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Aim: This cross-sectional study aimed to explore the relationships among family functioning, pain, pain catastrophizing, and
kinesiophobia in patients after permanent pacemaker implantation, and to examine the serial indirect effects of pain and pain
catastrophizing.

Background: Kinesiophobia is common among patients after pacemaker implantation and may hinder participation in cardiac
rehabilitation. Although previous studies have reported associations between family functioning, pain, pain catastrophizing, and
kinesiophobia, how these factors are interrelated remains unclear.

Methods: This was a cross-sectional study. A convenience sample of 211 patients who underwent permanent pacemaker implantation
was recruited from October 2025 to January 2026 in a tertiary hospital in Yinchuan, Ningxia, China. Data were collected using
questionnaires including the Family APGAR Index, Numeric Rating Scale (NRS), Pain Catastrophizing Scale (PCS), and Tampa Scale
for Kinesiophobia Heart (TSK-SV Heart). Data were analysed using descriptive statistics, Pearson correlation analysis, and serial
mediation analysis with Model 6 of the PROCESS macro version 4.0.

Reporting Method: This study followed the STROBE reporting guideline.

Results: A total of 211 patients were included (mean age 66.08 years, SD = 12.67). The prevalence of kinesiophobia was 59.7%.
Pearson correlation analysis showed that family functioning was negatively correlated with kinesiophobia (r = —0.39, p < 0.001), pain
(r=-0.30, p <0.001), and pain catastrophizing (r = —0.34, p < 0.001). Pain was positively correlated with kinesiophobia (r = 0.39, p <
0.001) and pain catastrophizing (r = 0.33, p < 0.001). Pain catastrophizing was positively correlated with kinesiophobia (r = 0.49, p <
0.001). Serial mediation analysis revealed significant indirect effects. The serial indirect effect of family functioning on kinesiophobia
through pain and pain catastrophizing was significant (effect = —0.06, 95% CI: —0.14 to —0.01). The total indirect effect was —0.58
(95% CI: —0.88 to —0.32).

Conclusion and Relevance to Clinical Practice: In this cross-sectional study, family functioning was associated with kinesio-
phobia, and pain and pain catastrophizing showed significant serial indirect effects in this relationship. These findings suggest that
family support, pain management, and pain catastrophizing may be important areas for future intervention research aimed at reducing
kinesiophobia and promoting cardiac rehabilitation participation. However, causal conclusions cannot be drawn because of the cross-
sectional design, and longitudinal studies are needed to confirm these findings.
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Introduction
Permanent pacemaker implantation is a primary therapeutic intervention for patients with bradyarrhythmia and cardiac

conduction disorders.! With the accelerating ageing population and the increasing prevalence of cardiovascular diseases,
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the clinical use of pacemakers has expanded substantially worldwide.> Currently, more than 3.25 million individuals
globally are living with permanent pacemakers, with annual implantation rates increasing by 10%-30%." In China alone,
approximately 166,000 devices are implanted each year.* Although advancements in pacing technology have markedly
improved survival rates and quality of life, postoperative rehabilitation challenges have received growing attention.
Postoperative pain and activity restriction are among the most frequently reported complications following pacemaker
implantation.”® Kinesiophobia, defined as an excessive and irrational fear of movement due to concerns about pain or
reinjury, has emerged as a prevalent psychological response in this population.” Evidence indicates that the incidence of
kinesiophobia among patients after pacemaker implantation may reach as high as 81.4%.® Kinesiophobia can lead
patients to deliberately limit physical activity, thereby delaying cardiopulmonary and muscular recovery and increasing
the risk of complications such as thrombosis and muscle atrophy.” In addition, concerns about device-related complica-
tions, such as lead dislodgement or Twiddler syndrome, may further increase patients’ fear of movement after pacemaker
implantation.'® Therefore, identifying factors associated with kinesiophobia in patients following pacemaker implanta-
tion is essential for optimising postoperative rehabilitation management.

