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Abstract
Previous research indicated that pain catastrophizing—a negative emotional and cognitive response toward actual or antici-
pated pain—could contribute to pain intensity and could be associated with depressive symptoms not just in chronic pain 
patients but in healthy population as well. Accumulated evidence suggests that resting heart rate variability (HRV) as a puta-
tive proxy of emotion regulation could moderate the association of self-reported pain catastrophizing and depressed mood. 
In the present cross-sectional study, we investigated these associations in a healthy young adult sample controlling for the 
effect of trait rumination. Seventy-two participants (58 females, mean age = 22.2 ± 1.79 years ranging from 19 to 28 years 
old) completed the Pain Catastrophizing Scale, the Zung Self-Rating Depression Scale and the Ruminative Response Scale. 
Resting HRV was measured by time domain metric of HRV, the root mean square of successive differences (RMSSD). The 
results showed that the relationship between pain catastrophizing and depressive symptoms is significantly moderated by rest-
ing HRV (indexed by lnRMSSD). Specifically, in participants with higher resting HRV there was no significant relationship 
between the two investigated variables, while in participants with relatively low or medium HRV pain catastrophizing and 
depressed mood showed significant positive association. The relationship remained significant after controlling for sex, age 
and trait rumination. These results might indicate that measuring pain catastrophizing and depressive symptoms is warranted 
in non-clinical samples as well and higher resting HRV could have a buffer or protective role against depressive symptoms.
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Introduction

Pain catastrophizing is a negative emotional and cogni-
tive response toward actual or anticipated pain. It encom-
passes the magnification of the anticipated pain, a feeling 
of helplessness toward this pain and ruminating about the 

possibility that this pain will happen and be much worse 
than it was before (Sullivan et al. 1995). Clinical and experi-
mental research proved that pain catastrophizing might be 
associated with pain intensity in different diseases where 
chronic pain is one of the leading symptoms: e.g., low back 
pain (George et al. 2011), chronic headache (Buenaver et al. 
2008), or rheumatic diseases (Edwards et al. 2006) not only 
in adults but adolescents and children as well (Tran et al. 
2015; Feinstein et al. 2017). It is also associated with con-
sequences of chronic pain (e.g., loss of work (Besen et al. 
2017) or medication overuse (Martel et al. 2014)) while hav-
ing a prognostic value in the development of chronic pain 
(Velly et al. 2011; Theunissen et al. 2012). Preoperative high 
scores of pain catastrophizing might also be a predictor of 
postoperative pain (Subedi et al. 2021).

Pain, much like other interoceptive modalities such as 
thermosensation, comprises both an evaluative and a sen-
sory component, which are sometimes assessed separately. 
Notably, authors like György Ádám have emphasized the 
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significance of the evaluative aspect, highlighting its impor-
tance from a homeostatic perspective as it captures atten-
tion (Ádám, 1978, 1998). Moreover, suffering is typically 
associated with the evaluative component. Thus, it becomes 
a compelling inquiry to explore which aspect of pain, be 
it the affective-evaluative or the sensory-discriminative, is 
more strongly linked to pain catastrophizing. However, it is 
worth noting that many studies tend to primarily focus on 
measuring the sensory component.

In line with the findings of a systematic review conducted 
by Galambos et al. (2019), there is suggestive evidence indi-
cating that pain catastrophizing may indeed be associated 
with both the affective and intensity-related components of 
pain. Although the level of evidence in the reviewed studies 
ranged from moderate to weak, it is reasonable to posit that 
one of the underlying mechanisms behind catastrophizing 
cognitions is their ability to amplify the salience of painful 
stimuli, consequently subjectively intensifying the overall 
experience.

While in most studies pain catastrophizing is measured on 
a clinical sample, evidence shows that it can be a predictor 
of developing chronic pain in a healthy or control population 
as well (Picavet et al. 2002). Thus, investigation of the cor-
relates of pain catastrophizing is warranted in non-clinical 
samples as well.

