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Abstract

Objective.—To examine the association between Five-Factor Model personality traits and grip
strength.

Method.—Adults aged 16 to 104 years old (N > 40,000) were from the Health and Retirement
Study, the Midlife in the United States Study, The English Longitudinal Study of Ageing, the
National Health and Aging Trends Survey, the United Kingdom Household Longitudinal Study,
and the Wisconsin Longitudinal Study graduate and sibling samples. Participants had data on
personality traits, demographic factors, grip strength, and mediators such as depressive symptoms,
physical activity, body mass index (BMI), and c-reactive protein (CRP).

Results.—Across all samples and a meta-analysis, higher neuroticism was related to lower
grip strength (meta-analytic estimate: —-0.07, 95%CI: —0.075; —0.056). Higher extraversion
(0.04, 95%CI: 0.022; 0.060), openness (0.05, 95%CI: 0.032; 0.062), and conscientiousness
(0.05, 95%CI: 0.04; 0.065) were associated with higher grip strength across most samples

and the meta-analysis. Depressive symptoms were the most consistent mediators between
neuroticism and grip strength. Depressive symptoms and physical activity partly mediated the
associations with extraversion, openness, and conscientiousness. Lower CRP partly mediated the
association with conscientiousness. Sex moderated the associations for extraversion, openness,
and conscientiousness, with stronger associations among males. Age moderated the neuroticism
association, with stronger associations among younger individuals.
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Conclusion.—This study provides replicable evidence that personality is related to grip
strength and identifies potential moderators and mediators of these associations. Overall, higher
neuroticism is a risk factor for low grip strength, whereas high extraversion, openness, and
conscientiousness may be protective.
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1. Introduction

As indexed by performance-based grip strength measures, muscle function has critical
implications for a range of health outcomes. Indeed, poor grip strength is indicative of the
frailty syndrome [1], and it is associated with being able to engage in fewer independent
activities of daily living (IADL) [2] and a higher risk of falls [3]. Furthermore, lower
handgrip strength is predictive of a higher risk of cognitive decline, incident dementia,
and all-cause mortality [4, 5]. There is a need to better understand factors related to grip
strength. Numerous demographic, behavioral, and health-related factors have been related
to grip strength performance [6]. The present study advances knowledge on psychological
factors related to grip strength by examining whether individual differences in personality
traits (i.e., enduring patterns of thoughts, feelings, and behaviors) are associated with grip
strength.

According to the Five-Factor Model (FFM) [7], personality can be organized into five traits:
Neuroticism (the tendency to experience negative emotions and distress), extraversion (the
propensity to be sociable and to experience positive emotions), openness (the tendency to
be curious and to search for variety), agreeableness (the tendency to be cooperative and
altruistic), and conscientiousness (the propensity to be self-disciplined and organized). A
growing body of research supports theoretical models that link personality to health across
adulthood [8,9]. Replicable associations have been found across a range of health-related
outcomes, including physical activity [10] and smoking [11], functional and biological
markers [12,13], self-rated health [14], and incident diseases, such as major depression [15],
Alzheimer’s disease [16] and Parkinson’s disease [17]. Furthermore, personality traits have
been consistently related to mortality risk [18].

There is both indirect and direct evidence for the association between personality

and muscular strength. Indeed, higher neuroticism and lower extraversion, openness,
agreeableness, and conscientiousness have been related to higher frailty [19], which is
characterized in part by worse grip strength. Personality traits have also been directly
related to muscle strength, but with relatively inconsistent findings. Higher neuroticism,
for example, has been related to lower grip strength [20-22], although one study indicated
that this association is only apparent among men [23]. Some studies found an association
between higher extraversion and higher grip strength [21, 22], whereas others observed
this association only among men [20,23]. Higher openness has been associated with higher
grip strength in one study [21], but not in others [20,23]. Higher agreeableness was related
to higher handgrip only among women [23], whereas other research found no association
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[20]. Finally, conscientiousness has been associated with higher grip strength in some
studies [21, 24], but not in others [20,23]. Therefore, the association between personality
and grip strength remains relatively unclear. Some research relied on relatively small
samples or did not examine all five personality traits. To our knowledge, there has been no
large-scale study that examined the association between personality and grip strength. Past
research has reported some moderation of the association between neuroticism, extraversion,
and agreeableness and grip strength by sex, but not for openness and conscientiousness.
However, the findings have been inconsistent and only found in a limited number of studies,
perhaps due to low power. Furthermore, no research has yet tested potential mediators of the
associations between personality traits and grip strength.

