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Introduction: Personality characteristics affect the long-term well-being and 
health-related quality of life (HrQoL) of breast cancer (BC) survivors. Persistent 
pain significantly affects psychosocial well-being and HrQoL in this patient 
group. We studied the effects of temperament and character via pain-related and 
psychological factors on dimensions of HrQoL in BC survivors.

Methods: We studied 273 patients who had been treated for BC and who reported 
persistent pain at any site of the body in Brief Pain Inventory. The patients were 
recruited from a longitudinal cohort of patients 4–9 years after surgery for BC. 
Short-Form-36 inventory was used to assess physical and mental dimensions 
of HrQoL and Temperament and Character Inventory to assess dimensions of 
temperament and character. We used parallel mediation modeling for studying 
effects of temperament and character on physical and mental HrQoL.

Results: A significant total effect was found for harm avoidance (HA) temperament 
(βtotal = −0.665, p < 0.001) and character dimensions self-directedness (SD) 
(βtotal = 0.609, p = 0.001) and cooperativeness (CO) (βtotal = 0.584, p = 0.028) on 
physical and mental HrQoL. Additionally, different combinations of pain-related 
and psychological variables fully mediated the indirect effects of HA, SD, and CO 
on physical and mental HrQoL.

Discussion: HA temperament is a potential emotional vulnerability factor for 
psychological burden and impaired HrQoL in BC survivors. Character dimensions 
SD and CO may protect from the negative effect of mood on HrQoL. The results 
provide new insights about the risk-and target-factors for clinical interventions 
and effective pain management to improve psychosocial well-being and HrQoL 
in BC survivors.

KEYWORDS

persistent pain, personality, breast cancer, health-related quality of life, temperament 
and character

OPEN ACCESS

EDITED BY

Eun-Jung Shim,  
Pusan National University, Republic of Korea

REVIEWED BY

Rohit K. Srivastava,  
Baylor College of Medicine, United States  
Hyo Young Choi,  
University of Tennessee Health Science Center 
(UTHSC), United States

*CORRESPONDENCE

Tommi Aho  
 tommi.aho@fimnet.fi

RECEIVED 07 October 2022
ACCEPTED 22 June 2023
PUBLISHED 07 July 2023

CITATION

Aho T, Harno H, Lipsanen J, Kalso E and 
Sipilä R (2023) Pain-related and psychological 
factors mediate the effect of personality on 
health-related quality of life. A study in breast 
cancer survivors with persistent pain.
Front. Psychol. 14:1063920.
doi: 10.3389/fpsyg.2023.1063920

COPYRIGHT

© 2023 Aho, Harno, Lipsanen, Kalso and Sipilä. 
This is an open-access article distributed under 
the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic practice. 
No use, distribution or reproduction is 
permitted which does not comply with these 
terms.

TYPE Original Research
PUBLISHED 07 July 2023
DOI 10.3389/fpsyg.2023.1063920

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2023.1063920&domain=pdf&date_stamp=2023-07-07
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1063920/full
mailto:tommi.aho@fimnet.fi
https://doi.org/10.3389/fpsyg.2023.1063920
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2023.1063920


Aho et al. 10.3389/fpsyg.2023.1063920

Frontiers in Psychology 02 frontiersin.org

Introduction

Breast cancer (BC) is the most common cancer among women in 
Western countries (Ferlay et al., 2021). Since overall BC survival has 
improved over time, health-related quality of life (HrQoL) has become 
an important topic to study and verify patient experience of health, 
functioning, and psychological adjustment after BC treatments. Long-
term distress, fatigue, and persistent pain are underestimated 
outcomes in this patient group and known to associate with impaired 
HrQoL (Mokhatri-Hesari and Montazeri, 2020). Personality 
characteristics affect the course of long-term well-being of BC 
survivors (Durá-Ferrandis et al., 2017) and may additionally provide 
a target for clinical interventions to improve psychological well-being 
and HrQoL (Abrahams et al., 2018; Ye et al., 2018).

