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Purpose: The interwoven relationship between social distress and pain is an emerging topic in pain research. The present study aimed
to explore the association between pain intensity and loneliness in patients with chronic pain and to further explore fibromyalgia and
age as moderators.

Patients and Methods: We recruited adult chronic pain patients from a pain clinic in Taiwan. Pain intensity was evaluated by 0-10
numerical rating scale, and loneliness was evaluated by 3-item UCLA loneliness scale. The participants were evaluated at baseline
(TO) and at a 3-month follow-up (T1). Cross-lagged path analysis was performed to examine the temporal relationship between pain
intensity and loneliness. Multigroup analysis was conducted to examine the moderating effect by two pain diagnostic groups
(fibromyalgia /non-fibromyalgia), and three age groups (younger /middle /old).

Results: A total of 292 patients were included at T0, and 175 completed the T1 evaluation. The mean age of the participants was
60.42 + 13.73, and 109 were females. The mean pain intensity was 6.00 + 2.64 and mean duration was 96.73 £ 109.93 months. The
results demonstrated that pain intensity (TO) can negatively predict loneliness (T1) (f = —0.10, p =0.017), and loneliness (T0) can
positively predict higher pain intensity (T1) (8 = 0.20, p =0.002) and is moderated by fibromyalgia and age groups.

Conclusion: The study found the bi-directional relationships between pain and loneliness. However, the direction of prediction from
pain to loneliness was negative. This implies that the hypothetical vicious circle of escalating pain and loneliness may warrant further
investigation.
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Introduction
Chronic pain is a significant global health burden.' The impact of persistent pain on patients’ social engagement is
considerable, often resulting in reduced participation or avoidance of daily and social activities due to the anticipation of
symptom exacerbation, which may subsequently contribute to the development of depression, disuse, and disability.?
Conversely, a growing body of evidence indicates a substantial overlap in the neurobiological underpinnings of physical
pain and social pain — the aversive experience resulting from interpersonal rejection or relational loss — with shared
neural circuits, genetic factors, and inflammatory pathways implicated in both phenomena.’> Furthermore, heightened
negative affect in response to interpersonal conflict has been associated with increased pain sensitivity and the adoption
of maladaptive pain coping mechanisms.® Despite this established interplay between social experiences and pain
perception, the direct bidirectional relationship between chronic pain and social distress warrants further investigation.
Loneliness, defined as a distressing psychological state arising from a perceived discrepancy between an individual’s
desired level of social connection (expectations) and their actual social relationships (objective reality), has been
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demonstrated to exert significant physical and psychological consequences on overall health outcomes.” Moreover,
a meta-analysis found a robust elevation in loneliness during the COVID-19, which may have further jeopardize mental
and physical health.® Epidemiological studies employing large-scale survey methodologies have suggested a predictive

%10 and

relationship wherein the presence and severity of pain can predict the subsequent development of loneliness,
conversely, that loneliness can predict the onset and exacerbation of both acute and chronic pain conditions.'
Longitudinal investigations have further posited a reciprocal association, with baseline loneliness significantly predicting
an increased risk of incident pain over a four-year period, and vice versa.'?

However, the extant literature exhibits notable limitations concerning the specific experiences of clinical populations
with chronic pain, as a significant proportion of relevant studies have focused on community-based samples and
frequently utilized cross-sectional study designs. Clinical research often aims to elucidate the dynamic relationship
between loneliness and pain, which might facilitate the development of more effective therapeutic strategies. For
instance, Lui et al reported a non-significant association between loneliness levels and the degree of headache improve-
ment in a clinical cohort."® Similarly, another study found no significant correlation between total loneliness scores and
pain intensity in patients undergoing spinal cord stimulation for chronic pain management.'* In contrast, a study by Wolf
et al indicated a predictive relationship wherein heightened daily feelings of loneliness were associated with increased
subsequent pain in individuals diagnosed with fibromyalgia.'>

Consequently, while prior survey-based research provides general support for an association between loneliness and pain,
the precise nature and temporal dynamics of this relationship within clinical chronic pain populations remain incompletely
elucidated. This ambiguity may be attributed to several key factors: (1) a relative paucity of longitudinal studies directly
examining the reciprocal relationship between loneliness and pain in individuals with chronic pain, and (2) an insufficient
consideration of potential moderating variables, such as pertinent patient demographics (eg, age) and specific pain-related
characteristics (eg, diagnosis). Existing evidence suggests that advanced age constitutes a risk factor for both loneliness'® and
chronic pain;'”'® however, the moderating influence of age on the loneliness-pain interaction remains underexplored.