The present study examined the association between personality and grip strength using
seven samples of adults from large cohorts. Based on past research [21,22,24], it was
hypothesized that higher neuroticism would be related with lower grip strength, whereas
higher extraversion and conscientiousness would be associated with higher grip strength.
Based on existing studies [20,23], no associations were expected for openness and
agreeableness. Because body mass index (BMI), physical activity, depressive symptoms,
and protein c-reactive (CRP) have been related to both grip strength [25-28] and personality
[10, 12, 29, 30], they were tested as mediators of the association between personality and
grip strength. Finally, this study also tested whether the association between personality and
grip strength varied according to age and sex.

2. Method

2.1. Participants

Participants were from seven de-identified publicly available datasets: Health and
Retirement Study (HRS), Midlife in the United States study (MIDUS), English Longitudinal
Study of Ageing (ELSA), National Health and Aging Trends Survey (NHATS), United
Kingdom Household Longitudinal Study (UKHLS), and the Wisconsin Longitudinal Study
graduate (WLSG) and sibling (WLSS) samples. All participants provided written informed
consent approved by each study’s Institutional Review Board. Participants were included in
the present study if they had complete data on the five personality traits, grip strength, and
demographic factors. Descriptive statistics for the seven samples are presented in Table 1.

The HRS is a nationally representative longitudinal study of Americans 50 years and older
and their spouse. Data on demographic factors, personality, and grip strength were obtained
from half of the sample in 2006 and from the other half in 2008. With both waves combined,
a total of 10,808 participants aged from 50 to 104 years old (58% women, mean age=68.42,
SD=9.75) were included in the present study.

The MIDUS is a longitudinal study of non-institutionalized, English-speaking US adults.
The present study used the second wave (2004-2006, MIDUS I1). A total of 991 individuals
aged from 34 to 81 years old had complete data on personality, demographic factors, and
grip strength (55% women, Mean age= 55.36, SD= 11.80)
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ELSA is a representative cohort of men and women living in England aged 50 years and
older. Personality and demographic factors were obtained at Wave 5 (2010-2011), and grip
strength was available in Wave 6 (2012-2013). Complete data were obtained from a total of
5,988 individuals aged from 50 to 89 years (55% women, mean age = 66.21, SD = 8.26)

The NHATS is a nationally representative longitudinal study of Medicare enrollees aged 65
years and older. Personality, grip strength, and demographic data were obtained in 2013 for
one-third of the sample, and in 2014 for a second third. With these waves combined, the
final analyzed sample was composed of 2,263 participants aged from 67 to 103 years (59%
women, mean age = 79.26, SD = 7.41).

The UKHLS is a nationally representative panel study of UK households. Data on
personality traits and demographic factors were obtained from the third wave (2011-2013),
and data on grip strength were available at either Wave 2 (2010-2012) or Wave 3. Complete
data were obtained from a total of 13,807 participants aged from 16 to 99 years (56%
women, Mean age: 50.02, SD: 17.35).

The WLS is a long-term study of a random sample of 10,317 men and women who
graduated from Wisconsin high schools in 1957 (WLSG). Complete data on personality,
demographic factors, and grip strength were obtained in 2011 from 4,753 participants aged
from 70 to 74 years old (54% women, mean age = 71.19, SD = 0.91). The WLS also
includes a sample of selected siblings of some of the graduates (WLSS). Data were obtained
in 2011 from 2,520 participants aged from 40 to 92 years old (54% women, mean age =
69.23, SD = 6.67).

