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Objective: Knee osteoarthritis (KOA) is a painful chronic disorder. Evidence has shown that a history of chronic pain plays an
important role in shaping empathy. Empathy, a valuable indicator of social functioning that refers to an individual’s ability to share the
experiences of others, however, has been overlooked in KOA patients. This study aimed to investigate empathy and its association
with clinical pain in KOA patients.

Methods: KOA patients (n=47) and healthy controls (HCs, n=44) completed two empathy-for-pain tasks: a pain judgment task in
which participants judged whether a person in an image felt pain or not, and a pain rating task in which they estimated pain intensity
for themselves and others. The Interpersonal Reactivity Index was used to measure participants’ trait empathy, and clinical severity
and psychological factors were assessed using relevant instruments.

Results: Compared to HCs, KOA patients showed higher accuracy when judging pain and non-pain images and reported overall
higher pain intensity when rating for themselves and others. KOA patients also showed greater personal distress than HCs in terms of
their self-reported empathy. Moreover, pain catastrophizing particularly mediated the relationship between pain severity and pain
ratings for others, and depression, anxiety, and pain catastrophizing all mediated the association between pain severity and empathy-
induced personal distress.

Conclusion: These findings suggest that patients with KOA have increased empathy, demonstrated by elevated sensitivity to pain-
related scenes and intense emotional responses.
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Introduction

Knee osteoarthritis (KOA) is a degenerative type of arthritis characterized by chronic pain and widespread disability.
Patients with KOA often demonstrate pain sensitization and hypervigilance to pain, showing reduced pain threshold and
increased sensitivity to experimental pain and pain-related cues.'* It has been proposed that a history of chronic pain
could play an important role in shaping people’s empathy for pain in pain-related disorders such as fibromyalgia,’
somatoform pain disorder, and musculoskeletal disorder.” Empathy, referring to the ability of individuals to share the
experiences of others, is of high importance for the maintenance of interpersonal relationships.® Thus, empathy may play
a protective role in the psychological and social aspects of chronic pain.”®* Investigating empathy in patients with KOA
has the potential to enhance our understanding of the social functioning associated with the condition and shed light on
psychological approaches to the management of KOA pain.

Empathy consists of two dissociable components: affective empathy, which highlights the ability to resonate with
others’ mental and physical states (eg, vicariously experiencing their emotions and affectively reacting to the observed
feelings), and cognitive empathy, which refers to the ability to adopt another’s perspective and comprehend their
experiences.”'® In painful situations, observing others in pain elicits automatic affective responses to empathize with
others’ physical and emotional experiences.’ Explicitly assessing others’ pain intensity via perspective-taking reflects an
individual’s cognitive empathy in responding to painful stimuli.'""'* Notably, previous research regarding the affective
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and cognitive aspects of responding to a painful stimulus has primarily focused on state empathy via laboratory-based
experiments.'> However, empathy has also been studied as a trait, referred to as a relatively stable characteristic that
reflects people’s general sensitivity to the states and emotions of others.” Evidence has shown that state and trait empathy
seem to be related, possibly interacting with each other to shape behaviors.'*'> Therefore, investigating empathy from
both state and trait perspectives can broaden clinicians’ understanding of patients’ empathy, contributing to both research
and clinical decision-making.

In KOA, long-term suffering from pain and the diminished ability to carry out daily activities is often accompanied by

mental health problems such as depression and anxiety,'®'”

and KOA patients with higher pain intensity have a higher risk of
developing these problems.'®'” KOA can also be accompanied by impaired cognitive function, particularly, pain catastro-
phizing, which has been found to explain a significant proportion of pain in KOA patients.® Considering that chronic pain
causes cognitive-emotional disturbances and cognitive and emotional factors shape empathy;, it is reasonable to assume that
the relationship between pain severity in KOA and empathy is likely to be mediated by these psychological processes.

