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ABSTRACT

Grit is a personality trait, conceptualized as perseverance of effort and consistency of interests in long-term goals. Previous
research has shown that grit is associated with various positive outcomes, including well-being. Despite extensive research
on grit, most studies relied on self-reported measures rather than objective measures. To address this gap, our study inves-
tigated the relationship between grit and physiological responses, focusing on resting-state heart rate variability (HRV)-a
physiological marker of well-being and adaptability. Additionally, we examined whether this relationship was unique to grit
and not explained by other related psychological constructs (i.e., conscientiousness and self-control). A total of 206 healthy
college students participated in this study (Mage:21.03, SD =2.48, age range =18-33; 111 women). Results of hierarchi-
cal regression analyses showed that grit significantly predicted resting-state HRV measures (i.e., RMSSD, SDNN, and HF)
even after controlling for conscientiousness, self-control, age, gender, and respiration rate. These findings suggest that grit
may play an important role in maintaining improved biological responses in daily life, beyond the effects of neighboring

constructs.

1 | Introduction

Grit is defined as a non-cognitive ability to persevere and main-
tain consistent passion for long-term goals even in frustrating
situations (Duckworth et al. 2007), which is usefully described
by its two subcomponents—perseverance of effort (PE) and con-
sistency of interest (CI). Grit has been suggested to be associated
with various positive outcomes, including academic achievement
(Bowman et al. 2015; Duckworth et al. 2007; Jiang et al. 2019),
career adaptability (Gregor et al. 2021; Li et al. 2021), subjective
well-being (Jianget al. 2020; Jin and Kim 2017; Zhanget al. 2024),
and physical health (Knauft et al. 2024; Reed et al. 2013; Rhodes
and Giovannetti 2022). For example, college students with high

levels of grit were less likely to change majors and demonstrated
a greater grade point average (Bowman et al. 2015). They also
showed greater career adaptability through career exploration
and decision self-efficacy (Li et al. 2021). Furthermore, because
gritty individuals tend to perceive frustrating situations as less
stressful (Knauft et al. 2024), they experience less burnout and
better subjective well-being (Dam et al. 2019).

While prior studies have highlighted the positive conse-
quences of grit, an ongoing debate concerns the incremental
predictive validity of grit over conceptually related psy-
chological constructs within its nomological network such
as self-control and conscientiousness (Credé et al. 2017
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Ponnock et al. 2020; Schmidt et al. 2018; Vazsonyi et al. 2019).
Although these traits are conceptually and empirically related
(Duckworth et al. 2007; Duckworth and Gross 2014), they are
not identical. An increasing number of studies have shown
that grit uniquely explains motivational, cognitive, and emo-
tional outcomes above and beyond these neighboring con-
structs (Duckworth et al. 2007; Eskreis-Winkler et al. 2014;
Gorin et al. 2024; Jiang et al. 2023; Suzuki et al. 2015). For
instance, grit predicted high school graduation (Eskreis-
Winkler et al. 2014), grade point average, and academic goal
motivation among college students (Duckworth et al. 2007;
Werner et al. 2019) even after controlling for conscientious-
ness. Similarly, grit had incremental utility when predict-
ing individuals' mental and physical health outcomes (Hou
et al. 2022; Kwon 2021). For example, one study showed that
PE predicted subjective well-being beyond conscientiousness
(Kwon 2021). Also, a recent meta-analysis showed that grit
predicted subjective well-being above and beyond conscien-
tiousness (§=0.38; Hou et al. 2022).

Despite the evidence supporting the beneficial effects of grit, most
previous research has relied on self-report rather than objective
measures to examine its relationship with health outcomes. For
example, in a study by Sharkey et al. (2017), individuals' health-
care management skills were measured using a self-report
questionnaire, including items like, “Do you follow-up on any
referrals for tests or check-ups or labs?”. Accordingly, a recent
review paper suggested that “Future research can also gener-
ate stronger evidence on the construct validity of grit through
exploring how grit and its dimensions may relate to specific
neurocognitive and physiological processes” (Datu 2021, p.11).
Thus, incorporating a wider range of objective and physiological
measures could offer better insight into the effect of grit over and
above the related constructs.

To address this, we tested whether grit was associated with
physiological features beyond self-control or conscientiousness.
Specifically, we focused on heart rate variability (HRV) given
its utility as a physiological indicator of health outcomes (Heiss
et al. 2021; Kemp and Quintana 2013). HRV measures the dif-
ference between successive heartbeats on a millisecond scale,
which is known to represent the status of the autonomic ner-
vous system (Rajendra Acharya et al. 2006). According to the re-
cently proposed Neurovisceral Integration Across a Continuum
of Time (NIACT) model, higher HRV is an indicator of healthy
vagal function assisting in everyday psychological moments as
well as the ability to adjust flexibly to changes in the environ-
ment. Higher HRV significantly contributes to better physical
and mental health and decreased risks of mortality in the long
run (Kemp et al. 2017). Supporting the NIACT model, empirical
studies have shown that higher HRV is related to affective, cog-
nitive, and psychological flexibility (Allen et al. 2018; Grol and
De Raedt 2020; Howell and Hamilton 2022; Keen et al. 2020), as
well as better physical and mental health and healthy longevity
(Kemp and Quintana 2013; Zulfiqar et al. 2010).

Given that HRV is associated with the ability to adapt to un-
familiar situations, some researchers suggested that HRV
might be related to an individual's personality characteristics
(Geisler et al. 2010; Huang et al. 2013; Shepherd et al. 2015;
Silvia et al. 2014). Specifically, high levels of cheerfulness and

calmness help people engage in more emotional regulation
(e.g., refocusing, reappraisal), leading to higher HRV during
rest (Geisler et al. 2010). Furthermore, another study showed
that the Big Five dimensions of neuroticism and openness, as
well as trait anxiety were associated with lower HRV during
a resting period (Shepherd et al. 2015). Overall, these results
demonstrated that the positive aspects of one's personality were
associated with higher HRV indices (i.e., high levels of HRV),
indicative of adaptive psychophysiological functioning.

Although empirical work examining the relationship between
grit and HRV has been scarce, there is one study investigat-
ing such relationships while actively engaging in a task (Silvia
et al. 2013). This study demonstrated that individuals with
higher PE regulated their psychophysiological responses more
flexibly (i.e., increased HRV) during tasks. Although this pio-
neering work provides valuable insights into the relationship
between grit and HRYV, it did not examine whether these effects
remain significant when controlling for self-control and con-
scientiousness. Additionally, the study has a small sample size
(N=36), limiting the generalizability of the findings. Moreover,
changes in HRV during tasks may reflect temporary psycho-
physiological adaptations to environmental challenges (Kemp
et al. 2017). In fact, HRV during tasks can be affected by the
characteristics of the tasks, such as cognitive workload (Luque-
Casado et al. 2016). In contrast, resting-state HRV may man-
ifest an individual's trait-like psychophysiological resources
(Kemp et al. 2017). Thus, resting-state HRV may be a promis-
ing psychophysiological feature in explaining personality traits,
as it is more apt to discuss how individuals differ in their sta-
ble behavioral patterns that influence their responses to vari-
ous life events, rather than just a single event (DeYoung 2015;
Nettle 2007). Therefore, with over 200 participants, we aimed
to provide initial evidence of how grit is related to resting-state
HRYV, particularly in comparison to other relevant constructs
(i.e., self-control and conscientiousness).

We hypothesized that gritty individuals would show high levels
of HRV in a resting state. Gritty individuals maintain a strong
positive attitude and experience more happiness than others not
only upon facing difficulties (Gregor et al. 2021; Li et al. 2021;
Toyama 2024) but also in daily life (Jiang et al. 2020; Khan and
Khan 2017). Their tendency to see daily setbacks as temporary
and opportunities to learn helps them perceive situations as
less stressful than others (Estevez et al. 2023; Lee 2017; Yang
et al. 2023). Furthermore, gritty individuals are less likely to
show significant stress responses to the minor ups and downs of
stressors. Indeed, gritty adolescents and adults had lower levels
of perceived daily stress (Knauft et al. 2024; Lee 2017). These
characteristics can lay a foundation for grittier individuals to
have better autonomic regulation and higher resting-state HRYV,
reflecting their stable behavioral patterns and effective stress
management.