2.2. Measures

2.2.2. Personality—All seven studies used validated measures of the five major
personality traits. A 26-item version of the Midlife Development Inventory (MIDI) [31]
was used in the HRS, MIDUS, ELSA, and a 10-item version was used in the NHATS.
Participants were asked to rate how well adjectives representing the five traits described
themselves on a scale ranging from 1 (not at all) to 4 (a lof). Example items are worrying
(e.g., neuroticism), outgoing (e.g., extraversion), creative (e.g., openness), caring (e.g.,
agreeableness), and organized (e.g., conscientiousness). Personality was assessed using a
15-item version of the Big Five Inventory (BFI) [32] in the UKHLS and a 29-item version
[33] was used in the WLSG and WLSS. Participants were presented with the sentence “I
see myself as someone who...”, and were asked to rate items assessing neuroticism (e.g.,
worries a lot), extraversion (e.g., is outgoing, sociable), openness (e.g., is original, comes
up with new ideas), agreeableness (e.g., is considerate and kind to almost everyone), and
conscientiousness (e.g., does things efficiently). The response scale was from 1 (does not
apply to me at all) to 7 (applies to me perfectly) in the UKHLS and from 1 (disagree
strongly) to 6 (agree strongly) in WLSG and WLSS.

2.2.3. Grip strength.—Grip strength was measured in kg using a dynamometer. In the
HRS, NHATS and WLS samples, the best of two trials using the dominant hand was used,
whereas the best of three trials with the dominant hand was used in ELSA, UKHLS, and
MIDUS.
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2.2.4. Mediators.—BMI, physical activity, depressive symptoms, and CRP were tested
as mediators of the association between personality and grip strength. BMI was computed as
kg/m? based on staff-assessed weight and height in HRS, ELSA, UKHLS, WLSG, WLSS,
and MIDUS and on self-reported height and weight in NHATS. Measures of physical
activity were available in six out of seven samples (UKHLS did not include physical
activity at wave 3). In the HRS and ELSA, the mean of two items that asked how often
individuals participated in vigorous and moderate physical activity on a scale from 1 (hardly
ever or never) to 4 (more than once a week) was computed. In the MIDUS, participants
indicated the frequency of their vigorous and moderate leisure physical activity during both
the summer and winter months on a scale from 1 (never) to 6 (several times a week or
more). Items were averaged. In the NHATS, participants indicated whether they ever go
walking for exercise (yes/no) and whether they ever spent time on vigorous activities in

the last month (yes/no). The sum of the two items was computed. In the WLS samples,

four items on the hours per month spent doing vigorous or light physical activities, both
alone and with others during the last year were used. The answers to these items were
summed. Depressive symptoms were measured in the seven samples. The 20-item version
Center for Epidemiologic Studies Depression Scale (CES-D) [34] was used in both WLS
samples. Participants were asked to indicate on how many days during the past week did
they experience symptoms of depression. Answers were summed across items with higher
scores representing higher depressive symptoms. An 8-item version of the CES-D was used
in the HRS and ELSA [35]. Participants indicated whether they experienced eight symptoms
during the past week using a yes/no format. Answers were summed. The Composite
International Diagnostic Interview Short Form (CIDI-SF) [36] was used in the MIDUS.

A yes/no format was used to assess participants’ experience of depressive symptoms that
lasted for two weeks of the last 12 months. A composite score was computed with higher
values indicating higher depressive symptoms. The Patient Health Questionnaire-2 (PHQ-2)
[37] was used in the NHATS. Participants were asked 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 on a scale from 1 (not at all) to 4 (nearly everyday). Answers to the

two items were averaged, with higher scores indicating higher depressive symptoms. The
12-item General Health Questionnaire (GHQ-12) [38] was used in the UKHLS. Participants
indicated whether they experienced 12 symptoms during the last week. Answers were
summed across items, with higher scores indicating higher symptoms. Finally, CRP was
obtained from blood samples assayed in HRS, ELSA, MIDUS, and UKHLS. Due to the
skewed distribution of CRP, a natural log was performed.