Catastrophizing about pain can be conceptualized in at 
least two ways. First, as a general tendency, that is consid-
ered to refer to a relatively stable, trait-level characteristic, 
and second, as a situation-specific (i.e., state-level) charac-
teristic, that reflects how the individual responds to current 
pain (e.g., headache or postoperative pain) or to experimen-
tally induced painful stimulus in the laboratory. Studies 
using experimentally evoked pain in healthy participants 
demonstrated that either trait (Beneciuk et al. 2010; Kakon 
et al. 2021) or state catastrophizing (Procento et al. 2021) 
was related to subjective pain intensity. In addition, high 
trait-level pain catastrophizing can boost the impact of high 
state-level catastrophizing on subjective pain intensity (Pro-
cento et al. 2021). Studies that targeted participants with no 
pain before a medical examination or surgery also found 
that either trait (Gaffey et al. 2020) or state (e.g., pre- or 
postoperative (Grosen et al. 2016)) pain catastrophizing 
was related to subjective pain ratings. Questionnaire stud-
ies with healthy samples also found a positive relationship 
between trait catastrophizing and pain symptoms during the 
week before answering the questions (Lu et al. 2011). Over-
all, results suggest that ratings of actual or experimentally 
induced pain in otherwise healthy people consistently linked 
to pain catastrophizing; however, the studies differ in the 
conceptualization of pain catastrophizing.

In addition to pain outcomes, pain catastrophizing is 
also related to depressive symptoms not only in chronic 
pain patients but in healthy samples as well (Lu et al. 2011; 

Keskindag et al. 2022). However, there are studies indi-
cating that trait pain catastrophizing is independent from 
depressive symptoms in pain-free individuals, but they are 
linked when pain complaints (e.g., headache) are present 
(Buenaver et al. 2008). On the one hand, this may mean that 
the negative correlates of pain catastrophizing can only be 
detected in a healthy sample if the person is actually exposed 
to pain (Buenaver et al. 2008). Or alternatively, there may 
be moderating factors that affect the relationship between 
pain catastrophizing and mood (or affective distress) in the 
absence of pain symptoms. These results may also be of 
interest because studies have demonstrated not only a cross-
sectional but also a prospective bi-directional association 
between depressive symptoms and pain (Bondesson et al. 
2018).

This association is not surprising given the theoretical 
and empirical findings that define pain as an interoceptive 
signal, a specific behavioral motivation and sensation, and 
even a homeostatic emotion, which could generate intensive 
activity in the sympathetic nervous system and trigger a neu-
roendocrine response (Craig 2003).

Previous research indicated that brain regions responsible 
for the generation of emotion (e.g., medial prefrontal cortex, 
insular cortex, anterior temporal cortex, hypothalamus, and 
amygdala) have extensive connections with brainstem struc-
tures involved in pain regulation (periaqueductal gray-PAG 
and rostral ventral medulla-RVM) (Fields 2000; Rainville 
et al. 1997). Anticipation of pain, as well as negative emo-
tional states like depression, can activate brain regions such 
as the anterior cingulate gyrus, intensifying the perception 
of pain. Depression (due to negative expectancies and neu-
rotransmitter imbalances) might amplify pain signals and 
might decrease the modulatory effect of the descending pain 
system (Bair et al. 2003).

Neuroimaging studies show that pain catastrophizing can 
be connected to structural and functional alterations in the 
brain (Galambos et al. 2019). Previous results indicate that 
those brain structures which are involved in the processing 
of the affective components of pain and pain catastrophiz-
ing, the emotional and cognitive inhibitory control (such as 
anterior cingulate cortex, ventromedial or dorsolateral pre-
frontal cortex) also have an important role in the regulation 
of the autonomic nervous system (ANS) (Thayer et al. 2010; 
Koenig et al. 2016; Galambos et al. 2019). The ANS plays 
an important role in regulating several involuntary physi-
ologic processes, e.g., respiration, blood pressure and heart 
rate as well (Waxenbaum et al. 2022).

