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Purpose: The present study aimed to assess the influence of personality traits on the 
variability of sensitivity to pain in two distinct groups of healthy subjects with low versus 
high sensitivity to pain (LSP vs HSP, respectively).
Methods: Healthy subjects (n=156) were allocated to two groups according to their toler-
ability to cold stimulation (cold pressor test, CPT, 1°C). Group LSP (n=76) reached the cut- 
off time of 180±0 sec, and a size matched group of HSP (n=80) tolerated the CPT for an 
average of 10.5±3.4 sec only. Subjects from both groups completed the self-reported pain 
sensitivity questionnaire (PSQ), the Pain Catastrophizing Scale (PCS), and the Neuroticism 
Extraversion Openness - Five Factor Inventory (NEO-FFI).
Results: In comparison to the LSP group, HSP individuals had higher scores of PSQ 
(p<0.001), catastrophizing (p=0.001), and extraversion (p=0.01). By adjusting for age and 
gender, mediation analyses revealed that catastrophizing mediated the relationship between 
neuroticism and pain sensitivity, both in the allocation of subjects to a certain group of 
sensitivity to pain (LSP or HSP, B=0.02 95% CI: 0.006–0.040) and in the PSQ score (B=0.01 
95% CI: 0.001–0.023).
Conclusion: These results, which were demonstrated by two different prisms (CPT and 
PSQ), point to the potential of the five-factor inventory and pain catastrophizing scale as 
tools for identifying specific personality traits associated with a high sensitivity to pain.
Keywords: personality traits, sensitivity to pain, FFM, pain catastrophizing, PSQ

Introduction
Experimental models of evoked pain by quantitative sensory testing (QST) and self- 
report pain questionnaires (eg, Pain Sensitivity Questionnaire, PSQ) are commonly 
used to explore and demonstrate inter-individual differences in pain perception in 
healthy subjects and in clinical settings.1,2 Although it is widely recognized that 
inter-individual differences exist, studies have yielded conflicting evidence regard-
ing the contribution of personality traits and cognitive-affective factors to these 
variations.3–5

Using experimental pain models, numerous studies on healthy subjects showed 
relationships between sensitivity to pain and the personality traits of neuroticism,6–10 

extraversion,11–13 and pain catastrophizing.14–17 For example, individuals with high 
scores of neuroticism exhibited a short pain tolerance,9 a high pain intensity10 and 
high scores on self-reported sensitivity to pain questionnaires;6,8 subjects with high 
scores of extraversion demonstrated a long pain tolerance12 and high pain 
thresholds;13 and finally, participants with high scores of catastrophizing reported 
a high pain intensity16,18 and short pain tolerance.17
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Neuroticism is considered as a higher-order broad per-
sonality domain which has been shown to have associa-
tions with some pain-related cognitive and behavioral 
lower-order traits, such as pain catastrophizing.15,19–21 

Pain catastrophizing has been associated with sensitivity 
to pain in healthy pain-free individuals exposed to various 
experimental evoked-pain paradigms, as well as in patients 
with chronic pain conditions,16,22–24 and has appeared as 
a solid predictor of pain.15,16,24 Furthermore, both neuroti-
cism and catastrophizing have been shown to have media-
tion relationships to pain related responses (eg, pain 
vigilance, pain anxiety) rather than to have responses to 
actual painful stimuli.25–28

In an attempt to investigate the role of personality in 
the variability of pain perception, several studies adopted 
the Five-Factor Model (FFM) theory of personality.29 

According to this theory, a variety of behaviors and 
a comprehensive set of traits can be attributed and general-
ized into five broad domains of characters: Neuroticism, 
Extraversion, Openness to Experience, Agreeableness, and 
Conscientiousness. Although the FFM has been used to 
study associations between personality and pain both in 
clinical26,30–32 and experimental pain settings,7,10,27,33,34 

the findings have been inconsistent, leaving these associa-
tions open for further research.

To further explore the complex relationships between 
personality and pain perception, the present study focused 
on two extreme groups of healthy subjects with low vs 
high sensitivity to pain. The study aims were to: (1) 
determine if the subjects in these groups differed in their 
personality traits; and (2) examine further relationships 
between personality traits and sensitivity to pain.