2.2.5. Covariates.—Age, sex (coded as 1 for male and 0 for female), and education
were controlled for in the seven samples. Race (coded as 1 for white and O for other) was
controlled for in the HRS, MIDUS, ELSA, UKHLS, and NHATS. Education was measured
using a scale from 1 (no grade school) to 12 (doctoral level degree) in the 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 the NHATS, and from 0
(none) to 16 (higher degree) in the UKHLS, whereas it was measured in years in the WLSG,
the WLSS, and the HRS.
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2.3. Data Analysis

In each sample, regression analysis was used to examine the association between personality
and grip strength. Grip strength was regressed on each personality trait, controlling for

age, sex, education in all studies and race in the HRS, ELSA, MIDUS, UKHLS and
NHATS. Personality traits were analyzed separately. The estimates from these analyses
were combined in a random effect meta-analysis conducted with the JAMOV I software.
Additional analyses examined whether age and sex moderated the association between
personality and grip strength by including an interaction term for each of the five factors and
age and sex. These results were combined in a random effect meta-analysis.

BMI, physical activity, depressive symptoms, and CRP were tested as mediators using
bootstrap analysis with 5,000 bootstrapped samples and 95% bias-corrected confidence
intervals. The mediators were tested simultaneously.

3. Results

As hypothesized, higher neuroticism was associated with lower grip strength (see Table 2).
This association was observed in each of the seven samples and the meta-analysis. Also
consistent with expectations, higher extraversion and conscientiousness were both related

to higher grip strength (Table 2). These associations were significant in five samples for
extraversion (HRS, ELSA, NHATS, UKHLS, WLSG) and six samples for conscientiousness
(HRS, ELSA, NHATS, UKHLS, WLSG, WLSS). The meta-analysis supported this pattern
of associations (Table 2). Unexpectedly, higher openness was associated with higher grip
strength in five out of seven samples (HRS, ELSA, NHATS, UKHLS, WLSG) and the
meta-analysis (Table 2). There was little replicable evidence for an association between
agreeableness and grip strength. Effect sizes for the difference between individuals with high
(one standard deviation above the mean) and low (one standard deviation below the mean)
level on each trait ranged from d= .12 to d=.24 for neuroticism, from d= .06 to d=.20 for
extraversion, from = .01 to d=.23 for openness, from d= .00 to d=.11 for agreeableness

and from d= .09 to d=.18 for conscientiousness (Table 2). Across samples with significant
associations between personality traits and grip strength, the average difference in strength
(in kg) between individuals high and low on a particular trait was 1.99 kg for neuroticism,
1.41kg for extraversion, 1.58kg for conscientiousness, and 1.74kg for openness, adjusted for
demographic factors.

Extraversion, conscientiousness, and openness were related to higher grip strength among
both males and females, but the meta-analysis indicated that this association was stronger
among males (Table 3). In contrast, the association between neuroticism and grip strength
was similar for both males and females. Although the association between neuroticism

and lower grip strength was observed across all ages, this association was stronger among
relatively younger individuals (Table 4). There was, however, heterogeneity in the extent to
which these interactions were related to grip strength across the seven samples.

Results from bootstrap analysis are in Table 5. The associations between personality and
the mediators and between the mediators and grip strength are in supplementary material.
The association between neuroticism and grip strength was partially mediated by depressive
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symptoms in all samples except the MIDUS (Table 5). This result suggested that higher
neuroticism was associated with lower grip strength in part through its association with
higher depressive symptoms. There was less consistent evidence for physical activity

and BMI, and no mediating role of CRP between neuroticism and grip strength across

the samples (Table 5). Depressive symptoms also mediated the associations between
extraversion (5 samples), openness (4 samples), and conscientiousness (6 samples) and
grip strength (Table 5). These results suggest that higher extraversion, openness, and
conscientiousness are related to higher grip strength in part through their association

with lower depressive symptoms. In addition, the association between higher extraversion,
openness, and conscientiousness and higher strength was mediated by their association
with higher physical activity in three of the six samples with available data (Table 5). The
association between higher conscientiousness and grip strength was also mediated by by
lower CRP in three out of four samples (Table 5). Finally, BMI mediated the association
between extraversion and conscientiousness and grip strength in four out of the seven
samples (Table 5). The examination of the association between conscientiousness and BMI
and between BMI and grip strength (see supplementary Tables S1 and S2), suggests that
higher conscientiousness is associated with lower BMI, which is related in turn to lower grip
strength. Results for extraversion were mixed. In the HRS and ELSA, higher extraversion
was related to lower BMI resulting in lower grip strength. However, in the NHATS and
UKHLS, the pattern suggested that higher extraversion was related to higher grip strength
through its association with higher BMI. The direct effect of personality traits on grip
strength remained significant, which indicated partial mediation.