It is known that the heart is dually innervated, reflecting 
both sympathetic and parasympathetic influences. However, 
the results of pharmacological blockade studies indicate that 
under resting circumstances the heart is mainly under the 
tonic inhibitory control of the parasympathetic nervous sys-
tem (Jose and Collison 1970). Therefore, we can propose 
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that the balance of the resting ANS promotes energy con-
servation by giving priority to the activity of the parasympa-
thetic system over the sympathetic influences (Thayer et al. 
2012). The variability in the time interval between heart-
beats—the heart rate variability (HRV)—could be a suit-
able index to measure vagal dominance (although it is worth 
mentioning that HRV has vagal and non-vagal components 
as well) (Ritz et al. 2012; Thayer et al. 2012; de Geus et al. 
2019). This oscillation in the beat-to-beat changes in heart 
rate time series was extensively investigated over the past 
years. For instance, the Neuro Visceral Integration Model 
states that HRV could reflect the degree to which the brain 
(especially the prefrontal cortex) is capable of flexibly con-
trolling the periphery, thus also providing a reliable index for 
top-down self-regulatory and inhibitory control (Park et al. 
2014). According to Lane and colleagues (2009), HRV also 
mirrors the ability to regulate emotions and behavior (Lane 
et al. 2009; Thayer et al. 2009). Despite that some former 
studies did not find significant associations between HRV 
and self-regulation (Blankson et al. 2012), many empirical 
findings showed reduced HRV in connection with a wide 
range of mental and somatic problems (such as anxiety, 
depression, substance abuse and functional somatic symp-
toms) and emotion- or self-regulation deficits (Ingjaldsson 
et al. 2003; Rottenberg 2007; Aldao et al. 2013; Capuana 
et al. 2014; Beauchaine and Thayer 2015; Jarczok et al. 
2015; Williams et al. 2015; Chudleigh et al. 2019).

In addition, various studies raised the potential moder-
ator role of HRV (measured both by time and frequency 
domain indices) in various psychological processes. For 
instance, investigating healthy participants, Dell’Acqua and 
colleagues (2021) found that HRV significantly moderated 
the positive association between depressive rumination and 
depressed mood (Dell’Acqua et al. 2021). Furthermore, as 
a putative marker for stress vulnerability, HRV also mod-
erated the relationship between psychological distress and 
race-related stress, especially among African-American 
men (Utsey and Hook 2007). All these results indicate that 
HRV could be interpreted as a proxy for emotion regulation 
as well and might have a protective or buffer effect from 
unfavorable outcomes. Indeed, a previous study showed that 
those young adults who experienced childhood maltreatment 
were at significant risk for suicidal thoughts through low 
self-esteem, but for young adults with higher level of HRV 
(expressed as HF-HRV) the indirect effect from emotional 
abuse to suicidal ideation through self-esteem was nonsig-
nificant (Duprey et al. 2019).

To the best of our knowledge, only a few studies inves-
tigated the association between pain catastrophizing and 
HRV. While comparing chronic pain patients (suffering 
from whiplash disorder) and healthy controls, Koenig 
and colleagues (2016) found that HF-HRV was lower and 
pain catastrophizing was higher in chronic pain patients 

than in controls, and pain catastrophizing was associated 
with lower HF-HRV in both groups. However, they did 
not find significant differences between the groups in the 
strength of the association of pain catastrophizing and 
HRV (Koenig et al. 2016). These findings provide further 
support to the hypothesis that lower HRV might be an 
underlying psychophysiological mechanism in pain cata-
strophizing not just in chronic pain patients but in healthy 
controls as well.

Considering that people with high pain catastrophiz-
ing could be at risk of developing pain-related problems 
including pain severity, disability or depression (Quartana 
et al. 2009; Galambos et al. 2021), it is paramount to map 
those moderator factors that could have a protective effect. 
According to the above-mentioned results, higher HRV 
as a putative proxy of emotion regulation could be one 
of these psychophysiological factors (Koenig et al. 2016; 
Dell’Acqua et al. 2021). For this reason, in the present 
study we aimed to test the association of self-reported 
pain catastrophizing, depressed mood and resting HRV 
in a healthy young adult sample. We hypothesized that 
higher pain catastrophizing would be associated with 
more depressed mood, and HRV (indexed by time domain 
index of RMSSD) would moderate this association. Since 
depressive rumination is a widely known correlate of 
depressed mood (Aldao et  al. 2010; Nolen-Hoeksema 
and Watkins 2011; McLaughlin et al. 2014; Watkins and 
Nolen-Hoeksema 2014), we aimed to control for its effect 
in the analysis along with sex and age.