Materials and Methods
Subjects
The study protocol was conducted in accordance with the 
Declaration of Helsinki and was approved by the local 
ethics committee of the University of Haifa (no. 165/16). 
Inclusion criteria included: 1) Healthy males and females 
over the age of 18; 2) Free from chronic pain of any 
type; 3) No medication use (except for oral contracep-
tives); and 4) Able to understand the purpose and instruc-
tions of the study. Subjects suffering from any painful 
conditions, those using medications or recreational drugs, 
or pregnant women were excluded from the study. 
Eligibility to participate in the study was based on self- 
completed questionnaires.

Instruments and Measurements
Pain Sensitivity-Related Measurements
Cold Pressor Test (CPT) 
The CPT was administered using Heto CBN 8–30 Lab 
equipment, Allerod, Denmark; a temperature-controlled 
water bath with a maximum temperature variance of ± 
0.5°C which is continuously stirred by a pump. In this 
study we used the CPT for defining two extreme groups by 
time to hand withdrawal (tolerance). Subjects were asked 
to place their dominant hand in the CPT bath at 1°C and to 
maintain their hand in the cold water for as long as 
possible. The latency to intolerability (spontaneous hand 
removal) was defined as pain tolerance (sec). For safety 
reasons, a cut-off time of 180 s was set.

Self-Reported Pain Sensitivity: Pain Sensitivity 
Questionnaire (PSQ) 
The PSQ is a valid and reliable self-reported questionnaire 
based on pain magnitude scores of imagined painful daily 
life situations in different somatosensory sub-modalities.2 

The PSQ total score has shown a modest correlation with 
experimental thermal pain threshold, tolerance, and 
intensity.2,8,35 The PSQ contains 17 items: fourteen items 
relate to situations that are usually considered to be painful 
for most persons covering a variety of different pain qua-
lities, while three items (items 5, 9, 13) describe normally 
non-painful situations. Pain magnitude is rated on a 0–10 
scale with one anchor at 0, representing ‘no pain at all’, 
and the other anchor at 10, representing the ‘worst pain 
one can imagine’. A mean score is used for calculating the 
total PSQ scale. Bar-Shalita et al36 validated the PSQ to 
Hebrew.

Personality Questionnaires
Pain Catastrophizing Scale (PCS) 
Catastrophizing was assessed by the Pain Catastrophizing 
Scale (PCS) developed by Sullivan et al24 using the vali-
dated Hebrew version.37 The instrument includes 13 items 
representing the three components of pain catastrophizing: 
rumination, magnification and helplessness. Items are 
rated on a Likert scale ranging from 0 = not at all to 4 = 
all the time.

The Neuroticism Extraversion Openness - Five Factor 
Inventory (NEO-FFI) 
Personality was assessed using the Hebrew version of the 
NEO-Five Factor Inventory (NEO-FFI) questionnaire 
based on the ‘Big Five’ theory of personality.38 There are 
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60 statements in this self-rating questionnaire, 12 for each 
of the big five factors: Neuroticism, Extraversion, 
Agreeableness, Openness, Conscientiousness. For each 
item, participants rate their agreement or disagreement on 
a five-point Likert type scale ranging from “completely 
disagree” to “fully agree”. Scores are based on a sum for 
each of the five personality dimensions.

Study Design
The subjects were enrolled through advertisements distrib-
uted on a campus bulletin board at the University of Haifa. 
After meeting the inclusion criteria, subjects were invited 
to participate in the study. All eligible subjects received 
a full explanation on the purpose of the study and signed 
the informed consent form. Subjects were allocated to low 
or high sensitivity to pain groups according to their indi-
vidual cold pain tolerance evoked by CPT.

Subjects who could hold their hand in the CPT up to the 
cut-off time of 180 s were a priori defined as having low 
sensitivity to pain (LSP) and a size-matched group of subjects 
who displayed the shortest tolerance to the CPT were classi-
fied as having high sensitivity to pain (HSP). Since this study 
focused on extreme groups of sensitivity to pain only, all 
other participants were considered to have ‘in-between’ pain 
sensitivity and were released from the study. Subsequently, 
subjects from both high and low sensitivity to pain groups 
were asked to complete the three questionnaires.