Briefly, despite the prevalence of emotional problems associated with KOA, the highly related psychological process
of empathy, particularly empathy for pain, is often overlooked in patients with KOA.?! Therefore, the present study
aimed to investigate empathy and its association with clinical pain in KOA from a multidimensional perspective.
Specifically, we instructed participants on two classical empathy-for-pain paradigms—the pain judgment task and the
pain rating task—to measure state empathy. Moreover, Interpersonal Reactivity Index (IRI), developed by Davis** was
applied to measure both affective and cognitive components of participants’ trait empathy. Furthermore, the putative
modulatory roles of psychosocial factors including depression and anxiety, as well as pain catastrophizing, were explored
to elucidate the relationship between pain severity and empathy in KOA. We hypothesized that KOA patients would
reveal increased empathy, and that the relationship between pain severity and empathy is likely to be mediated by illness-
related emotions and cognition such as depression, anxiety, and pain catastrophizing.

Methods

Participants
Forty-seven inpatients with chronic KOA pain (13 males and 34 females; M,z = 66.26 years, SD = 6.52) and 44 healthy
controls (HCs; 18 males and 26 females; M,z = 64.75, SD = 8.41 years) participated in the study. The demographic
characteristics of all subjects were collected. This study was approved by the Ethics Committee of the Second Hospital of
Shanxi Medical University. All participants voluntarily signed informed consent forms before participation.

For patients, the criteria for inclusion were as follows: (i) inpatients clinically diagnosed with KOA, (ii) aged above
50 years, (iii) course of disease > 1 year with overall pain intensity > 3/10 on the Numerical Rating Scale (NRS), (iv)
have no other types of chronic pain, (v) have no other major physical or mental disorders, and (vi) have no cognitive
impairments that prevent them from completing the study assessment procedures. The inclusion criteria for controls were
the same as those for the patients, excluded criteria 1 and iii.

Pain Severity Assessments
Bilateral weight-bearing fixed-flexion posteroanterior radiographs of the knee were obtained by the patients’ physicians.
The radiographic K-L classification was used to reflect the severity of knee illness.>> The participants also reported the
duration of their illness course. Five patients could not recall the date of illness onset; thus, they left this item blank when
checking the details of the illness.

Knee-specific pain was assessed using the Western Ontario and McMaster Universities Arthritis (WOMAC) Index.**
The WOMAC is a multidimensional and responsive questionnaire that provides information on osteoarthritis symptoms,
including pain (five items), stiffness (two items), and functional disability (17 items).

Questionnaires
As the participants in this study were older adults, depression and anxiety were assessed using the Geriatric Depression
Scale - shortened form (GDS-S)*® and Geriatric Anxiety Inventory (GAI),?® respectively. The GDS-S is a 15-item scale that
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measures the presence of depression in older adults via responses in a “yes/no” format. The GAI consists of 20 “agree/
disagree” items designed to assess general anxiety symptoms. The Pain Catastrophizing Scale (PCS) is a 13-item scale
developed to help quantify catastrophic thinking related to pain.>” Of note, these questionnaires are all short and easy to use,
making them ideal for older adults who are easily fatigued or limited in their ability to concentrate for a long time.

Self-report trait empathy was assessed using the Interpersonal Reactivity Index (IRI), a 28-item questionnaire
consisting of four discrete seven-item subscales.”” The fantasy subscale assesses one’s tendency to imaginatively
transpose oneself into fictitious situations and characters, such as in books and movies. The perspective-taking subscale
gauges one’s ability or proclivity to adopt another’s perspectives when interacting with other people in real-life scenarios,
reflecting cognitive empathy. The final two subscales reflect emotional empathy, with the empathic concern subscale
assessing the degree to which one experiences the feelings of others, and the personal distress subscale measuring one’s
own feelings when witnessing the negative experiences of others. These psychological questionnaires were administered
to both the patient and HC groups.

Empathy Tasks: Pain Judgment and Pain Rating Task

After completing the above questionnaires, the participants were instructed to perform a pain judgment and body
laterality judgment task. The pain judgment task is used extensively to assess empathy for pain, reflected by judgment
accuracy. As illustrated in Figure 1, each trial began with a fixation cross presented on the screen for 2—4s. Then, the
image was presented and participants were required to judge whether the person in the image felt pain or not within 5s.
Their responses were highlighted in a white rectangle for 1s. In the laterality judgment task, following the same timeline,
participants were asked to judge whether the image depicted the left or right side of the body part (eg, hand/foot). The
laterality judgment task measures individuals’ implicit aspect of empathy, as research has demonstrated that empathetic
responses can be elicited automatically without explicit demand to evaluate pain in this task.”® Notably, the pain
judgment task and laterality judgment task enlist equivalent cognitive load and match in task difficulty.”®

Following the pain and body side judgment tasks, participants completed a pain rating task in which they reported pain
intensity for themselves and others, respectively (Figure 1). In the self condition, participants were asked to imagine how
painful it would be if they experienced the scenario depicted in the picture. In the other condition, participants rated the pain
intensity that would be experienced by a familiar person (eg, their spouse). Ratings were made from 0 to 6, with 0 representing
no pain at all, and 6 representing very strong pain.