Family functioning, which represents a crucial source of social support in chronic disease management and post-
operative rehabilitation, refers to the emotional, informational and practical support perceived and received by patients
from family members during the disease recovery process.'' In patients with cardiovascular diseases, family functioning
has been recognised as an important external resource influencing psychological adjustment and behavioural recovery.
Previous studies have demonstrated that adequate family support can alleviate negative emotions, enhance patients’
confidence in rehabilitation and promote the maintenance of health-related behaviours. Conversely, insufficient family
support may intensify anxiety and avoidance tendencies, thereby reducing patients’ willingness to actively engage in
rehabilitation activities.'> Compared with patients reporting lower levels of family functioning, those with stronger
family support tend to achieve significantly higher postoperative quality-of-life scores.'® Persistent postoperative pain is
relatively common after cardiac surgery, with approximately 37% of patients experiencing pain at 6 months post-
operatively and about 17% still reporting pain more than 2 years after the procedure.'* Previous studies have shown that
persistent or high-intensity pain may delay functional recovery and induce avoidance of physical activity.'> Although the
present study focused on the early postoperative stage, acute postoperative pain may similarly contribute to patients’
concerns about movement and participation in rehabilitation activities. Evidence suggests that higher levels of family
support are significantly associated with lower pain intensity and greater participation in rehabilitation activities,
indicating that family functioning may also be related to patients’ pain experience.'®

Beyond pain itself, patients’ cognitive appraisal of pain also plays an important role in the development of kinesiophobia.
Pain catastrophizing refers to an exaggerated negative cognitive response to actual or anticipated pain, characterised by
persistent rumination about pain, excessive concern about its consequences and feelings of helplessness.'” Previous research
has demonstrated that pain catastrophizing is associated with greater pain perception, increased anxiety, and stronger
avoidance behaviours, and is regarded as an important psychological correlate of kinesiophobia.'® In addition, social support
has been shown to buffer individuals’ catastrophic cognitive responses to pain. A study involving patients with chronic pain
reported that supportive and positive interactions with family members were significantly associated with lower levels of pain
catastrophizing.'” According to the biopsychosocial model, individuals’ health outcomes are shaped by the dynamic
interaction of biological, psychological and social factors.”’ In the context of postoperative recovery, this model provides a
theoretical rationale for examining how social factors (family functioning), biological factors (pain), and psychological factors
(pain catastrophizing) jointly influence kinesiophobia.

The fear-avoidance model provides a theoretical framework suggesting that pain may be associated with negative
cognitive appraisals such as pain catastrophizing, which may in turn relate to fear of movement and avoidance
behaviours.?! However, no study has yet tested whether pain and pain catastrophizing sequentially mediate the associa-
tion between family functioning and kinesiophobia in patients after pacemaker implantation. Therefore, guided by the
biopsychosocial model and fear-avoidance framework, the present cross-sectional study aimed to investigate the
associations among family functioning, pain, pain catastrophizing and kinesiophobia, and to test the serial indirect
effects of pain and pain catastrophizing in the association between family functioning and kinesiophobia. Based on this
framework, the following hypotheses were proposed: H1: Family functioning is associated with kinesiophobia. H2: Pain

2 htps: Journal of Pain Research 2026:19



Xu et al

has an indirect effect in the association between family functioning and kinesiophobia. H3: Pain catastrophizing has an
indirect effect in the association between family functioning and kinesiophobia. H4: Pain and pain catastrophizing have a
serial indirect effect in the association between family functioning and kinesiophobia.