This manuscript presents some findings of a broader 
study aimed at identifying factors that contribute to the 
variability in pain perception in two extreme groups of 
healthy subjects. A previous intermittent analysis revealed 
findings related to the role of the endogenous pain inhibi-
tion systems in determining sensitivity to pain in these 
groups.39 The only similarity between both manuscripts 
relates to the approach by which the two groups were 
distinguished from each other in their sensitivity to pain. 
The method of classifying the two distinct groups accord-
ing to cold pain tolerance is based on our previous 
observations39,40 and on several other reports.41–44 

Accordingly, healthy subjects typically demonstrate 
a large variability in enduring the CPT. Within this varia-
bility, a group of approximately 20% of the tested cohort 
can tolerate the CPT up to the cut-off time point (often 180 
sec), whereas an opposing group (of a more or less similar 
ratio of individuals) withdraw their hand within the first 
few seconds. Therefore, distinguishing between indivi-
duals with high vs low sensitivity to pain can be based 
on cold pain tolerance.

Statistical Analysis
The sample size was calculated by G* Power analysis to 
include 150 subjects ie, 75 subjects for each group (power 
(1-β) = 0.8; α ≤0.05; effect size f2(v)=0.06). A multivariate 
analysis of covariance (MANCOVA) was used to examine 
the effect of the groups (HSP/LSP) on the 6 personality 
traits and PSQ, including age and gender as covariates. 
The assumptions for the use of MANCOVA were tested. 
Pearson’s correlations were applied to examine associa-
tions between the traits. Finally, mediation analyses were 
performed to explore indirect effects between personality 
traits and pain sensitivity. Specifically, two mediation 
models, in which pain catastrophizing was used as 
a mediator, were conducted to determine if pain catastro-
phizing mediates between neuroticism and sensitivity to 
pain group allocation (Model 1), and PSQ score 
(Model 2). The mediation analyses yield results for 
a direct effect (c’) of the independent variable (IV; neuro-
ticism) on the dependent variable (DV; sensitivity to pain 
group allocation (HSP/LSP) [dichotomous DV, 0=LSP: 
1=HSP] or PSQ score); an indirect effect (a*b) of the IV 
on the DV through the mediator (pain catastrophizing); 
and a total effect (c) which comprises the direct and 
indirect effects. Path a denotes the effect of the IV on the 
mediator, whereas path b is the effect of the mediator on 
the DV. Percentile confidence intervals (CIs) were esti-
mated for the indirect effects based on 5000 bootstrap 
samples of the data. The indirect effect was significant 
(p < 0.05) if its 95% confidence interval does not encom-
pass zero.

Data were analyzed using IBM SPSS statistics version 
25 and PROCESS SPSS macro which is an observed 
variable ordinary least squares (OLS) and logistic regres-
sion path analysis modeling tool for SPSS.45 Results were 
considered significant at the 0.05 probability level. Values 
are presented as means ± standard deviation (SD).

Results
Subjects
Three hundred and eighty-seven healthy subjects (268F/ 
119M) met the inclusion criteria and underwent the CPT. 
Of these, 156 subjects (97F/59M) ranging in age from 18 to 
54 years old (mean ± SD, 25.2±5.4 years), were identified as 
being LSP or HSP according to their tolerance time. 
Seventy-six subjects (20% of the entire study sample) were 
identified as LSP (36F/40M, mean tolerance = 180±0 sec), 
and a ‘size matched’ group of 80 subjects were identified as 
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HSP (61F/ 19M, tolerance ≤20 sec, mean tolerance = 10.5 
±3.4 sec). Comparing the HSP/LSP groups for age and 
gender yielded significant results. Specifically, compared to 
the LSP group, HSP were younger (24.4±3.4 vs 26.2±6.8 
years, p = 0.045) and had a higher proportion of females 
(76% vs 47%, χ2(1) = 13.82, p < 0.001).