Method

Participants

University students were invited to take part in the pre-
sent study (for a more detailed description, see (Kocsel 
et al. 2019)). All the participants were BA psychology 
students. The recruitment was carried out through inter-
nal invitation. Participants were compensated with extra 
course credits in return. Overall, 90 individuals agreed to 
participate. Exclusion criteria consisted of smoking, caf-
feine or alcohol consuming, excessive physical exercis-
ing 6 h before the resting HRV recording. Psychotropic 
or cardiovascular drug use and chronic heart conditions 
were also assessed in order to evaluate the current state of 
heart functions. Eighteen volunteers were excluded due 
to the occurrence of the aforementioned criteria or data 
quality concerns with their resting HRV registration. The 
final sample consists of 72 healthy undergraduate students 
(58 females (80,6%)) aged between 19 and 28 years (mean 
age = 22.24; SD = 1.79 years).
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Procedure

Filling out the questionnaires and measuring resting HRV 
were completely voluntary and anonymous. Participants 
were given a consent form to fill out before the examina-
tion and received information regarding the purpose and 
the methodology of the study. Each subject was asked to 
choose a code which allowed us to combine survey data with 
data from the resting HRV measurement while still uphold-
ing anonymity. 6 h prior to the cardiac activity registration, 
individuals were instructed not to consume caffeine and 
alcohol or perform strenuous exercise. Upon arrival at the 
laboratory, participants were asked to answer demographic 
questions. After that we registered the participant’s height, 
weight and physical activity level. Resting HRV measure-
ment was conducted in a quiet room. The subjects were 
assisted in putting the plastic chest belts on by qualified 
research assistants. After the belt was attached, each par-
ticipant underwent a 7-min resting HRV measurement. They 
were instructed to lie down, keep their eyes closed and were 
asked to rest and breathe normally. After the measurement, 
self-reported questionnaires were completed in a different 
room. The entire duration of the study was approximately 
60 min.

The study was approved by the Institutional Review 
Board of ELTE Eötvös Loránd University, and the work was 
performed in accordance with the Declaration of Helsinki.

Measurements

Heart rate variability

Resting HRV was registered by the FirstBeat TeamBelt from 
the FirstBeat Sports Team Pack (developed by FirstBeat 
Technologies Ltd., Jyväskylä, Finland). Previous research 
provided evidence for the device’s reliability (Bogdány 
et al. 2016). Heartbeats were recorded at a sampling rate 
of 1024 Hz. The measuring device includes a belt that can 
be attached to the rib cage beneath the pectoral muscles. 
The belt contains two electrodes, which are used to detect 
heartbeat. The data are transmitted to the laptop-connected 
receiver by a wireless unit. Data were collected when sub-
jects were lying horizontally and breathed slowly, naturally 
for 7 min. The last 5 min of the recordings were used to 
calculate HRV using the FirstBeat Sports and Kubios 2.0 
software (Tarvainen et al. 2014). The FirstBeat Sports Soft-
ware automatically adjusted outliers in the interbeat inter-
vals (IBIs). According to Saalasti, Seppänen, and Kuusela 
(2004), the program has an effective artifact correction pro-
cess for signal noise and irregular beats (Saalasti et al. 2004; 
Parak and Korhonen 2013).

A number of indicators are determined to operational-
ize HRV. In this study, the time domain metric of HRV, the 

root mean square of successive differences (RMSSD), was 
used (Thayer et al. 2012). RMSSD was log transformed to 
fit assumptions of linear analyses. According to a previous 
study, RMSSD is referred as stable (Thayer and Sternberg 
2010).

Self‑reported measurements

The Zung Self-Rating Depression Scale (ZDS) (Zung 1965; 
Simon 1998) was used to measure self-reported depression. 
The 20 items of the questionnaire cover both the psychologi-
cal and somatic symptoms of depression (e.g., “I am more 
irritable than usual”). Participants were asked to evaluate 
each item on a 4-point Likert scale ranging from 1 (a little 
of the time) to 4 (most of the time). Ten items of the scale are 
reversed that must be taken into consideration while calcu-
lating the final score. The sum of the scores ranged between 
20 and 80, and higher score indicated the presence of more 
depressive symptoms. Cutoff criteria for depression are 48 
scores (Simon 1998). In the current analysis, the internal 
consistency of the scale was high (Cronbach’s alpha = 0.85).

