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Abstract

Objectives: This study investigated the associations between Five-Factor Model personality traits and balance impairment and
lower limb strength. Methods: Middle-aged and older adults (Age range: 34—104 years; N >27,000) from six large samples from
the US and England were assessed for standing balance, lower limb strength, personality traits, sociodemographic, and health-
related variables. Results: Higher extraversion, openness, agreeableness, and conscientiousness were related to lower balance
impairment risk and better lower limb strength. Higher neuroticism was associated with higher risk of balance impairment and
with weaker lower limb strength. Biological, clinical, behavioral, and psychological factors partially accounted for these as-
sociations between personality and risk of balance impairment. Depressive symptoms and physical activity partially mediated the
associations between personality traits and limb strength. Discussion: Personality traits have replicable associations with lower

extremity functions. The study identifies potential moderators and mediators of these associations.
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Introduction

Lower extremity function is critical for older adults’ quality
of life and health. Indeed, it is a key factor for mobility, which
in turn is crucial for maintaining community independence in
old age (Rantakokko et al., 2013). Worse performance on
objective measures of lower extremity function, such as
slower gait speed, balance impairment, and weaker lower
limb strength, have been implicated in an increased risk of
limitations in activities of daily living (ADL) (Wang et al.,
2020), falls (Welch et al., 2021), cognitive impairment
(Veronese et al., 2016), hospitalization (Volpato et al., 2011),
and all-cause mortality (Pavasini et al., 2016; Volpato et al.,
2011). Therefore, identifying the factors associated with
lower extremity function could inform interventions to
promote mobility and health among older adults. A range of
clinical and behavioral factors have been found to contribute
to worse lower extremity function, such as higher body mass
index (BMI), chronic conditions, and physical inactivity
(Lucena Germano et al., 2023; Rundel et al., 2021; Stathi
et al., 2022). Comparatively less is known about the asso-
ciation between psychological factors, such as personality
traits, and lower extremity function.

Personality traits are enduring patterns of thoughts, feel-
ings, and behaviors (Costa et al., 2019). Five-Factor Model

personality traits (FFM, McCrae & John, 1992) consistently
predict overall health across adulthood (Luo et al., 2023;
Strickhouser et al., 2017; Wright et al., 2023). Several studies
also provided evidence of an association between person-
ality and markers of physical function (Bos et al., 2023;
Hajek & Konig, 2021; Mueller et al., 2018; Stephan et al.,
2022a, 2023a; Terracciano et al., 2013). Specifically, higher
neuroticism (the propensity toward negative emotionality
and distress) has been related to worse performance on
measures of physical functioning, such as lower grip strength
(Mueller et al., 2018; Stephan et al., 2022b), lower peak
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expiratory flow (Stephan et al.,, 2023a; Terracciano et al.,
2017), and lower aerobic capacity (Terracciano et al., 2013).
Higher extraversion (the propensity toward positive emo-
tionality and activity), openness (the propensity toward curi-
osity and imagination), and conscientiousness (the propensity
to self-discipline and responsibility) have been associated with
better grip strength (Stephan et al., 2022a), higher peak ex-
piratory flow (Stephan et al., 2023b; Terracciano et al., 2017),
and higher aerobic capacity (Terracciano et al., 2013). There is
less consistent association between agreeableness and markers
of physical function (Stephan et al., 2022a; Terracciano et al.,
2013).

The examination of the association between personality
and lower extremity function is critical for a better un-
derstanding of the potential mechanisms through which
personality is related to crucial age-related outcomes, such as
falls (Canada et al., 2020) and limitations in ADL/IADL
(Canada et al., 2021; Hajek & Konig, 2021). Research on the
link between personality and lower extremity function has
focused on gait speed. Studies revealed replicable associa-
tions between higher neuroticism and slower gait speed,
whereas higher extraversion, openness, and conscientious-
ness were associated with faster gait speed (Kekalainen et al.,
2020; Stephan et al., 2018; Terracciano et al., 2013; Tolea
et al., 2012). Less is known about the association between
personality, standing balance, and lower limb strength (Tolea
etal., 2012). Despite limitations in causal interpretation, such
an association could be expected for several reasons. Indeed,
the consistent link between personality traits and gait speed
(Kekalainen et al., 2020; Stephan et al., 2018; Terracciano
et al., 2013) and muscle strength (Stephan et al., 2022b)
suggests that they may be related to standing balance and
lower limb strength. In addition, higher neuroticism and
lower extraversion, openness, and conscientiousness have
been associated with an increased likelihood of frailty (Bos
et al., 2023; Gale et al., 2017; Hajek et al., 2021; Stephan
et al., 2017), which is related to balance impairment and
poorer lower limb strength. Furthermore, theoretical models
of personality and health suggest that the traits are associated
with health-outcomes through a range of biological, behav-
ioral, psychological, and clinical pathways (Chapman et al.,
2014; Grogan et al., 2023; Turiano et al., 2015). Therefore, it
is likely that personality may be related to factors that are
implicated in lower extremity function. For example, higher
neuroticism, lower extraversion, openness, and conscien-
tiousness are associated with higher inflammation (Luchetti
et al., 2014; Stephan et al., 2024), physical inactivity (Sutin
et al., 2016), depressive symptoms (Hakulinen et al., 2015),
obesity (Vainik et al., 2019), and chronic conditions
(Strickhouser et al., 2017; Wright et al., 2023) that may lead
to balance impairment and poorer lower limb strength
(Lucena Germano et al., 2023; Rundel et al., 2021; Stathi
etal., 2022; Tuttle et al., 2020). In support of these theoretical
assumptions, higher neuroticism and lower extraversion,
openness, and conscientiousness have been associated with

markers of worse physical function, such as lower grip
strength through their link with inflammation, physical in-
activity, and depressive symptoms (Stephan et al., 2022a).
Such mechanisms are likely to have a similar role in lower
extremity function.