In this study, we collected resting-state HRV data over a 10-min
period and linked it with participants’ self-reported grit using
hierarchical linear regression analyses. To address the concep-
tual validity of grit, we included two covariates (i.e., self-control
and conscientiousness) alongside grit when predicting HRV in-
dices. We hypothesized that individuals with higher levels of
grit would exhibit healthier vagal function, indicated by higher
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scores on HRV measures. Furthermore, we anticipated that
grit would provide additional predictive utility for physiological
measures beyond conscientiousness and self-control.

2 | Methods
2.1 | Participants

Our study was approved by the Institutional Review Board of
the authors' university. Written informed consent was provided
by all participants prior to the beginning of the experiment. We
recruited 211 university students who were either enrolled in
Introduction to Psychology courses (n=143) or received mone-
tary compensation (n=68). All participants were Korean. Each
participant received extra credits or 20,000 KRW (~15 USD) for
participation. Three participants who did not pass at least one out
of the two attention check questions (e.g., “Answer with ‘strongly
agree’ to this item”) and two participants who were excluded
during preprocessing due to low-quality electrocardiograms
(ECG) data were omitted from further analyses. Therefore, our
final sample included 206 participants (Mage:21.03, SD=2.48,
age range = 18-33; 111 women).

2.2 | Procedure

When signing up for the study and on the day before partici-
pation, participants were instructed not to smoke, eat, drink,
or exercise within 1-2h before the study session, in line with
previous studies (Hallman et al. 2011; Jennings et al. 1992; Li
et al. 2024; Ottaviani et al. 2008; Wells et al. 2012), as these fac-
tors may impact HRV measures (Bodin et al. 2017; Romanowicz
et al. 2011). Additionally, individuals taking any medication
were not eligible to participate. Upon arriving at the laboratory,
participants were given instructions about the procedure in a
quiet room. Before starting the experiment, participants self-
reported their intake of nicotine, food, and beverages within the
past 1-2h and indicated whether they were taking any medica-
tion. Participants who reported consuming nicotine, food, or
beverages, or indicated that they were currently taking medi-
cation, were not allowed to take part in the study (n =1). Next,
participants completed a series of questionnaires online, which
took approximately 5min in total. All questionnaires were
translated and back-translated by corresponding authors, who
are fluent in both Korean and English. After finishing the sur-
vey, the experimenter asked participants to attach three patches
to their body (right clavicle, left iliac crest, and right ankle) to
measure HRV. The ECG were recorded for 10 min. During the
data recording, participants looked at the blank screen until the
recordings were done.

2.3 | Questionnaires

2.3.1 | Grit

Grit was measured using the 12-item Grit Scale (Duckworth
et al. 2007), which was translated into Korean. Grit has two fac-

ets (CI: Consistency of Interest; PE: Perseverance of Effort) and
each facet was measured with six items on a 5-point Likert scale

(1 =strongly disagree, 5=strongly agree). The average grit score
was calculated by averaging the PE (e.g., “I am a hard worker”)
and the reversed-scored CI (e.g., “I have been obsessed with a
certain idea or project for a short time but later lost interest”).
Therefore, higher scores indicate higher levels of grit. Internal
consistency of the scale, indexed by Cronbach's alpha, was
a=0.77 (CI: «=0.73; PE: a=0.77).

2.3.2 | Self-Control

We measured self-control using the 11-item Korean version of
the Brief Self-Control Scale (BSCS; Hong et al. 2012) on a 5-point
Likert scale (1 =strongly disagree, 5= strongly agree), which was
originally developed by Tangney et al. (2004). BSCS measures
two aspects of self-control: self-discipline (e.g., “I am good at
resisting temptation” and “I have a hard time breaking bad
habits”) and concentration (e.g., “I am able to work effectively
toward long-term goals” and “I am lazy”). Negatively worded
items were reverse-coded so that higher scores represent greater
self-control. Internal consistency was Cronbach's a=0.80.

2.3.3 | Conscientiousness

Conscientiousness was assessed using the translated 12-item
Conscientiousness subscale of the Big Five Inventory-2 (BFI-2;
Soto and John 2017), which was administered on a 5-point Likert
scale (1 =strongly disagree, 5= strongly agree). Conscientiousness
consists of organization (e.g., “Keep things neat and tidy” and
“Tends to be disorganized”), productiveness (e.g., “Is efficient,
gets things done” and “Has difficulty getting started on tasks”),
and responsibility (e.g., “Is dependable, steady” and “Sometimes
behaves irresponsibly”) subcomponents. Negatively worded
items were reverse-coded such that higher scores indicate
greater conscientiousness. Internal consistency was Cronbach'’s
a=0.85.

2.4 | Heart Rate Variability Assessment

To obtain HRV measures, we carefully followed Standardized
guidelines in Psychophysiology (Quigley et al. 2024) and previ-
ous studies (Fanti et al. 2017; Li et al. 2024; Watford et al. 2020).
ECG was obtained using Biopac MP36 (Biopac Inc., Santa
Barbara, CA) at a 2000Hz sampling frequency (https://www.
biopac.com/wp-content/uploads/ECG-Guide.pdf). We attached
three electrodes to the participants for the configuration of a
Lead II ECG. The electrodes were placed as follows: A negative
electrode below the right clavicle, a positive electrode above the
left iliac crest, and a ground electrode on the right ankle. ECG
data was preprocessed by the Kubios software v.4.1.0 (Tarvainen
et al. 2014) with a 1Hz high-pass filter and moving-average fil-
tering  (https://www.kubios.com/downloads/HRV-Scientific
-Users-Guide.pdf).

Kubios automatically detected R waves by adapting a QRS de-
tection algorithm that corrects inaccurate R-peaks, including
ectopic beats (see Lipponen and Tarvainen 2019, for its valid-
ity). Specifically, detected artifact beats are replaced by a 4Hz
cubic spline interpolation. Also, the detrending method, which
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removes very low frequency trend components, is applied for
every RR interval data to eliminate the nonstationarity problem.
In our sample, none of the participants had a beat correction rate
higher than 5% (M =0.19, SD =0.44; range: 0% to 3.38%), indi-
cating the high quality of our data. Following automatic correc-
tion, we visually inspected the ECG data and manually edited
the noise segments within it (M =3.75s). As a result, the ECG
data from 13 participants included data loss exceeding 5s due
to movement-induced noise, and we excluded two participants
whose R-peaks were not properly identified due to numerous
motion artifacts. Of note, removing participants whose beat cor-
rection rate exceeded 1% (n=>5) did not significantly alter the
pattern of the results (see Table S1).

Based on previous studies, we calculated the following vari-
ables using Kubios with default settings as indices for cardiac
parasympathetic control in the time domain (Li et al. 2024;
Malik et al. 1996; Pereira et al. 2017): square root of the
mean squared differences between successive RR intervals
(RMSSD) and pNN50 divided by the total number of RR in-
tervals (pNN50). In addition, the absolute power of the High-
Frequency band (HF; 0.15-0.4 Hz) was calculated as it reflects
cardiac parasympathetic control in the frequency domain (Li
et al. 2024; Watford et al. 2020) applying FFT-based Welch's
periodogram. In brief, higher values of these variables indicate
greater psychophysiological adaptability. Log-transformation
was conducted with HF to adjust for its non-normality (Kuo
et al. 1999). We note that concerns about the interpretation
of the Low-Frequency band (LF) and LF/HF ratio have been
raised (Billman 2013) and thus these measures were not in-
cluded in the present analysis.

2.5 | Data Analysis

We used SPSS 22.0 to conduct correlation and hierarchical re-
gression analyses to test our hypotheses. Confidence intervals
(95%) of regression coefficients were acquired by conducting
5000 bootstrap resampling. In addition, based on previous re-
search suggesting their influence on HRV (Quigley et al. 2024;
Voss et al. 2015), age, gender, and respiration rate were entered
into the models as covariates in step 1 of the hierarchical regres-
sion analysis. In step 2, grit was added to the model to test the
degree to which grit contributed to the prediction of HRV. In
step 3, self-control and conscientiousness were included in the

TABLE1 | Descriptive statistics and correlations for variables.

model to examine the unique contributions of grit in predicting
HRYV, above and beyond the effects of these related yet distinct
psychological constructs.

