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Objective: This cross-sectional study aimed to identify latent profiles of pain catastrophizing among patients following cardiac
surgery and to examine their concurrent associations with fear of pain, sleep quality, and psychological resilience. We further tested
whether sleep quality and psychological resilience showed statistical indirect associations between pain catastrophizing profiles and
fear of pain in a pre-specified cross-sectional model.

Methods: This cross-sectional study included 468 patients who were assessed on postoperative days 3-5 after cardiac surgery at three
tertiary Grade-A general hospitals in Zhejiang and Guangdong Provinces, China, between July 2024 and August 2025. Core variables
were assessed using the Chinese Pain Catastrophizing Scale, the Simplified Chinese Fear of Pain Questionnaire-9, the Sleep Quality
Questionnaire, and the Connor-Davidson Resilience Scale, respectively.

Results: Latent profile analysis supported a three-profile solution with good classification accuracy (Entropy = 0.875), including low,
moderate, and high severity pain catastrophizing profiles, accounting for 22.44%, 56.20%, and 21.36% of participants. The three
profiles differed significantly in sleep quality (F = 24.624, P < 0.001), psychological resilience (F = 43.727, P < 0.001), and fear of
pain (F = 798.921, P < 0.001). Relative to the low profile, both the moderate and high profiles positively predicted fear of pain (B =
0.962 and B = 1.944, respectively; both P < 0.001). In the cross-sectional indirect-effect model, sleep quality showed small but
statistically significant indirect associations for both contrasts (moderate vs low: indirect effect = 0.026, 95% CI [0.004, 0.054]; high vs
low: 0.035, 95% CI [0.005, 0.076]). Psychological resilience showed a statistically significant suppression-type indirect association
only for the high- versus low-severity contrast (indirect effect = —0.058, 95% CI [-0.102, —0.020]).

Conclusion: These findings underscore the clinical importance of early identification and severity-stratified management of pain
catastrophizing in postoperative patients, with particular attention directed toward moderate- and high-severity subgroups.
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Introduction

Cardiac surgery represents a cornerstone therapeutic modality for coronary artery disease, valvular heart disease, aortic
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pathologies, and congenital cardiac malformations; ~ nevertheless, postoperative pain remains one of the central

challenges impeding early recovery and long-term quality of life.* This pain arises not only from incisional and deep
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tissue trauma,’ but is frequently compounded by multiple converging nociceptive sources, including sternal retraction,
pain triggered by respiration and coughing, drainage tube irritation, and referred pain to the shoulder and back.®’
Critically, the experience of pain is not entirely determined by the extent of tissue injury; under equivalent surgical
conditions, patients demonstrate substantial interindividual variability in pain intensity, distress, and functional
limitation,®” suggesting that pain-related cognitive and emotional processing plays a pivotal role in the maintenance
and amplification of postoperative pain. A thorough understanding of the psychological mechanisms underlying post-
operative pain in cardiac surgery patients therefore carries both considerable clinical value and theoretical significance
for the optimization of pain management strategies and the facilitation of postoperative rehabilitation.

Fear of pain refers to a multidimensional fearful response to actual or anticipated nociceptive stimuli, encompassing
fear of severe pain, fear of medical procedures, and fear of physical harm.'®'! Elevated fear of pain has been closely
linked to restricted functional activity, reduced rehabilitation participation, and heightened anxiety and depressive
symptoms among patients with chronic pain.'>'? In the context of cardiac surgery, the inherently traumatic nature of
the procedure, the intensive care unit environment, the experience of mechanical ventilation, and acute pain arising from
multiple sites collectively constitute a high-risk scenario for the provocation and reinforcement of fear of pain.
Nevertheless, systematic investigations specifically addressing fear of pain following cardiac surgery remain scarce.
More fundamentally, few studies have examined how patient-level heterogeneity in pain catastrophizing is concurrently
associated with fear of pain and with potentially relevant psychological correlates such as sleep quality and psychological
resilience in this population.