Persistent pain following BC treatments is often multifactorial 
(Andersen and Kehlet, 2011) and affects 13–30% of BC survivors 
(Meretoja et al., 2014; Wang et al., 2018) with various negative effects 
on patients’ psychological well-being, sleep (Mustonen et al., 2019) 
and HrQoL (Caffo et al., 2003; Mokhatri-Hesari and Montazeri, 2020). 
In this patient group, the psychosocial aspects of disability, such as 
mood and catastrophic thinking are primary targets for psychological 
interventions (Edwards et al., 2016; Abrahams et al., 2018). Personality, 
its vulnerability and protective factors, explain some of the vicious 
cycle of chronic pain-related disability (Edwards et al., 2016; Naylor 
et al., 2017).

Perceived health and experience of well-being are shaped by 
temperament and character according to the psychobiological model 
of personality (Cloninger et al., 1993, 2010). Temperament dimensions 
novelty seeking (NS), harm avoidance (HA), reward-dependence (RD), 
and persistence (P) refer to stable and moderately heritable 
mechanisms of behavioral activation, inhibition, and maintenance. 
Character dimensions self-directedness (SD), cooperativeness (CO), 
and self-transcendence refer to concepts of coping and maturation, 
psychosocial adaptability, and spirituality that have been learned 
during a lifespan (Cloninger et al., 2010).

A combination of higher levels of HA temperament and lower 
levels of character dimension SD has previously been associated with 
impaired HrQoL in BC survivors (Bonacchi et al., 2012; Laroche et al., 
2017) but also shown to be  prevalent in patients suffering from 
persistent pain (Conrad et al., 2013; Mokhatri-Hesari and Montazeri, 
2020). Individual tendency for caution, fearfulness, and fatigability 
(high HA) combined with immature coping strategies and lacking an 
internal locus of control (low SD) (Cloninger et al., 1993) increase the 
risk for poor adaptation, illbeing, and psychopathology (Cloninger 
et al., 2010).

The dynamic balance between emotional vulnerability and 
protective coping abilities appears to be essential for promoting well-
being during chronic disability (Cloninger et al., 2010; Edwards et al., 
2016; Abrahams et al., 2018). Despite of growing evidence, the effects 
of personality on different dimensions of HrQoL are poorly 
understood (Huang et  al., 2017). We  aimed to study effects of 
temperament and character on physical and mental dimensions of 
HrQoL in BC treated patients with persistent pain. We hypothesized 
that pain-related and psychological factors indirectly convey the effect 
of temperament and character on HrQoL. Parallel mediation 
modeling was used as a statistical method. We hypothesized that the 
protective effect of psychological adaptability-related character would 
associate with better HrQoL.

Materials and methods

Patients and demographics

We included patients from a subgroup of 402 women who had a 
research visit during 2014–2016 regarding perioperative surgical 
nerve injury and persistent post-surgical neuropathic pain (PPSNP) 
(Mustonen et al., 2019). That cohort was originally recruited from a 
previous longitudinal cohort of 1,000 women operated on for 
unilateral BC at the Helsinki University Hospital during years 2006–
2010 (Kaunisto et al., 2013). The data was collected 4–9 years (mean 
6.4 years) after the surgery. The patient flow of the original and sub 
cohort used in this paper have been reported in detail elsewhere 
(Kaunisto et al., 2013; Mustonen et al., 2019). Patients with active 
cancer treatments or metastatic cancer were excluded. Detailed 
description of patient recruitment is described in Figure 1. The study 
protocol was approved by the Ethics Committee of the Helsinki and 
Uusimaa Hospital District (reference number: 149/13/03/00/14) and 
registered in ClinicalTrials.gov (NCT 02487524). All patients provided 
a written informed consent. Data concerning previous surgery and BC 
treatments were extracted from patient records.

FIGURE 1

Flow chart of the patient recruitment. ICBN, intercostobrachial 
nerve; NRS, numerical rating scale.
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Patients who reported at least mild persistent pain (pain 
severity ≥ 1/10 on a Numerical Rating Scale (NRS), where 0 indicates 
no pain and 10 worst pain imaginable, at any site of the body (N = 312), 
were considered. In the second step, only patients who had a complete 
dataset on an independent variable (i.e., dimensions from a 
Temperament and Character Inventory) and on the main outcome 
variables (i.e., physical and mental HrQoL dimensions from a Short-
Form-36 Health Survey) were included. The final study cohort 
consisted of 273 patients (Figure 1).