3 | Results

3.1 | Descriptive Statistics and Correlation
Analysis

Descriptive statistics and correlation results are presented in
Table 1. As expected, there were significant positive correla-
tions among HRV responses (i.e., RMSSD, pNN50, and HF) and
among personal characteristics (i.e., grit, self-control, and con-
scientiousness). Self-control showed significant positive correla-
tions with RMSSD, pNN50, and HF (0.145<rs <0.161), while
conscientiousness showed a marginally significant correlation
with HF (r=0.135, p=0.052) and significant positive correla-
tions with RMSSD (r=0.159, p=0.022) and pNN50 (r=0.166,
p=0.017). Grit showed significant positive correlations with
HRV measures (0.215<rs <0.236).

3.2 | Regression Analysis

To test the extent to which individual differences in grit predict
HRYV at rest, we conducted three-step hierarchical regression
analyses. In the first step, we included demographic information
(i.e., age and gender) and respiration rate as a predictor for HRV
responses. The results showed that while neither age nor gender
predicted any HRV responses (Table 2), respiration rate signifi-
cantly predicted HF (B=-5.707, SE=1.348, p<0.001). In the
second step, we added grit as a predictor. Similar to the first step,
age and gender did not predict HRV responses, while respira-
tion rate predicted HF alone (B=-5.855, SE=1.320, p<0.001).
Additionally, grit significantly predicted RMSSD (B=6.769,
SE=1.822, p<0.001), pNN50 (B=5.693, SE=1.561, p=0.001),
and HF (B=0.452, SE=0.135, p=0.001). Finally, to examine
how grit uniquely predicts HRV responses compared to other
relevant traits, we added self-control and conscientiousness
in the third step. Grit still significantly predicted the HRV re-
sponses even when including the control variables. Specifically,
only grit significantly predicted RMSSD (B=7.001, SE=3.062,
p=0.021), whereas covariates such as age, gender, respiration
rate, self-control, and conscientiousness did not. Similarly,

Variable M SD 1 2 3 4 5

1. RMSSD 29.531 14.761

2. pNN50 11.274 12.886 0.962%**

3. HF 5.627 1.038 0.895%** 0.814%**

4. Grit 3.140 0.538 0.236%* 0.229%* 0.215%*

5. Self-control 3.192 0.585 0.161* 0.145* 0.155% 0.634%**

6. Conscientiousness 3.318 0.621 0.159* 0.166* 0.135 0.698*** 0.675%**
Note: N=206.
p <0.10.

*p<0.05, **p<0.01, ***p < 0.001.
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grit was the sole variable that predicted pNN50 (B=5.741,
SE =2.740, p=0.037). Also, grit (B=0.514, SE=0.205, p=0.012)
and respiration rate (B=—5.949, SE=1.361, p <0.001) predicted
HF. Overall, individuals with higher levels of grit tended to
exhibit greater HRV (i.e., RMSSD, pNN50, and HF), which is
representative of adaptive physiological response (Table 2).
Compensation type, whether extra credits or monetary, did
not moderate the effects of grit on any type of HRV responses
(ps>0.05). As a robustness check, we replicated the analyses by
randomly splitting the data in half. The direction and effect sizes
remained largely consistent (see Tables S2 and S3).

We further conducted facet-level analyses to explore whether the
same patterns were found in the two subcomponents of grit (i.e.,
PE and CI) when predicting HRV responses. Results are presented
in Tables S4 and S5. Consistent with the results from the main anal-
ysis, most of the covariates, including age, gender, self-control, and
conscientiousness, did not predict any of the HRV metrics, except
the effect of respiration rate on HF. When PE was included in the
model along with age, gender, and respiration rate, PE significantly
predicted RMSSD (B=5.122, SE=1.519, p=0.001) and pNN50
(B=4.367, SE=1.332, p=0.001). Also, PE (B=0.375, SE=0.103,
p<0.001) and respiration rate (B=-6.125, SE=1.464, p<0.001)
significantly predicted HF. In the final model, which included self-
control and conscientiousness, PE significantly predicted RMSSD
(B=4.552,SE=1.963, p=0.021) and pNN50 (B=3.742, SE=1.723,
p=0.031). Additionally, both PE (B=0.376, SE=0.133, p=0.005)
and respiration rate (B=—6.056, SE=1.494, p <0.001) significantly
predicted HF. A similar pattern emerged for the CI component
of grit: After accounting for age, gender, and respiration rate, CI
significantly predicted RMSSD (B=3.668, SE=1.542, p=0.018)
and pNN50 (B=3.026, SE=1.352, p=0.026). Also, CI (B=0.212,
SE=0.105, p=0.046) and respiration rate (B=—-5.609, SE=1.493,
Pp<0.001) significantly predicted HF. However, these relationships
became non-significant (ps>0.10) in the final model that controls
for self-control and conscientiousness.

4 | Discussion

Here, we investigated the association between grit and resting-
state HRV, a well-recognized psychophysiological marker of
well-being (Kemp et al. 2017). Our results demonstrated that grit
was positively associated with all three resting-state HRV indi-
ces including RMSSD, pNN50, and HF. These findings extend
previous work that examined the relationship between grit and
stress-induced HRV (Silvia et al. 2013). Considering that higher
HRV has been linked with reduced threat perception and less
prioritization of negative information (Motro et al. 2021) that
might lead to decreased stress levels (Thayer et al. 2012), gritty
individuals—who appraise situations more positively and view
setbacks as opportunities to learn—may tend to achieve more
adaptive health outcomes.

Total grit and its subcomponents showed similar patterns in
predicting resting-state HRV measures in positive directions;
however, the effects were relatively weaker for the CI compo-
nent. One possible explanation for this discrepancy could be
the nature of PE and CI in relation to physiological regulation.
By definition, PE reflects sustained effort and resilience despite
setbacks, which likely requires effective regulation of stress

responses when facing challenges (Duckworth et al. 2007). In
contrast, CI, which reflects the ability to maintain stable inter-
ests over time, may involve less active stress management and
physiological regulation. Accordingly, a recent meta-analytic
study showed that PE exhibited stronger relationships with self-
reported subjective well-being than CI (Hou et al. 2022).

It is important to note that the observed grit-HRV findings were
not explained by self-control and conscientiousness. These
results align with prior research, which found that conscien-
tiousness was not linked to HRV (Shepherd et al. 2015; Silvia
et al. 2014). Similarly, a meta-analytic study showed only a weak
positive association between self-control and resting-state HRV
(r=0.11; Holzman and Bridgett 2017). Our findings also showed
similar small effect sizes between self-control and resting-state
HRV (0.14 <rs £0.16), and the association between HRV and grit
remained significant even after controlling for self-control and
conscientiousness. Together, these results suggest that the pre-
dictive validity of grit on HRV is distinct from that of self-control
and conscientiousness, indicating that grit captures unique
psychophysiological processes not fully accounted for by these
related constructs. This highlights grit as a potentially valuable
predictor of HRV, reflecting stable, trait-like individual differ-
ences in physiological regulation.

By incorporating an established health-related physiological
measure in the regression models, we found that grit is asso-
ciated with the body's ability to manage stress and relaxation.
Although grit was assessed using a self-reported measure, in-
corporating an objective indicator such as HRV can provide
a more comprehensive understanding of how this personal-
ity trait influences biological processes (Diamond and Otter-
Henderson 2007). Specifically, our findings with resting-state
HRV suggest that grit may be linked to effective autonomic
functioning, reflecting the body's capacity to adapt to stress-
ors. This aligns with previous studies exploring the biological
mechanisms of grit through various physiological measures,
including salivary cortisol and cardiac sympathetic activity
(Hoferichter and Raufelder 2023; Silvia et al. 2013), as well as
functional neuroimaging-based brain activity and connectivity
(Park et al. 2023; Wang et al. 2017). Together, these studies con-
tribute to a growing body of evidence highlighting the physio-
logical foundations of grit and its impact on well-being.