Materials and Methods

Participants

This study employed a cross-sectional design. From October 2025 to January 2026, using convenience sampling, all
eligible patients admitted to the cardiology department, general medical wards, and geriatric wards of a tertiary hospital in
Yinchuan, Ningxia, China were consecutively invited to participate. Questionnaires were administered on postoperative
days 2-3, once patients’ vital signs were stable and pacemaker function (pacing and sensing) was verified as normal. This
timeframe allowed patients to complete the assessments cooperatively and reflected the early postoperative rehabilitation
stage following pacemaker implantation. The inclusion criteria were: (1) age > 18 years; (2) first-time implantation of a
single- or dual-chamber pacemaker; (3) New York Heart Association (NYHA) functional class < III; (4) ability to
communicate effectively and cooperate with the assessment; and (5) provision of written informed consent. The exclusion
criteria were: (1) presence of malignant tumors or severe diseases affecting major systems such as the brain or kidneys; (2)
occurrence of serious intraoperative or postoperative complications (eg, persistent fresh bleeding from the surgical wound);
(3) impaired consciousness; and (4) pre-existing chronic pain conditions or diagnosed mental health disorders.

The required sample size was estimated using the Cochran formula: n = Z2 S XX (1 — x)/8%, where o was set at
0.05 and Zo/2 = 1.96, corresponding to a 95% confidence interval (CI). The allowable margin of error (3) was set at 0.06,
and the estimated prevalence (m) of kinesiophobia (78%) was derived from Xu Yulin (2025).> Based on these
parameters, the minimum required sample size was calculated to be 184. Considering a potential non-response rate of
10%, the final required sample size was increased to 205 participants. A total of 211 patients were ultimately included.
For mediation analysis, Fritz and MacKinnon (2007) recommend a minimum of 148 participants to detect a medium--
sized indirect effect with 80% power, a threshold met by the present sample.”

Data Collection

This study was approved by the Ethics Committee of a tertiary hospital in Yinchuan, China. Prior to the survey, all
researchers received standardized training on data collection procedures. During the survey, the purpose and procedures
of the study were explained to all participants, and written informed consent was obtained. Data were collected through
face-to-face interviews using structured questionnaires. After collection, two trained researchers independently reviewed
the questionnaires to ensure completeness and consistency. A total of 220 questionnaires were distributed. Nine were
excluded due to invalid responses: two had >20% missing data, three had missing key variables, and four showed
patterned responses. No imputation methods were applied. Ultimately, 211 valid questionnaires were included (effective
response rate: 95.9%). The final sample size met the minimum sample size requirement estimated for this study.

Measures

Demographic Characteristics

A self-designed questionnaire was used to collect participants’ demographic and clinical information, including sex, age,
marital status, educational level, personal financial status, medical payment method, and New York Heart Association
(NYHA) functional classification.

Family APGAR Index

Family functioning was assessed using the Family Adaptation, Partnership, Growth, Affection, and Resolve (APGAR)
Index, developed by Smilkstein in 1982.%* The scale measures individuals® satisfaction with family functioning and
consists of five items covering adaptation, partnership, growth, affection, and resolve. Each item is rated on a three-point
Likert scale (0-2). Total scores range from 0 to 10, with scores of 0-3 indicating severe family dysfunction, 4-6
moderate dysfunction, and 7-10 good family functioning. The Chinese version has shown good reliability, with a
Cronbach’s a of 0.830.%°
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Numeric Rating Scale for Pain (NRS)

Pain intensity was assessed using the Numeric Rating Scale (NRS), a widely used unidimensional measure of pain.
Participants were asked to rate their pain on a scale ranging from 0 to 10, where 0 indicates no pain and 10 represents the
worst possible pain. Scores of 1-3 indicate mild pain, 4-6 moderate pain, and 7-10 severe pain.’® The NRS has
demonstrated good reliability and validity in clinical populations. Previous research reported a Cronbach’s o greater than
0.88, indicating good internal consistency and stability.*’

Pain Catastrophizing Scale (PCS)

