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Abstract

The pace-of-life syndrome (POLS) predicts that personality and metabolism should be cor-
related if they function as an integrated unit along a slow-fast continuum. Over the last
decade, this conceptual framework has been tested in several empirical studies over a wide
array of non-human animal taxa, across multiple personality traits and using standardized
measures of metabolism. However, studies associating metabolic rate and personality in
humans have been surprisingly scarce. Here, we tested whether there was covariation
among personality scores, measured using the Big Five Inventory test, resting metabolic
rate (RMR) and preferred walking speed (PWS) in a cohort of young human adults aged
between 18 and 27 years old. We found a significant, negative relationship between RMR
and Extraversion; less extraverted individuals had a 30% higher RMR than the most extra-
verted ones. No other personality traits correlated with RMR and none correlated with PWS.
The negative correlation between Extraversion and RMR may suggest an allocation energy
trade-off between personality and basal metabolism. Our results yielded equivocal support
for the POLS and emphasized the need for more research on human to test the generality of
this conceptual framework and further assess its validity.

Introduction

Recent theories have suggested that physiological, personality and life-history traits must be in
phase with one another to provide optimal organismal functioning [1-4]. In evolutionary biol-
ogy, the pace-of-life syndrome (POLS) hypothesis is evoked to explain the maintenance of
genetic variation for traits that mediate the trade-off between current and future reproduction.
These traits are expected to align along a slow-fast pace-of-life continuum such that “fast”/
short-lived individuals would have, for example, a high metabolism and high activity to sustain
a fast reproductive rate, while “slow”/long lived individuals would have the opposite [3, 5, 6].
However, empirical support for the consistent covariance between personality and metabolic
traits predicted by the POLS remains equivocal when assessed using non-human animal spe-
cies [7, 8]. For example, despite the expectation that individuals scoring high on activity,
aggressiveness and boldness scales should have a higher metabolic rate than individuals with
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lower scores, many studies have found no relationships between these traits (reviewed in [8]).
These results could be due, in part, to the relatively high discrepancy between the methodolo-
gies used to assess personality traits across different species [7, 9, 10]. Because humans are
among the most well-studied species, integrating covariations between personality and metab-
olism into the POLS could help to further test this conceptual framework and assess its validity
[11].

Human subjects offer an interesting avenue to study personality and its relationship with
POLS because standardized and well-accepted questionnaires are readily available [12]. For
example, the classic Big Five Inventory test [13], which characterizes personality along five
dimensions (Openness, Conscientiousness, Extraversion, Agreeableness and Neuroticism),
has been extensively used to investigate how human personality correlates with individual
states and behaviors (e.g., [13-15]). Several studies have shown that personality traits do corre-
late with life-histories, thus supporting the idea that the POLS could apply to humans. For
instance, Jokela and colleagues [16] conducted a large-scale study of the relationship between
human personality and mortality from all causes and found that low conscientiousness was
related to a higher risk of mortality. Additionally, other studies have shown that extraversion
was positively linked with the number of sexual partners, family size, and the likelihood of
being involved in life-threatening accidents [17, 18]. Based on these results, one could argue
that high conscientiousness and high extraversion may be associated with a fast pace of life
[19, 20].

There are also indications in humans that metabolic rate may be attuned to personality. In
a seminal work on the subject, a relationship was reported between the Psychopathic Deviate
scale of the Minnesota Multiphasic Personality Inventory and the participants’ blood pressure
(young police recruits; [21]). Recently, Lehmann et al. [11] studied the relationship between
maturation status and risk-taking behavior in a sample of more than a thousand German ado-
lescents and showed that fast-maturing adolescents had higher blood pressure and expressed
more health-related risk-taking behaviors compared to slow-maturing ones. Notably, because
humans have varying levels of resting metabolic rates (RMRs) based on their body composi-
tion and metabolism [22], the POLS would predict a relationship between RMR and personal-
ity. To our knowledge, this relationship has only been investigated by Terracciano and
colleagues [23], who reported no relationship between personality and RMR in a cohort of par-
ticipants having a mean age of 67 years old. Since RMR has been repeatedly shown to decrease
with age [22], it remains unknown whether such a relationship exists in younger adults. The
authors however reported that energy expenditure at peak walking pace was positively related
to Extraversion, Openness and Conscientiousness and was negatively related to Neuroticism,
thus reinforcing the idea that personality may be linked to metabolism.