There are at least three limitations that should be considered
for future research. First, short-term HRV indices tend to have
lower test-retest reliability compared to long-term HRV mea-
sures (Dekker et al. 1996). However, this may not significantly
affect our results as the values of RMSSD and HF have shown
strong test-retest correlations (r~0.80) over a 2-month period
(Sinnreich et al. 1998). RMSSD and pNN50 have also demon-
strated high intra-individual reliability, with test-retest cor-
relations reaching 0.90 over a 7-day interval (Farah et al. 2016),
indicating that short-term HRV measurements can indeed be
practical. Nonetheless, future studies employing long-term HRV
measures or repeated short-term HRV assessments could fur-
ther strengthen the validity of the present findings.

Second, our sample is limited to Korean college students, which
restricts the generalizability of our findings. Research has
shown that resting-state HRV measures, such as HF, pNN50,
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and RMSSD, can differ based on race (Reed et al. 2006; Wang
et al. 2005); therefore, the relationships between grit and
resting-state HRV may vary across cultural contexts. However,
a recent meta-analytic study has shown that the beneficial ef-
fects of grit on health outcomes are invariant across cultures (see
Hou et al. 2022 for a review). This might be because grit can
satisfy basic human needs, which are important in human well-
being across cultures (Chen et al. 2015; Deci and Ryan 1985).
Specifically, gritty individuals, who tend to follow self-selected
long-term goals regardless of socio-cultural values, might fulfill
their autonomy needs, which, in turn, can boost their well-being.
Supporting this notion, empirical studies have found that grit is
positively related to autonomy needs satisfaction across cultures
(Jin and Kim 2017; Marcelo-Torres et al. 2024). Thus, we believe
a similar pattern might emerge in the context of psychophysi-
ological adjustment across different cultures. Nevertheless, fu-
ture studies should consider expanding the sample to include
populations with more diverse demographics, racial, and cul-
tural backgrounds.

Third, it is possible that participants’ physical activity levels may
have influenced the HRV results. Previous research has estab-
lished that physical activity and fitness are significant factors
affecting HRV (Carter et al. 2003; Rennie et al. 2003; Rossy and
Thayer 1998; Sloan et al. 2009). For instance, individuals who
frequently engage in fitness activities (i.e., high-fitness group)
tend to exhibit higher vagally mediated HRV compared to those
who do not exercise regularly (i.e., low-fitness group) (Rossy and
Thayer 1998). Thus, one might argue that the observed relation-
ship between grit and HRV is due to a spurious effect of exer-
cise. However, for this explanation to hold, a strong relationship
between grit and exercise would be necessary. Prior research
suggests that the correlation between grit and physical activ-
ity is weak, if present at all (rs=0.15 to 0.18; Reed et al. 2013;
Reed 2014), making this alternative explanation unlikely.
Regardless, we encourage future research to replicate our find-
ings while controlling for individual physical fitness.

Thisstudyfinds thatresting-state HRVisassociated with grit over
and above other psychological factors (i.e., self-control and con-
scientiousness). Identifying physiological markers of grit holds
significant theoretical and practical implications. Theoretically,
it provides an objective validation of grit, deepening our under-
standing of how this trait influences not only achievement but
also psychophysiological well-being. Practically, it provides a
fundamental basis for intervention. Since grit is a malleable trait
influenced by other psychological and contextual factors (Alan
et al. 2019; Cross 2014; Duckworth et al. 2007; Park et al. 2020),
developing interventions to enhance grit may help people im-
prove stress management, build resilience, and contribute to
better overall health outcomes.

Author Contributions

Jaehoon Yoo: conceptualization, data curation, formal analysis, in-
vestigation, methodology, writing — original draft, writing — review
and editing. Boyoon Kim: conceptualization, data curation, inves-
tigation, writing — original draft, writing - review and editing. Sujin
Park: conceptualization, data curation, investigation, writing - original
draft, writing - review and editing. Jeewon Jeon: conceptualization,

data curation, investigation. Chaebin Yoo: conceptualization, data cu-
ration, investigation. M. Justin Kim: conceptualization, funding ac-
quisition, project administration, supervision, writing - original draft,
writing - review and editing. Daeun Park: conceptualization, fund-
ing acquisition, project administration, supervision, writing — original
draft, writing - review and editing.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding authors upon reasonable request.

References

Alan, S., T. Boneva, and S. Ertac. 2019. “Ever Failed, Try Again, Succeed
Better: Results From a Randomized Educational Intervention on Grit.”
Quarterly Journal of Economics 134: 1121-1162. https://doi.org/10.1093/
qje/qjz006.

Allen, T. M., K. L. Struemph, M. A. Toledo-Tamula, et al. 2018. “The
Relationship Between Heart Rate Variability, Psychological Flexibility,
and Pain in Neurofibromatosis Type 1.” Pain Practice 18, no. 8: 969-978.
https://doi.org/10.1111/papr.12695.

Billman, G. E. 2013. “The LF/HF Ratio Does Not Accurately Measure
Cardiac Sympatho-Vagal Balance.” Frontiers in Physiology 4: 26. https://
doi.org/10.3389/fphys.2013.00026.

Bodin, F., K. M. McIntyre, J. E. Schwartz, et al. 2017. “The Association
of Cigarette Smoking With High-Frequency Heart Rate Variability:
An Ecological Momentary Assessment Study.” Psychosomatic
Medicine 79, no. 9: 1045-1050. https://doi.org/10.1097/PSY.00000
00000000507.

Bowman, N. A., P. L. Hill, N. Denson, and R. Bronkema. 2015. “Keep on
Truckin' or Stay the Course? Exploring Grit Dimensions as Differential
Predictors of Educational Achievement, Satisfaction, and Intentions.”
Social Psychological and Personality Science 6, no. 6: 639-645. https://
doi.org/10.1177/1948550615574300.

Carter, J. B., E. W. Banister, and A. P. Blaber. 2003. “Effect of Endurance
Exercise on Autonomic Control of Heart Rate.” Sports Medicine 33: 33—
46. https://doi.org/10.2165/00007256-200333010-00003.

Chen, B., M. Vansteenkiste, W. Beyers, et al. 2015. “Basic Psychological
Need Satisfaction, Need Frustration, and Need Strength Across Four
Cultures.” Motivation and Emotion 39, no. 2: 216-236. https://doi.org/
10.1007/s11031-014-9450-1.

Credé, M., M. C. Tynan, and P. D. Harms. 2017. “Much Ado About Grit:
A Meta-Analytic Synthesis of the Grit Literature.” Journal of Personality
and Social Psychology 113, no. 3: 492-511. https://doi.org/10.1037/pspp0
000102.

Cross, T. M. 2014. “The Gritty: Grit and Non-traditional Doctoral
Student Success.” Journal of Educators Online 11, no. 3. https://doi.org/
10.9743/je0.2014.3.4.

Dam, A., T. Perera, M. Jones, M. Haughy, and T. Gaeta. 2019. “The
Relationship Between Grit, Burnout, and Well-Being in Emergency
Medicine Residents.” AEM Education and Training 3, no. 1: 14-19.
https://doi.org/10.1002/aet2.10311.

Datu, J. A. D. 2021. “Beyond Passion and Perseverance: Review
and Future Research Initiatives on the Science of Grit.” Frontiers in
Psychology 11: 545526. https://doi.org/10.3389/fpsyg.2020.545526.

Deci, E. L., and R. M. Ryan. 1985. Intrinsic Motivation and Self-
Determination in Human Behavior. Springer US. https://doi.org/10.
1007/978-1-4899-2271-7.

