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Abstract

Objective—Dysregulation across multiple physiological systems, referred to as allostatic load,
has pervasive consequences for an individual’s health. The present study examined whether
allostatic load is associated with personality and personality changes during a 4-year follow-up.

Method—A total of 5200 participants aged from 50 to 99 years old (59.5% women, mean age=
66.91 years, SD= 8.88) from the Health and Retirement Study provided data on cardiovascular,
metabolic, and immune markers at baseline and personality both at baseline and four years later.

Results—Higher allostatic load was related to higher neuroticism (8 = .03, p=.042), lower
extraversion (8= -.06, p< .001) and lower conscientiousness (8= -.06, p< .001) at baseline, and
to declines in extraversion (8= -.03, p=.007), conscientiousness (8= —.04, p<.001), and
agreeableness (8= -.02, p=.020) over the 4-year period, controlling for demographic covariates.
A significant quadratic relation between allostatic load and changes in openness (8= -.03, p~=.
002) suggested that openness declines when individuals exceed a high level of cumulative
physiological dysregulation. No association was found with changes in neuroticism.

Conclusion—Allostatic load is associated with personality change across adulthood and old age.
The findings indicate that physiological dysregulation across multiple systems challenges
personality stability and is associated with accelerated personality traits change.
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membership in the lowest quartile corresponds to highest risk). Using this method, the pattern of results was identical for extraversion

and conscientiousness. Although the results for agreeableness and openness were not significant, the direction of the relations was
unchanged.
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Allostatic load is a measure of physiological dysregulation across multiple systems that
accumulates over the lifespan as a result of repeated cycles of physiological responses to
environmental and psychosocial stressors (1). This cumulative biological dysregulation has
pervasive consequences for physical and mental health. Individuals with higher allostatic
load, for example, have more disability and functional limitations (2-4), lower bone strength
(5), more cognitive impairment (6), and greater risk of major depression (7). Higher
allostatic load also predicts a range of adverse health outcomes, including cardiovascular
disease (8) and all-cause mortality (9). This multi-system physiological dysregulation tends
to be stronger than any single biological system indicator in predicting health outcomes (6,
10). In this study, we examine whether allostatic load is associated with changes in
personality —i.e. individuals’ characteristic way of feeling, thinking and behaving (11) —
across adulthood and old age.

Personality traits play an important role for the health and well-being of older adults (12—
14). Traits such as conscientiousness and neuroticism are associated consistently with a
range of biomarkers, including metabolic (14), immune (15-17), and cardiovascular (18). It
is likely, however, that this relation is reciprocal, and that physiological functioning may
contribute to how individuals feel, behave, and think across adulthood and old age. From a
theoretical standpoint, this assumption is consistent with the tenets of the Five Factor Theory
of Personality, which argues that stability and change in personality are biologically driven
(19). In addition, a growing body of research suggested that health patterns are predictive of
personality development. For example, individuals with more chronic conditions tend to
decline in extraversion, conscientiousness, openness to experiences, and emotional stability
(12, 20). In addition, personality changes, such as decreased conscientiousness and increased
neuroticism, have been observed in neurodegenerative diseases (21). These studies, however,
have used self-reported measures of disease burden or have tracked personality changes
using retrospective methods. To our knowledge, there has yet to be an empirical test of the
direct relation between a multi-system index of biological alterations, as reflected by
allostatic load, and personality development.

There are reasons to expect that the deviation of different regulatory systems from their
normal operating range may be associated with changes in personality traits. Allostatic load,
for example, has been associated with physical limitations and disease burden (2, 22), lower
cardiorespiratory fitness (23-25), sleep disturbances (26), chronic fatigue symptoms (27),
depressive symptoms (7), and lower cognitive functioning (6). In turn, these alterations in
physical, emotional, and cognitive functioning have been found to shape personality over
time, by reducing the tendency to be enthusiastic, self-disciplined and organized,
emotionally stable, agreeable, or open to new experiences (12, 20, 21, 28). Allostatic load is
also associated with lifestyle changes that may alter personality traits. For example, the
decline in energy combined with the physical and functional impairment that result from
allostatic load place limits on individuals’ lifestyles and daily activities, including
restrictions in the ability to be physically active (29-31). In turn, a sedentary lifestyle has
been associated with greater declines in extraversion, conscientiousness, openness, and
agreeableness across adulthood and old age (32).
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Using data from a large national sample of adults, the present study examined the
association between allostatic load and patterns of personality development across adulthood
and old age. Given that biological dysfunction across multiple systems alters physical,
emotional, and cognitive resources, we expected individuals with greater allostatic load to
have lower scores and steeper decline over time in emotional stability, extraversion,
openness, agreeableness and conscientiousness.