Using six samples of middle-aged and older adults, the
present research examines the association between per-
sonality traits and two markers of lower extremity func-
tion: standing balance and lower limb strength. The
coordinated analysis of several samples tests the replica-
bility and generalizability of these associations across
samples with different sociodemographic characteristics
and assessment methods. It was hypothesized that higher
neuroticism would be related to worse balance and weaker
lower limb strength, whereas higher extraversion, open-
ness, and conscientiousness were expected to relate to
better balance and better lower limb strength, given the
broader literature on personality and physical function
(Bos et al., 2023; Hajek et al., 2021; Mueller et al., 2018;
Stephan et al., 2017, 2023b; Terracciano et al., 2013). No
predictions were made for agreeableness. In line with recent
research on factors that mediate the relation between per-
sonality and markers of physical function (Stephan et al.,
2022b), additional analyses examined whether the associa-
tions between personality and both balance and lower limb
strength were mediated by biological (c-reactive protein;
CRP), behavioral (physical activity), clinical (disease burden,
BMI), and psychological (depressive symptoms) factors (see
Figure 1). Given previous sex-specific findings and studies
focused on specific age groups (Tolea et al., 2010), exploratory
analyses tested age and sex as moderators. It is possible that the
associations between personality and functional parameters
could partly reflect underlying neurodegenerative processes
(such as Alzheimer’s or Parkinson’s disease) that can lead to
personality change as well as loss of function. Such changes
would likely be more common in older participants, suggesting
a moderating role of age with strengthening associations in
older participants.

Methods

Participants

Six samples were included: The Health and Retirement Study
(HRS), the English Longitudinal Study of Ageing (ELSA),
the National Health and Aging Trends Study (NHATS), the
Midlife in the United States Study (MIDUS), the National
Social Life, Health, and Aging Project (NSHAP), and the
Wisconsin Longitudinal Study (WLS). Balance measures
were available in the HRS, ELSA, and NHATS, and lower
limb strength was available in the MIDUS, ELSA, NSHAP,
WLS, and NHATS. For each sample, we selected the first
available wave with measures of both personality and lower
extremity function. Only participants with complete data on
personality traits, demographic factors, and lower extremity
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function were included. Table 1 includes descriptive statistics
for the six samples.

HRS is a nationally representative cohort study of
Americans aged 50 years and older. Baseline personality,
demographic, and balance data were obtained in 2006 for half
the sample and in 2008 for the other half. A total of
12656 individuals had complete demographic and personality
data. Within this sample, 1819 did not have data on balance,
resulting in a final sample of 10837 participants (58%
women; Mean Age = 68.21; SD = 9.68). HRS data can be
accessed at https://hrs.isr.umich.edu/data-products.

ELSA is a nationally representative study of people aged
over 50 years in England. Personality data were obtained at
Wave 5 (2010/2011) and balance and lower limb strength
were assessed at Wave 6 (2012/2013). Complete data on
personality and demographic factors were obtained from
8117 participants. Of this sample, 2927 participants had
missing data on lower limb strength. The final sample had
5190 individuals with complete data on personality, de-
mographic factors, balance, and lower limb strength (55%
women; Mean Age = 65.67; SD = 7.82). ELSA data can be
accessed at https://www.ukdataservice.ac.uk/.

CRP
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Figure |. Conceptual mediational model of the relationship between personality and balance impairment and lower limb strength.

Table I. Descriptive Statistics for the Six Samples.

HRS ELSA NHATS MIDUS WLS NSHAP
Variables M/% SD M/% SD MI% SD M/% SD M/% SD M/% SD
Age (Years) 6821 9.68 6567 782 7796 692 5506 11.60 7042 4.05 71.79 6.77
Sex (% women) 58% - 55% - 55% - 54% - 53% - 52% -
Race (% African American/Black) 10% - 2%* - 17% - 3% - 0% - 10% -
Ethnicity (% Hispanic) 7% - - - 5% - - - 0% - 7% -
Education 1292 2.89 438 2.18 546 224 777 246 13.98 247 285 1.32
Neuroticism 2.04 06l 2.08 059 2.18 083 201 062 3.0l 092 2.14 059
Extraversion 321 054 3.19 054 320 072 3.13 057 3.79 088 322 055
Openness 295 055 291 054 290 0.80 296  0.52 347 076 293 0.64
Agreeableness 3.54 047 3.51 047 3.60 049 343 051 480 0.71 346 051
Conscientiousness 3.37 047 3.34 047 3.30 067 341 045 474 071 3.38 054
Balance impairment (%) 33% - 15% - 37% - - - - - - -
11.18 4.11 12.14 4.05 990 3.85 10.00 3.21 13.98 5.87

FTSST (seconds) - -

Note. HRS: N = 10837; ELSA: N = 5190; NHATS: N = 1857; MIDUS: N = 977; WLS: N = 6960; NSHAP: N = 1802.