7 of 10


https://doi.org/10.1093/qje/qjz006
https://doi.org/10.1093/qje/qjz006
https://doi.org/10.1111/papr.12695
https://doi.org/10.3389/fphys.2013.00026
https://doi.org/10.3389/fphys.2013.00026
https://doi.org/10.1097/PSY.0000000000000507
https://doi.org/10.1097/PSY.0000000000000507
https://doi.org/10.1177/1948550615574300
https://doi.org/10.1177/1948550615574300
https://doi.org/10.2165/00007256-200333010-00003
https://doi.org/10.1007/s11031-014-9450-1
https://doi.org/10.1007/s11031-014-9450-1
https://doi.org/10.1037/pspp0000102
https://doi.org/10.1037/pspp0000102
https://doi.org/10.9743/jeo.2014.3.4
https://doi.org/10.9743/jeo.2014.3.4
https://doi.org/10.1002/aet2.10311
https://doi.org/10.3389/fpsyg.2020.545526
https://doi.org/10.1007/978-1-4899-2271-7
https://doi.org/10.1007/978-1-4899-2271-7

Dekker, J. M., E. L. de Vries, R. R. Lengton, E. G. Schouten, C. A.
Swenne, and A. Maan. 1996. “Reproducibility and Comparability of
Short- and Long-Term Heart Rate Variability Measures in Healthy
Young Men.” Annals of Noninvasive Electrocardiology 1, no. 3: 287-292.
https://doi.org/10.1111/j.1542-474X.1996.tb00281.x.

DeYoung, C. G. 2015. “Cybernetic Big Five Theory.” Journal of Research
in Personality 56: 33-58. https://doi.org/10.1016/j.jrp.2014.07.004.

Diamond, L. M., and K. D. Otter-Henderson. 2007. “Physiological
Measures.” In Handbook of Research Methods in Personality Psychology,
edited by R. W. Robins, C. Fraley, and R. F. Krueger, 370-388. Guilford
Press.

Duckworth, A., and J. J. Gross. 2014. “Self-Control and Grit: Related but
Separable Determinants of Success.” Current Directions in Psychological
Science 23, no. 5: 319-325. https://doi.org/10.1177/0963721414541462.

Duckworth, A. L., C. Peterson, M. D. Matthews, and D. R. Kelly. 2007.
“Grit: Perseverance and Passion for Long-Term Goals.” Journal of
Personality and Social Psychology 92, no. 6: 1087-1101. https://doi.org/
10.1037/0022-3514.92.6.1087.

Eskreis-Winkler, L., A. Duckworth, E. Shulman, and S. Beal. 2014.
“The Grit Effect: Predicting Retention in the Military, the Workplace,
School and Marriage.” Frontiers in Psychology 5: 36. https://doi.org/10.
3389/fpsyg.2014.00036.

Estevez, G., C. O'Neal, and S. Cerrato. 2023. “Impact of Stress on Later
Academic Engagement Among Emergent Bilingual Students: Grit and
Academic Support as Protective Factors.” School Psychology Review 54,
no. 2: 1-14. https://doi.org/10.1080/2372966X.2023.2201688.

Fanti, K. A., M. N. Kyranides, G. Georgiou, et al. 2017. “Callous-
Unemotional, Impulsive-Irresponsible, and Grandiose-Manipulative
Traits: Distinct Associations With Heart Rate, Skin Conductance, and
Startle Responses to Violent and Erotic Scenes.” Psychophysiology 54,
no. 5: 663-672. https://doi.org/10.1111/psyp.12837.

Farah, B. Q., A. H. R. Lima, A. De, et al. 2016. “Intra-Individuals
and Inter- and Intra-Observer Reliability of Short-Term Heart Rate
Variability in Adolescents.” Clinical Physiology and Functional Imaging
36, no. 1: 33-39. https://doi.org/10.1111/cpf.12190.

Geisler, F. C. M., N. Vennewald, T. Kubiak, and H. Weber. 2010. “The
Impact of Heart Rate Variability on Subjective Well-Being Is Mediated
by Emotion Regulation.” Personality and Individual Differences 49, no.
7: 723-728. https://doi.org/10.1016/j.paid.2010.06.015.

Gorin, A. A., T. M. Leahey, T. Cornelius, K. Bourgea, and T. A. Powers.
2024. “Self-Control and Grit: Associations With Weight Management
and Healthy Habits.” Journal of Behavioral Medicine 47, no. 1: 160-167.
https://doi.org/10.1007/s10865-023-00431-9.

Gregor, M. A., I. K. Weigold, G. Wolfe, D. Campbell-Halfaker, J. Martin-
Fernandez, and H. V. G. D. Pino. 2021. “Positive Predictors of Career
Adaptability Among Diverse Community College Students.” Journal
of Career Assessment 29, no. 1: 115-128. https://doi.org/10.1177/10690
72720932537.

Grol, M., and R. De Raedt. 2020. “The Link Between Resting Heart Rate
Variability and Affective Flexibility.” Cognitive, Affective, & Behavioral
Neuroscience 20, no. 4: 746-756. https://doi.org/10.3758/s13415-020-
00800-w.

Hallman, D. M., E. M. Olsson, B. Von Schéele, L. Melin, and E. Lyskov.
2011. “Effects of Heart Rate Variability Biofeedback in Subjects
With Stress-Related Chronic Neck Pain: A Pilot Study.” Applied
Psychophysiology and Biofeedback 36: 71-80. https://doi.org/10.1007/
510484-011-9147-0.

Heiss, S., B. Vaschillo, E. G. Vaschillo, C. A. Timko, and J. M. Hormes.
2021. “Heart Rate Variability as a Biobehavioral Marker of Diverse
Psychopathologies: A Review and Argument for an “Ideal Range”.”
Neuroscience & Biobehavioral Reviews 121: 144-155. https://doi.org/10.

1016/j.neubiorev.2020.12.004.

Hoferichter, F., and D. Raufelder. 2023. “Biophysiological Stress
Markers Relate Differently to Grit and School Engagement Among
Lower- and Higher-Track Secondary School Students.” British Journal
of Educational Psychology 93, no. S1: 174-194. https://doi.org/10.1111/
bjep.12514.

Holzman, J. B., and D. J. Bridgett. 2017. “Heart Rate Variability Indices
as Bio-Markers of Top-Down Self-Regulatory Mechanisms: A Meta-
Analytic Review.” Neuroscience & Biobehavioral Reviews 74: 233-255.
https://doi.org/10.1016/j.neubiorev.2016.12.032.

Hong, H., H. Kim, J. Kim, and J. Kim. 2012. “Validity and Reliability
Validation of the Korean Version of the Brief Self-Control Scale (BSCS).”
Korean Journal of Psychology: General 31, no. 4: 1193-1210.

Hou, X. L., N. Becker, T. Q. Hu, M. Koch, J. Z. Xi, and R. Méttus. 2022.
“Do Grittier People Have Greater Subjective Well-Being? A Meta-
Analysis.” Personality and Social Psychology Bulletin 48, no. 12: 1701-
1716. https://doi.org/10.1177/01461672211053453.

Howell, B. C., and D. A. Hamilton. 2022. “Baseline Heart Rate
Variability (HRV) and Performance During a Set-Shifting Visuospatial
Learning Task: The Moderating Effect of Trait Negative Affectivity
(NA) on Behavioral Flexibility.” Physiology & Behavior 243: 113647.
https://doi.org/10.1016/j.physbeh.2021.113647.

Huang, W. L., L. R. Chang, T. B. J. Kuo, Y. H. Lin, Y. Z. Chen, and C.
C. H. Yang. 2013. “Gender Differences in Personality and Heart-Rate
Variability.” Psychiatry Research 209, no. 3: 652-657. https://doi.org/10.
1016/j.psychres.2013.01.031.

Jennings, J. R., T. Kamarck, C. Stewart, M. Eddy, and P. Johnson. 1992.
“Alternate Cardiovascular Baseline Assessment Techniques: Vanilla or
Resting Baseline.” Psychophysiology 29, no. 6: 742-750. https://doi.org/
10.1111/j.1469-8986.1992.tb02052.X.

Jiang, W., J. Jiang, X. Du, D. Gu, Y. Sun, and Y. Zhang. 2020. “Striving
and Happiness: Between- and Within-Person-Level Associations
Among Grit, Needs Satisfaction and Subjective Well-Being.” Journal of
Positive Psychology 15, no. 4: 543-555. https://doi.org/10.1080/17439760.
2019.1639796.

Jiang, W., X. Tang, J. Ye, and J. Jiang. 2023. “What Drives Daily
Perseverance and Passion? Grit, Conscientiousness, and Goal Pursuit
Experiences.” Personality and Social Psychology Bulletin 49, no. 5: 727-
743. https://doi.org/10.1177/01461672221076970.