Whereas fear of pain emphasizes behavioral tendencies and context-specific fearful reactions,'* pain catastrophizing
centers on cognitive appraisal and the subjective experience of loss of control.'> Pain catastrophizing has been
independently associated with acute postoperative pain intensity, analgesic consumption, psychological distress, and
the risk of pain chronification.'®!” Patients undergoing cardiac surgery already face considerable preoperative psycho-
logical burden attributable to disease severity, surgical risk, and prognostic uncertainty—factors that may substantially
facilitate the activation and entrenchment of catastrophic cognitions.'®!® The Fear-Avoidance Model offers a coherent
account of how these two constructs are linked: rather than responding to nociceptive stimuli directly, individuals first
assign meaning to the pain experience; when pain is catastrophically appraised as a threatening signal of tissue damage,
excessive fear of pain and movement ensues, which in turn drives avoidance behaviors and hypervigilance and ultimately
culminates in functional impairment and pain chronification.®

Importantly, the construct of pain catastrophizing is itself multidimensional, comprising rumination, magnification,
and helplessness. Most prior studies have examined pain catastrophizing using variable-centered strategies, which
capture only aggregate associative trends and obscure the marked heterogeneity in patients’ psychological pain
responses.”’ Clinical experience and the Fear-Avoidance Model suggest that patients may differ substantially in their
postoperative catastrophic appraisals of pain. Such heterogeneity may manifest either as differences in the overall
severity of catastrophizing or as differences in the configuration of its components, including rumination, magnification,
and helplessness. Conventional variable-centered analyses mainly estimate average associations and therefore cannot
determine whether clinically meaningful subgroups exist at the patient level. When such qualitatively distinct subpopula-
tions coexist, an averaged parameter describes no real subgroup and obscures precisely the heterogeneity that is most
relevant for treatment matching.

Person-centered approaches were developed to address this limitation by reclassifying individuals into qualitatively
distinct latent subgroups on the basis of their joint response patterns across multiple indicators. Among these, latent
profile analysis (LPA) is particularly well suited to the present aims. Unlike traditional distance-based clustering
techniques, which partition cases according to ad hoc distance metrics and provide no formal criterion for selecting
the number of clusters, LPA is a model-based (finite-mixture) procedure that estimates the probability of class member-
ship from the underlying density of continuous indicators. This confers three decisive advantages for the current study.
First, LPA provides formal, replicable statistical criteria—information criteria (AIC, BIC, aBIC), the Lo-Mendell-Rubin
and bootstrap likelihood-ratio tests, and entropy—that transform the determination of the number of subgroups from
a subjective judgment into a testable statistical decision. Second, by assigning each patient a posterior probability of
belonging to each profile, LPA explicitly accommodates classification uncertainty and thereby yields more robust
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subgroup estimates than the hard, all-or-none assignment imposed by conventional clustering. Third, the recovered
profiles can be directly linked to external correlates and outcomes, enabling a seamless transition from subgroup
identification to risk stratification. LPA has accordingly been adopted with increasing frequency in pain and surgical
psychology to delineate clinically meaningful patient subgroups.

Beyond examining the concurrent association between pain catastrophizing profiles and fear of pain, the present study
evaluated sleep quality and psychological resilience as statistically modeled intermediate variables in a cross-sectional
indirect-effect framework. First, sleep quality may be a key process variable: following cardiac surgery, multifocal nociceptive
stimuli, restricted positioning, and perioperative anxiety commonly deteriorate sleep,”* and pain catastrophizing may further
heighten sleep-onset difficulties and reduce sleep efficiency by sustaining cognitive-emotional arousal and pre-sleep
rumination.”> As sleep disturbance is positively associated with pain-related fear and avoidance®* and sleep improvement
attenuates fear of pain,> We hypothesized that higher-severity catastrophizing profiles would be associated with poorer sleep
quality, and that poorer sleep quality would be statistically linked to higher fear of pain within the cross-sectional indirect-
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effect model. Second, psychological resilience, the capacity for positive adaptation in the face of adversity,
a critical intrinsic resource for coping with surgical trauma and pain-related stress.”®° Pain catastrophizing may erode this
resource by reinforcing perceptions of helplessness and low self-efﬁcacyfo and diminished resilience may in turn deprive
patients of the regulatory capacity needed to manage fear of pain.