The Pain Catastrophizing Scale (PCS) (Sullivan et al. 
1995) was used to evaluate the tendency to exaggerate pain 
and to feel helpless facing current or anticipated pain. The 
scale consists of 13 items and three subscales to assess dif-
ferent aspect of pain catastrophizing: Rumination (“I can’t 
seem to keep it out of my mind”), Magnification (“I become 
afraid that the pain will get worse”), Helplessness (“I feel 
I can’t go on”). The respondents were asked to score each 
item on a 5-point Likert scale from 0 (not at all) to 4 (all the 
time). A score of 52 is the maximum that can be achieved 
on scale. In the current study, total score was calculated and 
used in the further analyses. PCS showed good psychomet-
ric properties on a healthy sample (total score’s Cronbach’s 
alpha = 0.85; Sullivan et al. 1995) and on a clinical sample 
(total score’s Cronbach’s alpha = 0.87; (Kökönyei 2008)). 
The scale’s good internal consistency is supported by our 
study (Cronbach’s alpha = 0.94).

The short form of the Ruminative Response Scale (RRS) 
(Treynor et al. 2003) measures ruminative tendencies. The 
10 items of the questionnaire (e.g., “Go someplace alone 
to think about your feelings”) reflect two distinct com-
ponents of the construct: brooding and reflective ponder-
ing. Respondents answer on a 4-point Likert scale from 1 
(almost never) to 4 (almost always). Greater scores reflect 
an increased presence of trait ruminative thoughts. The 
Hungarian version of the scale demonstrated good internal 
consistency (Cronbach’s alphas were 0.71 and 0.73, respec-
tively) (Kökönyei et al. 2016; Eszlári and Kökönyei 2022)). 
In the present study, only the total score was calculated, and 
the scale showed adequate reliability in the current sample 
(Cronbach’s alpha = 0.70).
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Beyond psychological scales, data about age, sex, self-
reported height and weight was collected along with self-
reported physical fitness (1 = very poor, 5 = excellent).

Statistical analysis

Data analysis and visualization were performed using SPSS 
(version 28., IBM Chicago, USA) and the PROCESS macro 
by Hayes (version 4.2) (Hayes 2017). Correlations between 
variables were tested by Pearson correlation with bootstrap-
ping (BCa 95% CI). In the moderation analysis (Model 1 in 
the PROCESS macro), we investigated the putative mod-
erator effect of resting HRV (indexed by lnRMSSD) in 
the relation of pain catastrophizing (measured by the total 
scores of PCS) and depressed mood (ZDS total scores). In 
the analysis, sex (coded as 1 = male, 2 = female), age (in 
years), trait rumination (RRS total scores) and physical fit-
ness were added as covariates. All statistical tests were two 
two-tailed and were analyzed with a set level of significance 

of p < 0.05. In the regression model, all continuous variables 
were mean centered.

Results

As can be seen in Table 1, mean heart rate and BMI were in 
the normal range. We report mean heart rate in two forms: 
as HR expressed in beats per minute (bpm) and as interbeat 
interval or IBI (in ms). Means, medians, standard deviations 
and internal consistency of psychological scales are also pre-
sented along with the cardiac and physiological indices.

Correlation analysis showed a significant, although weak 
positive association between pain catastrophizing, depressed 
mood and trait rumination (see Table 2). However, none of 
the cardiac indices correlated significantly with these psy-
chological scales. As expected, physical fitness correlated 
negatively with mean HR (r = -0.27, p < 0.05, BCa 95% CI) 
and positively with mean IBI (r = 0.31, p < 0.05, BCa 95% 
CI) and lnRMSSD (r = 0.26, p < 0.05, BCa 95% CI).