Jiang, W., Z. Xiao, Y. Liu, K. Guo, J. Jiang, and X. Du. 2019. “Reciprocal
Relations Between Grit and Academic Achievement: A Longitudinal
Study.” Learning and Individual Differences 71: 13-22. https://doi.org/
10.1016/j.1indif.2019.02.004.

Jin, B., and J. Kim. 2017. “Grit, Basic Needs Satisfaction, and Subjective
Well-Being.” Journal of Individual Differences 38, no. 1: 29-35. https://
doi.org/10.1027/1614-0001/2000219.

Keen, L., A. Y. Tan, and A. Abbate. 2020. “Inverse Associations
Between Parasympathetic Activity and Cognitive Flexibility in
African Americans: Preliminary Findings.” International Journal of
Psychophysiology 155: 204-209. https://doi.org/10.1016/j.ijpsycho.2020.
06.013.

Kemp, A. H., J. Koenig, and J. F. Thayer. 2017. “From Psychological
Moments to Mortality: A Multidisciplinary Synthesis on Heart
Rate Variability Spanning the Continuum of Time.” Neuroscience &
Biobehavioral Reviews 83: 547-567. https://doi.org/10.1016/j.neubiorev.
2017.09.006.

Kemp, A. H., and D. S. Quintana. 2013. “The Relationship Between
Mental and Physical Health: Insights From the Study of Heart Rate
Variability.” International Journal of Psychophysiology 89, no. 3: 288-
296. https://doi.org/10.1016/j.ijpsycho.2013.06.018.

Khan, B. M., and A. M. Khan. 2017. “Grit, Happiness and Life
Satisfaction Among Professionals: A Correlational Study.” Journal of

8 of 10

Psychophysiology, 2025


https://doi.org/10.1111/j.1542-474X.1996.tb00281.x
https://doi.org/10.1016/j.jrp.2014.07.004
https://doi.org/10.1177/0963721414541462
https://doi.org/10.1037/0022-3514.92.6.1087
https://doi.org/10.1037/0022-3514.92.6.1087
https://doi.org/10.3389/fpsyg.2014.00036
https://doi.org/10.3389/fpsyg.2014.00036
https://doi.org/10.1080/2372966X.2023.2201688
https://doi.org/10.1111/psyp.12837
https://doi.org/10.1111/cpf.12190
https://doi.org/10.1016/j.paid.2010.06.015
https://doi.org/10.1007/s10865-023-00431-9
https://doi.org/10.1177/1069072720932537
https://doi.org/10.1177/1069072720932537
https://doi.org/10.3758/s13415-020-00800-w
https://doi.org/10.3758/s13415-020-00800-w
https://doi.org/10.1007/s10484-011-9147-0
https://doi.org/10.1007/s10484-011-9147-0
https://doi.org/10.1016/j.neubiorev.2020.12.004
https://doi.org/10.1016/j.neubiorev.2020.12.004
https://doi.org/10.1111/bjep.12514
https://doi.org/10.1111/bjep.12514
https://doi.org/10.1016/j.neubiorev.2016.12.032
https://doi.org/10.1177/01461672211053453
https://doi.org/10.1016/j.physbeh.2021.113647
https://doi.org/10.1016/j.psychres.2013.01.031
https://doi.org/10.1016/j.psychres.2013.01.031
https://doi.org/10.1111/j.1469-8986.1992.tb02052.x
https://doi.org/10.1111/j.1469-8986.1992.tb02052.x
https://doi.org/10.1080/17439760.2019.1639796
https://doi.org/10.1080/17439760.2019.1639796
https://doi.org/10.1177/01461672221076970
https://doi.org/10.1016/j.lindif.2019.02.004
https://doi.org/10.1016/j.lindif.2019.02.004
https://doi.org/10.1027/1614-0001/a000219
https://doi.org/10.1027/1614-0001/a000219
https://doi.org/10.1016/j.ijpsycho.2020.06.013
https://doi.org/10.1016/j.ijpsycho.2020.06.013
https://doi.org/10.1016/j.neubiorev.2017.09.006
https://doi.org/10.1016/j.neubiorev.2017.09.006
https://doi.org/10.1016/j.ijpsycho.2013.06.018

Psychology and Cognition 2, no. 2: 123-132. https://doi.org/10.35841/
psychology-cognition.2.2.123-132.

Knauft, K. M., C. A. Holt, and V. Kalia. 2024. “Perceived Stress Mediates
Associations Between Grit and Health-Related Quality of Life.”
Psychological Reports: 332941241248607. https://doi.org/10.1177/00332
941241248607.

Kuo, T. B. J,, T. Lin, C. C. H. Yang, C. L. Li, C. F. Chen, and P. Chou.
1999. “Effect of Aging on Gender Differences in Neural Control of
Heart Rate.” American Journal of Physiology - Heart and Circulatory
Physiology 277, no. 6: H2233-H2239. https://doi.org/10.1152/ajpheart.
1999.277.6.H2233.

Kwon, H. W. 2021. “Are Gritty People Happier Than Others?: Evidence
From the United States and South Korea.” Journal of Happiness Studies
22, no. 7: 2937-2959. https://doi.org/10.1007/s10902-020-00343-4.

Lee, W. W. S. 2017. “Relationships Among Grit, Academic Performance,
Perceived Academic Failure, and Stress in Associate Degree Students.”
Journal of Adolescence 60: 148-152. https://doi.org/10.1016/j.adole
scence.2017.08.006.

Li, H., X. Yu, Y. Mei, X. Liu, L. Li, and N. Luo. 2021. “The Effect of Grit
on Career Adaptability of Chinese College Students Based on the Self-
Regulatory Processes.” Frontiers in Psychology 12: 795153. https://doi.
org/10.3389/fpsyg.2021.795153.

Li, Z., M. Pulopulos, J. Allaert, et al. 2024. “Vagally-Mediated HRV as
a Marker of Trait Rumination in Healthy Individuals? A Large Cross-
Sectional Analysis.” Psychophysiology 61, no. 2: e14448. https://doi.org/
10.1111/psyp.14448.

Lipponen, J. A., and M. P. Tarvainen. 2019. “A Robust Algorithm for
Heart Rate Variability Time Series Artefact Correction Using Novel
Beat Classification.” Journal of Medical Engineering & Technology 43,
no. 3: 173-181. https://doi.org/10.1080/03091902.2019.1640306.

Luque-Casado, A., J. C. Perales, D. Cardenas, and D. Sanabria. 2016.
“Heart Rate Variability and Cognitive Processing: The Autonomic
Response to Task Demands.” Biological Psychology 113: 83-90. https://
doi.org/10.1016/j.biopsycho.2015.11.013.

Malik, M., J. T. Bigger, A. J. Camm, et al. 1996. “Heart Rate Variability:
Standards of Measurement, Physiological Interpretation, and Clinical
Use.” European Heart Journal 17, no. 3: 354-381. https://doi.org/10.
1093/oxfordjournals.eurheartj.a014868.

Marcelo-Torres, N., M. P. Manyari-Masias, R. Calder6n-Sanchez, et al.
2024. “Basic Psychological Needs and GRIT in Peruvian University
Students.” Frontiers in Education 9. e1282338. https://doi.org/10.3389/
feduc.2024.1282448.

Motro, D., D. R. Comer, and J. A. Lenaghan. 2021. “Examining the
Effects of Negative Performance Feedback: The Roles of Sadness,
Feedback Self-Efficacy, and Grit.” Journal of Business and Psychology
36, no. 3: 367-382. https://doi.org/10.1007/s10869-020-09689-1.

Nettle, D. 2007. Personality: What Makes You the Way You Are. OUP
Oxford.

Ottaviani, C., D. Shapiro, D. M. Davydov, and I. B. Goldstein. 2008.
“Autonomic Stress Response Modes and Ambulatory Heart Rate Level
and Variability.” Journal of Psychophysiology 22, no. 1: 28-40. https://
doi.org/10.1027/0269-8803.22.1.28.