Therefore, three gaps converge in the existing literature. First, fear of pain in post-cardiac surgery patients has rarely
been examined as a distinct outcome, despite the procedure constituting a high-risk context for its provocation. Second,
pain catastrophizing has been studied almost exclusively through variable-centered approaches, leaving its latent
subgroup structure—and the differentiated clinical needs such subgroups imply—unaddressed. Third, although sleep
quality and psychological resilience have each been individually associated with pain-related fear, no study has
simultaneously modeled them as parallel mediators of the catastrophizing—fear relationship. To our knowledge, the
present study is the first to integrate these three strands within a single framework: it applies latent profile analysis to
identify patient-level pain catastrophizing profiles among post-cardiac surgery patients and to determine whether these
profiles are best characterized by severity gradients or configuration-specific differences. Using the retained profiles as
the predictor, the study further tests sleep quality and psychological resilience as parallel mediators of fear of pain. This
person-centered, mechanism-oriented approach moves beyond aggregate associations toward risk-stratified, pathway-
specific evidence that can inform precision-based postoperative psychological care.

Based on the foregoing analysis, the present study proposes the following hypotheses:

H1: Pain catastrophizing exhibits significant heterogeneity among patients following cardiac surgery.

H2: Demographic characteristics, clinical features, and core psychological variables differ significantly across the
identified pain catastrophizing profiles.

H3: In a cross-sectional indirect effect model, sleep quality shows a statistically significant indirect association between
pain catastrophizing profile membership and fear of pain.

H4: In across-sectional indirect effect model, psychological resilience shows a statistically significant indirect association
between pain catastrophizing profile membership and fear of pain.

Methods

Study Design

This study employed a cross-sectional design. Participants were recruited from the cardiac surgery departments of three
tertiary Grade-A general hospitals in Zhejiang and Guangdong Provinces, China, between July 2024 and August 2025.
The three hospitals were selected on the basis of accessibility; within this multi-site sampling frame, consecutive
sampling was applied, whereby all patients meeting the eligibility criteria during the study period were approached
and invited to participate.

Journal of Pain Research 2026:19 https: 3



Jiang et al

The study protocol was reviewed and approved by the Medical Ethics Committee of Zhejiang Provincial People’s
Hospital prior to implementation (No.: 2021KY047). All participants provided written informed consent voluntarily.

Eligible patients were initially identified through screening of inpatient electronic medical records. Following
confirmation with the attending physicians, every potential participants were approached consecutively during post-
operative days 3-5, at a time when vital signs were stable and the patient’s condition permitted participation. Research
personnel provided each patient with a detailed explanation of the study’s purpose, content, mode of participation,
potential risks and benefits, and data confidentiality measures. Written informed consent was obtained from patients who
expressed full understanding and willingness to participate. Questionnaires were completed independently by patients in
the presence of a research team member. Upon completion, all questionnaires were immediately reviewed for complete-
ness, and patients were asked to supply any missing responses on the spot.

To enhance the methodological rigor of the study, inclusion criteria were as follows: (1) age > 18 years; (2) having
undergone cardiac surgery for cardiovascular disease, including coronary artery bypass grafting, valve replacement or
repair, aortic surgery, congenital heart defect correction, or combined procedures; (3) currently on postoperative days 3—5
and transferred to a general ward; (4) fully conscious with intact verbal communication and comprehension ability; and
(5) willing to provide written informed consent.