Participants were drawn from the Health and Retirement Study (HRS), a nationally
representative longitudinal study sponsored by the National Institute of Aging (Grant No.
NIA U01AG009740) and conducted by the University of Michigan. Participants in HRS
were Americans aged 50 and older and their spouses. Participants signed a consent form
approved by the Institutional Review Board at the University of Michigan. HRS data is
publically available for download at http://hrsonline.isr.umich.edu/. A random one-half of
the HRS sample was pre-selected for an enhanced face-to-face interview in 2006. The
interview included the collection of biomarker measurements and a psychosocial
questionnaire, which had a personality assessment that participants completed at home and
returned by mail. The participants in this half of the sample completed the personality
assessment again in 2010. The other half of the sample was interviewed in 2008 for the first
personality measure and biomarker measurements and provided the second personality
assessment in 2012. Biomarker data are currently available only for the 2006 and the 2008
waves.

Data from the 2006-2010 and 2008-2012 samples were pooled. Only participants with
complete demographic information (e.g., age, sex, race, ethnicity, and education), biomarker
measurements, and personality data at baseline and follow-up were included in the analyses.
Complete data at both baseline and follow-up were available from 5200 participants (59.5%
women). Participants were, on average, 66.91 (5D=8.88) years old, had an average of 13.19
(8D=2.72) years of education, were 89.6% white, 8% African-American, and 2.4% other
race, and 6.6% were Hispanic across all races (see supplemental material for attrition
analysis).

Personality—Personality was assessed using the Midlife Development Inventory (33).
Participants were asked how much 26 adjectives that assess neuroticism, conscientiousness,
extraversion, openness, and agreeableness described themselves on a scale ranging from 1
“not at all” to 4 “a lot” (34). The adjectives were moody, worrying, nervous, and calm
(neuroticism); outgoing, friendly, lively, active, and talkative (extraversion); creative,
imaginative, intelligent, curious, broad minded, sophisticated, and adventurous (openness);
organized, responsible, hardworking, careless, and thorough (conscientiousness); and
helpful, warm, caring, softhearted, and sympathetic (agreeableness). Cronbach alphas for
each trait at Wave 1 and Wave 2 respectively were as follows: .72 and .71 for neuroticism, .
75 and .76 for extraversion, .79 and .79 for openness, .67 and .69 for conscientiousness,
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and .79 and .80 for agreeableness. Stability correlations between the baseline and follow-up
personality scores were as follows: .64 (agreeableness), .65 (neuroticism), .67
(conscientiousness), .70 (openness) to .71 (extraversion).

Allostatic load—The biomarkers assessed in the HRS were used to compute the allostatic
load index. Markers of cardiovascular functioning were systolic and diastolic blood pressure.
Metabolic indicators included hemoglobin A1C (HbALC), high density lipoprotein
cholesterol (HDL), total cholesterol (TC), waist circumference, and cystatin C. The
inflammation marker was C-reactive protein (CRP). Dried blood spots were used to assay
for HbA1C, HDL, TC, cystatin C, and CRP. The participant’s finger was cleansed with an
alcohol swab, pricked with a sterile lancet, and the blood droplets were placed on specially
treated filter paper. Blood samples were assayed using a standard ELISA assay (35). Due to
the skewed distribution for each blood biomarker, we took the natural log to normalize the
distribution. From a sitting position, three blood pressure readings, 45 seconds apart, were
taken using an Omron HEM-780 Intellisense Automated Blood Pressure Monitor on the
participant’s left arm. Systolic and diastolic blood pressure were recorded and averaged
across the three measurements (mmHg). Participants with at least one valid measure were
included in the present sample. To measure waist circumference, participants were asked to
stand up, remove any bulky clothing, point to their navel, and place a tape measure around
their waist at the level of their navel. The interviewer checked to be sure that the tape
measure was horizontal around the waist and snug but not tight. Waist circumference in
inches was recorded. The allostatic load index was computed using the eight biomarkers. Z
scores were computed for each biomarker and then averaged. Higher values indicate higher
multi-system physiological dysregulation.