Park, D., E. Tsukayama, A. Yu, and A. L. Duckworth. 2020. “The
Development of Grit and Growth Mindset During Adolescence.”
Journal of Experimental Child Psychology 198: 104889. https://doi.org/
10.1016/jjecp.2020.104889.

Park, S., D. Park, and M. J. Kim. 2023. “Similarity in Functional
Connectome Architecture Predicts Teenage Grit.” Social Cognitive and
Affective Neuroscience 18, no. 1: nsad047. https://doi.org/10.1093/scan/
nsad047.

Pereira, T., P. R. Almeida, J. P. S. Cunha, and A. Aguiar. 2017. “Heart
Rate Variability Metrics for Fine-Grained Stress Level Assessment.”

Computer Methods and Programs in Biomedicine 148: 71-80. https://doi.
0rg/10.1016/j.cmpb.2017.06.018.

Ponnock, A., K. Muenks, M. Morell, J. Seung Yang, J. R. Gladstone,
and A. Wigfield. 2020. “Grit and Conscientiousness: Another Jangle
Fallacy.” Journal of Research in Personality 89: 104021. https://doi.org/
10.1016/j.jrp.2020.104021.

Quigley, K. S., P.J. Gianaros, G.J. Norman, J. R. Jennings, G. G. Berntson,
and E. J. C. de Geus. 2024. “Publication Guidelines for Human Heart
Rate and Heart Rate Variability Studies in Psychophysiology—Part
1: Physiological Underpinnings and Foundations of Measurement.”
Psychophysiology 61, no. 9: €14604. https://doi.org/10.1111/psyp.14604.

Rajendra Acharya, U., K. Paul Joseph, N. Kannathal, C. M. Lim,
and J. S. Suri. 2006. “Heart Rate Variability: A Review.” Medical and
Biological Engineering and Computing 44, no. 12: 1031-1051. https://doi.
0rg/10.1007/s11517-006-0119-0.

Reed, J. 2014. “A Survey of Grit and Exercise Behavior.” Journal of Sport
Behavior 37, no. 4: 390-406.

Reed,].,B.L.Pritschet,and D. M. Cutton. 2013. “Grit, Conscientiousness,
and the Transtheoretical Model of Change for Exercise Behavior.”
Journal of Health Psychology 18, no. 5: 612-619. https://doi.org/10.1177/
1359105312451866.

Reed, K. E., D. E. R. Warburton, C. L. Whitney, and H. A. McKay. 2006.
“Differences in Heart Rate Variability Between Asian and Caucasian
Children Living in the Same Canadian Community.” Applied Physiology,
Nutrition, and Metabolism 31, no. 3: 277-282. https://doi.org/10.1139/
h05-015.

Rennie, K. L., H. Hemingway, M. Kumari, E. Brunner, M. Malik, and
M. Marmot. 2003. “Effects of Moderate and Vigorous Physical Activity
on Heart Rate Variability in a British Study of Civil Servants.” American
Journal of Epidemiology 158, no. 2: 135-143. https://doi.org/10.1093/aje/
kwg120.

Rhodes, E., and T. Giovannetti. 2022. “Grit and Successful Aging in
Older Adults.” Aging & Mental Health 26, no. 6: 1253-1260. https://doi.
0rg/10.1080/13607863.2021.1919990.

Romanowicz, M., J. E. Schmidt, J. M. Bostwick, D. A. Mrazek, and V.
M. Karpyak. 2011. “Changes in Heart Rate Variability Associated With
Acute Alcohol Consumption: Current Knowledge and Implications for
Practice and Research.” Alcoholism: Clinical and Experimental Research
35, no. 6: 1092-1105. https://doi.org/10.1111/j.1530-0277.2011.01442.x.

Rossy, L. A., and J. F. Thayer. 1998. “Fitness and Gender-Related
Differences in Heart Period Variability.” Biopsychosocial Science and
Medicine 60, no. 6: 773-781. https://doi.org/10.1097/00006842-19981
1000-00022.

Schmidt, F. T. C., G. Nagy, J. Fleckenstein, J. Méller, and J. Retelsdorf.
2018. “Same Same, But Different? Relations Between Facets of
Conscientiousness and Grit.” European Journal of Personality 32, no. 6:
705-720. https://doi.org/10.1002/per.2171.

Sharkey, C. M., D. M. Bakula, K. L. Gamwell, A. J. Mullins, J. M.
Chaney, and L. L. Mullins. 2017. “The Role of Grit in College Student
Health Care Management Skills and Health-Related Quality of Life.”
Journal of Pediatric Psychology 42, no. 9: 952-961. https://doi.org/10.
1093/jpepsy/jsx073.

Shepherd, D., J. Mulgrew, and M. J. Hautus. 2015. “Exploring the
Autonomic Correlates of Personality.” Autonomic Neuroscience 193:
127-131. https://doi.org/10.1016/j.autneu.2015.05.004.

Silvia, P. J., K. M. Eddington, R. E. Beaty, E. C. Nusbaum, and T. R.
Kwapil. 2013. “Gritty People Try Harder: Grit and Effort-Related
Cardiac Autonomic Activity During an Active Coping Challenge.”
International Journal of Psychophysiology 88, no. 2: 200-205. https://
doi.org/10.1016/j.ijpsycho.2013.04.007.

Silvia, P. J., B. A. Jackson, and R. S. Sopko. 2014. “Does Baseline Heart
Rate Variability Reflect Stable Positive Emotionality?” Personality and

90f 10


https://doi.org/10.35841/psychology-cognition.2.2.123-132
https://doi.org/10.35841/psychology-cognition.2.2.123-132
https://doi.org/10.1177/00332941241248607
https://doi.org/10.1177/00332941241248607
https://doi.org/10.1152/ajpheart.1999.277.6.H2233
https://doi.org/10.1152/ajpheart.1999.277.6.H2233
https://doi.org/10.1007/s10902-020-00343-4
https://doi.org/10.1016/j.adolescence.2017.08.006
https://doi.org/10.1016/j.adolescence.2017.08.006
https://doi.org/10.3389/fpsyg.2021.795153
https://doi.org/10.3389/fpsyg.2021.795153
https://doi.org/10.1111/psyp.14448
https://doi.org/10.1111/psyp.14448
https://doi.org/10.1080/03091902.2019.1640306
https://doi.org/10.1016/j.biopsycho.2015.11.013
https://doi.org/10.1016/j.biopsycho.2015.11.013
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.1093/oxfordjournals.eurheartj.a014868
https://doi.org/10.3389/feduc.2024.1282448
https://doi.org/10.3389/feduc.2024.1282448
https://doi.org/10.1007/s10869-020-09689-1
https://doi.org/10.1027/0269-8803.22.1.28
https://doi.org/10.1027/0269-8803.22.1.28
https://doi.org/10.1016/j.jecp.2020.104889
https://doi.org/10.1016/j.jecp.2020.104889
https://doi.org/10.1093/scan/nsad047
https://doi.org/10.1093/scan/nsad047
https://doi.org/10.1016/j.cmpb.2017.06.018
https://doi.org/10.1016/j.cmpb.2017.06.018
https://doi.org/10.1016/j.jrp.2020.104021
https://doi.org/10.1016/j.jrp.2020.104021
https://doi.org/10.1111/psyp.14604
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1177/1359105312451866
https://doi.org/10.1177/1359105312451866
https://doi.org/10.1139/h05-015
https://doi.org/10.1139/h05-015
https://doi.org/10.1093/aje/kwg120
https://doi.org/10.1093/aje/kwg120
https://doi.org/10.1080/13607863.2021.1919990
https://doi.org/10.1080/13607863.2021.1919990
https://doi.org/10.1111/j.1530-0277.2011.01442.x
https://doi.org/10.1097/00006842-199811000-00022
https://doi.org/10.1097/00006842-199811000-00022
https://doi.org/10.1002/per.2171
https://doi.org/10.1093/jpepsy/jsx073
https://doi.org/10.1093/jpepsy/jsx073
https://doi.org/10.1016/j.autneu.2015.05.004
https://doi.org/10.1016/j.ijpsycho.2013.04.007
https://doi.org/10.1016/j.ijpsycho.2013.04.007

Individual Differences 70: 183-187. https://doi.org/10.1016/j.paid.2014.
07.003.