Exclusion criteria were: (1) a confirmed prior psychiatric diagnosis established by a qualified psychiatrist; (2) severe
cognitive impairment or neurological disease precluding adequate understanding of questionnaire content; (3) develop-
ment of serious postoperative complications necessitating readmission to the intensive care unit or emergency reopera-
tion; and (4) a preoperative history of chronic pain (defined as persistent pain lasting more than three months prior to
surgery) with long-term opioid use, in order to preclude confounding of postoperative pain-related psychological
assessments by prior pain experience and opioid tolerance.

Because the present study employed latent profile analysis (LPA) as its primary analytic strategy, sample size
requirements were determined according to the statistical properties of mixture models. In mixture modeling, the
adequacy of the sample depends on the number and separation of latent classes, the relative size of the smallest class,
the number and reliability of indicators, and the missing-data mechanism.>' Simulation studies indicate that, under
conditions of moderate-to-good class separation and a modest number of well-measured continuous indicators, a total
sample of more than 300 is generally sufficient to recover the correct number of classes and to yield stable, unbiased
parameter estimates with adequate classification accuracy (entropy > 0.80).%* The smallest latent class should contain
a sufficient absolute number of cases (commonly > 50, and at minimum no fewer than 25) to ensure stable within-class
parameter estimation and to avoid spurious or collapsing classes.>* With a planned analytic sample of 468 participants
and pain catastrophizing indicators of established reliability, the present study was expected to satisfy these requirements.

This expectation was confirmed post hoc. In the final retained 3-class solution, the smallest class comprised 100
participants (21.36% of the sample), well above the recommended absolute minimum; the model yielded an entropy of
0.875, indicating clear class separation and accurate classification; and the average posterior probabilities of correct class
assignment ranged from 0.935 to 0.950. These indices confirm that the sample size was adequate to support a robust and
well-separated latent profile solution.

During the data collection period, research personnel approached a total of 495 candidates. Of these, 27 were
subsequently excluded: 7 had not undergone cardiac surgery, 6 were assessed beyond postoperative days 3—-5, 2 were
excluded because of regular responses, and 12 had a preoperative history of chronic pain. The final analytic sample
comprised 468 participants, yielding a valid response rate of 94.55%.

At the POD 3-5 assessment, the following data were collected: the four standardized self-report instruments
described in measures tools, together with demographic characteristics, clinical and surgical features, pain location,
and the analgesic regimen in use. A standardized continuous measure of postoperative pain intensity was not adminis-

tered at this time point.
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Measures Tools

Fear of Pain Scale

Fear of pain was assessed using items adapted from the simplified Chinese version of the Fear of Pain Questionnaire (SC-
FOP-9),** a 9-item instrument encompassing three subscales: fear of severe pain, fear of medical pain, and fear of minor
pain. A representative item reads: “Are you afraid of a cardiovascular physician using a sharp instrument to cut open
your chest?” The SC-FOP-9 has previously been employed to assess postoperative pain levels in patients undergoing
thoracoscopic surgery>® and to examine fear of pain following thoracic surgery.”® In the present study, the scale was used
to evaluate fear of pain in patients following cardiac surgery. All items are rated on a 5-point Likert scale ranging from 1
(not at all afraid) to 5 (extremely afraid). Total scores range from 9 to 45, with higher scores indicating greater fear of
pain. In the present sample, the Cronbach’s alpha coefficient was 0.870, reflecting satisfactory internal consistency. In
this study, AMOS 31.0 software was used to construct a univariate model of fear of pain for confirmatory factor analysis,
and the results showed that the scale had good model fit, as shown in Table 1.