Pain catastrophizing was measured using the Pain Catastrophizing Scale (PCS)."” The Chinese version includes 13 items
across three dimensions: rumination (4 items), magnification (3 items), and helplessness (6 items). Each item is rated on a
five-point Likert scale ranging from 0 (“not at all””) to 4 (“all the time”), with total scores ranging from 0 to 52. Higher
scores indicate greater pain catastrophizing. The scale demonstrated excellent internal consistency, with a reported
Cronbach’s a of 0.927.%

Tampa Scale for Kinesiophobia Heart (TSK-SV Heart)

Kinesiophobia was assessed using the short version of the Tampa Scale for Kinesiophobia Heart (TSK-SV Heart),
developed by Bick et al in 2012.%° The scale consists of 17 items across four dimensions, including fear of injury, fear of
physical activity, avoidance of exercise, and dysfunctional beliefs. Each item is rated on a four-point Likert scale ranging
from 1 (“completely disagree”) to 4 (“completely agree”). Items 4, 8, 12, and 16 are reverse-scored. Total scores range
from 17 to 68, with higher scores indicating greater levels of kinesiophobia. A score greater than 37 suggests the
presence of kinesiophobia. The scale demonstrated acceptable reliability, with a reported Cronbach’s o of 0.859.%°

Statistical Analyses

All statistical analyses were performed using IBM SPSS Statistics version 27.0. The mediation analysis was conducted
using the PROCESS macro for SPSS, version 4.0 (written by Andrew F. Hayes). Harman’s single-factor test was
performed to assess common method bias.>' All measurement items from the core instruments were entered into an
unrotated exploratory factor analysis.

Continuous variables were expressed as mean and standard deviation (SD), while skewed data were presented as
median and interquartile range (IQR). Group differences in continuous variables were analyzed using independent-
samples #-tests, and categorical variables were presented as frequencies and compared using the chi-square (y?) test.
Pearson’s bivariate correlation analysis was conducted to examine the relationships between variables. Before conducting
the correlation and mediation analyses, assumptions including normality, linearity, multicollinearity, and influential
outliers were examined. Multicollinearity was assessed using variance inflation factor (VIF) values. Serial mediation
analysis was conducted using Model 6 of the PROCESS macro. The significance of regression coefficients and indirect
effects was evaluated using a bootstrap method with 5000 resamples to generate 95% confidence intervals (CI). An
indirect effect was considered statistically significant if the 95% CI did not include zero.

Ethical Considerations

This study was approved by the Ethics Committee of the General Hospital of Ningxia Medical University and was conducted
in accordance with the Declaration of Helsinki (Approval No. KYLL-2023-0259). All participants were fully informed of the
study purpose, procedures, potential risks, and benefits, and provided written informed consent prior to participation.

Results
Common Method Bias Test

Harman’s single-factor test was conducted to examine common method bias. All 37 items from the core instruments—the
Numeric Rating Scale (NRS), Family APGAR Index, Pain Catastrophizing Scale (PCS), and Tampa Scale for Kinesiophobia
Heart (TSK-SV Heart)—were entered simultaneously into an unrotated exploratory factor analysis. The results showed that
six factors with eigenvalues greater than 1 were extracted. The first factor accounted for 28.36% of the total variance, which
was below the critical threshold of 40%, indicating that common method bias was unlikely to be a serious issue.
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Socio-Demographic Characteristics

Among the 211 participants, 59.7% (n = 126) exhibited kinesiophobia. The participants’ ages ranged from 25 to 89 years,
with a mean age of 66.08 (12.67) years, and 46.9% were male. As shown in Table 1, significant differences were
observed between the kinesiophobia group and the non-kinesiophobia group in age, educational level, medical payment
method, and New York Heart Association (NYHA) classification after permanent pacemaker implantation (p < 0.05).

Scale Scores

As shown in Table 2, the distributions of the Family APGAR Index, pain intensity, pain catastrophizing, and kinesio-
phobia scores were skewed. The median scores were 7.00 (IQR: 5-9) for family functioning, 2.00 (IQR: 1-3) for pain
intensity, 21 (IQR: 13-31) for pain catastrophizing, and 44 (IQR: 31-48) for kinesiophobia.

