participants. While total LE estimates
were relatively longer for individuals higher in extraversion, the
difference between levels of extraversion did not substantially affect
total longevity. Though female participants one SD below the mean
in extraversion had substantially shorter partial LE compared to
those one SD above the mean, extraversion was not substantially
related to partial or total survival for male participants, which was
partially consistent with our predictions.
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Table 3
Estimates of Life Expectancies in Years for Female and Male Participants at 80 Years Old With Mean Years of Education, No Depressive
Symptoms, No APOE ε4 Allele, and Standard Deviations of Personality Traits

Personality trait

Life expectancies in years [95% CIs]

Nonimpaired cognitive health span Total estimated life expectancy

80-year-old female 80-year-old male 80-year-old female 80-year-old male

Conscientiousness
−1 SD 7.73 [6.97, 8.07] 6.95 [6.21, 7.61] 12.15 [11.34, 12.86] 10.84 [9.88, 11.63]
M 8.69 [8.17, 9.02] 7.84 [7.19, 8.55] 12.95 [12.24, 13.59] 11.57 [10.78, 12.39]
+1 SD 9.51 [8.77, 10.22] 8.57 [7.80, 9.68] 13.49 [12.64, 14.30] 12.04 [11.02, 13.17]

Neuroticism
−1 SD 8.28 [7.78, 8.85] 7.00 [6.33, 7.77] 11.88 [11.21, 12.63] 10.31 [9.57, 11.27]
M 7.78 [7.41, 8.25] 6.58 [5.99, 7.17] 11.85 [11.21, 12.49] 10.30 [9.49, 11.05]
+1 SD 7.22 [6.61, 7.71] 6.12 [5.31, 6.72] 11.77 [10.88, 12.40] 10.25 [9.18, 11.14]

Extraversion
−1 SD 7.03 [6.57, 7.51] 5.74 [5.11, 6.33] 11.24 [10.55, 11.95] 9.18 [8.38, 10.03]
M 7.56 [7.21, 8.01] 6.20 [5.71, 6.74] 11.63 [11.06, 12.25] 9.56 [8.90, 10.21]
+1 SD 8.12 [7.52, 8.58] 6.68 [6.01, 7.26] 12.03 [11.24, 12.57] 9.94 [9.16, 10.65]

Note. APOE ε4 = apolipoprotein ε4 genotype; SD = standard deviation; CI = confidence interval.
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Sensitivity Analyses

MSMs suggest that chronic conditions were associated with
transitioning forward through cognitive statuses and to death;
however, adding chronic conditions to the models did not influence
the association between neuroticism or extraversion and transitions
between cognitive status categories and death (see Supplemental
Table 5). The conscientiousness model would not converge when
adjusting for all covariates and chronic conditions, but conscien-
tiousness estimates did not meaningfully change when adjusting for
chronic conditions in addition to demographics and depressive
symptoms or APOE. These results suggest that the associations
between these personality traits and transitions between cognitive
statuses and death are robust to further adjustment for chronic
conditions.
Based on Cox proportional hazard models, estimated HRs (and

95% CIs) of the association between personality traits and survival
time to dementia and to death, adjusting for age, sex, education,
APOE, and depression symptoms, are reported in Supplemental
Table 6. Results suggest that higher conscientiousness and extra-
version are associated with a decreased risk of dementia and death.
Likewise, higher neuroticism is associated with an increased risk of
dementia.

Discussion

The present study examined six preregistered predictions focused
on the impact of conscientiousness, neuroticism, and extraversion on
cognitive status transitions, cognitive health span, and overall lon-
gevity. Based on a longitudinal data set of older adults (N = 1954)
with up to 2 decades of annual assessment, our results suggest that
baseline conscientiousness is protective against, while neuroticism is
a risk factor for, transitioning to MCI. Specifically, scoring approxi-
mately six more points on a conscientiousness scale ranging 0–48
(1 SD in the scale) is significantly associated with approximately
22% decreased risk of transitioning forward from NCI to MCI.
Additionally, scoring approximately seven more points on a neuroti-
cism scale ranging 0–48 (1 SD in the scale) is significantly associated
with approximately 12% increased risk of transitioning from
NCI to MCI. Likewise, our results suggest that while personality
traits did not substantially affect total longevity in this data set,
individuals higher in conscientiousness had more years with healthy
cognitive functioning (i.e., cognitive health span). To our knowledge,
previous research has not investigated the impact of personality traits
on transitioning to MCI and dementia while simultaneously account-
ing for death as a competing risk factor, or the extent to which
personality traits contribute to cognitive health span. The current
findings address these gaps in the literature by investigating when
conscientiousness, neuroticism, and extraversion may bemost impor-
tant in the progression through clinical diagnoses and mortality in
older adulthood.