Health-related quality of life

HrQoL was assessed by using the Finnish translation of the Short-
Form-36 Health Survey (SF-36) questionnaire (Aalto et al., 1999), 
which has previously been used in BC survivors (Treanor and 
Donnelly, 2015). The SF-36 inventory includes 36 items with a scale 
from 0 to 100 which are organized into eight subscales: physical 
functioning, role-physical, bodily painlessness, general health, mental 
health, role-emotional, social functioning, and vitality.

For SF-36 dimensions of physical and mental HrQoL were formed 
as composite scores of the first four subscales (physical functioning, 
role-physical, bodily painlessness, and general health) and the last four 
subscales (mental health, role-emotional, social functioning, and 
vitality), respectively. Both dimensions ranged from 0 to 100 and 
higher scores indicate better performance in the dimension.

Temperament and character

We used the Finnish translation of the 240-item self-administered 
Temperament and Character Inventory (TCI) (Miettunen et al., 2004) 
with a true-false scale to assess four temperament dimensions (novelty 
seeking, NS (range 0–40) (Cronbach α = 0.82); harm avoidance, HA 
(range 0–35) (Cronbach α = 0.89); reward dependence, RD (range 
0–24) (Cronbach α = 0.71); and persistence, P (range 0–8) (Cronbach 
α = 0.56) and three character dimensions (self-directedness, SD (range 
0–44) (Cronbach α = 0.79); cooperativeness, CO (range 0–42) 
(Cronbach α = 0.79); and self-transcendence, ST (range 0–33) 
(Cronbach α = 0.86), based on a psychobiological model of 
temperament and character (Cloninger et al., 1993).

NS describes the activation or initiation of behaviors in response 
to novelty, HA the inhibition or cessation of behaviors, RD the 
maintenance or continuation of ongoing behaviors, and P 
perseverance of behavior despite of frustration and fatigue (Cloninger 
et al., 1993). SD refers to self-determination, willpower, and ability to 
individual control, CO to social tolerance and empathy, and ST to 
spirituality (Cloninger et al., 1993). For all dimensions, higher scores 
indicate stronger tendency for dimension specific behavioral patterns.

Psychological questionnaires and 
symptoms of insomnia

Hospital Anxiety and Depression Scale (HADS) was used to assess 
both anxiety (Cronbach α = 0.82) and depressive (Cronbach α = 0.88) 
symptoms (Bjelland et al., 2002). Pain Catastrophizing Scale (PCS) 
(Cronbach α = 0.93) was used to assess self-reported pain-related 

catastrophic thinking (Sullivan et al., 1995). Insomnia Severity Index 
(ISI) (Cronbach α = 0.91) was used for assessing self-reported 
symptoms of insomnia (Morin et al., 2011).

Assessment of pain severity and pain 
interference

We used Brief Pain Inventory (BPI) to assess severity and 
interference of self-reported pains during the past week (Cleeland and 
Ryan, 1994). Patients reported pain severity and interference 
separately for the pains in the previously operated area (the breast, the 
axilla, the upper arm) and for the pains in any other site of the body 
(e.g., back pain, joint pain etc.). A pain severity variable was formed 
by calculating the mean NRS of the four items (i.e., the worst, the 
average, and the mildest pain during the week and pain at the 
moment). A pain interference variable was formed by calculating the 
mean NRS of the seven items assessing pain interference for different 
daily activities (i.e., general activity, walking, work, mood, enjoyment 
of life, relations with others, and sleep). Additionally, NRS was used 
for assessing pain severity during the clinical sensory examination 
included to the study protocol. We considered NRS ≥ 4/10 as moderate 
to severe pain (Gerbershagen et al., 2011).

Statistical methods

Statistical analyses were performed using SPSS 25.0 for Windows 
(SPSS Inc., Chicago, IL, United  States). Descriptive statistics are 
presented as mean (standard deviation, S.D.), median (interquartile 
range, IQR), or number (percentage). Pearson’s correlation was used 
to assess associations between the continuous variables. Results with 
p ≤ 0.05 were considered statistically significant.