Table 1   Descriptive statistics of variables

BMI body mass index (kg/m2), HR heart rate, bpm beats per minute, IBI interbeat interval, lnRMSSD log transformed root mean square of suc-
cessive differences, ms milliseconds, kg kilograms, PCS Pain Catastrophizing Scale, RRS Ruminative Response Scale, SD standard deviation, 
ZDS Zung Depression Scale

Mean SD Median Min Max Cronbach’s α

Age 22.24 1.80 22.00 19.00 28.00
BMI (kg) 21.65 4.26 20.76 0.26 31.02
Physical fitness 2.88 .84 3.00 1.00 4.00
Mean HR (in 

bpm)
73.13 10.09 71.83 47.03 100.87

Mean IBI (in 
ms)

839.91 120.24 838.41 595.55 1277.40

lnRMSSD (ms) 3.63 .54 3.62 2.25 4.67
RRS 24.11 4.87 24.00 13.00 35.00 .70
PCS 21.03 12.35 21.50 1.00 52.00 .94
ZDS 38.76 8.16 37.00 24.00 60.00 .73

Table 2   Pearson correlation 
between psychophysiological 
measures with bootstrapping

BMI body mass index (kg/m2), HR heart rate, IBI interbeat interval, lnRMSSD, log transformed root mean 
square of successive differences, bpm beats per minute, IBI interbeat interval, ms milliseconds, kg kilo-
grams, PCS Pain Catastrophizing Scale, RRS Ruminative Response Scale, ZDS Zung Depression Scale. 
*p < .05; **p < .01

BMI physical fitness mean HR mean IBI lnRMSSD RRS PCS ZDS

Age .10  − .20  − .01 .01 .02  − .04 .09 .11
BMI (kg)  −   − .06 .03  − .02  − .03  − .06  − .04  − .04
physical fitness  −   − .27* .31* .26*  − .09 .09  − .12
mean HR (bpm)  −   − .98**  − .68**  − .12  − .17  − .07
mean IBI (ms)  −  .66** .09 .18 .06
lnRMSSD (ms)  −  .08 .16  − .01
RRS  −  .30* .39**
PCS  −  .37**
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We hypothesized that heart rate variability (lnRMSSD) 
would significantly moderate the association between pain 
catastrophizing and depression. The analysis supported 
this hypothesis: both the main effect of PCS and the inter-
action of PCS and lnRMSSD significantly explained the 
variance of ZDS. The significant associations remained 
after the adjustment of sex, age, physical fitness and trait 
rumination (for details please, refer to Table 3). Figure 1 
also demonstrates that this interplay could have the big-
gest effect on depressed mood when the level of pain 

catastrophizing is high and the lnRMSSD is low. When 
analyzing the slopes of the regression lines we found 
that they significantly differed from zero at low (t = 3.28; 
p = 0.002) and medium levels of lnRMSSD (t = 2.65; 
p = 0.010). The slope at high levels of lnRMSSD does not 
significantly differed from 0 (t = 0.37; p = 0.712).

One could argue that acute illnesses could influence these 
associations. For this reason, we also asked our participants 
whether they had any illness in the last two weeks (e.g., 
cold, flu, viral or bacterial diarrhea, pneumonia, fever, etc.). 

Table 3   Moderator role of 
heart rate variability indexed by 
lnRMSSD in the relationship 
between pain catastrophizing 
and depressive symptoms

lnRMSSD natural based logarithm of root mean square of successive differences, ms milliseconds, PCS 
Pain Catastrophizing Scale, RRS Ruminative Response Scale, ZDS Zung Depression Scale

B SE t p LLCI ULCI R2

constant 23.321 14.161 1.647 .105  − 4.969 51.611 .299
PCS .205 .077 2.650 .010 .050 .359
lnRMSSD (in ms)  − .512 1.703  − .301 .765  − 3.915 2.890
PCSxlnRMSSD  − .308 .139  − 2.220 .030  − .584  − .031
sex  − .152 2.331  − .065 .948  − 4.810 4.505
age .252 .494 .511 .611  − .0734 1.238
RRS .484 .187 2.584 .012 .110 .858
physical activity  − .426 1.109  − .384 .073  − 2.642 1.791

Fig. 1   The moderator role of resting HRV in the association of pain 
catastrophizing and depressed mood among healthy participants. 
Note: lnRMSSD levels were defined as the mean and + / − 1 standard 

deviation. PCS Pain Catastrophizing Scale, ZDS Zung Depression 
Scale, lnRMSSD log transformed root mean square of successive dif-
ferences
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When we entered this dichotomous variable in the modera-
tion analysis, the results did not change significantly.