Pain Catastrophizing Scale

Pain catastrophizing was measured using the Chinese version of the Pain Catastrophizing Scale (HK-PCS) translated and
validated by Yap, Lau.®’ This 13-item scale encompasses three subscales: rumination, magnification, and helplessness.
The instrument has been applied in prior studies to assess pain catastrophizing in patients following cardiovascular
surgery"® and cardiac bypass surgery,’® supporting its reliability in cardiac surgery populations. In the present study, the
scale was used to measure pain catastrophizing in patients following cardiac surgery. Items are rated on a 5-point Likert
scale ranging from 1 (not at all) to 5 (always). Total scores range from 13 to 65, with higher scores indicating more
severe pain catastrophizing. In the present sample, the Cronbach’s alpha coefficient was 0.892, reflecting satisfactory
internal consistency. In this study, AMOS 31.0 software was used to construct a univariate model of pain catastrophizing
for confirmatory factor analysis, and the results showed that the scale had good model fit, as shown in Table 1.

Sleep Quality Questionnaire

Sleep quality was assessed using the Sleep Quality Questionnaire (SQQ) developed by Kato,** a 10-item instrument
comprising two subscales: daytime sleepiness and sleep difficulty. The scale was translated into Chinese and culturally
adapted for use in Chinese patient populations by Meng, Kato,*' with its cross-cultural validity and reliability subse-
quently verified. In the present study, the SQQ was used to evaluate sleep quality in patients following cardiac surgery.
Items are rated on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Total scores range from
10 to 50, with higher scores indicating better sleep quality. In the present sample, the Cronbach’s alpha coefficient was
0.929, reflecting excellent internal consistency. In this study, AMOS 31.0 software was used to construct a univariate
model of sleep quality for confirmatory factor analysis, and the results showed that the scale had good model fit, as
shown in Table 1.

Psychological Resilience Scale

Psychological resilience was assessed using the Connor-Davidson Resilience Scale (CD-RISC), originally developed by
Connor and Davidson.** The original instrument comprises 25 items across five dimensions. The Chinese version was
produced by Yu and Zhang® through a translation-back-translation procedure for cross-cultural adaptation and was
subsequently validated for reliability and validity in Chinese populations. The Chinese version retains 25 items organized
into three dimensions: tenacity, strength, and optimism. In the present study, the scale was used to measure psychological

Table 1 Confirmatory Factor Analysis of Core Study Variables

Variables ¥* /df | GFI | AGFI | RMSEA | CFI | TLI
Fear of pain 1.478 | 0.982 | 0.97 0.032 0.991 | 0.988
Pain catastrophizing 2.579 | 0.954 | 0.929 0.058 0.949 | 0.933
Sleep quality I.112 | 0.983 | 0.974 0.016 0.999 | 0.998
Psychological resilience | 1.597 | 0.928 | 0.915 0.036 0.979 | 0.977
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resilience in patients following cardiac surgery. Items are rated on a 5-point Likert scale ranging from 1 (not true at all) to
5 (true nearly all of the time). Total scores range from 25 to 125, with higher scores reflecting greater psychological
resilience. In the present sample, the Cronbach’s alpha coefficient was 0.968, reflecting excellent internal consistency. In
this study, AMOS 31.0 software was used to construct a univariate model of psychological resilience for confirmatory

factor analysis, and the results showed that the scale had good model fit, as shown in Table 1.

Statistical Analysis

All data analyses were conducted using SPSS 27.0 and Mplus 8.3, with the significance threshold set at a = 0.05. First,
preliminary analyses were performed, including reliability testing, common method bias assessment, descriptive statis-
tics, and bivariate correlation analysis. Second, the latent profile analysis was conducted using the 13 individual item-
level scores of the Chinese Pain Catastrophizing Scale (HK-PCS) as the observed indicators. First, item-level indicators
retain the maximum amount of information and avoid the loss incurred when items are aggregated into subscale totals,
thereby permitting detection of fine-grained differences in response patterns that would otherwise be masked. Second, the
study’s theoretical aim was to characterize the full configuration of catastrophic cognition which item-level modeling
captures more faithfully than subscale composites. Third, with only 13 reliable indicators, the indicator set was of
moderate size and high measurement quality, satisfying the conditions under which a modest number of well-measured
continuous indicators supports stable mixture estimation without the over-parameterization that an excessively large
indicator set can produce.