Among the many diagnostic categories for chronic pain, such as spondylosis, neuropathic pain, headache, complex
regional pain syndrome (CRPS), and low back pain, fibromyalgia warrants special attention. Fibromyalgia is a chronic
disorder characterized by widespread pain, accompanied by frequent symptoms such as fatigue, insomnia, morning
stiffness, depression, and anxiety.'® High levels of negative emotional states, including depression and anxiety, are
positively linked to increased pain intensity, fatigue, and cognitive deficits.’® Furthermore, research indicates that
individuals with fibromyalgia frequently report feelings of social isolation, misunderstanding, and rejection from their
support networks, including family, friends, and healthcare professionals.’ This phenomenon, combined with elevated
levels of social invalidation and a heightened sensitivity to both physical and emotional stimuli,** may render them
especially susceptible to loneliness.

To address these identified gaps in the current understanding, the present study employed a longitudinal research
design to prospectively investigate the association between pain and loneliness specifically within a clinical cohort of
individuals with chronic pain. Furthermore, this investigation aimed to explore the potential moderating roles of both
diagnostic category (focused on fibromyalgia) and age on these observed relationships. We hypothesize that greater pain
severity will predict higher levels of loneliness over time, and conversely, that higher levels of loneliness will predict
greater subsequent pain severity. We further hypothesize that these reciprocal associations will be more pronounced in
older adults and in individuals with a diagnosis of fibromyalgia.

Materials and Methods

Participants and Procedures

The current study focused on individuals experiencing chronic pain. This study was conducted at an outpatient Pain
Clinic in a medical center in the northern region of Taiwan. All patients were cared by pain specialists, and fibromyalgia
was diagnosed following the 2016 American College of Rheumatology diagnostic criteria. Ethical approval for the study
protocol was obtained from the Institutional Review Board (IRB: 201605046RIND) of the National Taiwan University
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Hospital. This study complies with the declaration of Helsinki. Prior to enrollment, all participants provided written
informed consent, ensuring adherence to ethical guidelines.

The inclusion criteria for participation were: (1) adults aged 20 years or older; (2) having pain with a duration of at
least three months; and (3) attendance at the outpatient Pain Clinic for pain management. Exclusion criteria encompassed
individuals exhibiting communication barriers, such as significant auditory or visual impairments; those with a diagnosis
of dementia or other severe neurocognitive disorders; patients with a current diagnosis of cancer; and individuals with
a life expectancy of less than six months.

Data collection for this longitudinal study was conducted between November 2021 and June 2022. Participants
underwent comprehensive evaluations at baseline (T0) and at a three-month follow-up assessment (T1). During the study
period, participants continued to receive their usual medical management, which primarily consisted of pharmacological
interventions without psychological or behavioral therapies. The three-month follow-up interval was selected based on
the common scheduling practices for routine outpatient follow-up appointments for chronic conditions within the
Taiwanese healthcare system.

The research process commenced with trained research assistants providing detailed information regarding the study’s
objectives and procedures to potentially eligible patients attending their scheduled clinic appointments. Upon expressing
willingness to participate, patients were requested to sign a written informed consent form and subsequently complete the
study questionnaires. The majority of participants completed these questionnaires within 15 minutes. For the three-month
follow-up assessment, research assistants approached participants during their routine outpatient clinic follow-up
appointments and invited them to complete questionnaires.