Multistate Survival Models

Our results suggest that being higher in neuroticism and lower in
conscientiousness was significantly associated with an increased
risk of transitioning from NCI to MCI. These findings are consistent
with our predictions, which were based, in part, on research
suggesting that higher neuroticism and lower conscientiousness

are associated with MCI and cognitive decline (Chapman et al.,
2012; Luchetti et al., 2016; Mendez Rubio et al., 2013). Personality
traits reflect relatively enduring patterns of thinking and behaving
(McCrae & Costa, 2004), which may cumulatively affect engage-
ment in healthy and unhealthy behaviors and thought patterns across
the lifespan. The accumulation of lifelong experiences may then
contribute to susceptibility of particular diseases or disorders (e.g.,
MCI), or contribute to individual differences in the ability to
withstand age-related neurological changes and neurodegeneration
(i.e., cognitive reserve; Stern, 2012). However, once an individual
progresses to MCI, healthy life choices and behaviors characteristic
of particular personality traits may have less power to protect against
underlying neurological degeneration. This possibility is consistent
with the current findings, which suggest that conscientiousness and
neuroticism are associated with cognitive functioning most substan-
tially in the transition from NCI to MCI. Indeed, neither conscien-
tiousness nor neuroticism was significantly associated with the
forward transition to clinically diagnosed dementia, nor to death.

Analyses also revealed that extraversion was not significantly
protective against forward transitions through clinical diagnoses,
nor to death, which was inconsistent with our prediction regarding
extraversion. In contrast, analyses suggest that individuals higher in
extraversion are at an increased risk of death once they progress to
dementia, as well as a decreased likelihood of transitioning back to
MCI from dementia, compared to individuals low in extraversion.
Findings also revealed that higher extraversion was associated with
an increased likelihood of transitioning from MCI back to NCI,
which is consistent with research suggesting that individuals high in
extraversion are more likely to perceive and seek social support
(Barańczuk, 2019; Connor-Smith & Flachsbart, 2007). As social
support is particularly important for MCI outcomes (Song et al.,
2019), such as medication adherence (Hudani & Rojas-Fernandez,
2016), higher extraversion may help to mitigate or alleviate some of
the symptoms associated with MCI through social support.
Together, these findings suggest that higher extraversion (and
perhaps the associated social support) is particularly important in
the early stages of cognitive impairment, but that the positive impact
of social engagement and support may be exhausted by the time an
individual progresses to dementia. Further, the transition from
dementia back to MCI should be interpreted cautiously, as the
transition may reflect a misdiagnosis and/or misclassification, and
very few individuals transition from dementia back to MCI in MAP
(114 out of 12,902 total transitions; <1%). Higher extraversion may
also contribute to greater likelihood of MCI misclassification at a
particular occasion, as individuals high in extraversion may be more
likely to be distracted during neuropsychological clinical testing
(Eysenck, 1967; Virzi et al., 2018).

We did not make formal hypotheses regarding the backward
transitions from MCI to NCI, nor regarding the transition from
dementia back toMCI, as limited previous work has investigated the
extent to which personality traits may be protective once an
individual is experiencing mild or severe cognitive impairment.
We expected, however, that individuals high in conscientiousness
and extraversion would be more likely to transition back to NCI
from MCI given that social support and engaging in healthy
behaviors are associated with these traits. As discussed, higher
extraversion was associated with an increased likelihood of transi-
tioning from MCI back to NCI. Conscientiousness, however, was
not associated with the backward transition. Once an individual
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starts to experience cognitive impairment, they may engage in
healthier behaviors according to physician recommendations that
are protective against further cognitive decline, despite preexisting
personality. While the decision to engage in healthier behaviors may
just reflect change in behavior, it is possible that individuals also
experience personality change following a clinical diagnosis. Pre-
vious work examining trajectories of change in personality traits
preceding and following MCI diagnosis found relative stability in
conscientiousness for individuals eventually diagnosed with MCI
and dementia (Yoneda et al., 2020). The analysis, however, exam-
ined trajectories of conscientiousness aligned according to years
preceding and after MCI classification, which did not account for
individuals who may have recovered, to some extent, from mild
impairment. Future research examining change in conscientiousness
and health behaviors surrounding MCI diagnoses, and particularly
for individuals who revert to NCI, may provide a more nuanced
understanding of this possibility.
Findings also revealed that higher neuroticism was marginally