Differences in Personality Traits Between 
the Groups
Table 1 depicts the differences in personality trait scores 
between the two groups. Significant differences between the 
groups were found in catastrophizing and extraversion. 
Specifically, the HSP group reported significantly higher 
scores than the LSP group in these traits (p=0.001 and 
p=0.01, respectively). The groups showed a significant main 
effect in the MANCOVA model (F (71,46) = 8.12, p ≤ 0.001).

The univariate results revealed a significant difference 
in PSQ scores between groups (F (1, 152) = 40.12, p < 
0.001), indicating that HSP had a higher mean score than 
the LSP group (6.21±0.16 vs 4.72±0.16, respectively).

Correlations
Neuroticism was positively correlated with catastrophizing 
(r = 0.32, p < 0.001) and PSQ total scores (r = 0.33, p < 
0.001). No correlations were found between catastrophiz-
ing and the other personality traits. The associations 
between neuroticism and pain catastrophizing formed the 
basis for exploring the underlying relationship between 
these factors and sensitivity to pain.

Mediation Analyses
While controlling for age and gender as covariates, Model 1 
showed that the path (a) from neuroticism to pain catastrophiz-
ing was significant, as was the path (b) from pain 

catastrophizing to HSP/LSP allocation. The direct effect (c′) 
between neuroticism and sensitivity to pain group allocation 
was non-significant (B = −0.02, SE = 0.02, p = 0.46). 
Bootstrapping for the indirect effect (a*b) between neuroti-
cism and group allocation yielded significant results (B = 0.02, 
SE = 0.01, 95% CI: 0.006–0.040) (Table 2, Figure 1A). The 
Nagelkerke’s R-squared for predicting group allocation 
was 21%.

Model 2 showed that the path from neuroticism to pain 
catastrophizing (a) and the path from pain catastrophizing to 
PSQ (b) were significant. The significant total effect (c) 
between neuroticism and PSQ was significant in the direct 
model (B = 0.06, SE = 0.02, p = 0.001) (Table 2, Figure 1B). 
Bootstrapping yielded significant results for the indirect 
effect (a*b) (B = 0.01, SE = 0.01, 95% CI: 0.001–0.023). 
The R-squared for predicting PSQ was 18%.

Discussion
The present study extends the previous work on the rela-
tionship between sensitivity to pain and personality traits, 
by testing two extreme groups of healthy individuals pre-
senting low versus high sensitivity to pain. The two main 
findings of the study are first, that high scores of extraver-
sion and catastrophizing characterize the high sensitivity 
to pain group; and second, that catastrophizing mediated 
the association between neuroticism and sensitivity to 
pain. The latter was shown by the allocation of subjects 

Table 1 Scores of Personality Traits in HSP and LSP Groups

Trait LSP  
(n = 76)

HSP  
(n = 80)

F P-value

Mean ± SD Mean ± SD

PCS 22.4±10.5 29.1±10.7 10.87 0.001

Neuroticism 36.3±8.2 36.4±7.1 0.00 0.95

Extraversion 40.1±6.4 42.6±5.4 6.32 0.01

Openness to experience 41.5±5.4 41.1±5.8 0.22 0.63

Agreeableness 43.7±5.4 44.8±5.3 1.44 0.23

Conscientiousness 44.7±8.5 45.6±6.7 0.51 0.47

Notes: Bold, significant difference between LSP and HSP. 
Abbreviations: HSP, High Sensitivity to Pain; LSP, Low Sensitivity to Pain; PCS, 
Pain Catastrophizing Scale.

Table 2 Mediation Analyses

Path Effect 
(B)

SE BootLLCI BootULCI P-value

Model 1

Direct effect (c′) −0.02 0.02 −0.067 0.030 0.46

a 0.34 0.11 0.117 0.567 0.003

b 0.06 0.02 0.022 0.092 0.001

Indirect effect 

(a*b)

0.02 0.01 0.006 0.040 -

Total effect (c) - - - - -

Model 2

Direct effect (c′) 0.05 0.02 0.012 0.080 0.008

a 0.34 0.11 0.118 0.567 0.003

b 0.03 0.01 0.007 0.053 0.01

Indirect effect 

(a*b)

0.01 0.01 0.001 0.023 -

Total effect (c) 0.06 0.02 0.023 0.090 0.001

Notes: aThe path between the independent variable and the mediator; bThe path 
between the mediator and the dependent variable; cThe total effect of the inde-
pendent variable on the dependent variable. 
Abbreviations: Effect (B), unstandardized coefficient; SE, standard error; LLCI, 
lower limit confidence interval; ULCI, upper limit confidence interval.
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to each sensitivity to pain group based on their cold pain 
tolerance (CPT) and on their scores on the self-report pain 
sensitivity questionnaire (PSQ).