Measurements

Demographic Variables and Pain Intensity

Participants’ medical records were systematically reviewed by pain physicians to categorize them into two distinct groups
based on their primary pain-related diagnosis (Dx): (1) Fibromyalgia and (2) Non-Fibromyalgia (eg, neuropathic pain such as
postherpetic neuralgia, spondylosis, CRPS, etc).?® Pain intensity experienced during the preceding week was assessed using
a numerical rating scale (NRS) ranging from 0 to 10, where 0 represented “no pain” and 10 represented “extreme pain” or
“worst pain imaginable”. Furthermore, the following demographic variables were recorded: pain duration (in months), sex,
age (in years), educational attainment, marital status, living arrangement, and current employment status.

Loneliness

Loneliness was assessed using the three-item version of the UCLA Loneliness Scale (UCLA-3).** The UCLA-3,
a shortened adaptation of the Revised UCLA Loneliness Scale, was developed to facilitate the evaluation of loneliness
in large-scale community surveys due to the length and potential respondent burden associated with the original 20-item
versions (UCLA Loneliness Scale Version 3).2° The three items comprising the UCLA-3 are: “How often do you feel that
you lack companionship?”, “How often do you feel left out?”, and “How often do you feel isolated from others?”. The
UCLA-3 demonstrates acceptable internal consistency, with a reported Cronbach’s alpha coefficient of 0.72. The
Traditional Chinese (Taiwanese) version of the UCLA-3 has exhibited sound psychometric properties, including good
internal consistency (Cronbach’s o = 0.76) and satisfactory convergent and construct validity, as evidenced in a recent
study.”® Participants were instructed to respond to each item using a 5-point Likert scale ranging from “1 Never” to “5
Always”. Higher total scores on the UCLA-3 indicate a greater level of perceived loneliness.

Statistical Analysis
Descriptive statistics were computed for all variables included in the analyses. To assess for potential bias, sensitivity
analyses employing Chi-square tests and independent samples #-tests were conducted to examine for significant baseline
differences between participants who completed the three-month follow-up and those who did not.

To investigate the moderating effects of pain diagnosis and age on the relationship between pain intensity and loneliness,
participants were categorized into: (1) two pain Dx groups: Fibromyalgia and Non-Fibromyalgia, based on the primary pain
diagnosis; and (2) three age groups: younger (< 49 years), middle-aged (50—64 years), and older (> 65 years). This age
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categorization was informed by a review,'® which indicated a complex relationship between age and pain, with some
evidence suggesting pain intensity may increase until middle age. Baseline group differences in categorical variables (eg,
sex, educational level) were examined using Chi-square tests. Differences in continuous variables (eg, age, pain duration)
across the Dx and age groups at baseline were assessed using independent samples ¢-tests and one-way analysis of variance
(ANOVA), as appropriate.

A 3-way Mixed-Design ANOVA (Age Group x Dx Group x Time) was employed to examine between-group
differences in pain intensity and loneliness across the age and diagnosis groups, within-group changes from baseline
(TO) to the three-month follow-up (T1), and the interaction effects among these factors.

Cross-lagged path analyses were conducted using structural equation modeling (SEM) to examine the temporal
relationships between pain intensity and loneliness. Model estimation was performed using the maximum likelihood
method, with 2000 trials of bias-corrected bootstrapping to estimate parameters and derive 95% confidence intervals. The
specified model included the following pathways: (1) baseline pain intensity (T0) predicting both pain intensity and
loneliness at follow-up (T1); (2) baseline loneliness (T0) predicting both pain intensity and loneliness at follow-up (T1);
(3) a correlation between baseline pain intensity and loneliness (T0); and (4) a correlation between the residuals of pain
intensity and loneliness at follow-up (T1). The hypothesized model was a just-identified model; thus, the overall model fit
statistics are trivially perfect. Multigroup SEM was utilized to examine the moderating effects of pain diagnostic group
and age groups on the temporal relationships between pain intensity and loneliness.

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) and Analysis of
Moment Structures (AMOS) software, version 21.0 (IBM Corp., Armonk, NY, USA).