associated with a decreased likelihood of transitioning from MCI
back to NCI, HR = 0.90, 95% CIs [0.81, 1.00], suggesting that
individuals high in neuroticism are less likely to recover from MCI.
This finding is consistent with the one previous study that examined
characteristics of 234 older adults with MCI who reverted to NCI
(Sachdev et al., 2013). Cognitive decline may elicit stress and
anxiety (Hwang et al., 2004; Joosten-Weyn Banningh et al.,
2008), individuals high in neuroticism are more vulnerable to
anxiety and stress (Jenkins et al., 2021; Mroczek & Almeida,
2004), and stress and anxiety are linked to adverse cognitive out-
comes (Aggarwal et al., 2014; Gallacher et al., 2009; Wilson et al.,
2011). For instance, a review article (Ouanes & Popp, 2019)
synthesizing research examining high cortisol and risk of dementia
presents several studies finding an association between high neu-
roticism and high cortisol (e.g., Garcia-Banda et al., 2014), as well
as the existing literature finding an association between high
neuroticism and adverse cognitive outcomes. As excess cortisol
causes wear-and-tear on the body (Geerlings et al., 2015), particu-
larly the hippocampus (Tatomir et al., 2014), the authors suggest that
the association between neuroticism and cortisol may contribute to
the adverse cognitive outcomes associated with neuroticism
(Ouanes & Popp, 2019).

Life Expectancies

We also examined three preregistered predictions regarding
cognitive health span and longevity. Partially consistent with pre-
dictions, the LE analyses estimated longer cognitive health span at
higher levels of conscientiousness and extraversion, though not
substantially at all levels. Further, analyses revealed that these traits
made a more substantial difference to female participants compared
to male participants. For instance, female participants at the mean
and one SD above the mean in conscientiousness had substantially
longer nonimpaired cognitive LE compared to those one SD below
the mean, but male participants one SD above the mean only had
substantially longer health span compared to participants one SD
below the mean. These findings may reflect the increased power of
the models to estimate transitions in female participants, due to
MAP being a predominantly female sample.
Overall, our findings suggest that lower neuroticism, as well as

higher conscientiousness and extraversion, are associated with more

years of cognitive health span to some extent, particularly for female
participants. These results are in partial support of our predictions.
However, level of each personality trait did not significantly affect
total longevity (i.e., the CIs surrounding the point estimates over-
lapped between SDs of each trait). These findings are inconsistent
with our predictions, as well as the previous work suggesting an
increased risk of mortality with neuroticism (Graham et al., 2017;
Wilson et al., 2004) and decreased risk of mortality with both
extraversion (Wilson et al., 2005) and conscientiousness (Graham
et al., 2017; Jokela et al., 2013; Kern & Friedman, 2008; Wilson et
al., 2004). These inconsistent findings may be due to the existing
literature typically considering death as a single outcome, without
considering the competing risk of MCI or dementia.

As previous work suggests that MCI increases risk of death (Bin
Bae et al., 2018; Yu et al., 2019), and that there is an increased risk of
death specifically due to dementia across all MCI subtypes
(Contador et al., 2014), the association between personality and
mortality may be partially or largely accounted for by the pathway
through cognitive decline. Indeed, our sensitivity analyses, which
used Cox proportional hazard models to examine the individual
associations between each trait and survival time to dementia, and to
death, amplify the importance of simultaneously modeling cognitive
status categories and death when investigating the role of personality
in cognitive aging processes and mortality. Specifically, the Cox
results suggest that higher conscientiousness is associated with a
decreased risk of dementia and death. In contrast, the MSMs, which
account for MCI, dementia, and death in the same model, suggest
that conscientiousness is only associated with the transition to MCI.
As such, high conscientiousness likely decreases risk of death
because individuals high in conscientiousness are also at a decreased
risk of dementia. These findings are also consistent with prior work
in MAP’s sister study, the Religious Orders Study (Bennett et al.,
2012), which revealed that adjusting for baseline levels of global
cognition attenuated the associations between personality traits and
relative risk of death (Wilson et al., 2004). Likewise, further work
examining neuroticism, extraversion, and risk of death revealed a
reduced association between personality traits and mortality when
cognitive activity was added to the models (Wilson et al., 2005).