?Percent of non-white participants.
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NHATS is a longitudinal study of a nationally represen-
tative sample of Medicare enrollees aged 65 and older. One
third of the sample provided information about personality,
demographic factors, and balance/lower limb strength in
2013, and another third provided this information in 2014. A
total of 2770 individuals had complete data on personality
and demographic factors. Within this sample, 913 individuals
were excluded because of missing data on balance/lower limb
strength. The final analyzed sample had 1857 individuals
(55% women; Mean Age = 77.96, SD = 6.92). NHATS data
can be accessed at https://www.nhats.org/.

MIDUS is a longitudinal, nationally representative survey
of non-institutionalized Americans. Complete data on per-
sonality and demographic factors were from 3814 individuals
from MIDUS 2 (2004-2006). Of this sample, 2837 partic-
ipants had missing data, resulting in 977 individuals (54%
women; Mean Age =55.06; SD =11.60). MIDUS data can be
accessed at https://midus.wisc.edu/index.php.

WLS is a longitudinal survey of Wisconsin high school
graduates and their selected siblings. Data were available
from the 2011 wave. A total of 7576 participants had
complete data on personality and demographic factors. With
616 individuals with missing data on lower limb strength
excluded, the final sample had 6960 individuals (53%
women; Mean Age = 70.42; SD = 4.05). WLS data can be
accessed at https://www.ssc.wisc.edu/wlsresearch/data/.

The NSHAP is a longitudinal population-based study of
older Americans’ health and social factors. Data were
available from Wave 2 (2010-2011). Of an initial sample of
2062 participants with complete data on personality traits and
demographic factors, 260 individuals with missing data on
lower limb strength were excluded. The final analyzed sample
had 1802 participants (52% women; Mean Age=71.79; SD =
6.77). NSHAP data can be accessed at https://www.ssc.wisc.
edu/wlsresearch/data/.

Measures

Personality. The five personality traits were measured using
the Midlife Development Inventory (MIDI) (Zimprich et al.,
2012) in the HRS (26-item version), ELSA (26-item version),
MIDUS (25-item version), NHATS (10-item version), and
NSHAP (21-item version). Respondents were asked to rate
themselves on a list of adjectives on a four-point scale,
ranging from 1 (not at all) to 4 (a lof). Example adjectives are
worrying (neuroticism), active (extraversion), creative
(openness), softhearted (agreeableness), and organized
(conscientiousness). The WLS used the Big Five Inventory to
assess personality (John et al., 1991). Respondents read
29 descriptive statements such as: “To what extent do you
agree that you see yourself as someone who worries a lot?”
(neuroticism), “To what extent do you agree that you see
yourself as someone who generates a lot of enthusiasm?”
(extraversion), “To what extent do you agree that you see
yourself as someone who has an active imagination?”

(openness), “To what extent do you agree that you see
yourself as someone who is considerate to almost everyone?”
(agreeableness), and “to what extent do you agree that you see
yourself as someone who does things efficiently?” (consci-
entiousness). Participants rated each statement on a scale
ranging from 1 (disagree strongly) to 6 (agree strongly).
Within each sample, the mean of items was taken in the
direction of higher neuroticism, extraversion, openness,
agreeableness, and conscientiousness and z-scored for each
trait.

Balance. In the HRS, standing balance was assessed in three
separate stances. The semi-tandem balance task was con-
ducted first. Respondents were asked to stand up with the side
of the heel of one foot touching the toe of the other foot for
about 10 seconds. If participants were unable to complete the
semi-tandem task for 10 seconds, they were asked to perform
the side-by-side tandem task, with both feet together side-by-
side for 10 seconds. Participants who were able to perform the
semi-tandem task were asked to perform the full-tandem
balance task. They were asked to stand with the heel of one
foot in front of and touching the toes of the other foot for about
30s (for participants aged 65 years and older) or 60s (for
participants younger than 65 years old). In ELSA and NHATS,
participants were first asked to complete the side-by-side task,
followed by the semi-tandem for 10s and then the full-tandem
position. Participants unable to perform the side-by-side test
and the semi-tandem test for the full 10 seconds were not
administered the next test. In ELSA, participants younger than
70 years old were asked to complete a 30s full-tandem task and
those aged 70 and older performed a 10s full-tandem task. In
NHATS, participants were asked to complete a 10s full-
tandem. Building upon past research (Chen & Janke, 2014;
Gale et al., 2018), balance impairment was defined as not being
able to complete the full-tandem stance (coded as 1) (based on
the time requirements described above) versus able to com-
plete the stance (coded as 0) in the three samples.

Lower limb strength. The five times sit-to-stand test (FTSST)
was used in ELSA, NHATS, MIDUS, WLS, and NSHAP.
Participants were asked to stand up from a chair to a full
standing position five times with arms folded across the chest.
The task ended if participants used their arms to rise, were too
tired to continue, or were unable to complete the test in
1 minute. The time required to complete the five repetitions
was recorded in seconds. Slower time indicated worse per-
formance, whereas faster time required to complete the five
repetitions indicated better performance.

Covariates

Sociodemographic factors were controlled in all samples.
Age was in years, and sex was coded as 1 for female and 0 for
male. Education was reported in years in HRS and WLS and
reported on a scale from 1 (no grade school) to 12 (doctoral
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level degree) in MIDUS, from 1 (no qualification) to 7 (NVQ4/
NVQ5/Degree or equivalent) in ELSA, from 1 (no schooling
completed) to 9 (Master’s, professional or doctoral degree) in
NHATS, and from 1 (none) to 6 (law, MD, or PhD) in the
NSHAP. Race was included as covariate and was coded as 0 =
not African American/Black, and 1 = African American/Black
in MIDUS, HRS, NSHAP, and NHATS, whereas it was coded
as 1 for not white and 0 for white in ELSA. Ethnicity was
included in the HRS, NHATS, and NSHAP (1 = Hispanic or
Latinx and 0 = non-Hispanic/Latinx).