Participants practiced each task to familiarize themselves with the procedure. The images used in the practice sessions
were different from those in the formal test session. The pain judgment task consisted of 48 trials. The pain rating task
consisted of 24 trials, as only images depicting painful scenarios used in the pain judgment task were included in this
task. The entire procedure could be completed in approximately 20 min.

Statistical Analyses

Statistical analyses were performed using SPSS wversion 25.0 (https:/www.ibm.com/products/spss-statistics) and

R version 4.1.1 (https://www.r-project.org/). Demographic characteristics and psychological questionnaire scores were

compared between KOA patients and HCs using an independent-samples #-test or a Pearson’s chi-square test, as
appropriate. Descriptive statistics were provided for clinical variables. The relationships between pain sensitivity, pain
catastrophizing, self-report empathy, and task-measured empathy were estimated using Spearman correlation analyses.

To assess between-group differences in the judgment task, we conducted a 2 (task: pain judgment vs body judgment) x 2
(group: KOA vs HC) repeated-measures analysis of variance (ANOVA) on task accuracy. Post hoc simple ¢-tests were applied
following significant interactions. Moreover, considering that education may affect task performance, we treated it as
a covariate in the ANOVA analysis to control its potential influence.

To assess between group differences in the pain rating task, a mixed-effects ordinal logistic regression was conducted
in R, considering the ordinal attribute of pain ratings and repeated measures. The group (KOA vs HC) and condition
(rating for the self and others) were treated as the fixed effects and the subject as the random effect. Spearman
correlations were further used to examine whether there was consistency in performance between the judgment and
rating tasks, given that both reflect empathy.
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Experiment 1: Judgment task

Pain judgment Painful/left
Laterality judgment Painful/right
Experiment 2: Pain rating task
Your pain intensity Your pain intensity
Rating for self Neutral/left
0123456 0[1]2 3456
Not at all Very strong Not at all Very strong
Other’s pain intensity Other’s pain intensity
Rating for other Neutral/right

2234556
Not at all Very strong

o[1]23 456

Not at all Very strong

Fixation, 2s-4s Response, <5s Highlight, 1s

Figure | Sample stimuli, task designs, and procedures. Stimuli used in the current study are digital photographs showing another person’s left or right body part (eg, hand/
foot) in painful or neutral situations. Four representative examples of stimuli (painful/left, painful/right, neutral/left, neutral/right) are displayed in four task sample trials. In
Experiment |, participants indicated whether the person in the image was suffering pain or not in the pain judgment session and whether the image depicted the left or right
side of the body part in the laterality judgment session. In Experiment 2, participants reported the pain intensity of the depicted painful image for themselves and others
respectively.

To investigate the potential mediating effects of disease-related emotion/cognition (depression, anxiety, and pain
catastrophizing) on the relationship between pain severity and empathy (both scale-measured and task-measured
indexes), mediation analyses using PROCESS v3.0 were conducted,?® with significant correlations among these variables
as preconditions. The significance of the mediation effects was calculated using a bootstrapping procedure, with 5000
bootstrap resamples to generate bias-corrected 95% confidence intervals (Cls). Cls that did not include the zero value
indicated a significant mediation effect.