For all statistical analyses, included variables were standardized 
by using the mean and S.D. of each variable [i.e., x-mean(x)/S.D.(X)]. 
Cronbach’s alpha (α) was used for reliability assessment for all 
psychological variables. For an exploratory statistical approach, 
we  used parallel mediation modeling with multiple mediators. 
Mediation analyses were done by running a separate mediation 
analysis for each independent and dependent variable. The personality 
dimensions and the mediators were selected based on significant 
correlations between the independent variables and the main outcome 
variables to fulfill the criteria for mediation analysis (Preacher and 
Hayes, 2004). The other variables were used as a covariate in 
the models.

The parallel mediation analyses were performed by using the 
PROCESS add-on v.s. 16.1 in SPSS by using model 4 (Hayes, 2013). 
Non-parametric bootstrapping (Preacher and Hayes, 2004) with 5,000 
bootstrap samples were deployed to test the parallel mediational 
model of the elected mediators of the relationship between the 
temperament and character dimensions and the physical and 
mental HrQoL.

The entire effect of an independent variable on the outcome 
variable (total effect) and the effect of exposure of an independent 
variable on the outcome variable with (indirect effect, IE) and without 
(direct effect) the mediators were reported. The lower limit (LL) and 
the upper limit (UL) of the confidence interval (CI) were used to test 
statistical significance of the IE (Preacher and Hayes, 2004).
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TABLE 2 Descriptive statistics of the assessed instruments.

Value

Short-Form 36, mean (S.D.)

  Physical HrQoL 66.5 (21.6)

  Mental HrQoL 70.7 (21.4)

Temperament and Character Inventory, mean (S.D.)

  Novelty seeking 17.3 (6.2)

  Harm avoidance 14.5 (7.1)

  Reward dependence 15.3 (4.0)

  Persistence 3.7 (1.9)

  Self-directedness 34.5 (5.8)

  Cooperativeness 34.8 (5.1)

  Self-transcendence 14.4 (6.6)

Brief Pain Inventory, median (IQR)

Operated area (the breast, the axilla, and the upper arm) (NRS 0–10)

  Pain severity 1 (0–3)

  Pain interference 1 (0–2)

Other body locations (NRS 0–10)

  Pain severity 3.5 (2–5)

  Pain interference 2 (1–5)

Total (all body locations) (NRS 0–10)

  Pain severity 4 (2–6)

  Pain interference 3 (1–5)

Hospital Anxiety and Depression Scale, mean (S.D.)

  Anxiety 5.0 (3.2)

  Depressive symptoms 3.4 (3.4)

Pain Catastrophizing Scale, median (IQR)

  Pain catastrophizing 7 (1–3)

Insomnia Severity Index, mean (S.D.)

  Insomnia symptoms 8.1 (5.7)

S.D., standard deviation; IQR, interquartile range; HrQoL, health-related quality of life; NRS, 
Numerical Rating Scale. Missing values: Hospital Anxiety and Depression Scale, (anxiety), 
n = 1; Hospital Anxiety and Depression Scale (depression), n = 1; Insomnia Severity Index, 
n = 3; Pain Catastrophizing Scale, n = 6; Brief Pain Inventory (other body locations), n = 19.

Results

Patient characteristics

Demographics, surgery, and treatment related factors of the 273 
included patients are presented in Table  1. The mean age of the 
included patients was 61.7 years (range from 39 to 75 years). Most of 
the patients had intraductal carcinoma (64.5%) and they had had 
breast conserving surgery (52.0%), axillary lymph node dissection 
(64.8%), and had received chemotherapy (70.3%), radiotherapy 
(72.5%), and endocrine therapy (76.6%).

Of the 273 patients, 22 (8.0%) used neuropathic pain medications, 
such as tricyclic antidepressants, gabapentinoids (gabapentin or 
pregabalin), or serotonin and norepinephrine reuptake inhibitors. 
Further, 63 (23.1%) used mild opioids, non-steroidal anti-
inflammatory drugs, or paracetamol.

Descriptive statistics of the assessed pain-related and psychological 
instruments, including temperament and character dimensions and 
HrQoL, are presented in Table 2. Of the patients, 53.1% (145/273) 
reported moderate to severe pain (NRS ≥ 4/10) at any site of the body 
in BPI. The distribution of pain located at the previously operated area 
in 62.3% (170/273) and only in other site of the body in 37.7% 
(103/273) of the cases. Additionally, 18 patients presented evoked pain 
at previously operated area in clinical examination.