Additional analyses included biological, clinical, behav-
ioral, and psychological factors as potential mediating fac-
tors. C-reactive protein (CRP), BMI, disease burden, physical
activity, and depressive symptoms were included as potential
mediators of the association between personality and both
balance impairment and lower limb strength (see Figure 1).
These variables were included as mediators because of their
recognized link with both personality (Hakulinen et al., 2015;
Luchetti et al., 2014; Stephan et al., 2024; Sutin et al., 2016;
Vainik et al., 2019; Wright et al., 2023) and lower extremity
function (Lucena Germano et al., 2023; Rundel et al., 2021,
Stathi et al., 2022; Tuttle et al., 2020). Assays of blood
samples were used to obtain CRP in HRS, ELSA, MIDUS,
and NSHAP. A natural log transformation was performed
because of the skewed distribution of the values. Staff-
assessed height and weight were used to compute BMI
(kg/m?) in HRS, ELSA, MIDUS, WLS, and NSHAP; self-
reported height and weight were used to compute BMI in
NHATS. In the HRS and ELSA, participants were asked to
indicate how often they participated in vigorous and moderate
physical activity on a scale from 1 (hardly ever or never) to 4
(more than once a week). The mean of the two items was taken.
Participants in the MIDUS reported the frequency of their
winter and summer vigorous and moderate leisure physical
activity using a scale from 1 (never) to 6 (several times a week
or more). The average of the four items was computed. In the
NHATS, the sum of two items asking whether participants ever
go walking for exercise (yes/no) and whether they ever spent
time on vigorous activities in the last month (yes/no) was
taken. In the WLS, the sum of the number of hours per month
participants reported doing vigorous or light physical activities,
both alone and with others during the last year was used.
Participants in the NSHAP indicated how often they partici-
pated in vigorous physical activity or exercise over the last
twelve months on a scale from 0 (never) to 5 (5 or more times
per week). The CES-D (Radloff, 1977; Wallace et al., 2000)
was used to assess depressive symptoms in HRS and ELSA
(8 items), WLS (20 items), and the NSHAP (11 items). An-
swers were summed in HRS and ELSA and averaged in WLS
and NSHAP, with higher scores indicating more depressive
symptoms. The MIDUS used the Composite International
Diagnostic Interview Short Form (CIDI-SF) (Kessler et al.,
1998). Participants indicated their experience of depressive
symptoms that lasted for two weeks of the last 12 months using
a yes/no format. Answers were summed, with higher values

indicating more depressive symptoms. In the NHATS, the
Patient Health Questionnaire-2 (PHQ-2) (Kroenke et al., 2003)
was used. Participants used a scale from 1 (not at all) to 4
(nearly everyday) to indicate how often they had little interest
or pleasure in doing things and how often they felt down,
depressed, or hopeless over the last month. The average of the
two items was taken, with higher scores indicating more de-
pressive symptoms. The sum of diagnosed conditions was used
as a measure of disease burden in the six samples.

Data Analyses

Logistic regression was used to test the association between
personality and balance impairment in HRS, NHATS, and
ELSA. Each trait was entered separately as a predictor of
balance impairment, controlling for sociodemographic factors.
Additional logistic regression analyses included biological
(when available), clinical, behavioral, and psychological factors
to test whether these factors accounted for the association be-
tween personality and balance impairment. Linear regression
analyses examined the association between personality and
lower limb strength in NHATS, ELSA, MIDUS, WLS, and
NSHAP. In each sample, personality traits were entered as
separate predictors of performance on the FTSST, controlling for
sociodemographic covariates. Estimates (standardized co-
efficients from linear regression and odds ratio from logistic
regression) from the different samples were combined in
a random-effect meta-analyses using the Comprehensive Meta-
Analysis (Borenstein et al., 2022) and JAMOVI 2.3.18 software.
The random-effect meta-analysis is a common approach and
reflects the expectation that effects could vary from study to
study due to the differences across studies.

The mediational role of biological, clinical, behavioral,
and psychological factors in the association between per-
sonality and lower limb strength was tested using bootstrap
analysis with the PROCESS macro (Hayes, 2018). This
analysis was based on 5000 resamples of the dataset, allowing
the estimation of the indirect effects and 95% confidence
intervals (CI) for the indirect effects. Indirect effects were
considered significant when 0 was not contained in the CI’s.
C-reactive protein (CRP), physical activity, disease burden,
depressive symptoms, and BMI were tested as simultaneous
mediators between personality and lower limb strength.

Exploratory analyses tested whether age and sex moder-
ated the association between personality and markers of lower
extremity function with an interaction between each trait and
either age or sex in each sample. The estimates were com-
bined in a random-effect meta-analysis.