Results

Demographical and Clinical Characteristics

Detailed demographic information and questionnaire scores for the participants are presented in Table 1. KOA patients
had defects in either one or both knees. Radiographs of both knees were assessed according to the K-L grading criteria
for the patient, and the final grade assigned to a subject’s knee score was the highest grade for the more severely affected
knee.’® Accordingly, among 47 KOA patients, 23 (49%) had severe changes (K-L grade = 4), 23 (49%) had moderate
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Table | Demographic and Psychological Characteristics of Knee Osteoarthritis Patients and Healthy

Controls
KOA (n=47) HC (n=44) t (x%) p

Age 66.26 + 6.52 64.75 + 84| 0.958 0.341

Gender (male/female) 13/34 18/26 1.776 0.183

Height (cm) 158.13 + 15.95 162.80 * 6.80 —1.794 0.076

Weight (kg) 6691 + 8.69 63.64 + 7.88 1.881 0.063

Education level 2.156 £ 0.976 2.705 £ 1.069 —2.531 0.013

Marriage (married/widowed) 40/2 44/0 2.145 0.143

Income 2.156 + 0.976 2.704 £ 1.069 —0.270 0.788

Smoking (yes/no) 4/43 11/33 4.488 0.034

Drinking (yes/no) 4/43 7/37 1171 0.279

Steps per day (thousand) 2214 £ 0.951 4.068 + 0.925 —9.164 <0.001
Geriatric Depression Scale 4.489 + 3.507 1.705 + 2.018 4.601 <0.001
Geriatric Anxiety Inventory 7.553 + 6.563 1.273 £ 2.095 6.063 <0.001
Pain Catastrophizing Scale 26.128 + 9.235 6.659 + 6.559 11.523 <0.001
Interpersonal Reactivity Index - Empathy Scale

Fantasy 23.298 + 5.052 21.932 + 3.068 1.546 0.126

Perspective-taking 23.234 £ 3.030 24.114 + 3.208 —1.345 0.182

Empathic concern 24.575 + 5.094 24.977 + 3.547 —0.435 0.665

Personal distress 23.021 + 4.839 20.227 + 3.241 3214 0.002

Western Ontario and McMaster Universities Osteoarthritis Index

Pain: 10.319 + 2.588
Stiffness: 4.362 + 1.072
Physical function: 34.553 * 9.053

Note: Results are reported as mean + SD.
Abbreviations: KOA, knee osteoarthritis group; HC, healthy controls.

changes (K-L grade = 3), and one (2%) had minimal change (K-L grade = 2). The average duration of illness was 9.95 +
7.17 years for the representative affected knee.

Notably, two KOA patients and two HCs did not complete the computer-based empathy procedures, as they were not
willing to continue. One KOA patient quit the study after completing the empathy judgment task because of an
unexpected disruption, leaving 42 patients for analysis.

There were no significant differences between the KOA and HC groups in age (p = 0.341), sex (p = 0.183), marriage
(p = 0.143, 5 missing), income (p = 0.788), and drinking status (p = 0.279). The education level of HCs was higher than
that of KOA patients (p = 0.013), and there were more smokers in the HC group than in KOA patients (p = 0.034). The
HC group members on average had significantly more steps per day than KOA patients (p < 0.001).

Regarding psychological questionnaires, the KOA group had significantly higher scores for depression (p <0.001), anxiety
(p <0.001), and pain catastrophizing (p < 0.001) than the HC group. With regard to self-reported empathy, KOA patients
showed greater personal distress than HCs (p = 0.002), suggesting increased emotional empathy in KOA patients (ie, feeling
more anxiety and discomfort when observing others’ negative experiences). There were no significant differences in scores for
the fantasy (p = 0.126), perspective-taking (p = 0.182), or empathic concern (p = 0.665) subscales between the groups.

Heightened Empathy for Pain in Judgment and Rating Tasks in KOA Patients

In Experiment 1, a repeated-measures ANOVA on judgment accuracy revealed a main effect of the task [F(1, 85) =67.01,
p<0.001, 11’27: 0.44], with a higher accuracy rate for the body side judgment (M =0.92, SE=0.01) than for the pain judgment
(M= 0.80, SE =0.01) (Figure 2A). The main effect of group (KOA vs HC) was not significant [F(1, 85) = 1.15, p = 0.286,
17[2): 0.01]. Importantly, there was a significant interaction between group and task [F(1, 85) =31.24, p <0.001, 1722 0.27].
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Judgment task Rating task
A s B 8 r
Self > Other
p =.006
p<.001 =09 6 L KOA > HC
1.0
S a0
o £
5 MKOA £ 4
b+ o
< HHC
05 |
2
0.0 0
Pain Body Self Other

Figure 2 (A) Judgment accuracy for conditions of pain (painful or not) and body laterality (left or right) judgments between KOA and HC groups in the judgment task.
p values indicate simple t-test results following the significant interaction. Error bars represent standard deviations. (B) Medians of pain rating for conditions of rating for self
and others between KOA and HC groups in the rating task. KOA > HC indicates the main effect of the group. Self > Other indicates the main effect of the condition. Error
bars represent interquartile ranges.