Discussion

The primary goal of the current study was to examine the 
moderating effect of resting HRV (indexed by lnRMSSD) 
on the association between pain catastrophizing and depres-
sive symptoms. Our results provided supporting evidence 
that the relationship between pain catastrophizing and 
depressive symptoms is significantly moderated by HRV 
in healthy individuals. In participants with higher resting 
HRV, there was no significant relationship between the two 
investigated variables, while in participants with relatively 
low or medium HRV pain catastrophizing and depressed 
mood showed significant positive association. In addition, 
the relationship remained significant after controlling for 
sex, age and trait rumination. Our findings are consistent 
with the Neuro Visceral Integration Model which suggests 
that higher HRV reflects better regulatory functions (Thayer 
and Lane 2009).

These results indicate that higher vagal activity (indexing 
by higher HRV) might operate as a protective factor against 
depressive symptoms. Indeed, the potentially protective role 
of HRV was found by Batselé and colleagues (2019) in a 
non-clinical sample as well. They specifically found that at 
low levels of HRV there was a negative association between 
trait intrapersonal emotional competence and depression. At 
the same time, in participants with high levels of HRV, this 
association was no longer significant (Batselé et al. 2019).

Similarly, at higher levels of HRV, neuroticism resulted 
to be a less consequential predictor of problematic outcomes 
than at lower levels of HRV (Ode et al. 2010). Moreover, the 
interaction between resting HRV and thought suppression 
also seemed to predict generalized distress symptoms (Gillie 
et al. 2015). Our results are in line with these empirical find-
ings, highlighting that HRV might serve as a biomarker of 
self-regulatory mechanisms and might have a protective role 
against detrimental outcomes such as depression or anxiety.

Interestingly, in our analysis resting HRV did not corre-
late with pain catastrophizing, trait rumination or depressive 
symptoms. These results are surprising, as previous studies 
have shown reduced resting HRV in various forms of psy-
chopathology (Chalmers et al. 2014; Faurholt-Jepsen et al. 
2017) in both clinical and experimental studies (McLaughlin 
and Nolen-Hoeksema 2011; Johnson et al. 2014). However, 
a recent cross-sectional study (Li et al. 2022) with a large 
sample of healthy adults found no significant correlation 
between resting HRV (measured via RMSSD) and trait 
rumination. This aligns with our previous findings, where 
we also did not observe a significant association between 
resting HRV and trait rumination (Kocsel et al. 2019).

Certain features of our study may partially explain the 
lack of correlation between HRV and the psychological con-
structs. Although the participants in our dataset showed a 
diverse range of rumination habits, pain catastrophizing or 
depressed symptoms, they were all healthy young people 
without mental illnesses. It is possible that the link between 
resting HRV and rumination/catastrophizing is stronger in 
individuals with disrupted parasympathetic control due to 
prolonged stress exposure or those with stress-related mental 
disorders (Renna et al. 2022).

Moreover, our results showed a weak, positive correla-
tion between pain catastrophizing and depressive rumina-
tion. Despite that depressive rumination and pain catastro-
phizing have overlapping and similar features, and they are 
both considered as forms of perseverative cognition (Sul-
livan et al. 1995; Schütze et al. 2020), generally they are 
not discussed together. Since rumination about pain is one 
subscale of the Pain Catastrophizing Scale, we can consider 
pain catastrophizing as a content-specific form of persevera-
tive cognition. These results shed light on the importance of 
examining the content-specific repetitive thoughts beyond 
the general or depressive perseverative thoughts.

As we expected, resting HRV positively correlated with 
physical fitness, although the magnitude of the correlation 
was small. This small correlation might be explained by 
the fact that our participants were not athletes and physical 
activity was only measured by one item. In addition, it could 
also be possible that HRV might be greater in active indi-
viduals than in sedentary people, but HRV does not increase 
in a dose-dependent manner with increasing levels of physi-
cal activity (Melanson 2000).

Limitations

Our study has certain limitations. First, more women than 
men participated in the study that might affect our results. In 
a previous study, sex moderated the relationship of catastro-
phizing with pain sensitivity and analgesia: it was evident 
in men, but not in women (Fillingim et al. 2005). Thus, sex 
might moderate the found associations, but our sample size 
did not allow to test the three-way interaction. It is impor-
tant to acknowledge that the modest sample size represents 
a general limitation that should be taken into account when 
interpreting the results.