Results

Balance Impairment

The proportion of participants with balance impairment was
15% (N=799) in ELSA, 37% (N = 678) in NHATS, and 33%
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(N = 3534) in HRS. Consistent with predictions, the meta-
analyses indicated that higher extraversion, openness, and
conscientiousness were related to lower risk of balance im-
pairment (Table 2). These associations were significant in the
three samples for openness and conscientiousness and in two
samples for extraversion. Unexpectedly, higher agreeableness
was also related to a lower risk of balance impairment in the
meta-analysis (Table 2). However, this association was sig-
nificant only in HRS, not in NHATS and ELSA. The results
suggested that one standard deviation lower in extraversion,
openness, agreeableness, and conscientiousness were related
to a 15%, 19%, 8%, and 22% increased risk of balance
impairment, respectively. Higher neuroticism was signifi-
cantly associated with a higher risk of balance impairment in
HRS and ELSA, but not in NHATS or the meta-analysis
(Table 2). Biological, clinical, behavioral, and psychological
factors partially accounted for the association between per-
sonality and balance impairment (Table 3).

Moderation analyses indicated that the association be-
tween higher conscientiousness and lower risk of balance
impairment was stronger among older individuals
(Supplemental Table S1). This age interaction was significant
in one out of the three samples. Age did not moderate the
association of the other personality traits. Sex did not
moderate the associations between personality and balance
impairment (Supplemental Table S2).

In sum, the meta-analysis revealed that higher extraver-
sion, openness, agreeableness, and conscientiousness were
related to a lower risk of balance impairment. Higher neu-
roticism was related to a higher risk of balance impairment in
two out of the three samples, but not in the meta-analysis.

Lower Limb Strength

The meta-analysis indicated that higher neuroticism was
related to a longer time to complete the FTSST, indicating
worse performance (Table 4). In contrast, higher extraversion,
openness, and conscientiousness were associated with less
time to complete the lower limb strength task, indicating
better performance (Table 4). Unexpectedly, higher agree-
ableness was associated with better performance on the task

(Table 4). The association with extraversion, openness,
agreeableness, and conscientiousness was significant in four
out of five samples; the association with neuroticism was
significant in three samples.

Results from bootstrap mediation analyses are in Table 5.
Neuroticism was associated with worse lower limb strength
partly through higher depressive symptoms (proportion
mediated: 48%—52%) and higher disease burden (17%—24%
mediated) in three samples (Table 5). Furthermore, there was
replicable evidence of a mediating role of lower depressive
symptoms and higher physical activity in the association
between higher extraversion (three samples for depressive
symptoms, 10%—12% proportion mediated, and four samples
for physical activity, 3%—11% mediated), openness (three
samples for depressive symptoms, 8%—-25% mediated, and
four samples for physical activity, 6%—25% mediated),
agreeableness (four samples for depressive symptoms, 9%—
32% mediated and three samples for physical activity, 5%—
12% mediated), and conscientiousness (four samples for
depressive symptoms, 7%—18% mediated and physical ac-
tivity, 5%—13%) and better performance on the lower limb
task (Table 5). Additionally, lower disease burden partially
mediated the association between higher extraversion (pro-
portion mediated: 5%-8%) and conscientiousness (pro-
portion mediated: 5%—13%) and better performance in three
and four samples, respectively (Table 5). Less replicable
evidence was found for the mediation by BMI and CRP. The
association between extraversion and conscientiousness and
lower limb strength remained significant in four samples,
indicating that biological, clinical, behavioral, and psycho-
logical factors partially mediated these associations.

A meta-analysis revealed a significant interaction between
age and extraversion, openness, and conscientiousness on
lower limb strength (supplemental Table S3). Although the
association between extraversion, openness, conscientious-
ness, and lower limb strength was observed across age, it was
stronger among older individuals. However, there was some
heterogeneity across the samples. Indeed, age significantly
interacted with extraversion in three samples, openness in two
samples, and conscientiousness in one sample. There was no
overall interaction between agreeableness and age. There

Table 2. Summary of Logistic Regression Analysis Predicting Risk of Balance Impairment From Personality Traits.

Neuroticism Extraversion Openness Agreeableness Conscientiousness

OR 95%Cl OR 95%ClI OR 95%ClI OR 95%ClI OR 95%Cl
HRS® [.24 (1.19-1.30) 0.80"* (0.77-0.84) 0.83"** (0.80-0.87) 0.90"* (0.87-0.95) 0.81™" (0.77-0.84)
ELSA® [.13™ (1.05-1.23) 0.80""* (0.74-0.87) 0.84"" (0.78-0.91) 0.96 (0.88-1.03) 0.85"* (0.79-0.92)
NHATS® 0.93 (0.83-1.03) 1.03 (0.93-1.14) 0.87"* (0.78-0.96) 0.96 (0.87-1.07) 0.82"* (0.74;,0.91)
Random effect 1.10 (0.94-1.29) 0.87* (0.79-0.99) 0.84" (0.81-0.87) 0.93""* (0.89-0.96) 0.82"* (0.79-0.85)
1 92.79 90.03 0 0 0

Note. HRS: N = 10837; ELSA: N = 5190; NHATS: N = 1857; "p < .05, “p < .01, **p < .001.

?Adjusted for age, sex, education, race, and ethnicity.
PAdjusted for age, sex, education, and race.
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Table 3. Summary of Logistic Regression Analysis Predicting Risk of Balance Impairment From Personality Traits Controlling for

Biological, Clinical, Behavioral, and Psychological Factors.