Here, we tested whether there was covariation between personality traits indexed by the Big
Five Inventory test and metabolism in a cohort of human adults aged between 18 and 27 years
old. The RMR and preferred walking speed (PWS) of all participants were used as indicators
of the energy requirements for basal physiological functioning and energy expenditure during
locomotion, respectively [24]. The POLS predicts that personalities associated with energy
demanding behaviors should correlate positively with energy expenditure [3]. One could spec-
ulate that Extraversion, with facets such as Activity Level and Excitement Seeking, as well as
Neuroticism, with facets like Depression and Vulnerability, may correlate more strongly with
energy metabolism compared to Openness, Agreeableness and Conscientiousness, for which
the underlying facets relate predominantly to thoughts and affective states [25]. Our goal was
thus to characterize the relationship between personality and metabolism and assess whether
the patterns observed, if any, are indicative of a POLS.
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Methods
Overview

Data were recorded in a single visit during which participants were asked to complete the Big
Five Inventory test and to undergo RMR and PWS tests. Forty participants (22 male, 18
female, Mg = 21.0, SDgq,
recruited on the Bishop’s University campus, Canada, via recruitment posters and social
media advertisements. The protocol and procedures were reviewed and approved by the Ethics
Research Board of Bishop’s University, and the methods were in accordance with the relevant
guidelines and regulations. The participants provided written consent for the study and

received $10 compensation to participate in this project.

= 2.2) participated in the experiment. The participants were

Personality and physiological assessment

After signing a written statement of informed consent, the participants were asked to complete
a demographic questionnaire. This questionnaire allowed to obtain information about poten-
tial covariates such as the participants’ age, gender, exercise habits (i.e., usual exercising time
per week), time since their last meal and height. We also measured their body mass to report
RMR as O, ml/kg/min. The participants were then seated and asked to complete the 44-item
Big Five Inventory test [13]. In brief, the participants had to indicate their level of agreement
with each of the 44 statements using a 5-point Likert scale. Using the questionnaire’s scoring
grid, the answers were converted into an average score for each personality dimension.

The participants were then asked to remain seated and to refrain from moving for 15 min-
utes. During this time, the experimenter placed on the participant’s face the mask used to mea-
sure the RMR (A-GAK-201-S) and calibrated the Iworx TA (GA-200, Dover, NH) gas analyzer
using a 3L calibration syringe (Roxon, Canada) and a gas mixture of known concentrations
(O4: 12%, CO,: 5%). Following the 15-minute rest interval, oxygen uptake was measured con-
tinuously for 8 minutes using LabScribe (v3.6) software. Resting rate oxygen consumption
(VO,) was calculated using the consumption value over the last 5 minutes of the test and
reported relative to body weight and time (O, ml/kg/min).

To measure the PWS, the participants were invited to walk on a treadmill for 10 minutes at
the speed of their choice. The participants were naive to the purpose of this test; they were sim-
ply told by the experimenter to walk at a comfortable speed (i.e., their usual walking speed)
and that they could adjust by themselves the treadmill speed. They could make as many adjust-
ments to the treadmill speed as they wanted, and the speed chosen during the last five minutes
of the test was considered their preferred walking speed.

Statistical analyses

RMR and PWS were each tested using linear models and a Gaussian distribution to test their
relationships with the five personality scores. For both models, we used a two-step approach in
which we first investigated the effect of the potential covariates Age, Gender, Exercise habit
(number of minutes per week), and Time since the last meal (in minutes) on RMR and PWS.
Because of its relationship with stride length, height was also included in the PWS model. In
the second step, we only included the significant covariates (age for RMR and none for PWS,
see results) in the models containing also the five personality scores as fixed effects. Bivariate
correlations of all continuous variables are presented in Fig 1.

We conducted Shapiro-Wilk and Levene tests to confirm that our data were normally dis-
tributed and had homogeneity of variance. We computed all statistical analyses using the pro-
gramming environment R (v.3.6.1). We used a stepwise backward model selection approach,
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Fig 1. Bivariate correlation matrix of all continuous variables (n = 40 participants). Pearson’s correlation
coefficients are shown. Ellipses highlight significant correlations. The color scale represents the direction and strength
of the correlation coefficient.

https://doi.org/10.1371/journal.pone.0248876.9001

sequentially removing the least non-significant term from the model based on its p-value (o =
0.05). All results are reported as slope + SE.