Results
At baseline, 298 individuals meeting the inclusion criteria were invited to participate, with six individuals declining to
participate. Consequently, a total of 292 participants were included in the baseline assessment. Of these, 175 (59.9%)
completed the three-month follow-up assessment. Sensitivity analyses revealed no statistically significant differences in
any of the examined baseline variables between participants who completed the follow-up and those who did not (Table S1).
The final sample for analysis comprised 175 patients with chronic pain who completed both baseline and follow-up
assessments. The mean age of the participants was 60.42 = 13.73 years, with 109 (62.3%) being female. In terms of
educational attainment, 93 (53.1%) participants had completed 13 or more years of education. The majority of the sample
was married (n = 109, 62.3%), living with one to two other individuals (n =101, 57.7%), and retired (n =73, 41.7%). Based on
pain diagnosis, 45 (25.7%) participants were diagnosed with fibromyalgia (age range: 21-82 years), while 130 (74.3%) were
categorized into the non-fibromyalgia group (age range: 26-91 years). Within the non-fibromyalgia group, the most frequent
diagnostic categories included spondylosis (n = 42, 32.3%), neuralgia (n = 38, 29.2%), and myofascial pain (n = 13, 10.0%).
The mean duration of chronic pain in the overall sample was 96.73 £+ 109.93 months, and the mean pain intensity at baseline
was 6.00 + 2.64 on the NRS. The mean score on the UCLA-3 loneliness scale at baseline was 6.26 + 3.00 (Table 1).

Table | Descriptive and Comparative Statistics of All Participants and by Diagnostic Group

Total (n = 175) Diagnostic Group it P
Fibromyalgia (n = 45) | Non-Fibromyalgia (n = 130)*
n/Mean | %ISD n/Mean %ISD n/Mean %ISD
Age 60.42 13.73 55.16 12.24 6223 13.79 —-3.05 | 0.003
Age Group
Younger Age (~49) 39 223 19 422 25 19.2 10.04 | 0.007
Middle Age (50-64) | 62 354 18 40.0 41 315
Old Age (65~) 74 423 8 17.8 64 49.2
(Continued)
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Table | (Continued).

Total (n = 175) Diagnostic Group 7t P
Fibromyalgia (n = 45) | Non-Fibromyalgia (n = 130)?
n/Mean | %ISD n/Mean %ISD n/Mean %ISD
Sex
Male 66 377 10 222 56 43.1 6.19 0.013
Female 109 62.3 35 778 74 56.9
Education
Senior High or Less | 82 46.9 17 37.8 65 50.0 2.00 0.157
College or Above 93 53.1 28 62.2 65 50.0
Marriage
Single 33 18.9 12 26.7 21 16.2 248 0.296
Married 109 62.3 25 55.6 84 64.6
Divorced/Widowed | 33 18.9 8 17.8 25 19.2
Living Status
Alone 25 14.3 5 1.1 20 15.4 0.64 0.727
With [~2 101 57.7 26 578 75 57.7
With 3 or more 49 28.0 14 311 35 26.9
Employment
Not Employed 23 13.1 I 244 12 9.2 7.29 0.063
Full Time 62 354 13 289 49 377
Part Time 17 9.7 5 .1 12 9.2
Retired 73 41.7 16 35.6 57 438
Pain Duration (month) | 96.73 109.93 | 95.87 99.67 97.02 113.63 -0.06 | 0.952
Pain Intensity 6.00 2.64 5.86 247 6.05 2.70 —0.43 | 0.671
UCLA-3 Loneliness 6.26 3.00 6.89 294 6.05 3.00 1.63 0.104

Notes: *Comprised of spondylosis 42 (32.3%), neuralgia 38 (29.2%), myofascial pain 13 (10.0%), back pain 10 (7.7%), arthritis 6 (4.6%), and others 21

(16.2%).