Neuroticism Extraversion Openness Agreeableness Conscientiousness

OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
HRS* 113" (1.07-1.19) 0.88"* (0.83-0.92) 0.88"* (0.83-0.92) 0.92** (0.87-0.97) 0.89""* (0.85-0.94)
ELSA® 1.01 (0.91-1.12) 0.89" (0.80-0.97) 0.85"* (0.77-0.93) 0.96 (0.87-1.05) 0.93 (0.85-1.02)
NHATS® 0.91 (0.81-1.01) 1.04 (0.94-1.16) 0.88" (0.79-0.98) 0.96 (0.86—1.07) 0.84"* (0.75-0.93)

Note. “p < .05, “p < .01, ™"p < .001, HRS: N = 8767; ELSA: N = 4031; NHATS: N = 1828;
?Adjusted for demographic factors, CRP, BMI, disease burden, physical activity, and depressive symptoms,
bAdjusted for demographic factors, BMI, disease burden, physical activity, and depressive symptoms.

Table 4. Summary of Regression Analysis Predicting Lower Limb Strength From Personality Traits.

Neuroticism 3 Extraversion f Openness Agreeableness 3 Conscientiousness f3

ELSA® 0.07°** (0.04; 0.09) —0.16"" (—0.18; —0.07""* (—0.10; —0.04" (—0.06; —0.10) —0.09""* (—0.12; —0.07)
—0.13) —0.04)

NHATS® 0.03 (—0.02; 0.07) —0.09""* (—0.13; —0.05" (—0.09; 0.007) —0.06" (—0.10; —0.02) —0.11™* (—0.15; —0.07)
—0.04)

MIDUS? 0.04 (—0.02; 0.10) —0.03 (—0.09; 0.03) 0.02 (—0.04; 0.08) —0.00 (—0.07; 0.06) —0.04 (—0.10; 0.02)

WLS® 0.07"" (0.04; 0.09) —0.12""* (—0.14; —0.04™ (—0.06; —0.07""* (—0.09; —0.12"* (—0.14; —0.10)
—0.10) —0.01) —0.04)

NSHAP® 0.05" (0.004; 0.10) —0.14™* (—0.18; —0.08" (—0.13; —0.06™ (—0.10; —0.15"* (—0.19; —0.10)
—0.09) —0.04) —0.008)

Random 0.06"* (0.047; —0.1 1™ (—0.154; —0.05"" (—0.074; —0.05"* (—0.072; —0.11™* (—0.135;

effect 0.077) —0.073) —0.025) —0.035) —0.078)
12 0 83.34 54.16 24.29 64.9
Note. ELSA: N = 5190; NHATS: N = 1857; MIDUS: N = 977; WLS: N = 6960; NSHAP: N = 1802; “p < .05, “p < .01, **p < .001.

B = Standardized regression coefficient;

?Adjusted for age, sex, education, and race;
®Adjusted for age, sex, education, race, and ethnicity;
“Adjusted for age, sex, and education.

were fewer significant interactions between personality and
sex. The meta-analysis indicated a stronger association be-
tween conscientiousness and better performance among fe-
males, which was significant in two of the five samples
(Supplemental Table S4).

In sum, higher neuroticism was related to weaker lower
limb strength, whereas higher extraversion, openness,
agreeableness, and conscientiousness were associated with
better lower limb strength. The link between neuroticism and
lower limb strength was mostly mediated by higher de-
pressive symptoms and higher disease burden. In contrast,
lower depressive symptoms, lower disease burden, and
higher physical activity were the most consistent mediators of
the association between extraversion and conscientiousness
and lower limb strength. The link between openness and
agreeableness and lower limb strength was mostly mediated
by lower depressive symptoms and higher physical activity.

Discussion

Based on six large samples of middle-aged and older adults,
the present study examined whether the five major

dimensions of personality were associated with balance
(assessed with tandem stances) and lower limb strength
(assessed with sit-to-stand test). The meta-analysis indicated
that neuroticism was related to weaker legs (expected) but
unrelated to balance (unexpected). As predicted, higher ex-
traversion, openness, and conscientiousness were associated
with a lower risk of balance impairment and stronger legs.
Unexpectedly, the meta-analysis indicated that agreeableness
was related to a decreased risk of balance impairment and
better lower limb strength. These associations were replicated
across samples from different countries, with different de-
mographic characteristics, and using different personality
measures (including different versions of the same instrument
in HRS, MIDUS, NSHAP, ELSA, and NHATS). Further-
more, the present study found that the link between per-
sonality and balance impairment and lower limb strength was
partly explained by biological, clinical, behavioral, and
psychological factors. There was some evidence of a stronger
association between personality and lower extremity function
with increasing age, but the difference was modest. Taken as
a whole, this study addresses a gap in the literature on the
association between personality and physical functioning by
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Table 5. Summary of Bootstrap Analysis.