Physical HrQoL correlated significantly with temperament 
dimensions NS (p = 0.016) and HA (p < 0.001), and with character 
dimensions SD (p = 0.013) and CO (p = 0.046). Mental HrQoL 
correlated significantly with HA (p < 0.001), SD (p < 0.001), and 
CO (p = 0.005) (Table  3). Of the potential mediator variables 
unsignificant correlations were found only for pain severity with 
HA (p = 0.385), SD (p = 0.607), and CO (p = 0.633), and for pain 

interference with SD (p = 0.303) and CO (p = 0.402). According 
to the criteria for mediation analysis, non-significant correlations 
were excluded from the mediation analyses. All of the potential 
mediator variables correlated significantly with dimensions of 
physical and mental HrQoL (Table A1). Intercorrelations between 
the potential mediator variables are presented in Table A2.

Parallel mediation models

The total effect of harm avoidance (HA) on physical HrQoL 
(βtotal = −0.665, SE = 0.165, p < 0.001) and mental HrQoL 
(βtotal = −1.071, SE = 0.177, p < 0.001) was significant, while the 
direct effects was not. Depressive symptoms (IEdepression = −0.282, 
CI95%: LL = −0.508 to UL = −0.109), pain catastrophizing 
(IEcatastrophizing = −0.138, CI95%: LL = −0.278 to UL = −0.044), and 

TABLE 1 Patient demographics and clinical characteristics.

Value

Age (years), mean (S.D.) 61.7 (7.8)

BMI (kg/m2), mean (S.D.) 26.0 (4.0)

Breast surgery type, number (%)

BCS 142 (52.0)

Mastectomy 131 (48.0)

Axillary surgery type, number (%)

SLNB 96 (35.2)

ALND 177 (64.8)

Tumor histology type, number (%)

IDC 176 (64.5)

ILC 57 (20.9)

DCIS 3 (1.0)

Other 37 (13.6)

Chemotherapy (yes), number (%) 192 (70.3)

Radiotherapy (yes), number (%) 198 (72.5)

Endocrine therapy (yes), number (%) 209 (76.6)

S.D., standard deviation; IQR, interquartile range; BMI, body mass index; BCS, breast-
conserving surgery; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node 
dissection; IDC, intraductal carcinoma; ILC, intralobular carcinoma; DCIS, ductal 
carcinoma in situ.
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pain interference (IEinterference = −0.071, CI95%: LL = −0.171 to 
UL = −0.007), fully mediate the relationship between HA and 
physical HrQoL and contribute to the overall IE (Figure 2A). For 
mental HrQoL, depressive symptoms (IEdepression = −0.636, CI95%: 
LL = −0.924 to UL = −0.420) and anxiety (IEanxiety = −0.308, CI95%: 
LL = −0.459 to UL = −0.146) fully mediate the effect of HA and 
contributed to the overall IE (Figure 3A).

The total effect of self-directedness (SD) on physical HrQoL 
(βtotal = 0.609, SE = 0.187, p = 0.001) and mental HrQoL (βtotal = 1.319, 
SE = 0.199, p < 0.001) was significant, while the direct effects was not. 
Depressive symptoms (IEdepression = 0.388, CI95%: LL = 0.173 to 
UL = 0.650), and pain catastrophizing (IEcatastrophizing = 0.175, CI95%: 
LL = 0.059 to UL = 0.343) fully mediate the relationship between SD 
and physical HrQoL (Figure  2B). For mental HrQoL, depressive 
symptoms (IEdepression = 0.777, CI95%: LL = 0.510 to UL = 1.091) and 
anxiety (IEanxiety = 0.319, CI95%: LL = 0.152 to UL = 0.524) fully mediated 
the effect of SD (Figure 3B).

The total effect of cooperativeness (CO) on physical HrQoL 
(βtotal = 0.584, SE = 0.264, p = 0.028) and mental HrQoL (βtotal = 0.759, 
SE = 0.265, p = 0.005) was significant, while the direct effects was not. 
Depressive symptoms (IEdepression = 0.187, CI95%: LL = 0.050 to 
UL = 0.409), and pain catastrophizing (IEcatastrophizing = 0.203, CI95%: 
LL = 0.046 to UL = 0.429) fully mediate the relationship between CO 
and physical HrQoL (Figure  2C). For mental HrQoL, depressive 
symptoms (IEdepression = 0.403, CI95%: LL = 0.155 to UL = 0.745) and 
anxiety (IEanxiety = 0.155, CI95%: LL = 0.040 to UL = 0.316) fully mediated 
the effect of CO (Figure 3C).