Covariates—Age (in years), sex (coded as 1 for men and 0 for women), race (coded as 1
for white and 0 for other), ethnicity (coded as 1 for Hispanic and 0 for not Hispanic) and
educational level (in years) were included as covariates given their relation with personality
change (36, 37). Age squared was also included given the non-linear changes in personality
across adulthood (38).

Data Analysis

Regression analyses were first conducted to identify baseline associations between allostatic
load and personality, controlling for demographic factors (age, age squared, sex, race,
ethnicity, and education). Drawing upon existing research on factors associated with
personality change (20, 28), to test whether physiological dysregulation was associated with
change in personality traits, we regressed personality at follow-up on baseline personality,
age, age squared, sex, race, ethnicity, education, and the allostatic load index. We further
examined potential non-linear relations between physiological dysregulation and change in
personality traits by including the squared term for allostatic load in additional regression
analyses. Collinearity diagnostics revealed no problems with multicollinearity (i.e., all
variance inflation factors were inferior to 2). Based on strategies used in previous research
(39, 40), we estimated the contribution of allostatic load in terms of years of aging on
personality changes. Specifically, the unstandardized coefficient for allostatic load was
multiplied by its standard deviation and divided by the unstandardized coefficient for
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chronological age (39, 40). To provide a graphical representation of the results, we plotted
changes in z-scores for each personality trait separately for those at the top and bottom
quartiles of allostatic load. We also tested whether age, sex, race, ethnicity, and education
moderated the association between allostatic load and personality change. To test for
interactions, all continuous predictors were first mean centered. The same regression
analysis as described above was conducted for each trait, with the demographic covariates,
baseline personality, allostatic load, and an allostatic load by moderator (e.g., age, sex,
education, race or ethnicity) interaction as predictors, and personality at follow-up as the
outcome. Finally, as supplemental analysis, we examined the association between the
individual markers of allostatic load and change in personality using the same procedure.

Table 1 shows the descriptive statistics for all study variables. At baseline, a higher allostatic
load was associated with higher neuroticism, lower extraversion, and lower
conscientiousness (Table 2). Partially consistent with our hypothesis, the regression analysis
indicated that allostatic load was related to changes in extraversion, agreeableness, and
conscientiousness controlling for the demographic variables and baseline personality (Table
3). A significant quadratic relation was found between allostatic load and openness.
Allostatic load was unrelated to changes in neuroticism (Table 3).

In the HRS sample, the average mean level of extraversion, openness, agreeableness, and
conscientiousness declined over the 4-year period. Our results thus indicated that greater
physiological dysregulation at baseline was associated with an even steeper decline in
extraversion, openness, agreeableness, and conscientiousness than was found with normal
aging. Specifically, the findings suggested that every one standard deviation increase in
allostatic load was associated with roughly 0.02 to 0.04 SD decrease in these traits. In
addition, we estimated that one-SD higher allostatic load was associated with 6.6 accelerated
years of aging in openness, 7.3 more years of aging in conscientiousness, and 13.2 more
years of aging in both extraversion and agreeableness. The size of the associations between
the allostatic load and personality changes was comparable or stronger than the association
of most demographic factors with personality (see Table 3). Furthermore, these associations
were also observed without demographic covariates included in the model and when
controlling for baseline and follow-up level of the other traits. The one exception was the
association between allostatic load and change in agreeableness, which was reduced to non
significance with the inclusion of the other traits (= .00, p=.762). Figure 1 presents
changes in the z-scores of extraversion, openness, agreeableness, and conscientiousness for
individuals in the top and bottom 25% of the distribution of the allostatic load index,
adjusted for the covariates.

We next examined whether the association between allostatic load and personality change
was moderated by demographic factors. Allostatic load was associated with a steeper decline
in conscientiousness among women (Binseractior= -03, p = .014) and individuals of non-
Hispanic origin (Binseractior= 02, p = .042). A more pronounced decline in extraversion was
also found for individuals with higher education (Bjmseractior —-02, p=.031) and individuals
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of non-Hispanic origin (Bnseractior= -04, p < .001). Age and race did not moderate any of the
associations.