Results

Variables of interest and their potential covariates are summarized in Table 1 and Fig 1. There
were no relationships of RMR with Gender (p = 0.22), Exercise habit (p = 0.23) and Time since
the last meal (p = 0.14). However, there was a marginally non-significant negative relationship
between RMR and Age (-0.12 + 0.06, t = 1.91, p = 0.06); Age was therefore kept in the main
analysis with personality. We found a strong, significantly negative relationship between RMR
and Extraversion (Table 2A, Fig 2). RMR decreased by 30% (from 4.16 to 2.91 O, ml/kg/min)
over the range of observed Extraversion scores (1.75 to 4.5). Age tended to be negatively
related to RMR in this model, but none of the other personality scores were (Table 2A).

Bivariate correlations suggested that Extraversion, Conscientiousness and Openness were
correlated with RMR (Fig 1). However, Conscientiousness was not related to RMR when
Extraversion was included in the model, and Openness was not related to RMR when age,
although marginally non-significant, was included in the model (Table 2A). To further investi-
gate the relationship between RMR and Openness, we ran the analysis with the five personality
scores without age. The final model was the same as the model with age with respect to Extra-
version (-0.47 £ 0.19, t = 2.5, p = 0.02), while Openness tended to also be negatively related to
RMR, but the effect was not significant (-0.50 + 0.27, t = 1.89, p = 0.07).
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Table 1. Descriptive statistics of the variables of interest on 40 young adults (n = 22 male, 18 female).

Variables Mean SD
Personality
Agreeableness 3.9 0.4
Conscientiousness 3.4 0.5
Extraversion 33 0.7
Neuroticism 2.7 0.8
Openness 3.5 0.5
Metabolism
RMR (O, ml/kg/min) 3.4 0.9
PWS (km/h) 32 0.6
Covariates
Age 21.0 2.2
Body weight (kg) 74.7 18.5
Height (cm) 173.5 10.7
Exercise habit (min/week) 400.5 311.0
Time since last meal (min) 162.4 105.7

RMR and PWS stand for resting metabolic rate and preferred walking speed, respectively. Personality scores range

from 1 to 5, with 5 indicating a high score on the trait.

https://doi.org/10.1371/journal.pone.0248876.t001

Regarding PWS, there was no relationship with any of the covariates: Age (p = 0.67), Gen-
der (p = 0.75), Exercise habit (p = 0.35), Time since last meal (p = 0.17) and Height (p = 0.97).
There was also no significant relationship between PWS and any of the five personality scores
(Table 2B).

Internal consistency measured with Cronbach’s alpha coefficients were relatively high for
Extraversion (0.84) and Neuroticism (0.86), while they were lower for Conscientiousness
(0.72), Openness (0.67) and Agreeableness (0.64).

Discussion

Our goal was to examine the correlations between the Big Five personality traits and metabo-
lism in young adults. This research was inspired by the vast literature on the POLS using non-

Table 2. a) Relationship between the personality scores and resting metabolic rate (RMR) while accounting for the age of the participants (n = 40). b) Relationship
between personality scores and preferred walking speed (PWS). Statistics are provided when the terms were removed from the model during the backward selection
process.

Estimate SE t-value p-value
a) RMR
Age -0.11 0.06 1.96 0.06
Extraversion -0.45 0.18 2.53 0.02
Agreeableness -0.13 0.29 0.46 0.65
Conscientiousness -0.26 0.27 0.97 0.34
Neuroticism -0.08 0.19 0.43 0.67
Openness -0.35 0.29 1.22 0.23
b) PWS
Extraversion 0.20 0.13 1.53 0.13
Agreeableness -0.17 0.20 0.82 0.42
Conscientiousness 0.09 0.21 0.43 0.67
Neuroticism 0.09 0.13 0.68 0.50
Openness -0.01 0.20 0.08 0.94

https://doi.org/10.1371/journal.pone.0248876.t002
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Fig 2. Relation between Extraversion score and Resting Metabolic Rate (RMR) while accounting for the effect of
age. The gray dots represent the raw data, while the solid and dotted lines illustrate the model’s prediction along with
the 95% CI, respectively.

https://doi.org/10.1371/journal.pone.0248876.9002

human animals, with the hope that standardized personality traits could contribute to reduc-
ing the measurement noise around this construct [7]. Our main result was that Extraversion
correlated negatively with RMR. All other traits showed no correlations with RMR, and none
of the traits was correlated with PWS.