In addition, the mean age of MAP is nearly 80 years old.
Statisticians estimate that life expectancy in the U.S. was 76.43
years in 1997 (World Bank Group, 2021), which marks the year that
participant enrollment began for MAP. As such, selection processes
may have occurred prior to participants’ admission into MAP. That
is, results may differ for studies investigating the impact of person-
ality traits on mortality risk that include participants at midlife (e.g.,
Jokela et al., 2013; N= 76,150,Mage at baseline = 50.9 years) rather
than in late life. Future research examining the association between
personality traits, cognitive outcomes, and death across the lifespan
would benefit the literature.

Strengths and Limitations

To our knowledge, this research is the first to examine the impact
of personality traits on cognitive health span, as well as the impact of
personality traits on the transition from MCI to dementia. This
project was preregistered, and besides post hoc sensitivity analyses
that were completed at the request of reviewers (and clearly distin-
guished as such), there were no deviations from the preregistration.
All authors had some prior knowledge of MAP data, working either
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directly or indirectly with the data set, though none of the authors
has used the same predictor and outcomes variables all together.
Further, the authors involved in study design and preregistration had
not handled or analyzed the data personally.
However, there are some limitations. Namely, personality change

may have occurred after the baseline occasion. Although many
participants completed all three personality trait subscales at base-
line due to continuous enrollment, the neuroticism and conscien-
tiousness subscales were not administered for up to 7 and 11 years,
respectively, following initiation of the study. Although personality
traits are relatively stable after age 30 (Terracciano et al., 2006), the
existing literature suggests that a small degree of personality change,
development, and variability across several years or decades is
characteristic of healthy development (e.g., Berg & Johansson,
2014; Mroczek & Spiro, 2003; Small et al., 2003). More substantial
personality change, however, may occur during progression to
dementia or after diagnosis (Balsis et al., 2005; Dawson et al.,
2000; Lykou et al., 2013; Mahoney et al., 2011; Siegler et al., 1994;
Smith-Gamble et al., 2002 Yoneda et al., 2017, 2020). This limita-
tion is less of a concern for estimates of neuroticism, as the majority
of individuals (71%) completed the neuroticism assessment at
baseline or within 1–2 years of their baseline occasion. In contrast,
approximately three quarters of the participants completed the
conscientiousness subscale up to 5 years after their baseline assess-
ment, and 10% completed the subscale up to 10 years after their
baseline occasion. As such, conscientiousness may have changed to
some extent for these individuals following their initial cognitive
assessment. Future research investigating the association between
conscientiousness assessed at baseline and transitions through
cognitive status categories and death, as well as change and
development in conscientiousness, particularly in the context of
cognitive aging processes, would benefit the existing literature.
Further, as anticipated, there were some numerical problems

within the multistate models. The full conscientiousness model
eventually converged after 314,000 iterations, but the APOE ε4
allele estimates and CIs were unreliable. As such, we report the
covariate estimates from the model adjusting for age, sex, education,
and depressive symptoms in Table 2 and the full model results in
Supplemental Table 3 (see Conscientiousness 1). To ensure that the
results were not strongly impacted by excluding APOE ε4 allele, we
fit an identical model but excluding depressive symptoms and
including APOE, and report the full model results in Supplemental
Table 3 (see Conscientiousness 2). As the model converged in both
cases with four covariates but not five, it is highly likely that the
model suffered from numerical problems due to extant parameters.
This is not surprising, given that fewer participants (n = 1,231)
completed the conscientiousness scale relative to the neuroticism
(n = 1,710) and extraversion (n = 1940) scales, as well as fewer
participants with genetic data (n = 1,663). Interestingly, estimated
HRs for the impact of conscientiousness on transitions differed
slightly between the two models (see Supplemental Table 3).
Specifically, in the model including APOE (and not depressive
symptoms), higher conscientiousness was also associated with a
decreased risk of transitioning from dementia to death, suggesting
that higher conscientiousness may be somewhat protective for
individuals diagnosed with dementia, but that baseline depressive
symptoms mediate the association. That is, the association between
conscientiousness and depressive symptoms may account for shared

variability in the model, such that neither uniquely contributes to the
transition.

Furthermore, MSM requires no missing data. While we have
nearly complete data (over 99.9%) for age, sex, education, and
depressive symptoms, only 85% of participants have APOE genetic
testing. Missing APOE data may have actually attenuated our
findings, as individuals excluded from analyses were significantly
higher in conscientiousness and lower in neuroticism. Genotyping
was performed using DNA extracted from peripheral blood or
postmortem brain tissue. Consistent with our findings, an autopsy
report (i.e., which also represents death) may simply be less likely
for individuals high in conscientiousness and low in neuroticism
(these individuals are still alive).