Bootstrap Analysis®

Variables Neuroticism Extraversion Openness Agreeableness Conscientiousness
ELSA
Depressive .14 (.088; .198) —.08 (—.116; —.047) —.05 (—.082; —.034) —.028 (—.045; —.013) —.064 (—.091; —.039)
symptoms
BMI —.003 (—.0l1;.005) —.007 (—.017; —.0005) .003 (—.004; .012) .005 (—.001; .014) —.01 (—.027; —.005)
Physical .03 (.010;.046) —.07 (—.099; —.052) —.043 (—.063; —.024) .003 (—.014; .022) —.05 (—.068; —.027)
activity
Disease .07 (.044;.095) —.05 (—.079; —.033) —.024 (—.043; —.008) —.003 (—.018;.013) —.05 (—.079; —.033)
burden
CRP —.001 (—.007; .004) —.001 (—.007; .004) .001 (—.003; .008) .003 (—.002; .010) —.006 (—.014; —.0007)
Direct effect® .02 — 10" —.03* —.03 —.03*
NHATS
Depressive .10 (.039; .166) —.04 (—.069; —.012) —.0l (—.032; .006) —.04 (—.075; —.015) —.04 (—.076; —.013)
symptoms
BMI —.007 (—.023; .004) .02 (.004; .043) .003 (—.008; .016) .009 (—.002; .002) —.01 (—.027; .0004)
Physical .004 (—.021; .030) —.04 (—.074; —.019) —.05(—.082; —.021) —.03 (—.055; —.003) —.04 (—.064; —.012)
activity
Disease .04 (.016; .072) —.02 (—.052; —.001) —.0l (—.039;.010) —.002 (—.031;.024) —.04 (—.072; —.015)
burden
CRP - - - - -
Direct effect® .00 —.07 —.03 —.05* —.08"
MIDUS
Depressive .09 (.014; .178) —.03 (—.067; —.002) —.006 (—.033;.017) —.0l (—.042; .011) —.03 (—.078; —.003)
symptoms
BMI —.002 (—.021; .015) —.02 (—.047; .003) —.009 (—.033; .006) .01 (—.005; .034) —.009 (—.034; .005)
Physical .01 (—.014; .053) —.06 (—.104; —.020) —.04 (—.084; —.008) .00l (—.030.; 030) —.0l (—.051.; 014)
activity
Disease .06 (—.003; .127) —.02 (—.050; .002) —.001 (—.020.; 018) —.007 (—.030.; 010) —.02 (—.062.; 002)
burden
CRP —.002 (—.036;.032) .0l (—.016;.048) —.006 (—.040,; 023) .03 (.001.; 072) —.03 (—.064.; 004)
Direct effect® —.0I -0l .03 —.0l -0l

WLS

Depressive
symptoms

BMI

Physical
activity

Disease
burden

CRP

Direct effect”

NSHAP

Depressive
symptoms

BMI

Physical
activity

Disease
burden

CRP

Direct effect”

11 (:076; .150)

— 02 (—.032; —.0008)

.002 (—.004; .008)

05 (.034; .064)

.00
.15 (.048; .250)

—.001 (—.029; .009)
.02 (—.006; .057)

.05 (:014; .010)

001 (—.007; .010)
—.00

—.04 (—.060; —028) —.03 (—.039; —.016)

002 (—.012; .017)
—01 (—.022; —.007)

—.000 (—.017; .016)

—.02 (—.037; —015) .03 (:014; .039)

— 09" ~.02
—06 (—.124; .0002)  —.04 (—.084; —.009)

—.000 (—.033; .008)
—09 (—.154, —019)

—000 (—.027; .013)
.09 (—.145; —.025)
—.02 (—.053; .001)  —.02 (—.045; .007)

—.005 (—.020; .014)
. | 2***

—.002 (—.013; .008)
— 06"

—.007 (—015; —.0003)

—.07 (—.095; —.049) —.07 (—.095; —.045)

—.04 (—.054; —021)
—.01 (—.020; —.005)

— 07 (—.090; —.054)
—02 (—.028; —.009)
—.02 (—.033; —010) —.04 (—.059; —.029)

—0l —05**
—.03 (—.068; —.005) —.06 (—.122; —.002)

002 (—.026; .014)
—.04 (—.078; —.006)

001 (—.062; .005)
—.08 (—.134; —.020)
—.000 (—.026; .023) —.04 (—.075; —.006)

—.001 (—.010; .008)
—.03*

—.005 (—.027; .022)
— 12

Note. ELSA: N = 4031; MIDUS: N = 968; NHATS: N = 1828; WLS: N = 6062; NSHAP: N = 1639; “p < .05, ™p < .01, ™"p < .001;

?Bootstrap estimates and 95% bias-corrected confidence interval for indirect effects of personality traits on FTSST performance through mediators controlling
for demographic factors;
PDirect effect of personality traits on FTSST performance adjusted for mediators and demographic factors.
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providing novel evidence based on coordinated analyses in
multiple cohorts.

To the best of our knowledge, this study is the first to
identify a link between personality and both balance and
lower limb strength. Therefore, these findings extend past
research on personality and gait speed (Kekalainen et al., 2020;
Stephan et al., 2018; Terracciano et al., 2013) to other crucial
markers of lower extremity function. In contrast to the null
results reported for walking speed (Stephan et al., 2018),
agreeableness was found to relate to better lower extremity
function in the present study. In addition, this study is broadly
consistent with existing evidence on personality (high neu-
roticism and low extraversion, openness, agreeableness, and
conscientiousness) and frailty, which is characterized by lower
physical function, mobility limitations, and loss of muscle
mass (Gale et al., 2017; Stephan et al., 2017). In addition, the
link between higher neuroticism and lower conscientiousness
and higher balance impairment and weaker lower limb
strength supports evidence for the association between these
traits and falls (Canada et al., 2020). Finally, the overall pattern
of association between personality traits and lower limb
strength was mostly consistent with findings of a recent study
using a dynamometer-based measure of upper body muscle
strength (Stephan et al., 2022b). Therefore, the association
between personality and muscle strength generalizes across
different measures.