Finally, partial correlations between each biomarker and each trait at baseline and follow-up,
controlling for demographic factors are presented in Table 4. Of the individual biomarkers,
regression analysis indicated that cystatin C was associated with a decrease in extraversion
(B=-.02, p=.043) and HbA1C was associated with declines in agreeableness (8= -.03, p
=.020) and conscientiousness (5= —.03, p=.003).

Discussion

The purpose of this prospective study was to examine the relation between allostatic load, a
measure of multi-system physiological dysregulation, and personality development over a
four-year period in a large sample of Americans. At baseline, we found that individuals with
higher allostatic load scored higher on neuroticism and lower on extraversion and
conscientiousness. Over the 4-year follow-up, individuals with more dysregulation at
baseline had a steeper decline in conscientiousness, extraversion, agreeableness, and
openness. Surprisingly, allostatic load was unrelated to changes in neuroticism. Overall, the
results suggest that individuals with physiological dysregulation have accelerated aging on
most dimensions of personality. Furthermore, the strength of these associations was similar
or stronger than those of the demographic factors. These findings provide support for
physiologically-driven personality changes across adulthood and old age.

In our sample, allostatic load had the strongest association with declines in extraversion and
conscientiousness. The cumulative dysregulation may result in a significant loss of energy
(23-27). Individuals who are extraverted and conscientious have higher energy expenditures
(41); the energy costs associated with higher physiological dysregulation may reduce the
ability to sustain extraverted and conscientious behaviors. In addition, higher allostatic load
is related to physical limitations (22), depressive symptoms (7), and cognitive declines (6),
which have been associated with a reduced tendency to experience positive emotions and to
be enthusiastic (extraversion) and a decline in the propensity to be self-disciplined, planful,
and organized (conscientiousness) over time (28, 42). Individuals with higher physiological
burden also have a restricted ability to be physically active (30), which is associated with
steeper declines in extraversion and conscientiousness (32).

Allostatic load had a more modest association with declines in agreeableness. This finding
adds to empirical evidence for disease-related changes in this trait (20). Allostatic load is
related to an increased risk of depressive symptoms (7), which have been recently found to
lead to a decline in agreeableness (28). In addition, a physically active lifestyle has been
found to mitigate declines in agreeableness (32). The lifestyle limitations associated with
higher allostatic load may thus restrict individuals’ prosocial orientations and abilities to be
socially engaged. The loss of resources resulting from multi-system physiological
dysregulation may also generate negative interpersonal reactions, such as irritability or
anger, reflected in lower agreeableness over time.
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The decline in openness to experience occurred only when individuals exceeded a higher
multi-system physiological dysregulation at baseline. This result suggests that the propensity
to seek novelty and variety may be relatively unaffected by allostatic load up to a point that
past which individuals may not be able to compensate for the accumulated physiological
burden. In this case, compounded depletion of energy and physical, emotional, and cognitive
resources may challenge people’s ability to maintain an open mind and the desire to engage
in a variety of activities. In addition, individuals who exceed a given threshold of allostatic
load are exposed to an increased risk of disease (4), which may lead them to be less
exploratory and to prefer familiar activities and close relationships (12).

Our hypothesis for an association between allostatic load and increases in neuroticism over
time was not confirmed. Our results indicate that individuals who experience multi-system
physiological dysregulation present a higher propensity to experience distress and negative
emotions at baseline but not over time. This finding is consistent with reports of a cross-
sectional relationship between higher allostatic load and acute depressive symptoms (7, 43),
which fades over time (43). Therefore, cumulative physiological dysregulation may have
acute emotional and affective manifestations that are expressed temporarily in higher
emotional instability but may not be sufficiently persistent over time to translate in changes
in neuroticism.

These findings indicate that physiological dysregulation is associated with a deviation of
personality traits from their normative pattern of development. More specifically, allostatic
load may be a risk factor for maladaptive personality trajectories that have been associated
with a range of negative psychological, cognitive, and health-related outcomes (14, 44, 45).
In addition, allostatic load could be a potential explanatory factor for the association
between major life events and personality changes (37, 46). The experience of adverse life
events, or chronic exposure to threatening situations, may generate stress-related
physiological dysregulation across multiple systems, leading to maladaptive personality
trajectories.