Abbreviations: KOA, knee osteoarthritis; HC, healthy control.

Specifically, in the pain judgment task, KOA patients showed higher accuracy (M = 0.87, SE = 0.01) than HCs (M = 0.83,
SE =0.02; p <0.001). In the body laterality judgment task, however, KOA patients showed lower accuracy (M =0.77, SE =
0.02) than HCs (M = 0.96, SE = 0.01; p = 0.006). Furthermore, considering the significant differences in education levels
between KOA patients and HCs and its potential influence on task performance, we included education as a covariate for the
analysis of judgment accuracy, and found the pattern of results was consistent without its inclusion. These findings suggest
that KOA patients have heightened empathy for pain, given the increased accuracy of pain judgment. Notably, the pain
judgment task captured the explicit affective component of empathy.

In Experiment 2 of the rating task, the logistic regression on pain rating showed a main effect of the condition (z =
2.52, p = 0.01), reporting higher pain intensity when rating for oneself than for others (Figure 2B). The main effect of
group was also significant (z =4.67, p < 0.001). KOA patients reported overall higher pain intensity than HCs, suggesting
increased pain empathy for others in KOA patients. There was no interaction between self/other conditions and group
(z=0.11, p = 0.91). Increased pain ratings in the KOA patients indicated that patients were sensitive to others’ pain,
showing a heightened cognitive empathy in evaluating others.

Correlations Between Empathy Tasks in Two Groups

Task performance in the two empathy experiments was correlated for the HCs. Specifically, there was a positive
correlation between pain judgment accuracy and self-pain rating in HCs (» = 0.503, p =0.001) (Figure 3A). Pain
judgment accuracy was also correlated with pain ratings for others (r =0.399, p =0.009) (Figure 3B). However, no
such correlation was observed in KOA patients. Specifically, the correlation between pain judgment accuracy and pain
rating for self was not significant (» = —0.108, p =0.486), and the correlation between pain judgment accuracy and pain
rating for others was not significant as well (r =—0.114, p = 0.462) in patients (Figure 3C and D). Together, these findings
suggest consistency in participants’ responses to the pain perception and evaluation tasks in the HCs, while KOA patients

were less consistent in their pain-related empathy responses.

Depression, Anxiety, and Pain Catastrophizing Mediate the Relationship Between Pain
Severity and Empathy in KOA Patients

Correlations between pain severity (WOMAC score), depression (GDS-S score), anxiety (GAI score), pain catastrophiz-
ing (PCS score), and empathy in patients are summarized in Table 2. Of note, in the exploratory analysis, the WOMAC
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Figure 3 Positive correlations between pain judgment accuracy and pain ratings in healthy controls (A and B). No correlations in knee osteoarthritis patients (C and D).
Abbreviations: KOA, knee osteoarthritis; HC, healthy control; ns., not significant.

score was only correlated with the IRI personal distress and pain ratings for others, but not with other empathy indices.
Thus, we examined the mediation effect of these two empathy indices.

Pain rating for others (assessed in the rating task) was only correlated with pain catastrophizing, but not with
depression and anxiety. Therefore, we examined the mediating role of pain catastrophizing. The results showed that pain
catastrophizing mediated the relationship between pain severity and pain ratings (Figure 4A). This finding suggests that

Table 2 Correlations Between Pain Severity, Psychological Variables, and Empathy in Knee Osteoarthritis Patients

Pain Depression | Anxiety Pain Empathy Empathy for
Severity Catastrophizing Pain
Pain severity (WOMAC) [
Depression (GDS-S) 0.454** |
Anxiety (GAI) 0.339* 0.704** |
Pain catastrophizing (PCS) 0.520%* 0.579** 0.395%* |
Empathy (IRl - personal distress) 0.480** 0.659** 0.436** 0.546** |
Empathy for pain (Pain ratings for others) 0.275* 0.222 0.118 0.262% 0.284* I