There was heterogeneity in the association between
neuroticism and balance impairment. In particular, neuroti-
cism was not related to balance impairment in the meta-
analysis, which was mainly driven by the non-significant
association in the NHATS. In contrast, higher neuroticism
was significantly related to an increased risk of balance
impairment in both the HRS and ELSA. There are two main
differences between NHATS and both HRS and ELSA. First,
NHATS is an older sample. Second, there were differences in
the content of the neuroticism scale. HRS and ELSA used the
full MIDI, whereas the NHATS assessed neuroticism with
two items on nervousness and worry. It may be the emotional
instability component of neuroticism, rather than its anxiety
component, that is important for balance.

Emotionally stable (low neuroticism), extraverted, open,
agreeable, and conscientious individuals have biological,
psychological, health-related, and behavioral profiles that
may help strengthen and maintain lower extremity functions.
For example, low neuroticism and high extraversion, open-
ness, agreeableness, and conscientiousness have been asso-
ciated with more frequent physical activity (Sutin et al.,
2016), fewer depressive symptoms (Hakulinen et al.,
2015), and decreased risk of chronic conditions (Weston
et al., 2015). In addition, extraversion, openness, and con-
scientiousness have been associated with lower inflammation
(Luchetti et al., 2014; Stephan et al., 2024). Consistent with
this hypothetical model, the present study found that the
relation between extraversion, openness, agreeableness, and
conscientiousness and reduced risk of balance impairment

was partially accounted for by biological, clinical, behavioral,
and psychological factors. In addition, fewer depressive
symptoms and lower physical activity, and to a lesser extent
lower disease burden, partially mediated the link between
these traits and better lower limb strength. Also consistent
with existing research on the link between personality and
grip strength (Stephan et al., 2022a), higher neuroticism was
associated with weaker lower limb strength in part through its
association with higher depressive symptoms and higher
disease burden. There was little replication of a mediating
role of either CRP or BMI across the analyses, which is also
broadly in line with past research (Stephan et al., 2022b).
Across the five traits, depressive symptoms were the most
important mediators (with the highest proportion of effect
mediated) of the association between personality and lower
limb strength. Although they were also consistent mediators,
the proportion mediated by disease burden and physical
activity was lower but comparable. Taken as a whole, this
mediational pattern indicates that the association between
personality and different measures of strength, such as lower
limb strength and grip strength operate through similar
mechanisms. Furthermore, consistent with existing theoret-
ical models (see Chapman et al., 2014; Grogan et al., 2023),
these associations were mediated by different categories of
factors, including affective, behavioral, and clinical factors.

Depressive symptoms, disease burden, and physical ac-
tivity did not fully mediate the association between per-
sonality traits and lower limb strength, which suggests that
other pathways may operate. For example, higher neuroti-
cism and lower conscientiousness have been associated with
lower mitochondrial DNA copy number (Oppong et al.,
2022), which is related to higher risk of sarcopenia
(McCastlain et al., 2021). Furthermore, higher neuroticism
and lower extraversion and conscientiousness have been
related to immunosenescence (Stephan et al., 2023c¢), which is
implicated in decline in muscle health (Pellegrino et al., 2024).
Sensory function may also explain part of the association
between personality and balance. Indeed, higher neuroticism
and lower openness and conscientiousness have been asso-
ciated with increased risk of hearing impairment (Stephan
et al., 2019), which contributes to lower performance on the
FTSST and worse overall lower extremity function (Foster
et al., 2022). In addition, recent research found that higher
conscientiousness is related to a decreased risk of vision im-
pairment (Stephan et al., 2023a), which is implicated in better
standing balance and lower limb strength (Thompson et al.,
2023). Finally, personality may be related to balance and lower
limb strength through psychological factors. For example,
higher neuroticism and lower extraversion, openness, agree-
ableness, and conscientiousness are associated with higher
fatigue (Stephan et al., 2022b), which may manifest in more
serious difficulties in maintaining balance and strength.

The association between personality and markers of lower
extremity function could inform about potential pathways
linking personality to a range of health-related outcomes
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among older adults. For example, higher neuroticism and
lower conscientiousness might increase the risk of falls
(Canada et al., 2020) and hospitalization (Willroth et al.,
2023) partly through poor balance and weak legs. Impaired
lower extremity functions may also link higher neuroticism
and lower extraversion, openness, agreeableness, and con-
scientiousness to more difficulties with instrumental activities
of daily living (IADLs) (Canada et al., 2021).

The strengths of the present study are (a) the six large
population-based samples, (b) the assessment of all five major
domains of personality, (c) the objective measures of balance
and lower limb strength, (d) the coordinated analyses across
samples and meta-analytic synthesis, and (e) the testing of
potential biological, behavioral, psychological, and clinical
mediators and moderators. Several limitations also need to be
considered. Causal inference is limited by the observational
design. Personality was modeled as a predictor of lower
extremity function, but both balance and lower limb strength
may also predict personality. Additional research using
a longitudinal design is needed to examine these reciprocal
relationships. Although various mediators were examined,
more research is needed to test additional pathways through
which personality is associated with lower extremity func-
tion. Future research may examine the personality facets
related to lower extremity function to obtain a more in-depth
assessment of which aspect of personality is most strongly
related to these crucial physical functions. Finally, the present
study included samples from the US and the UK. Future
research should test whether these associations replicate in
samples from middle and low-income nations and other
world regions.

In sum, the present study indicates that higher neuroticism
is associated with an increased risk of balance impairment
and weaker lower limb strength, whereas higher extraversion,
openness, agreeableness, and conscientiousness are associ-
ated with lower risk of balance impairment and better lower
limb strength.
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