The present study adds to existing knowledge on the factors associated with personality
development. Previous research has focused primarily on the effect of demographic factors,
such as ethnicity and education (36), and of contextual/environmental factors, such as life
experiences and normative life events (37, 46-48). Although health-related personality
changes have been identified, previous studies have almost exclusively focused on self-
reported measures of health and disease (20, 49) or have retrospectively tracked personality
changes among clinical samples, such as Alzheimer’s disease patients (42). Although self-
report measures have good validity, they are potentially subject to bias due to the self-report
method. Therefore, this study extends previous research by providing evidence of a link
between a cluster of laboratory-based biomarker measures and personality development. The
use of such a cluster of mainly non-symptomatic biomarkers extends existing knowledge
toward a more distal health factor represented by the physiological dysregulation, and
reduces potential bias due to shared methods of previous studies. Nevertheless, it is
reassuring that previous research based mostly on self-report measures generated results that
are mostly consistent with the findings of this study that relied on physical and laboratory-
based assessments. In addition, the findings from this study are consistent with the Five
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Factor Theory, which postulates that personality stability and change are mainly biologically
driven (19). Importantly, this study demonstrates that beyond genetics, physiological factors
are associated with patterns of personality development.

The current study has limitations that should be considered when interpreting the results. It
is possible that attrition may have influenced the findings and that additional statistical
modeling thereof would yield different results. The generalizability of our findings is limited
to some extent by the positive selection of the longitudinal participants. The effects observed
in the study may underestimate the true association of allostatic load with personality
development given that participants without complete data had higher physiological
dysregulation across systems, and thus could have experienced more change in their
personality. In addition, given that biomarkers were available at only one wave in the HRS,
the present study focused only on the predictive value of the level of physiological
dysregulation on personality development. As such, it is possible that the observed
associations might be the results of changes in personality that started to occur before the
assessment of allostatic load. Specifically, such changes may have caused the higher
allostatic load observed among those individuals who declined more in extraversion,
openness, agreeableness, and conscientiousness. Future research is needed to test whether
accumulated physiological burden over time is associated with personality changes, and
vice-versa. In addition, both higher allostatic load and changes in personality may be
attributable to a third variable, such as shared genetic factors. This study also relied on a
brief measure of personality; detailed measures of personality facets would have provided a
more in-depth understanding of the association between allostatic load and personality
change. Finally, the allostatic load index only includes markers of metabolic, cardiovascular,
and immune functions, considered as secondary mediators in the process leading to allostatic
load (10). Future research could expand this measure to include markers of hypothalamic—
pituitary—adrenal axis, or other markers of sympathetic and parasympathetic nervous system
functioning, such as cortisol or brain-derived neurotrophic factors (50).

Despite these limitations, the study indicates that allostatic load is associated with patterns
of personality development across adulthood and old age. Specifically, cumulative
physiological dysregulation across multiple systems challenges individuals’ characteristic
ways of feeling, thinking, and behaving, and is associated with a pattern of maladaptive
changes in personality. This study is a step toward a better understanding of the biological
underpinning of personality development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Changes in Extraversion (Panel A), Openness (Panel B), Agreeableness (Panel C), and

Conscientiousness (Panel D) for Low (Bottom 25%) and High (High 25%) Allostatic Load,

adjusted for baseline sociodemographic factors.
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Means and Standard Deviations for the Variables Under Study at Time 1 and Time 2 (N=5200)

Variables Timel Time2
Sex, female, n (%) 3092 (59.5%) -

Race, white, n (%) 4657 (89.6%) -

Ethnicity, Hispanic, n (%) 341 (6.6%) -

Education, y 1319 (2.72) -

Age, y 66.91(8.88) -

Allostatic Load 0.00 (0.44) -
Neuroticism 2.02(059) 197 (0.59)2
Extraversion 3.22 (0.55) 3.17 (0.56)2
Openness 296 (054 291 (0.55)2
Agreeableness 355(046)  352(0.48)2
Conscientiousness 3.40(0.45)  338(0.48)2

Note.

an. .. .
Significantly lower than the baseline value
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