Descriptive and comparative statistics for the two pain diagnosis groups and three age groups are presented in Table 1

and Table 2, respectively. Independent samples ¢-tests and Chi-square tests revealed significant baseline differences

between the fibromyalgia and non-fibromyalgia groups only in age (fibromyalgia group significantly younger) and sex

Table 2 Descriptive and Comparative Statistics by Age Group

Age Group 2IF p
~49 (n = 39) 50~64 (n = 62) 65~ (n =74)
n/Mean | %ISD | n/Mean | %/SD | n/Mean | %ISD
Diagnosis
Fibromyalgia 14 359 21 339 10 13.5 10.04 | 0.007
Non-Fibromyalgia 25 64.1 41 66.1 64 86.5
Sex
Male 21 53.8 19 30.6 26 35.1 5.85 | 0.054
Female 18 46.2 43 69.4 48 64.9
(Continued)
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Table 2 (Continued).

Age Group 2IF P

~49 (n=39) | 50~64 (n=62) | 65~ (n=74)

n/Mean | %/SD | n/Mean | %I/SD | n/Mean | %/SD

Education
Senior High or less 13 333 24 387 45 60.8 10.30 | 0.006
College or above 26 66.7 38 61.3 29 39.2

Marriage
Single 18 46.2 12 19.4 3 4.1 37.20 | 0.000
Married 17 43.6 44 71.0 48 64.9
Divorced/Widowed | 4 10.3 6 9.7 23 31.1

Living Status

Alone 5 12.8 8 12.9 12 16.2 1.93 0.749
With [~2 20 51.3 37 59.7 44 59.5
With 3 or more 14 359 17 27.4 18 243

Employment

Not Employed 9 23.1 9 14.5 5 6.8 69.53 | 0.000

Full Time 28 71.8 25 40.3 9 12.2

Part Time 2 5.1 9 14.5 6 8.1

Retired 0 0.0 19 30.6 54 73.0
Pain Duration (month) | 88.72 114.05 | 83.15 9531 | 112.32 118.34 | 1.33 0.268
Pain Intensity 6.36 2.82 5.54 241 6.20 2.70 1.52 | 0.222
UCLA-3 Loneliness 777 2.90 5.84 2.65 5.82 3.10 6.76 0.001

(fibromyalgia group had a significantly higher proportion of females). Participants were subsequently categorized into
three age groups: younger (n = 39, 22.3%), middle-aged (n = 62, 35.4%), and older (n = 74, 42.3%). Chi-square tests
indicated significant differences in pain diagnosis category, educational level, marital status, and employment status
across these age groups. The older age group exhibited a higher percentage of participants with a non-fibromyalgia
diagnosis, senior high school education or less, widowed or divorced marital status, and retired employment status. One-
way ANOVA revealed a significantly higher mean loneliness score in the younger age group compared to the middle-
aged and older age groups (F = 6.76, p =0.000, 7° =0.073).

The results of the 3-way Mixed-Design ANOVA (Table 3) revealed a significant two-way interaction between Age
Group and Time (F = 3.30, p =0.039, ° =0.008), and a significant main effect of Time (F = 10.28, p =0.002, 5° =0.013)
on pain intensity. Post-hoc analyses indicated a significant decline in pain intensity from baseline to follow-up in the
older age (p =0.001, d = 0.575) and middle-aged (p =0.034, d = 0.275) groups, but not in the younger age group.
Furthermore, a significant main effect of Time indicated an overall significant decline in pain intensity across all
participants (Figure 1a). Regarding loneliness, the 3-way Mixed-Design ANOVA revealed significant two-way interac-
tions between Age Group and Time (F = 3.30, p =0.039, 5° =0.006) and between Diagnosis Group and Age Group (F =
4.37, p =0.014, #° =0.040) (Table 3). Post-hoc tests for the Age Group x Time interaction showed that the younger age
group reported a significantly higher loneliness score than the middle-aged group at baseline (p =0.002, d = 0.682), but
no other significant changes in loneliness over time were observed within age groups. For the Diagnosis Group x Age
Group interaction, post-hoc tests indicated that participants with fibromyalgia reported a significantly higher loneliness
score than those with non-fibromyalgia in the older age group (p =0.001, d = 1.009) (Figure 1b).
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Table 3 Results of 3-Way Mixed-Design ANOVA Examining the Effects of Age Group, Diagnosis Group, and Time on Pain Intensity and Loneliness