Notes: ¥p < 0.01; *p < 0.05; "p < 0.I.
Abbreviations: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; GDS-S, Geriatric Depression Scale; GAI, Geriatric Anxiety Inventory; PCS,
Pain Catastrophizing Scale; IRI, Interpersonal Reactivity Index.
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A Pain Catastrophizing B Depression
(GDS-S)

(PCS)

2*b = .010, [.0003, .025] a=.141***[ /a*pb=.101, [.037,.190] b= .717%**

Pain severity €=.193***

(WOMAC)

Empathy
(IRI - personal distress)

Pain severity Empathy for pain
(WOMAC) (Pain ratings for others)

C Anxiety D Pain Catastrophizing
(GAI) (PCs)
a*b =.045, [.003, .107] b =.214% a=.370%** a*b =.064, [.005, .144] b=.173*

€=;:193%** Ci=.193%**

Empathy
(IRI - personal distress)

Empathy
(IRI - personal distress)

Pain severity
(WOMAC)

Pain severity
(WOMAC)

Figure 4 (A) The mediating role of pain catastrophizing on the effect of pain severity (WOMAC) on empathy for pain (pain ratings for others). (B—D) The mediating roles of
depression, anxiety, and pain catastrophizing on the effect of pain severity (WOMAC) on empathy (IRI - personal distress). *p < 0.001; *p < 0.01; *p < 0.05; #p = 0.06,
which indicates a marginal significance. Values in [] represent bootstrapping results with 95% confidence intervals for the lower and upper limits.

Abbreviations: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; GDS-S, Geriatric Depression Scale - shortened form; GAI, Geriatric Anxiety
Inventory; PCS, Pain Catastrophizing Scale; IRI, Interpersonal Reactivity Index.

severe symptoms of illness lead to abnormal pain catastrophizing cognition, which further results in heightened empathy
for pain in others.

Mediation models of empathy-personal distress showed that depression (Figure 4B), anxiety (Figure 4C), and pain
catastrophizing (Figure 4D) mediated the influence of pain severity on personal distress. These findings indicate that
severe illness causes negative emotions (eg, depression and anxiety) as well as pain catastrophizing, and these negative
feelings and cognitions affect the empathy components of individuals’ personal distress.

Discussion
This study obtained several key findings. First, in the pain judgment task, in comparison to HCs, KOA patients showed
higher accuracy when judging pain and non-pain images. In the pain rating task KOA patients reported an overall higher
pain intensity in rating for themselves and others than did the HCs. KOA patients also showed greater personal distress than
HCs in terms of their self-reported empathy. Overall, these findings suggest that KOA patients have increased empathy, that
is, heightened sensitivity to pain-related scenes and intense emotional responses. However, in the pain empathy paradigms,
pain judgment accuracy was positively correlated with the pain rating for oneself and others across HCs, but no such
significant correlations were observed in KOA patients. This inconsistency in patients’ pain-related empathy responses
suggests that patients with KOA might display an abnormal, heightened response pattern in pain perception and evaluation.
Furthermore, depression, anxiety, and pain catastrophizing mediated the association between pain severity and empathy-
induced personal distress. In particular, pain catastrophizing mediated the relationship between pain severity and pain
ratings for others. Together, these findings indicate that increased empathy in patients may result from intense affective
reactions and abnormal pain catastrophic cognition, which are caused by severe disease symptoms.

The elevated empathy for pain in KOA patients suggests that past experiences may increase empathy. Consistent with
this finding, Fallon et al found that patients with fibromyalgia, a disorder characterized by widespread chronic pain, not
only have elevated sensitivity to first-hand experimental pain, but also exhibit increased empathic ratings and augmented
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event-related potential (ERP) responses to others’ pain.® Moreover, among healthy individuals, research also implies that
people with higher sensitivity to first-hand pain reveal greater sensitivity in discriminating others’ pain, estimate greater
pain intensity in others, and have greater ERP responses.®’ Taken with the results of the current study, we can conclude
that chronic pain experiences shape individuals’ pain-related empathy processing at the behavioral and brain levels.