Correlation Analysis of Family Functioning, Pain, Pain Catastrophizing, and
Kinesiophobia

Pearson’s correlation analysis showed that family functioning had weak to moderate negative correlations with pain (» =
—0.30, p < 0.001), pain catastrophizing (» = —0.34, p < 0.001), and kinesiophobia ( = —0.39, p < 0.001). Pain showed a
weak positive correlation with pain catastrophizing (» = 0.33, p < 0.001) and a moderate positive correlation with
kinesiophobia (» = 0.39, p < 0.001). Pain catastrophizing showed a moderate positive correlation with kinesiophobia (» =
0.49, p < 0.001). The detailed results are presented in Table 3.

Table | Participant Characteristics Stratified by Kinesiophobia Status (N=211)

Characteristics Total (N=211) | No Kinesiophobia (N=85) | Kinesiophobia (N=126) tly? P
Age, Mean (SD) 66.08 (12.67) 59.19 (13.73) 70.73 (9.43) —6.752 | <0.001
Gender, N (%) 2961 0.085
Male 99 (46.9) 46 (54.1) 53 (42.1)

Female 112 (53.1) 39 (45.9) 73 (57.9)

Marital status, N (%) 1.041 0.308
Married 188 (89.1) 78 (91.8) 110 (87.3)

Divorced or widowed 23 (10.9) 7(82) 16 (12.7)

Education level, N (%) 53.381 | <0.001
Junior high school or below 121 (57.3) 23 (27.1) 98 (77.8)

High school or above 90 (42.7) 62 (72.9) 28 (22.2)

Occupation, N (%) 1.027 0.598
Unemployed 79 (374) 29 (34.1) 50 (39.7)

Manual labor 51 (24.2) 20 (23.5) 31 (24.6)

Non-manual worker 81 (384) 36 (42.4) 45 (35.7)

Residence, N (%) 0.879 0.348
Rural 115 (54.5) 43 (50.6) 72 (57.1)

Urban 96 (45.5) 42 (49.4) 54 (42.9)

Medical insurance, N (%) 6.883 0.009
Resident/Rural medical insurance 141 (66.8) 48 (56.5) 93 (73.8)

Employee medical insurance 70 (33.2) 37 (43.5) 33 (26.2)

Monthly family income, N (%) 0.033 0.856
<3000 RMB 130 (61.6) 53 (62.4) 77 (61.1)

23000 RMB 8l (384) 32 (37.¢) 49 (38.9)

NYHA class, N (%) 33.116 | <0.001
| 51 (242) 31 (36.5) 20 (15.9)

Il 79 (374) 41 (48.2) 38 (30.1)

1] 8l (384) 13 (15.3) 68 (54)

Abbreviation: NYHA, New York Heart Association.
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Table 2 Descriptive Statistics of Study Variables

(N =211)
Variables Score Median [IQR] Range
Family APGAR Index 7 (5-9) 0-10
Pain intensity 2 (1-3) 0-10
Pain Catastrophizing 21 (13-31) 0-52
Kinesiophobia 44 (31-48) 17-68

Abbreviations: IQR, interquartile range; APGAR, Adaptation,
Partnership, Growth, Affection, and Resolve.

Table 3 Correlation Analysis of Variables (N=211)

Family APGAR Index

Pain intensity

Pain Catastrophizing

Kinesiophobia

Family APGAR Index

Pain intensity —0.30%** I
Pain Catastrophizing —0.34%%* 0.33%%* |
Kinesiophobia —0.39%%* 0.39%%* 0.49%%* |

Note: **p < 0.001.

Abbreviations: APGAR, Adaptation, Partnership, Growth, Affection, and Resolve.