Sinnreich, R., J. Kark, Y. Friedlander, D. Sapoznikov, and M. Luria.
1998. “Five Minute Recordings of Heart Rate Variability for Population
Studies: Repeatability and Age-Sex Characteristics.” Heart 80, no. 2:
156-162. https://doi.org/10.1136/hrt.80.2.156.

Sloan, R. P., P. A. Shapiro, R. E. DeMeersman, et al. 2009. “The Effect of
Aerobic Training and Cardiac Autonomic Regulation in Young Adults.”
American Journal of Public Health 99, no. 5: 921-928. https://doi.org/10.
2105/AJPH.2007.133165.

Soto, C. J., and O. P. John. 2017. “The Next Big Five Inventory (BFI-
2): Developing and Assessing a Hierarchical Model With 15 Facets
to Enhance Bandwidth, Fidelity, and Predictive Power.” Journal of
Personality and Social Psychology 113, no. 1: 117-143. https://doi.org/
10.1037/pspp0000096.

Suzuki, Y., D. Tamesue, K. Asahi, and Y. Ishikawa. 2015. “Grit and Work
Engagement: A Cross-Sectional Study.” PLoS One 10, no. 9: e0137501.
https://doi.org/10.1371/journal.pone.0137501.

Tangney, J. P., R. F. Baumeister, and A. L. Boone. 2004. “High Self-
Control Predicts Good Adjustment, Less Pathology, Better Grades,
and Interpersonal Success.” Journal of Personality 72, no. 2: 271-322.
https://doi.org/10.1111/j.0022-3506.2004.00263.x.

Tarvainen, M. P., J.-P. Niskanen, J. A. Lipponen, P. O. Ranta-aho, and
P. A. Karjalainen. 2014. “Kubios HRV-Heart Rate Variability Analysis
Software.” Computer Methods and Programs in Biomedicine 113, no. 1:
210-220. https://doi.org/10.1016/j.cmpb.2013.07.024.

Thayer, J. F., F. Ahs, M. Fredrikson, J. J. Sollers, and T. D. Wager.
2012. “A Meta-Analysis of Heart Rate Variability and Neuroimaging
Studies: Implications for Heart Rate Variability as a Marker of Stress
and Health.” Neuroscience & Biobehavioral Reviews 36, no. 2: 747-756.
https://doi.org/10.1016/j.neubiorev.2011.11.009.

Toyama, M. 2024. “Is Grit Persistence Adaptive? Goal Pursuit Behavior
When Faced With a Difficult Goal.” Personality and Individual
Differences 223: 112610. https://doi.org/10.1016/j.paid.2024.112610.

Vazsonyi, A. T., A. J. Ksinan, G. Ksinan Jiskrova, J. Mikuska, M.
Javakhishvili, and G. Cui. 2019. “To Grit or Not to Grit, That Is the
Question!” Journal of Research in Personality 78: 215-226. https://doi.
0rg/10.1016/j,jrp.2018.12.006.

Voss, A., R. Schroeder, A. Heitmann, A. Peters, and S. Perz. 2015.
“Short-Term Heart Rate Variability—Influence of Gender and Age in
Healthy Subjects.” PLoS One 10, no. 3: e0118308. https://doi.org/10.
1371/journal.pone.0118308.

Wang, S., M. Zhou, T. Chen, et al. 2017. “Grit and the Brain: Spontaneous
Activity of the Dorsomedial Prefrontal Cortex Mediates the Relationship
Between the Trait Grit and Academic Performance.” Social Cognitive
and Affective Neuroscience 12, no. 3: 452-460. https://doi.org/10.1093/
scan/nswl145.

Wang, X., J. F. Thayer, F. Treiber, and H. Snieder. 2005. “Ethnic
Differences and Heritability of Heart Rate Variability in African- and
European American Youth.” American Journal of Cardiology 96, no. 8:
1166-1172. https://doi.org/10.1016/j.amjcard.2005.06.050.

Watford, T. S., W. H. O'Brien, H. R. Koerten, et al. 2020. “The Mindful
Attention and Awareness Scale Is Associated With Lower Levels of
High-Frequency Heart Rate Variability in a Laboratory Context.”
Psychophysiology 57, no. 3: €13506. https://doi.org/10.1111/psyp.13506.

Wells, R., T. Outhred, J. A. Heathers, D. S. Quintana, and A. H. Kemp.
2012. “Matter Over Mind: A Randomised-Controlled Trial of Single-
Session Biofeedback Training on Performance Anxiety and Heart Rate
Variability in Musicians.” PLoS One 7, no. 10: e46597. https://doi.org/10.
1371/journal.pone.0046597.

Werner, K. M., M. Milyavskaya, R. Klimo, and S. L. Levine. 2019.
“Examining the Unique and Combined Effects of Grit, Trait Self-Control,

and Conscientiousness in Predicting Motivation for Academic Goals: A
Commonality Analysis.” Journal of Research in Personality 81: 168-175.
https://doi.org/10.1016/j.jrp.2019.06.003.

Yang, C., L. Yang, and D. Wu. 2023. “The Influence of Grit on Nurse
Job Satisfaction: Mediating Effects of Perceived Stress and Moderating
Effects of Optimism.” Frontiers in Psychology 13: 1094031. https://doi.
org/10.3389/fpsyg.2022.1094031.

Zhang, T., D. Park, E. Tsukayama, A. L. Duckworth, and L. Luo.
2024. “Sparking Virtuous Cycles: A Longitudinal Study of Subjective
Well-Being and Grit During Early Adolescence.” Journal of Youth and
Adolescence 53, no. 2: 331-342. https://doi.org/10.1007/s10964-023-
01862-y.

Zulfiqar, U., D. A. Jurivich, W. Gao, and D. H. Singer. 2010. “Relation of
High Heart Rate Variability to Healthy Longevity.” American Journal
of Cardiology 105, no. 8: 1181-1185. https://doi.org/10.1016/j.amjcard.
2009.12.022.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

10 of 10

Psychophysiology, 2025


https://doi.org/10.1016/j.paid.2014.07.003
https://doi.org/10.1016/j.paid.2014.07.003
https://doi.org/10.1136/hrt.80.2.156
https://doi.org/10.2105/AJPH.2007.133165
https://doi.org/10.2105/AJPH.2007.133165
https://doi.org/10.1037/pspp0000096
https://doi.org/10.1037/pspp0000096
https://doi.org/10.1371/journal.pone.0137501
https://doi.org/10.1111/j.0022-3506.2004.00263.x
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1016/j.neubiorev.2011.11.009
https://doi.org/10.1016/j.paid.2024.112610
https://doi.org/10.1016/j.jrp.2018.12.006
https://doi.org/10.1016/j.jrp.2018.12.006
https://doi.org/10.1371/journal.pone.0118308
https://doi.org/10.1371/journal.pone.0118308
https://doi.org/10.1093/scan/nsw145
https://doi.org/10.1093/scan/nsw145
https://doi.org/10.1016/j.amjcard.2005.06.050
https://doi.org/10.1111/psyp.13506
https://doi.org/10.1371/journal.pone.0046597
https://doi.org/10.1371/journal.pone.0046597
https://doi.org/10.1016/j.jrp.2019.06.003
https://doi.org/10.3389/fpsyg.2022.1094031
https://doi.org/10.3389/fpsyg.2022.1094031
https://doi.org/10.1007/s10964-023-01862-y
https://doi.org/10.1007/s10964-023-01862-y
https://doi.org/10.1016/j.amjcard.2009.12.022
https://doi.org/10.1016/j.amjcard.2009.12.022

	Gritty Heart: Improved Heart Rate Variability Markers of Adaptive Physiological Response in Grit
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Participants
	2.2   |   Procedure
	2.3   |   Questionnaires
	2.3.1   |   Grit
	2.3.2   |   Self-Control
	2.3.3   |   Conscientiousness

	2.4   |   Heart Rate Variability Assessment
	2.5   |   Data Analysis

	3   |   Results
	3.1   |   Descriptive Statistics and Correlation Analysis
	3.2   |   Regression Analysis

	4   |   Discussion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References
	Impact Statement