While never reported before, the significant correlation between Extraversion and RMR is
coherent with previous personality work. According to DeYoung’s cybernetic model [14],
Extraversion and Openness share a common variance and can be regrouped under the meta-
trait Plasticity, which indicates one’s “tendency toward behavioral exploration, using motor
output to pursue potentially rewarding possibilities [. . .]”. In addition, when assessed using
the 44-item Big Five Inventory test (as in the present study), Extraversion included several
questions pertaining to the facet Activity [26]. This language is strikingly similar to that used
in animal studies, in which “activity” and “exploration” scores are personality traits that have
been shown to covary with metabolism [3]. In fact, when used in animal studies, “personality”
cannot be dissociated from behavior since observing the animal’s behavior is the only way in
which researchers can infer the animal’s personality [27]. It therefore may not come as a sur-
prise if, in our dataset, the only significant correlation between RMR and personality was
obtained with Extraversion, the trait highest in visibility and the one that can be most accu-
rately assessed by other raters [28]. Thus, our results suggest that the components of personal-
ity linked to behavior and movements are attuned to the body metabolism.

The negative correlation between RMR and Extraversion, however, adds to a growing num-
ber of reports failing to support the POLS [7]. More specifically, the POLS would predict that
personalities associated with energy-demanding behaviors should positively correlate with
basal energy expenditure and not the opposite [3]. In contrast, Careau et al. [29] suggested that

PLOS ONE | https://doi.org/10.1371/journal.pone.0248876  April 6, 2021 6/9


https://doi.org/10.1371/journal.pone.0248876.g002
https://doi.org/10.1371/journal.pone.0248876

PLOS ONE

Personality and metabolism in young adults

a negative correlation between personality and metabolism could be observed if “fast” person-
alities are maintained via an energetic allocation trade-off with metabolism. In other words,
individuals could be able to sustain energetically demanding personalities (or the behaviors
associated with these personalities) by spending less energy at rest. Such a trade-off has been
observed between metabolic rate and boldness in fall field crickets (Gryllus pennsylvanicus)
[30] and with activity in mosquito fish (Gambusia holbrooki) [31]. In humans, there have been
suggestions that total daily energy expenditure is bounded to a fixed level such that an increase
in daily energy expenditure (e.g., by engaging in physical activity) is associated with a corre-
sponding decrease in basal energy expenditure [32]. Our results support the energy trade-off
model and suggest that the energy cost associated with Extraversion (and, indirectly, the meta-
trait Plasticity) are compensated for by a decrease in basal metabolic rate. This conclusion is
also coherent with Terracciano et al.’s observation that individuals who scored high on Extra-
version saved energy by increasing their walking efficiency [23]. Whether individuals can ener-
getically “afford” to be extraverted because of their metabolism or whether metabolism adapts
to sustain the energetically demanding behaviors of some personality traits remains open for
investigation.

The finding that Agreeableness, Conscientiousness, Neuroticism and, to a certain extent,
Openness were not correlated with RMR can be interpreted in different ways. First, because
these traits mainly encompass facets related to internal thoughts and affective states, it is possi-
ble that they vary independently from metabolism. However, we cannot exclude the possibility
that a relationship does exist, but we were unable to capture it. As demonstrated before, these
traits are higher in evaluativeness compared to Extraversion, indicating that social norms and
values can influence how one responds to their associated questions [28]. Since our experiment
was conducted on a small and intimate university campus, it is possible our participants’
responses were, intentionally or unintentionally, biased. This possibility could explain the
rather low Cronbach’s alpha that we reported for these traits. In our context, an other-rater
procedure may have led to a more accurate evaluation. Alternatively, our analysis may have
been underpowered to detect a relationship of this size, making a larger sample size more
desirable in future studies. Considered together, our results demonstrate the importance of
further exploring the energetic costs of personality traits and their possible variations over the
full life span.

The failure to observe a relationship between personality and PWS on a treadmill is difficult
to interpret because the participants’ familiarity with this equipment was not homogenous in
our sample. Future studies may want to utilize a more ecological measurement, such as the
average walking speed over a 24-hour period assessed using a GPS or smartphone. In addition,
the correlative nature of this research, using a single point measurement per subject and small
sample size, requires caution in inferring causality since our approach does not allow for dis-
tinguishing among- and inter-individual contributions to the observed phenotypic correlation
[33]. Additionally, we cannot exclude the possibility that a third, unmeasured trait affects the
observed phenotypic correlation. For instance, ethnicity and time since last exercise could
have been relevant control variables [22]. Nevertheless, our results raise important questions
about the expected relationship between personality and metabolism within the POLS concep-
tual framework and highlight the importance of better understanding models of energy
allocation.
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