Model estimation employed the robust maximum likelihood estimator, with 5,000 random sets of starting values
specified to guard against convergence at local optima. Models were estimated sequentially from one to five latent
classes, and the optimal number of classes was determined through systematic comparison of model fit indices across
solutions. Third, following identification of the optimal latent profile solution, the conditional item means were inspected
to determine whether the retained profiles were best interpreted as severity-based, configuration-specific, or mixed
profiles. Class membership was then used as a grouping variable for between-class comparisons of demographic
characteristics, clinical features, and psychological variables. Chi-square tests were applied to categorical variables,
and one-way analysis of variance was used for continuous variables. Post-hoc pairwise comparisons among the three
latent profiles were conducted using the Bonferroni correction to control the family-wise error rate inflated by multiple
testing. Fourth, a cross-sectional parallel indirect effect analysis was conducted using Model 4 of the PROCESS macro,
with pain catastrophizing profile as the independent variable, sleep quality and psychological resilience as parallel
statistically modeled intermediate variables, and fear of pain as the dependent variable. To minimize potential confound-
ing, six covariates—sex, educational level, employment status, place of residence, surgical approach, and analgesic
regimen—were entered into the model and controlled simultaneously for both mediators and the outcome. Accordingly,
the parallel mediation model yielded four specific indirect effects (each of the two mediators within each of the two
dummy-coded contrasts), together with the corresponding total indirect effect for each contrast. Bias-corrected 95%
confidence intervals based on 5,000 bootstrap resamples were used to test the significance of the indirect effects; an effect
was considered statistically significant if the confidence interval did not include zero. To assess whether multicollinearity
among predictors distorted the regression coefficients, variance inflation factors (VIF) and tolerance values were
inspected for all predictors in the fear-of-pain model.

It should be noted that the analgesic regimen variable (patient-controlled intravenous analgesia, oral analgesics, or
epidural analgesia) reflects the mode of analgesic delivery prescribed by the treating teams rather than a standardized
opioid dose. Consistent with routine clinical practice, analgesia was titrated to effect on an individualized, as-needed
basis; opioid doses were not standardized across regimens, and quantitative opioid consumption (eg, morphine-milligram
equivalents) was not recorded. This variable therefore adjusts for strategy-level differences in analgesic delivery but not
for interindividual variation in cumulative opioid exposure.
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Results

Common Method Bias

Given that all scale items in the present study were derived from patient self-reports, responses may be susceptible to
social desirability bias, and the consistent rating format across instruments raises the possibility of common method bias.
To mitigate this concern, procedural remedies were implemented, including anonymization, confidentiality assurance,
and the inclusion of reverse-scored items.

In addition, Harman’s single-factor test was employed to statistically evaluate common method bias. All measurement
items were submitted to an unrotated exploratory factor analysis. Results indicated that the first unrotated factor
accounted for 26.824% of the total variance, falling below the conventional threshold of 40%. This finding suggests
that common method bias does not constitute a serious threat to the validity of the present study.

Participant Characteristics

The final analytic sample comprised 468 patients. Of these, 294 (62.8%) were male and 174 (37.2%) were female, with
a mean age of 57.56 + 10.141 years. The majority were married (75.2%), and educational attainment was broadly
distributed across primary school or below (28.2%), junior-to-high school (39.5%), and bachelor’s degree or above
(32.3%). With respect to clinical characteristics, coronary artery bypass grafting (29.7%) and valve replacement/repair
(28.0%) were the most common procedures, and median sternotomy was the predominant surgical approach (62.2%).
Patient-controlled intravenous analgesia was the most frequently used analgesic regimen (51.1%). Full demographic and
clinical characteristics are presented in Table 2.