Base Line 3-Month Follow-Up Dx Age Time Dx Age Dx
R R R . R R . . Group Group x Time x Time x Age
Fibromyalgia | Non-Fibromyalgia | Fibromyalgia | Non-Fibromyalgia
Mean SD Mean SD Mean SD Mean SD F P F P F P F P F F P
Pain Intensity
Younger Age | 5.36 3.15 | 6.92 2.52 5.57 271 | 676 2.44 081 | 0.370 | 2.07 | 0.130 | 10.28 | 0.002 | 0.93 | 0.335 | 3.30 | 0.039 | 1.43 | 0.243
Middle Age 5.62 1.72 | 5.50 2.71 4.86 2.10 | 485 2.61 F p
Old Age 7.05 263 | 6.06 2.71 4.80 253 | 537 2.53 Dx x Age x Time 1.50 | 0.227
Loneliness
Younger Age | 7.57 290 | 7.88 2.95 6.71 281 | 7.52 3.10 2.72 | 0.101 | 3.06 | 0.050 | 0.46 0.501 | 0.03 | 0.859 | 3.19 | 0.044 | 437 | 0.014
Middle Age 5.76 236 | 5.88 2.8l 6.43 266 | 6.17 241 F p
Old Age 8.30 343 | 544 2.88 8.00 346 | 522 2.68 Dx x Age x Time 0.48 | 0.622

Abbreviation: Dx, Diagnosis.
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Figure | The results of Mixed-Design ANOVA on (a) pain intensity and (b) loneliness.

Cross-Lagged Path Analysis

The standardized path coefficients from the cross-lagged path analysis for the entire sample are presented in Figure 2a
(detailed results in Table S2). Baseline loneliness (TO) positively predicted pain intensity at follow-up (T1) (8 = 0.20,
p =0.002), while baseline pain intensity (T0) negatively predicted loneliness at follow-up (T1) (8 = —0.10, p =0.017).
Autoregressive paths for both pain intensity (TO to T1) and loneliness (TO to T1) were statistically significant.

The results of the multigroup path analysis stratified by pain diagnosis are presented in Figure 2b. Baseline loneliness
(TO) positively predicted pain intensity at follow-up (T1) in the non-fibromyalgia group (8 = 0.26, p =0.001), but this
path was not significant in the fibromyalgia group (8 = 0.03, p =0.840). Baseline pain intensity (T0) did not significantly
predict loneliness at follow-up (T1) in either the fibromyalgia or non-fibromyalgia groups. All autoregressive paths
remained significant within both diagnostic groups.

The results of the multigroup path analysis stratified by age groups presented in Figure 2c¢, indicated that baseline
loneliness (TO) positively predicted pain intensity at follow-up (T1) in the middle-aged group (8 = 0.20, p =0.019), but
not in the younger (f = 0.12, p =0.302) or older (f = 0.14, p =0.227) age groups. Baseline pain intensity (T0) negatively
predicted loneliness at follow-up (T1) in the older age group (8 = —0.15, p =0.035), but not in the younger (# = —0.07,
p =0.462) or middle-aged (f = —0.04, p =0.639) groups. Autoregressive paths for both pain intensity and loneliness were
significant across all three age groups.

Discussion

To the best of our knowledge, this study represents a novel contribution to the literature by employing a longitudinal
design to specifically investigate the bidirectional association between chronic pain and loneliness within a clinical
population of chronic pain patients, while also examining the potential moderating roles of fibromyalgia and age. The

results showed that for patients with chronic pain, higher pain intensity can predict lower loneliness, and higher
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Figure 2 The results of the standardized parameter estimate of the cross-lagged path analysis for (a) all participants, (b) by diagnostic groups, and (c) by age groups.

loneliness can predict higher pain intensity 3 months later. Furthermore, the interplay between pain intensity and
loneliness was found to be moderated by both fibromyalgia and age.