4. Discussion

The present study examined the association between personality and grip strength in

seven samples that totaled more than 40,000 participants. To our knowledge, this is the
largest sample to date to examine this association and the most systematic investigation of
potential moderators and mediators. As expected, lower neuroticism and higher extraversion
and conscientiousness were associated with more strength. Unexpectedly, higher openness
was also related to higher grip strength. As expected, no association was found with
agreeableness. These associations were robust because they were observed controlling for
demographic factors, across samples from different countries, different age ranges, and
different personality measures. Furthermore, the study identified significant mediators, and
some associations between personality and grip strength were moderated by sex and age, but
differences among demographic groups were generally small.

Neuroticism was the most consistent personality correlate of grip strength. This finding
extends previous research [21-23] by showing replicable evidence for this association across
seven samples and a meta-analysis. The psychological, behavioral, and biological profiles

of individuals higher in neuroticism may explain their lower handgrip strength. Indeed,
higher neuroticism is related to higher depressive symptoms [29], less physical activity [10]
and higher BMI [39], which have been associated with lower grip strength in adulthood

[25, 27, 28]. Partially consistent with this assumption, the association between higher
neuroticism and lower grip strength was mediated in part by its association with higher
depressive symptoms in six out of seven samples. However, there was less support for the
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mediating role of BMI and physical activity, and no mediation through CRP. This study
thus suggests that the association between neuroticism and grip strength operates mostly
through psychological factors such as depressive symptoms. Further, the partial mediation
indicated that other pathways may operate in this association. For example, individuals
with higher neuraticism report more chronic pain (40), which has been associated with
lower grip strength [41], perhaps because pain interferes with test performance or its long-
term impact on physical activity. Other health behaviors could also explain the association
between neuroticism and muscle strength. For example, higher neuroticism is associated
with smoking [11], which has been related to lower grip strength [42]. At the biological
level, higher neuroticism is associated with higher risk of metabolic syndrome [43], which is
related to lower grip strength [44].

As expected, higher extraversion and conscientiousness were associated with higher grip
strength. The results also showed a positive association between openness and grip strength.
Previously published studies have reported positive associations [21, 22, 24], no associations
[20, 23], or associations limited to males [20, 23] with these traits. The somewhat mixed
findings of past studies could be due to limited power. Indeed, we found that the association
between personality and grip strength had relatively small effect sizes. Extraverted, open,
and conscientious individuals have more favorable psychological and behavioral profiles that
may benefit muscular strength. In line with this hypothesis, additional analyses revealed that
lower depressive symptoms and higher physical activity explained part of the association
between these traits and grip strength. Furthermore, the biological profile of conscientious
individuals is also reflected in their strength: Higher conscientiousness was related to higher
grip strength in part through its association with lower CRP.

A surprising mediation of the conscientiousness-strength link through BMI was also found.
Specifically, the indirect effect suggested that higher conscientiousness was related to lower
BMI, which in turn was associated with lower grip strength. BMI conflates fat and lean
mass, which complicates the interpretation of its associations with personality [45]. Recent
research found that conscientiousness is related to lower relative fat mass [45], which may
explain why this trait is consistently associated with lower BMI. In contrast, the association
between higher BMI and higher grip strength observed in the present study may be driven
by muscular mass. The same explanation applies to the mediational role of BMI in the
extraversion-strength association observed in the HRS and ELSA. However, in NHATS
and UKHLS, the pattern of association suggests that higher extraversion is associated with
handgrip strength in part because this trait is related to higher BMI. In this case, the
mediation may be indicative of the higher muscle mass of extraverted individuals that may
lead to better strength. More research is needed using alternative markers of fat and lean
mass as mediators of the association between personality and grip strength.