The finding regarding higher extraversion scores 
among the HSP group is not surprising since extraversion 
is characterized by a focused interest on external objects; 
a tendency to be talkative and outgoing; and a high expres-
sion of emotions.46 Moreover, extraverts are characterized 
by being more attracted to positive stimulation47,48 and 
therefore may not notice threats from the environment 
and so subsequently express a high negative affect when 
meeting such a threat. Hence, in the context of pain per-
ception, we expected that individuals with high levels of 
extraversion would amplify their pain responses and, in 
the setting of the present study in which tolerance to cold 
pain determined sensitivity to pain, would be unable to 
endure painful stimuli for a long time. In other words, in 
the setting of the present study, it is not surprising that the 
HSP group, who were found to be more extravert, with-
drew their hand from the cold bath after a short time, 
trying to immediately avoid a situation perceived as threa-
tening. Furthermore, imaging studies in healthy subjects 
have demonstrated that extraversion is associated with 
increased activity in brain regions which are also known 
to be related to the nociceptive system (eg, the anterior 

cingulate gyrus, prefrontal cortex, middle temporal gyrus, 
and the amygdala).49,50 Congruently, clinical studies have 
found that extraverted individuals are more likely to com-
plain about discomfort and pain,51 tend to suffer more 
from chronic pain,52 and require more analgesic 
treatment.53 However, these results are equivocal: 
Eysenck’s early biological theory of personality (1960) 
suggested that extraverts are less sensitive to pain due to 
low levels of cortical arousal, as shown by their higher 
thresholds and tolerances to pain.54 It was claimed that 
these individuals were aroused by over stimulating activ-
ities and experiences. Later on, this theory was found to be 
inconclusive and dependent on the situation in which 
arousal was measured.55 Additionally, contradictory to 
our finding, laboratory-induced pain studies have demon-
strated higher pain thresholds and tolerances5,12 and low-
ered sensitivities to cold pain10 in extraverted individuals. 
These inconsistencies can possibly be explained by using 
different inventories for assessing extraversion [eg, 
Eysenck’s EPI,56 NEO-FFI38] or by basing findings on 
specific domains of extraversion in a given inventory.10

The second finding of the current study relates to pain 
catastrophizing. Pain catastrophizing is a personality trait 
that may affect sensitivity to pain by increasing the sen-
sory flow of pain signals and altering central excitability 
over time.24 It is conceptualized as a negative cognitive– 
affective response to anticipated or actual pain and has 
been associated with a number of important pain-related 
outcomes.23 In this study, a higher mean catastrophizing 
score was found in HSP compared to LSP individuals. 
This finding is in line with previous compelling evidence 
showing that catastrophizing is associated with sensitivity 
to pain in experimental evoked pain models,3 when using 
self-report pain questionnaires,2,6,8 and in relation to clin-
ical pain intensity.16,23 This evidence suggests that pain 
catastrophizing is a stable response mode to painful 
experiences.57 Moreover, a recent study has demonstrated 
a cumulative impact of two distinct factors ie, PCS score 
and sensitivity to experimental pain (pressure pain thresh-
old or PPT), on clinical outcomes in patients with chronic 
musculoskeletal pain. Namely, a subgroup with 
a combination of a high PCS score and a low PPT were 
most vulnerable in terms of pain rehabilitation outcomes 
(ie, this subgroup had the highest level of clinical pain 
intensity, disability, and self-reported physical 
interference).58 The present work extends the relationship 
between sensitivity to pain and catastrophizing by showing 
that catastrophizing has a role as a mediator trait between 

Catastrophizing

Neuroticism PSQ
cˈ = 0.05* (0.02)