Path Analysis and Mediation Effects
Based on the univariate analyses (Table 1), age, educational level, method of medical payment, and NYHA class were
included as covariates in the mediation model. Prior to the mediation analysis, multicollinearity diagnostics were
examined. Variance inflation factor (VIF) values ranged from 1.17 to 1.21, indicating no evidence of significant
multicollinearity among the study variables. The regression results indicated that family functioning was negatively
associated with pain (B = —0.14, p < 0.001) and pain catastrophizing (B = —1.23, p < 0.001), while pain was positively
associated with pain catastrophizing (B = 1.74, p < 0.01). In the model predicting kinesiophobia, both pain (B =1.49, p <
0.01) and pain catastrophizing (B = 0.25, p < 0.001) showed significant positive associations, whereas family functioning
showed a significant negative association (B = —0.70, p < 0.05). All reported coefficients are unstandardized coefficients
(B). The serial mediation model is shown in Figure 1, and the regression results are presented in Table 4.
Bias-corrected bootstrap analysis with 5000 resamples was performed to estimate the confidence intervals of the
direct and indirect effects. The total effect of family functioning on kinesiophobia was —1.28, of which the direct effect
was —0.70, accounting for 54.79% of the total effect. Pain and pain catastrophizing showed significant serial indirect
effects in the association between family functioning and kinesiophobia, with a total indirect effect of —0.58, accounting

Pain
Catastrophizing

1.74*

Pain intensity

Family APGAR
Index

Kinesiophobia
-0.70*

Figure | The serial mediation model of family functioning, pain intensity, pain catastrophizing, and kinesiophobia in patients after permanent pacemaker implantation. Values
are unstandardized coefficients. The model was adjusted for age, educational level, medical payment method, and NYHA class. *p < 0.05, **p < 0.01,%*p < 0.001.
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Table 4 Regression Analysis for the Serial Mediation Model

Outcome Variable Predictor Variable R R2 F B t 95% CI
Pain intensity Family APGAR Index | 0.37 | 0.14 6.56 -0.14 | —3.67%* | [-0.22, —0.07]
Pain Catastrophizing Family APGAR Index | 0.50 | 0.25 11.00 | —1.23 | —3.59%% | [-1.90, —0.55]
Pain intensity 1.74 2.89%* [0.55, 2.93]
Kinesiophobia Family APGAR Index | 0.68 | 047 | 25.21 | —0.70 —2.60%* [-1.24, —0.17]
Pain intensity 1.49 3.15%* [0.56, 2.42]
Pain Catastrophizing 0.25 4.67+F* [0.15, 0.36]

Notes: All coefficients are unstandardized (B), Covariates included age, educational level, medical payment method, and NYHA class.
*p < 0.05, ¥p < 0.01, **p < 0.001.

Table 5 Analysis of the Mediating Role of Pain Intensity and Pain Catastrophizing

Pathways Effect Size | Standard Error | Boot Cl LL | Boot Cl UL | Relative Mediation Effect %
Indirect effect | -0.21 0.09 —0.40 —-0.07 16.32

Indirect effect 2 —-0.31 0.12 —0.56 —0.12 24.08

Indirect effect 3 —0.06 0.03 —0.14 —-0.01 4.8l

Total indirect effect —-0.58 0.14 —-0.88 -0.32 45.21

Direct effect —-0.70 0.27 -1.24 -0.17 54.79

Total effect —-1.28 - - - 100

Notes: Relative mediating effect=indirect effect / total effect x 100%. Indirect effect |: Family APGAR Index—Pain intensity—Kinesiophobia.
Indirect effect 2: Family APGAR Index—Pain Catastrophizing—Kinesiophobia. Indirect effect 3: Family APGAR Index—Pain intensity—Pain
Catastrophizing—Kinesiophobia.

for 45.21% of the total effect. Three significant mediation pathways were identified: (1) family functioning — pain —
kinesiophobia (effect = —0.21, 16.32% of the total effect); (2) family functioning — pain catastrophizing — kinesio-
phobia (effect = —0.31, 24.08% of the total effect); (3) family functioning — pain — pain catastrophizing —
kinesiophobia (effect = —0.06, 4.81% of the total effect). Detailed mediation results are presented in Table 5.