Discussion

Main findings

We showed that the psychological and pain-related variables 
convey the effects of temperament and character on HrQoL in BC 
survivors. The temperament dimension HA showed a negative 
effect on physical and mental HrQoL via mood, catastrophic 
thinking, and pain interference. Character dimensions SD and 
CO showed a protective effect against factors like mood and 
catastrophic thinking on physical and mental HrQoL. Mediators 
for temperament and character differed for physical and 
mental HrQoL.

Personality characteristics and HrQoL

In previous studies, personality characteristics have consistently 
been associated with various, and especially psychosocial dimensions 
of HrQoL (Huang et al., 2017). Direct and indirect effects influence 
HrQoL via emotional reactivity, coping, and health behavior. A 
dynamic balance between temperament and character influence an 
individual’s psychosocial adaptation and well-being (Cloninger et al., 
2010; Wong and Cloninger, 2010). Temperament refers to automatic 
and associative reactions, such as primary emotions and fear, whereas 
character, a collection of self-concepts learned during psychosocial 
development, refers to the interpretation of the significance of the 
internal stimuli, such as pain, or external events, such as cancer 
diagnosis (Cloninger et al., 2010).

In our study, pain-related factors, such as pain interference and 
pain catastrophizing, mediated the negative effect of HA on physical 
but not mental HrQoL. Likewise, pain catastrophizing mediated the 
effect of SD and CO only for physical HrQoL. Pain interference and 
pain catastrophizing are both strongly related especially with somatic 
sensations and interpretations of the state of physical health. Pain 
interference refers to the reactive dimension of pain and its 
interference with daily functions and HrQoL (Cleeland and Ryan, 
1994). Pain catastrophizing refers to a negative cognitive-affective and 
coping responses to pain driving attention toward worsening somatic 
sensations and illness perception (Quartana et al., 2009). Catastrophic 
interpretations and hypervigilance toward somatic sensations facilitate 
the fear-avoidance behavior and negative emotions (Crombez et al., 
2012), which are associated with HA temperament (Naylor et  al., 
2017). Persistent pain itself and pain-related catastrophizing may 
affect physical HrQoL, for example, by preventing the rehabilitation 
of upper limb dysfunction after BC surgery (De Groef et al., 2017). 
Additionally, in individuals with heightened tendency for pain-related 
catastrophic thinking, the poorer coping strategies (Quartana et al., 
2009) may explain the shown association between SD, CO, and pain 
catastrophizing (Cloninger et al., 2010).

Lowered mood and symptoms of insomnia are crucial factors 
affecting HrQoL in BC survivors (Mokhatri-Hesari and Montazeri, 
2020). We found that depressive symptoms mediated the effect of 
HA, SD, and CO on both physical and mental HrQoL. In other 
words, depressive symptoms indirectly convey the effects of these 
personality characteristics on HrQoL. High HA is a long-term risk 
factor for depressive symptoms and clinical depression (Cloninger 

TABLE 3 Pearson correlation coefficients of the study variables.

NS HA RD P SD CO ST

Physical HrQoL 0.153* −0.268*** −0.001 −0.033 0.157* 0.126* 0.018

Mental HrQoL 0.035 −0.374*** 0.045 −0.096 0.380*** 0.179** −0.013

Depressive symptoms −0.113 0.446*** −0.095 0.140* −0.468*** −0.191** −0.041

Anxiety −0.021 0.446*** 0.067 0.180** −0.395*** −0.187** 0.076

Symptoms of insomnia 0.007 0.261*** 0.092 0.237*** −0.269*** −0.198** 0.077

Pain catastrophizing −0.112 0.227*** 0.018 0.044 −0.233*** −0.145* 0.029

Pain severity 0.049 0.058 −0.023 0.090 0.006 −0.057 0.001

Pain interference −0.112 0.122* 0.029 0.125* −0.031 −0.077 0.042

HrQoL, health-related quality of life; NS, novelty seeking; HA, harm avoidance; RD, reward dependence; P, persistence; SD, self-directedness; CO, cooperativeness; ST, self-transcendence. 
Bolded values indicate statistically significant result. For statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001.
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FIGURE 2