As we did not evoke pain, only trait pain catastrophizing 
was measured. Interestingly, the mean scores of PCS were 
around 20, which is slightly higher than in the study by Pro-
cento and colleagues (2018) measuring state and trait-level 
pain catastrophizing among healthy adults. Using the stand-
ard instruction, we asked our participants to think of gen-
eral (past) painful experience as a reference when answering 
the items. However, Kapoor and colleagues (2015) pointed 
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out that participants often ignore this instruction and recall 
either a specific pain experience (e.g., a recent injury) or 
a pain symptom (e.g., a headache), or the worst pain they 
have ever experienced (Kapoor et al. 2015). These interindi-
vidual differences in pain reference might impact the overall 
mean of PCS in a study. It is tempting to assume that it is 
easier to ruminate and feel helpless about a more intense and 
salient pain experience. However, it is worth noting that in 
the present analysis we applied only the total score of PCS 
and did not investigate how the subscales (e.g., rumination 
and helplessness about pain) could be related to depressive 
symptoms. Regarding the PCS, it is the most frequently used 
questionnaire for assessing pain catastrophizing, although 
Crombez and colleagues (2020) have recently raised some 
concerns about it. They have suggested that the question-
naire measures pain-related worrying rather than catastro-
phizing. For the present analysis, it means that we investi-
gated the relationship between a content-specific (i.e., pain) 
perseverative cognition and depressive symptoms, while 
looking for a potential moderator (Crombez et al. 2020).

We excluded participants who reported chronic condi-
tions, but we did not exclude those who were otherwise 
healthy but reported the occurrence of acute illnesses in the 
past two weeks. However, our results did not change when 
we controlled for this variable. Regarding HRV measure-
ment and analysis, controlling for breathing parameters is 
advised (Ritz 2009), and however, the device we used did 
not allow for the measurement of respiratory parameters. 
However, we aimed to control for its effect, since during 
heart rate recordings, participants were lying, and we did not 
use the first 2 min of the recorded 7 min, as it was considered 
as an adaptation period.

Conclusion

In summary, the current research highlighted that evaluating 
the relationship between pain catastrophizing and depressive 
symptoms is important not only in a chronic pain sample, 
but also in healthy individuals. Our study also points out 
the cardinal and potentially protective role of resting HRV, 
which might be an important moderator in the relationship of 
pain catastrophizing and depressive symptoms. Identifying 
underlying mechanisms might provide a better understand-
ing of those psychophysiological processes through which 
HRV influences the relationship between these constructs. 
According to the findings of Van Den Houte and colleagues 
(2018), endogenous pain modulation (EPM) might be one of 
these mechanisms since individuals with higher resting HRV 
had a more efficient EPM even in the absence of chronic pain 
(Van Den Houte et al. 2018). Future studies should focus 
on these mechanisms considering that reduced HRV could 
contribute to the development of later (chronic) pain.

Conclusions for future biology

Our findings regarding the moderating role of HRV raise 
questions about the mechanisms through which increased 
cardiac vagal activity exerts its effects, specifically how it 
can mitigate the impact of various risk factors on mental 
health.

HRV is commonly regarded as an indicator of cardiac 
vagal tone, which signifies the contribution of the para-
sympathetic nervous system to cardiac regulation. How-
ever, as Marmerstein and colleagues (2021) have noted, 
many studies treat HRV as a representation of overall 
vagal or parasympathetic activity. In their recent study, 
they directly measured tonic vagal activity in rats and 
found no correlation between HRV metrics, average vagal 
activity and phasic respiratory activity (Marmerstein et al. 
2021). Their study concluded that HRV does not reflect the 
overall vagal activity; instead, it is more likely associated 
with the activity of a subset of vagal fibers that modu-
late their activity in response to physiological changes, as 
evidenced by empirical findings from vagal blockade and 
vagotomy on HRV. Consequently, HRV does not represent 
“vagal tone” for all organs innervated by the vagus nerve 
(Karemaker 2022).

Nonetheless, there is a wealth of empirical evidence 
concerning the relationship between psychological func-
tioning and mental health in relation to both tonic (rest-
ing) and phasic HRV. The interpretation of these findings 
in psychological research should be informed by insights 
from biological research.
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