Discussion

This study explored the relationships among family functioning, pain, pain catastrophizing, and kinesiophobia in patients
after permanent pacemaker implantation and tested a serial mediation model. The findings showed that family functioning
was associated with kinesiophobia both directly and indirectly through its associations with pain and pain catastrophizing,
as well as through their sequential indirect pathway. These findings provide additional insight into biopsychosocial factors
associated with postoperative kinesiophobia and may help inform future nursing intervention research.

In this study, family functioning was significantly negatively associated with kinesiophobia, suggesting that lower
family functioning was related to higher levels of kinesiophobia, which is consistent with previous studies.? One possible
explanation is that some family members may underestimate the importance of postoperative rehabilitation after pacemaker
implantation and lack sufficient health knowledge to provide adequate support during recovery. As a result, patients may
receive less assistance and encouragement in daily activities and rehabilitation exercises, which may increase concerns
about potential discomfort or device-related risks during movement and lead to avoidance of physical activity.**** In some
cases, concerns about device-related complications, such as lead dislodgement, Twiddler syndrome, or upper-limb
neurovascular symptoms, may further increase patients’ fear of movement after pacemaker implantation.*>*® In addition,
insufficient family support may increase negative emotional experiences, such as loneliness or helplessness, which may
further contribute to fear of movement.*’

Previous systematic reviews have reported that the prevalence of kinesiophobia among patients with cardiovascular
disease is approximately 61%, which is consistent with the present findings and suggests that kinesiophobia is common
in this population.®® Further analysis showed that kinesiophobia was significantly associated with age, medical payment
method, educational level, and New York Heart Association (NYHA) functional class. With increasing age, declining
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physiological reserve may heighten concerns about cardiac workload and adverse events, which may be associated with
stronger avoidance tendencies. Patients with a higher out-of-pocket medical burden may experience greater anxiety about
disease recurrence or rehospitalization.*” In addition, individuals with lower educational levels may have limited ability
to interpret health information and recognize risks, making them more likely to perceive exercise-related discomfort as a
potential danger. Patients with more severe NYHA functional class often have lower confidence in their tolerance for
physical activity, which may further increase the likelihood of kinesiophobia.*® Therefore, healthcare professionals
should pay attention to these factors and consider interventions aimed at improving rehabilitation participation and
reducing movement-related concerns.

The results of this study showed that pain partially accounted for the association between family functioning and
kinesiophobia, representing 36.21% of the total indirect effect. Pain, defined as an unpleasant sensory and emotional
experience associated with tissue damage, is one of the common symptoms experienced by patients after permanent
pacemaker implantation.*' During this early postoperative stage, patients require both careful nursing care and emotional
support. Family members may not always have sufficient knowledge or confidence to provide appropriate support for
early mobilization and pain management after pacemaker implantation.** Insufficient family support may limit patients’
access to emotional and caregiving resources, which may make patients more attentive to postoperative discomfort and
contribute to a more negative pain experience. In turn, patients with higher pain levels may be more cautious about
movement because of concerns about discomfort, which may be reflected in lower willingness to engage in activity and
higher kinesiophobia scores.>”** Therefore, early postoperative management should include pain assessment, appropriate
analgesic treatment, and family involvement in rehabilitation care.