Parallel mediation model for the indirect effects (IE) of (A) harm avoidance (HA), (B) self-directedness (SD), and (C) cooperativeness (CO) on physical 
Health-related Quality of Life (HrQoL). All models are controlled for age and intensity of chronic pain. For statistical significance: *p < 0.05; **p < 0.01; 
***p < 0.001.

et  al., 2006), which are, beside of anxiety, clinically important 
comorbidities in BC survivors (Abrahams et al., 2018; Wang et al., 
2018; Mokhatri-Hesari and Montazeri, 2020). On the other hand, 
low SD is a significant predictor for cognitive dysfunctions relating 
to clinical depression (Richter and Eisemann, 2002). Anxiety 
mediated the effect of HA, SD, and CO only on mental HrQoL, 
thus, forming an indirect link between temperament and character 
on psychosocial aspects of perceived health. We  found no 
mediating effect of symptoms of insomnia on HrQoL, which may 
reflect a mediating effect of HA on depressive symptoms instead of 
multifactorial symptoms of insomnia (Lee et al., 2012).

Our results suggest that HA temperament is a vulnerability factor 
linked to mood, pain-related interference, and pain catastrophizing. 
In clinical pain, mood has been shown to have a significant mediative 
effect on HrQoL (Galvez-Sánchez et al., 2020). Our results suggest a 
protective role of SD and CO character dimensions on both physical 
and mental HrQoL. Character dimensions, like SD and CO, have been 
associated with various aspects of well-being (Cloninger et al., 2010) 
and they have been suggested to be  protective factors for mood 
disorders (Richter and Eisemann, 2002; Cloninger et al., 2006). In BC 
survivors, social support and functioning are important predictors for 
HrQoL. The protective effect of SD and CO on HrQoL may reflect the 
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differences in coping abilities, such as willpower, self-regulation, 
personality maturation, and social coping (Cloninger et al., 1993).

The full mediation between HA, SD, CO, and the dimensions 
of HrQoL might reflect the complex adaptive system of human 
personality as temperament and character refer to vulnerability 
or protective factors rather than deterministic factors for health 
and well-being. On the other hand, full mediation may be partly 
explained by statistical reasons as the non-significant direct effect 
in our data does not mean lack of a true direct effect in 
a population.

Clinical implications

According to our results, high HA individuals may be vulnerable 
to lowered mood and pain-related disability and, therefore, clinically 

significant psychological burden. Bedside clinical evaluation of the 
tendencies for general worrying, fearfulness, or fatigability, related 
with high HA, may provide new insights to patient selection for 
clinical interventions. As personality characteristics effect long-term 
clinical well-being of BC survivors, interventions targeted to 
personality characteristics could improve clinical treatment outcomes 
(Durá-Ferrandis et al., 2017) and person-centered clinical practice 
(Wong and Cloninger, 2010). Moderate to strong evidence suggest a 
relationship of fatigue with anxiety and depression, persistent pain, 
and catastrophic thinking in BC survivors (Abrahams et al., 2018; 
Mokhatri-Hesari and Montazeri, 2020), which can be used as targets 
for psychological interventions for improving psychosocial health and 
HrQoL, such as cognitive-behavioral therapies (CBT) (Ye et al., 2018) 
and acceptance and commitment therapy interventions (ACT) 
(Hughes et  al., 2017; González-Fernández and Fernández-
Rodríguez, 2019).

FIGURE 3

Parallel mediation model for the indirect effects (IE) of (A) harm avoidance (HA), (B) self-directedness (SD), and (C) cooperativeness (CO) on mental 
Health-related Quality of Life (HrQoL). All models are controlled for age and intensity of chronic pain. For statistical significance: **p < 0.01; 
***p < 0.001.
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Additionally, our results suggest a protective role for certain 
character dimensions (namely SD and CO). These might be a 
target for therapeutic interventions in patients with pain and 
high HA-related features (Wong and Cloninger, 2010). Cognitive 
behavioral therapies are an important method for empowering 
the vulnerable patient group with persistent pain and impaired 
HrQoL as well as BC survivors (Ye et al., 2018) as characters SD 
and CO have in previous studies presented as predictors for 
psychological well-being and social coping (Cloninger et  al., 
2010; Wong and Cloninger, 2010).