Table 2 Summary of Participant Demographic Characteristics

Variables Items Number | Proportion (%)
Gender Male 294 62.8%
Female 174 37.2%
Marital status Married 352 75.2%
Unmarried 27 5.8%
Divorced 51 10.9%
Widowed 38 8.1%
Educational level Primary school and below 132 28.2%
Junior high school - High school 185 39.5%
Bachelor’s degree and above 151 32.3%
Employment status Employed 262 56.0%
Unemployed 127 27.1%
Retired 79 16.9%
Monthly income level 4000RMB and below 151 32.3%
4001-8000 RMB 176 37.6%
8001 RMB and above 141 30.1%
Place of resident Urban 272 58.1%
Rural area 196 41.9%
Surgery type Valve replacement/repair surgery 131 28.0%
Coronary artery bypass grafting surgery 139 29.7%
Combined surgery 96 20.5%
Congenital heart disease correction surgery 39 8.3%
Aortic surgery 63 13.5%
Surgical approach Lateral incision minimally invasive 88 18.8%
Thoracoscopic/robot-assisted 89 19.0%
Median sternotomy 291 62.2%
(Continued)
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Table 2 (Continued).

Variables Items Number | Proportion (%)
Pain location Back and shoulder pain 80 17.1%
Pain of incision 151 32.3%
Pain of the chest 156 33.3%
Drainage tube 8l 17.3%
Cardiac Functional status | Class | 66 14.1%
Class Il 178 38.0%
Class 11l 143 30.6%
Class IV 8l 17.3%
Analgesic regimen Patient-controlled intravenous analgesia 239 51.1%
Oral analgesics 114 24.4%
Epidural analgesia 115 24.6%
Age M+ SD 57.56 = 10.141

Descriptive Statistics and Correlation Analysis

Descriptive statistics and bivariate correlations for the core study variables are presented in Table 3. The mean score for
pain catastrophizing was 2.907 £ 0.594, for fear of pain 3.128 + 0.730, for sleep quality 3.106 = 0.695, and for
psychological resilience 3.312 + 0.694. The absolute values of skewness across the four variables ranged from 0.022 to
1.239, and absolute kurtosis values ranged from 0.056 to 2.648. In accordance with the criteria proposed by Kline**
(skewness < |3| and kurtosis < |8]) all core variables approximated a normal distribution.

Correlation analysis revealed that pain catastrophizing was significantly and moderately positively correlated with
fear of pain (r = 0.551, P <0.001), indicating that patients with higher levels of pain catastrophizing also reported greater
fear of pain. Pain catastrophizing was significantly negatively correlated with both sleep quality (r = —0.213, P < 0.001)
and psychological resilience (r = —0.194, P < 0.001). Fear of pain was significantly negatively correlated with sleep
quality (r = —0.305, P < 0.001) and psychological resilience (r = —0.264, P < 0.001). Sleep quality and psychological
resilience were significantly positively correlated with each other (r = 0.191, P < 0.001).

Latent Profile Analysis of Pain Catastrophizing
The 13 item-level scores of the Pain Catastrophizing Scale were entered as continuous observed indicators into the latent
profile analysis. Using robust maximum likelihood estimation with 5,000 sets of random starting values, latent profile
models with one through five classes were estimated sequentially. The corresponding fit indices are presented in Table 4.
As shown in Table 4, AIC, BIC, and aBIC values decreased monotonically as the number of classes increased from
one to five, indicating progressive improvement in model fit. Regarding key model selection criteria, both the LMR-LRT
and BLRT for the two-class solution reached statistical significance (P < 0.001), demonstrating that the two-class model
provided a significantly better fit than the one-class model. The LMR-LRT and BLRT for the three-class solution were
likewise significant (P < 0.001), indicating that the three-class model offered a significantly superior fit compared to the
two-class solution. The three-class model also yielded the highest Entropy value (0.875), reflecting optimal classification

Table 3 Descriptive Statistics and Correlation Analysis of the Core Research Variables

Variable M SD | Skewness | Kurtosis | 2 3 4
I. Pain catastrophizing 2907 | 0.594 0.185 0.159 |