The psychological, behavioral, and biological factors only partially mediated the
association between extraversion, openness and conscientiousness and muscular strength.
Therefore, other factors may also mediate these associations. Extraversion, openness and
conscientiousness are associated with lower fatigability [46], which is related to objective
physical performances [47] and may extend to grip strength. Furthermore, both extraversion
and conscientiousness are related to less chronic pain [40], which has been found to lead
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to higher grip strength [41]. The higher muscular strength related to openness may also be
explained in part by its association with healthy eating behaviors [48]. At the biological
level, higher conscientiousness is predictive of lower risk of metabolic syndrome [43], which
may result in higher grip strength [44].

The present study contributes to existing models on the association between personality
and health [9] by providing replicable evidence of an association with grip strength, a
crucial marker of health and fitness. The identification of the link between personality

and grip strength is informative about the relationship between personality and fitness and
function. Indeed, higher grip strength is related to better cardiorespiratory fitness [49]. As
such, this study helps identify the personality dispositions that are associated with greater
energetic and functional resources. Furthermore, it contributes to a better understanding of
the association between personality and a range of health-related outcomes. For example,
higher neuroticism, lower extraversion, lower openness, and lower conscientiousness are
related to higher risk of limitations in activities of daily living (IADL) [50]. Given that lower
muscle strength is associated with higher risk of limitations in IADLs [51], grip strength
may explain part of the association between these traits and worse IADL outcomes. Grip
strength may likewise also figure in the pathway between personality and risk of dementia
[4, 16].

The present study has several strengths, including seven large samples, the assessment

of all five major dimensions of personality, the use of an objective performance measure

of muscle strength, the systematic analyses across samples and meta-analyses, and the
testing of moderators and mediators informed by past research. However, there are also
several limitations to consider. The observational design of the present study limits causal
interpretations. Although personality may predict grip strength, for example, grip strength
may also lead to changes in personality [22]. Longitudinal research is needed to disentangle
temporal relations and examine the reciprocal associations between personality and muscle
strength. In addition, all of the potential mediators were not available in samples. For
example, physical activity was assessed in six and CRP was available in four out of

the seven samples. Future research that includes additional mediators is needed to better
understand the mechanisms linking personality to grip strength. For example, inflammatory
factors other than CRP (e.g., Interleukin-6 or tumor necrosis factor-alpha), cognitive factors
(e.g., executive functions), and additional health behaviors or brain-related measures may
also be potential explanatory pathways of the relationship between personality and grip
strength. Additional research may test whether the association between personality and grip
strength could be explained by shared genetic factors or neurological factors that may be
associated with both personality and grip strength. For example, stroke or neurodegenerative
diseases like Parkinson’s disease are related to both muscle functioning and personality,

but these conditions are unlikely to fully explain the observed associations, especially at
younger ages. Furthermore, this study relied on self-reported measures of physical activity,
including some with dichotomous yes/no answer format, which could limit their reliability.
The present study focused on the five broad dimensions of personality. Further research may
examine the specific personality facets that are related to grip strength. Although this study
includes cohorts from different countries such as the US and UK, additional research is
needed to include more diverse samples from other world regions, such as Asia and Africa.
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Despite these limitations, the present study identified replicable associations between
personality and muscular strength, indexed by grip strength: Higher neuroticism was
related to lower strength, whereas higher extraversion, openness, and conscientiousness
were associated with higher strength. The association between personality and grip strength
could allow the identification of individuals at risk of frailty, functional, and cognitive
decline across adulthood. For example, individuals high on neuroticism, or with lower
extraversion, openness, or conscientiousness may be targeted by physical activity programs
to improve muscular strength to ultimately reduce decline in health. These individuals

may also benefit from cognitive behavioral therapy or interventions that aim to reducing
depressive symptoms, which may have a positive effect on grip strength. Personality traits
are also potential moderators of treatment effects [52] and could eventually help tailor
interventions that are more likely to be effective given a person’s personality traits. Finally,
interventions could be directed toward changing personality traits [53], for example reducing
neuroticism or increasing conscientiousness, which may lead to better muscular strength.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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