After BC treatments, persistent postsurgical pain (Wang et al., 
2018; Mustonen et al., 2019) and upper limb dysfunctions (De Groef 
et al., 2017) have a negative effect on HrQoL. These possibly reflect 
mechanisms of catastrophic thinking and fear of pain on BC survivors 
at long term (De Groef et al., 2017), but also issues related to worry 
about BC in general and possible treatment side-effects (Mokhatri-
Hesari and Montazeri, 2020). The clinical relevance of our findings 
may highlight the importance of effective pain management, 
psychoeducation, BC treatment methods, and other multidisciplinary 
therapeutical interventions (Wang et al., 2018).

Limitations

There are limitations of the study. First, our data consisted only of 
women who had been treated for BC. Thus, the results cannot 
be directly generalized to healthy participants, other chronic diseases, 
or males. Additionally, as the patients with ongoing cancer treatments 
might suffer from acute side effects of the adjuvant therapies and 
pronounced psychosocial burden of disease, the results may not 
be generalized to the patients with active disease. However, a strength 
of this study is the homogenous and well characterized cohort of 
patients treated for BC.

Secondly, the limited sample size may limit making prominent 
conclusions. However, to the best of our knowledge, this is one of the 
largest patient sample related with temperament and character in 
BC survivors.

Thirdly, the study design was observational and cross-sectional. 
Therefore, despite of the mediation models, conclusions about the 
causality between studied variables cannot be drawn (Edwards et al., 
2016). In the future, more complex structural models may be needed 
to study associations between different personality profiles and 
HrQoL. Longitudinal datasets are needed to confirm the causal 
associations of personality characteristics and potential mediators on 
dimensions of HrQoL.

Fourthly, most measurements were based on self-reports, which 
may differ from clinical assessment and therefore affect the results. It 
is possible that the measurement of personality dimensions can 
be affected by the presence of persistent pain (Fishbain et al., 2006).

Conclusion

High harm avoidance temperament is a potential vulnerability 
factor for greater psychological burden of disease and impaired HrQoL 
in BC survivors. High self-directedness and cooperativeness character may 
protect from the negative effects of anxiety and depressive symptoms on 
HrQoL. From a multidisciplinary point of view, our results may provide 

new insights about the risk-and target-factors for clinical interventions 
and emphasize the importance of effective pain management to improve 
psychological health and HrQoL in BC survivors.
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Appendix

Table A1 Intercorrelations between physical and mental Health-related Quality of Life (HrQoL) and potential mediator variables.

1 2 3 4 5 6 7

1. Physical HrQoL (SF-36)

2. Mental HrQoL (SF-36) 0.616***

3. Depressive symptoms (HADS) −0.428*** −0.712***

4. Anxiety (HADS) −0.377*** −0.639*** 0.702***

5. Symptoms of insomnia (ISI) −0.352*** −0.409*** 0.390*** 0.406***

6. Pain catastrophizing (PCS) −0.497*** −0.398*** 0.348*** 0.365*** 0.340***

7. Pain severity (BPI) −0.463*** −0.242*** 0.164** 0.140** 0.273*** 0.282***

8. Pain interference (BPI) −0.540*** −0.300*** 0.202*** 0.175** 0.285*** 0.326*** 0.848***

HrQoL, health-related quality of life; SF-36, Short-Form 36; HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index; PCS, Pain Catastrophizing Scale; BPI, Brief Pain 
Inventory. Bolded values indicate statistically significant result. For statistical significance: **p < 0.01; ***p < 0.001.

Table A2 Intercorrelations between temperament and character dimensions.

1 2 3 4 5 6

1. Novelty seeking

2. Harm avoidance −0.415***

3. Reward dependence 0.172** 0.001

4. Persistence 0.001 0.032 0.098

5. Self-directedness 0.043 −0.475*** 0.135* −0.133*

6. Cooperativeness 0.119 −0.295*** −0.051 −0.051 0.461***

7. Self-transcendence 0.225*** −0.185** 0.296** 0.296*** 0.051 0.228***

Bolded values indicate statistically significant result. For statistical significance: *p < 0.05; **p < 0.01; ***p < 0.001.
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