This study also found that pain catastrophizing partially accounted for the association between family functioning and
kinesiophobia, representing 53.45% of the total indirect effect. Family functioning was negatively correlated with pain
catastrophizing, which is consistent with previous ﬁndings.44 Patients after pacemaker implantation may experience
postoperative pain, restricted upper-limb movement, and concerns about device-related complications, which may
increase negative cognitive evaluations of pain.® Previous studies have shown that adequate family support can alleviate
pain experiences and reduce catastrophic thinking, whereas insufficient support may lead patients to focus excessively on
pain and its potential consequences.>***> Pain catastrophizing, in turn, has been identified as an important psychological
factor associated with kinesiophobia. Consistent with previous findings, this study also found a positive association
between pain catastrophizing and kinesiophobia.'®*® Therefore, adequate family support may be associated with lower
kinesiophobia by alleviating catastrophic pain-related cognition. Clinically, healthcare professionals should identify
patients with pain catastrophizing tendencies and provide health education and emotional support to promote participa-
tion in cardiac rehabilitation.

The results demonstrated a significant serial indirect effect of family functioning on kinesiophobia through pain and
pain catastrophizing. Specifically, lower family functioning was associated with higher acute postoperative pain, while
higher pain levels were also associated with stronger pain catastrophizing and higher kinesiophobia. This pattern is
consistent with the fear-avoidance model, in which pain-related cognitive appraisal is considered an important link
between pain experience and fear of movement. Previous studies have often examined the factors of kinesiophobia from
single domains, such as pain intensity or psychological cognition, whereas relatively few studies have explored the
combined effects of social support, pain experience, and cognitive appraisal.'>'® From a biopsychosocial perspective, the
present findings highlight a potential pathway through which family functioning is associated with kinesiophobia through
both pain and pain catastrophizing. According to the biopsychosocial model, social support may buffer negative
emotional responses to pain and influence individuals’ cognitive appraisal processes, thereby reducing catastrophic
thinking and improving perceptions of exercise-related discomfort.*’” Previous studies have also shown that patients with
higher levels of pain catastrophizing are more likely to interpret exercise-related discomfort as a potential threat, which
may reduce participation in physical activity and increase kinesiophobia.'® Therefore, in addition to strengthening
postoperative pain management, healthcare professionals should also pay attention to patients’ pain catastrophizing
tendencies and encourage family members to actively participate in rehabilitation care to reduce excessive concerns

about pain and promote engagement in cardiac rehabilitation.
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Limitations

This study has several limitations. First, the cross-sectional design limits the ability to establish causal relationships
among family functioning, pain, pain catastrophizing, and kinesiophobia. Therefore, the mediation findings should be
interpreted as cross-sectional statistical indirect effects rather than evidence of causal mediation, and future longitudinal
studies are needed to further confirm these associations. Second, questionnaires were administered on postoperative days
2-3; therefore, pain scores mainly reflected acute postoperative pain, and kinesiophobia may have represented early
concerns about movement and device-related safety rather than a stable long-term rehabilitation-related pattern. Third,
kinesiophobia was assessed using a self-reported scale and was not combined with objective measures of physical
activity, shoulder range of motion, or rehabilitation participation. Future research may incorporate objective indicators to
provide a more comprehensive assessment. In addition, all variables were assessed using self-reported questionnaires at a
single time point, which may have increased the risk of common method bias. Fourth, convenience sampling was used,
and participants were recruited from a single tertiary hospital, which may have introduced selection bias and limited the
representativeness and generalisability of the findings. Finally, some potentially relevant factors, such as anxiety,
depression, preoperative pain, previous physical activity, comorbidities, and postoperative complications, were not
included in the analysis. These unmeasured variables may have influenced the observed associations and should be
considered in future studies.

Conclusion

The present study showed that family functioning was associated with kinesiophobia in patients after permanent
pacemaker implantation, and pain and pain catastrophizing showed significant separate and serial indirect effects in
this cross-sectional model. These findings suggest that postoperative kinesiophobia may be understood from a biopsy-
chosocial perspective involving family support, acute postoperative pain, and pain-related catastrophic cognition. Given
the cross-sectional design, these associations should be confirmed in future longitudinal studies. Clinically, the findings
may help nurses identify patients at risk of kinesiophobia during the early postoperative period and inform future
intervention research aimed at improving rehabilitation participation after pacemaker implantation.
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