The observation that higher baseline loneliness predicted increased pain intensity at the three-month follow-up aligns
with findings from prior research focusing on chronic pain'® and other medical conditions that often involve pain. For
instance, a cross-sectional study found that greater loneliness is associated with higher pain levels in breast cancer
patients,”’ and a subsequent longitudinal study has indicated that loneliness is a significant predictor of pain exacerbation
in cancer patients over time.?® This finding aligns with the conceptualization of social pain, which posits that experiences
of social injury, such as bereavement, exclusion, neglect, rejection, humiliation, or embarrassment, can initiate or
intensify physical pain perception.®

Conversely, the finding that higher baseline pain intensity negatively predicted loneliness at the three-month follow-
up, particularly significant in the older age group, presents an intriguing divergence from our initial hypothesis and
previous survey-based studies that generally reported a positive association between pain intensity and loneliness. This

discrepancy may be attributable to fundamental differences in the assessment of pain intensity between clinical patient
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populations and general survey samples. Survey studies often employ broad, single-item indicators to ascertain the

presence of pain,”!'"!2

which may capture a wider spectrum of pain experiences, including those of lower intensity or
intermittency. In contrast, individuals seeking care within a clinical setting for chronic pain are likely experiencing more
severe and persistent symptoms, necessitating active engagement with the healthcare system and allocation of personal
resources for treatment. The average pain intensity reported by participants in this study (6 out of 10 on the NRS)
underscores this distinction in pain severity between the two populations.

Why does severity matter? As mentioned in the biopsychosocial model of pain® and the fear avoidance model of
pain,? pain intensity can positively predict loneliness. Patients may reduce their social activities because of pain, making
them more likely to experience exclusion and neglect. However, this might not be the entire story. As Sullivan et al
suggested,®” pain could be viewed as a communal or interpersonal coping dimension. They believed that the purpose of
stronger pain perception and/or expression, or even catastrophizing their pain, was to maximize the likelihood of
receiving help, sympathy, and/or support from others in their social network. However, if patients express their pain
intensively but fail to receive help and care from those around them, they might feel even more helpless. Considering the
differences between clinical and survey studies, it could be reasonable that people with chronic pain who need to visit
pain specialists, take pain medications, or undergo treatments (eg, nerve block and operations) have a better chance of
receiving social support. Therefore, it is plausible that the current study’s finding of higher pain intensity predicting lower
loneliness reflects the unique social support dynamics experienced by individuals actively managing their chronic pain
within a healthcare system.

Age as a Moderator

The current study revealed a significant moderating effect of age on the relationship between pain and loneliness, with
distinct patterns observed across different age groups. Specifically: (1) higher baseline loneliness predicted greater pain
intensity at the three-month follow-up in middle-aged patients, but not in younger or older patients; and (2) higher
baseline pain intensity significantly predicted lower loneliness at the three-month follow-up in older patients, but not in
younger or middle-aged patients.

From the perspective of discussing chronic pain in a social context, Karos et al*' argued that there is a social norm
that “people should be healthy and autonomous”. Individuals with chronic pain, experiencing prolonged periods (> 3
months) of compromised health and functional independence, deviate from this norm, potentially increasing their
vulnerability to social exclusion or neglect. However, this social expectation of health and autonomy may be less
stringently applied to older adults, for whom illness and the need for assistance are more commonly held stereotypes.*”
Consequently, older adults with chronic pain may align more readily with the “elderly norm”, potentially facilitating
greater access to needed social support. For instance, a study of older adults with arthritis demonstrated that those
reporting higher levels of pain also reported receiving more tangible social support.”® Our finding that greater baseline
pain intensity predicted lower loneliness at the three-month follow-up in older adults may support the hypothesis that this
age group, aligning more closely with societal expectations of needing assistance, is more likely to receive social support
when expressing pain, thereby fulfilling their social needs (eg, belonging) and mitigating loneliness.