A primary limitation of the current project was the inability to
examine the other two Big Five personality traits, openness to
experience and agreeableness, both of which may be associated
with cognitive aging processes and mortality. For instance, research
suggests that openness is inversely associated with cognitive
impairment or decline (Aschwanden et al., 2020; D’Iorio et al.,
2018; Graham et al., 2021; Nishita et al., 2016; Rouch et al., 2019;
Stephan et al., 2021;Williams et al., 2010, 2013) and death (Iwasa et
al., 2008; Jackson et al., 2015). Similarly, higher agreeableness may
be associated with cognitive decline (Aschwanden et al., 2020;
Stephan et al., 2021; Williams et al., 2010) and mortality (Graham et
al., 2017; Jackson et al., 2015). However, additional research
suggests that the direction and significance of these associations
are less consistent across studies (e.g., Duberstein et al., 2011; Iwasa
et al., 2008; Jokela et al., 2013; Martin et al., 2007; Wilson et al.,
2004), suggesting less predictive value for cognitive aging processes
and mortality compared to conscientiousness, neuroticism, and
extraversion. It is possible, however, that the inconsistencies in
the literature stem from nonlinear associations, or previous research
focusing on either cognitive processes or mortality, without adjust-
ing for the other as a competing risk.

While the literature would certainly benefit from future research
that uses MSM to examine the association between openness and
agreeableness on transitions between cognitive status categories and
death, the Rush MAP design is ideal for MSM. Consequently, we
determined that the strengths outweigh the inability to assess these
traits. Specifically, MAP includes comprehensive neuropsycholog-
ical diagnostic classification, death data from multiple sources, and
extensive follow-up until death. Furthermore, MAP includes exten-
sive follow-up assessed annually across a variety of biological (e.g.,
apolipoprotein ε4 genotype classification) and neuropsychological
variables. However, participants included in the sample were mostly
female (74%) and Anglo American (86%). Participants were also
highly educated, with nearly 15 years of education, on average.
Future research conceptually replicating this work in more diverse
samples of older adults which include measurement of openness and
agreeableness would increase generalizability and may broaden the
understanding of the impact of personality traits on health span and
transitions between cognitive status categories and death.

Conclusions

Previous research suggests that personality traits, particularly low
conscientiousness and high neuroticism, are associated with MCI
and dementia. Limited research, however, has examined the simul-
taneous risk of personality traits on MCI and dementia, and to our
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knowledge, no study has examined the risk of transitioning from
MCI to dementia. Further, the existing literature suggests that lower
conscientiousness and higher neuroticism are associated with an
increased mortality risk. The majority of these studies, however,
treat death as a single outcome, without taking the competing risk of
MCI or dementia into account. Yet, risk of MCI, dementia, and
mortality are dependent outcomes; as such, research accounting for
all three outcomes when considering their associations with per-
sonality traits has the opportunity to elucidate the timing of when
personality traits may be most important in the progression through
clinical diagnoses and death in older adulthood. Prior work has
examined the association between personality and mortality adjust-
ing for baseline levels of global cognitive functioning or cognitive
activities (Wilson et al., 2004, 2005). In particular, one of these
studies reveals the importance of considering cognition, as the
association between neuroticism and mortality was reduced by
31% after adjusting for cognitive activity (Wilson et al., 2005).
In contrast to prior work, the current project applies MSM, which

is able to estimate the association between personality traits and
occasion-specific risk of transitioning to MCI and dementia, as well
as death. In this case, we investigate risk over more than 2 decades of
annual assessments. Our results suggest that conscientiousness and
neuroticism are most important in the transition from NCI to MCI.
Specifically, higher conscientiousness and lower neuroticism are
significantly associated with decreased risk of transitioning from
NCI to MCI, but neither is associated with other forward transitions.
Further, analyses revealed that higher extraversion is associated with
the transition from NCI to MCI, which may reflect the increased
social engagement and support characteristic of individuals high in
extraversion. Finally, analyses revealed that all three personality
traits are associated with nonimpaired cognitive health span to some
degree, particularly for female participants, but that personality traits
are not associated with total longevity. Together, these findings
provide novel understanding of the simultaneous association
between personality traits and transitions between cognitive status
categories and death, as well as nonimpaired cognitive health span
and total longevity.
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