Catastrophizing

Neuroticism HSP/LSPª
cˈ = -0.02 (0.02)

A

B

Figure 1 Mediation analyses. Catastrophizing as a mediator of neuroticism in: 1(A) 
the subgroup of sensitivity to pain (HSP/LSP) allocation, and 1(B) PSQ score. a = the 
path between the independent variable and the mediator; b = the path between the 
mediator and the dependent variable; c′ = the direct effect of the independent 
variable on the dependent variable. Values are unstandardized regression coefficients. 
In parentheses: standard errors. Solid lines: significant paths; dashed line: non- 
significant path. Asterisks indicate significant associations between two specific 
arms. *p<0.05. 
Abbreviations: HSP, High Sensitivity to Pain; LSP, Low Sensitivity to Pain; a0, LSP; 
1, HSP; PSQ, Pain Sensitivity Questionnaire.
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personality traits and pain sensitivity. Namely, catastro-
phizing was found to mediate between neuroticism and 
sensitivity to pain in two approaches for assessing pain 
sensitivity. Previous studies have found this mediation 
relationship using different pain-related behaviors (eg, 
avoidance, complaint, help-seeking, pain anxiety, vigi-
lance to pain)25–28 rather than in responses to actual pain-
ful stimuli. In fact, only one recent study by Banozic 
et al57 showed that catastrophizing partially mediated the 
associations between neuroticism and pain among healthy 
individuals. A possible explanation for the role of pain 
catastrophizing in influencing sensitivity to pain is its 
negative-affective element that is associated with 
a heightened attentional bias to pain and to the inability 
to disengage from the noxious stimulus.23

Another interesting point concerning catastrophizing 
relates to the scores revealed in the present study. 
A slightly high mean catastrophizing score was found in 
the present study in comparison to the standard scores 
demonstrated in other pain-free human studies.22 This 
may be explained by the nature of our cohort that was 
based on subjects allocated to two extreme groups accord-
ing to their sensitivity to pain, rather than a cohort com-
prising the whole spectrum of sensitivity to pain.

Our findings did not show differences between groups 
in the neuroticism trait. However, neuroticism was found 
to be associated with pain sensitivity through pain cata-
strophizing. It is well established that individuals charac-
terized by high neuroticism report greater pain.7,9,10 This 
trait reflects a tendency to experience negative and distres-
sing emotions that potentially may lead to engagement in 
a fearfulness ruminative style and feelings of 
helplessness.5 Therefore, individuals high in neuroticism 
could engage in a pattern of thinking that leads them to 
catastrophize or magnify the negative aspect of their situa-
tion. The association between neuroticism and catastro-
phizing are in line with several previous studies in 
healthy subjects,2,6,8,15 as well as in clinical settings.19,21 

Our results therefore further support the notion that neu-
roticism may serve as a key personality trait that along 
with catastrophizing as a mediator, may relate to a higher 
sensitivity to pain.

Some limitations of the present study should be 
addressed. First, the HSP group includes an uneven num-
ber of men and women (24% men only). To overcome this 
potential bias, gender was added as a control variable in 
the statistical models. Second, age differences were found 
between the groups. As such, the mean age of the LSP was 

slightly older than the HSP (26 vs 24 years, respectively). 
Although statistically significant, we do not believe this 
two-year mean difference has any important impact. 
However, to avoid any potential bias, age was included 
as a control variable in all statistical models. Third, pain 
catastrophizing was the only mediator measured in the 
current study. Assessing other potential psychological 
mediators that may mediate between personality traits 
and sensitivity to pain could further elaborate these media-
tion relationships.

To conclude, the findings of the present study support the 
current literature regarding the role of personality traits in 
determining sensitivity to pain. The results, which were 
demonstrated through two different prisms, point to the poten-
tial of the five-factor inventory and the pain catastrophizing 
scale as tools to identify specific personality traits associated 
with experiencing a high sensitivity to pain. Further studies 
examining additional psychological risk factors, using other 
experimental pain models for defining groups of sensitivity to 
pain, and testing cohorts of patients with clinical pain rather 
than healthy individuals, may further strengthen our results 
and allow us to generalize our conclusions.
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