Moreover, it seems devastating that middle-age patients reporting more severe pain did not reduce their loneliness as
the older patients do, but loneliness could further aggravate their pain. Briefly, even if the initial cause of the pain is
purely physical, being rejected by others while asking for help (eg, maybe by expressing pain to communicate the
support they needed) could cause social harm and loneliness, which in turn worsens the pain. Thus, regardless of whether
the pain was originally caused by physical or social injury, chronic pain per se could further impair self-regulatory
processes, negatively affecting cognition and emotion and leading to maladaptive outcomes such as learned helplessness,
depression, feelings of worthlessness, and marginalization.® To some extent, the results of the current study echo the
advocacy of some scholars who suggest including the evaluation of social distress at the interpersonal and societal levels
in integrative chronic pain care.>**> Furthermore, younger and especially middle-age (50~64) patients with chronic pain
might be at risk of social distress. Further studies are required to clarify the effect of age on chronic pain from a more
comprehensive biopsychosocial perspective.
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The current study found that pain diagnosis groups moderated the relationship between pain and loneliness: 1) higher
loneliness could predict higher pain intensity in patients with non-fibromyalgia, and 2) the cross-prediction between pain
and loneliness was not significant in patients with fibromyalgia.

The absence of a significant association between pain and loneliness in patients with fibromyalgia is a surprising
finding, given that fibromyalgia is often recognized as a prototypical nociplastic pain condition.”**® Nociplastic pain, as
defined by the International Association for the Study of Pain (IASP),’” is “pain that arises from altered nociception
despite no clear evidence of actual or threatened tissue damage causing the activation of peripheral nociceptors or
evidence for disease or lesion of the somatosensory system causing the pain”. The fundamental distinction between
fibromyalgia and non-fibromyalgia pain lies in the lack of clear objective evidence indicating actual or potential
physiological tissue damage in the former. The uncertain pathology underlying nociplastic pain conditions, including
fibromyalgia, can pose challenges in diagnosis and explanation, potentially acting as a risk factor for heightened social
distress. Research suggests that the general population exhibits less empathy and willingness to assist or interact with
individuals experiencing medically unexplained pain.*® Consequently, it is plausible that patients with fibromyalgia
experience more profound social injury, and that their pain experience further exacerbates threats to their social self, such
that the construct of “loneliness” as measured by the UCLA-3 may not fully capture the extent of their social distress.
Furthermore, given that fibromyalgia is more prevalent among middle-aged populations and our results show that
loneliness positively predicts pain in this age group, future research is warranted to elucidate the nuanced ways in
which pain diagnosis influences the intricate relationship between pain and loneliness, taking into account other common

related biopsychosocial factors, such as fatigue.

Limitations

This study faced significant recruitment challenges due to the COVID-19 pandemic. Strict access controls in Taiwanese
healthcare facilities, implemented from January 2021, likely reduced enrollment and increased attrition. Although
nationwide guidelines eased restrictions later in June 2022, these changes occurred towards the end of data collection.
Consequently, only 175 (59.9%) of 292 initial participants, and 45 (60.8%) of 74 fibromyalgia patients completed the
three-month follow-up. This reduced sample size limited our statistical power, preventing complex analyses like path
analysis with simultaneous moderation by age and diagnosis. The relatively small sample of fibromyalgia warrants that
the results should be interpreted with caution. The three-month follow-up may not be long enough to capture the long-
term bidirectional effects between pain and loneliness. The effects of COVID-19 on loneliness could not be evaluated in
this study. Future studies need larger samples and longer follow-up periods to comprehensively examine the multifaceted

interplay of factors in chronic pain and loneliness.

Conclusion

This study provides evidence that in patients with chronic pain: (1) higher baseline pain intensity can predict lower
loneliness at a three-month follow-up, and (2) higher baseline loneliness can predict greater pain intensity at the same
time point. Furthermore, the relationship between pain and loneliness was found to be moderated by both fibromyalgia
and age groups, revealing complex interaction patterns. These findings suggest that the psychosocial dimension of
loneliness can exacerbate pain, while conversely, pain may, especially in certain contexts (ie, old age), mitigate
loneliness. This challenges the notion of a simple vicious cycle of escalating pain and loneliness and suggests that
pain expression may, at times, serve as a signal for help in interpersonal contexts for individuals with chronic pain,

a dynamic that warrants greater attention from healthcare professionals.
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