It is worth noting that although empathy is fundamental for social interaction, hyperarousal of empathic response is not
beneficial for healthy social functioning. Previous studies have reported that acute distress and insufficient inhibitory control,
implying a poorer capacity to control arousal and reactivity, are associated with people who are overly sensitive to others’
pain.**** In this context, our findings suggest that KOA patients may be hypersensitive to others’ pain, suggesting an
abnormal pattern in pain perception and emotional response. Indeed, this view is further supported by our findings on the
correlations between empathy and pain tasks. In general, as demonstrated in the HCs, there should be consistency between
pain judgment performance and pain intensity rating, given that both capture one’s pain empathy capacity. However, no
correlation was observed in the KOA group. In other words, although KOA patients showed relatively heightened sensitivity
to the pain of others, their ability to process this information appeared to be impaired, revealing an inconsistency in empathic
responses. Thus, a more nuanced interpretation of empathic disturbances in KOA patients is required.

Notably, our findings revealed the mediating role of pain catastrophizing in pain intensity and empathy for pain in KOA
patients. Specifically, severe and chronic pain in KOA patients causes pain catastrophizing, and such negative feelings and
cognitions affect patients’ empathy when evaluating others’ pain in the pain rating task. As pointed out previously, KOA is
a typical chronic pain disorder and is often accompanied by negative affective and cognitive responses. Notably, these
heightened negative emotions may trigger more catastrophic thoughts about pain, leading to catastrophic elevation of pain.**
Moreover, evidence has demonstrated that pain catastrophizing could predict individuals’ pain sensation for both themselves
and others,>> causing those in current pain (eg, KOA patients) to have higher levels of pain empathy.*® Considering that pain
catastrophizing is an important risk factor in shaping empathy in KOA patients, it should be treated via cognitive-emotional
therapeutic approaches that target patients’ exaggerated attitudes toward pain and reduce pain symptoms in patients.>’

Among the IRI subscales, KOA patients displayed higher personal distress scores than HCs, indicating that KOA
patients experienced an amplified degree of self-oriented distress and heightened levels of anxiety and discomfort in the
face of other people in need. Moreover, KOA patients with severe pain reported even greater personal distress. These
findings confirm that KOA patients have increased empathy for pain and suggest that patients can transpose themselves
imaginatively into others’ emotions more easily and become more distressed after experiencing chronic pain first-hand.*®
Furthermore, we found that the relationship between pain severity and empathy-related personal distress in KOA patients
was mediated by psychological factors including depression, anxiety, and pain catastrophizing. As a degenerative disease
characterized by chronic pain and diminished physical function, KOA has the potential to change the mental state of those
who experience it, and patients are more prone to suffer depression, anxiety, and pain-related cognitive impairment.>®
Indeed, these illness-related emotions and cognitions (depression, anxiety, and pain catastrophizing) are intercorrelated
themselves,*” and they work jointly to mediate the association between pain severity and empathy-related personal distress
in KOA patients. Together, the current study illustrates the functions of these psychological factors in modulating emotional
empathy in patients with KOA, highlighting the necessity to intervene in these psychological processes.

To our knowledge, this is the first study to examine the relationship between empathy and clinical pain in KOA
patients. We used a multidimensional measurement approach, combining empathy-for-pain experiments with
a questionnaire to assess state and trait empathy systematically. Notably, the participants had a high degree of homo-
geneity and were all KOA patients or HCs over 50 years old. Thus, our findings provide a targeted reference value for
future treatments in this group. Several limitations of this study should be considered when interpreting the findings.
First, the present study only assessed outcomes for individuals experiencing KOA; hence, the internal associations found
in the current study and to what extent these findings generalize to chronic pain conditions other than KOA are worth
further exploration. It would be helpful to compare KOA patients with other chronic pain disorders via clinical trials on
empathic capacity. Second, it is worth noting that the correlations between clinical pain severity and psychological
measures were weak, which limited the application of the findings into clinical practice. In addition, further studies of the
pathophysiology and associated neurocognitive functions of KOA are needed to identify the potential mechanisms
underlying the increased empathic capacity in KOA patients.
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In conclusion, our study elucidated the detailed relationship between pain and empathy in KOA patients. These patients
have increased empathy, demonstrating heightened sensitivity to pain-related scenes and intense emotional responses.
Moreover, the relationship between pain severity and empathy in patients is regulated by pain-related mood and cognition
(eg, depression, anxiety, and pain catastrophizing). Overall, these findings provide new insights into the psychological
mechanisms of empathy for pain, as well as chronic pain prevention and management strategies for KOA patients.
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