2 Fear of pain 3.128 | 0.730 —0.022 —0.056 0.55 |#¥* |

3 Sleep quality 3.106 | 0.695 0.889 1.555 —0.213%% | —0.305%** [

4 Psychological resilience | 3.312 | 0.694 —-1.239 2.648 —0.194%%F | —0.264%FF | 0.191%FF | |

Note: **p < 0.001.
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Table 4 Comparison of Fitting Indicators for Potential Profile Models of
Categories | to 5

Indices Profile | Profile 2 Profile 3 Profile 4 Profile 5
AIC 17,948.900 | 16,613.221 | 16,116.807 | 16,013.846 | 15,928.009
BIC 18,056.760 | 16,779.159 | 16,340.824 | 16,295.942 | 16,268.184
ABIC 17,974.242 | 16,652.208 | 16,169.440 | 16,080.124 | 16,007.933
Entropy - 0.842 0.875 0.814 0.841
LMR (p) - < 0.001 < 0.001 0.033 0.201
BLRT (p) - < 0.001 < 0.001 < 0.001 < 0.001
Class | - 56.20% 22.44% 13.03% 4.70%
Class 2 - 43.80% 56.20% 40.39% 11.97%
Class 3 - - 21.36% 33.12% 36.97%
Class 4 - - - 13.46% 32.69%
Class 5 - - - - 13.67%

Note: The bold font represents the optimal latent profile.

Abbreviations: AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; aBIC,
Sample-size-corrected Bayesian Information Criterion; LMR, Lo-Mendell-Rubin likelihood ratio
test; BLRT, Likelihood ratio test based on Bootstrap.

accuracy. Although the LMR-LRT for the four-class model reached statistical significance (P = 0.033), its Entropy value
declined to 0.814, representing a notable reduction relative to the three-class solution and suggesting some degradation in
classification precision. Furthermore, the smallest class in the four-class solution comprised only 13.03% of the total
sample (approximately 61 cases), and this limited class size may compromise the stability of parameter estimation. The
LMR-LRT for the five-class model was non-significant (P = 0.201), indicating that the five-class solution did not yield
a meaningfully better fit than the four-class model. Accordingly, the three-class model was identified as the optimal latent
profile solution for the present study.

The classification quality of the three-class solution was further evaluated using the average posterior probabilities for
most likely class membership. The average posterior probabilities on the diagonal were 0.935 for Class 1, 0.950 for Class
2, and 0.939 for Class 3, all exceeding the recommended threshold of 0.70 (and indeed 0.80), indicating high
classification accuracy and clear separation among the latent classes. The corresponding off-diagonal values were
uniformly low (< 0.065), reflecting minimal classification ambiguity. The full matrix is presented in Table 5.

Classification quality was high. Entropy was 0.875, and the average posterior probabilities for most likely class
membership were 0.935 (Class 1), 0.950 (Class 2), and 0.939 (Class 3), all exceeding the 0.70 threshold, with low off-
diagonal (misclassification) probabilities (< 0.065). Notably, the class counts based on the estimated model (105.5, 262.8,
99.7) were virtually identical to those based on most likely class membership (105, 263, 100), indicating that the
assignment of individuals to classes was highly consistent. As entropy was high but not perfect, a small degree of
uncertainty remained for a minority of individuals, as is typical in latent profile analysis; all participants were assigned to
their most likely class for subsequent analyses.

Table 5 Average Latent Class Posterior
Probabilities for Most Likely Latent Class
Membership (Row) by Latent Class
(Column)

Class Class | Class 2 | Class 3

Class | 0.935 0.065 0.000
Class 2 0.028 0.950 0.022
Class 3 0.000 0.061 0.939
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The conditional mean profiles of the three-class solution across the 13 observed indicators are displayed in Figure 1.
The three profiles were broadly parallel across the PCS items and differed primarily in their overall elevation rather than
in qualitatively different item-level configurations. Accordingly, the profiles were interpreted as severity-based pain
catastrophizing profiles and labeled as follows.

Class 1 was designated the Low-severity Pain Catastrophizing group (n = 105, 22.44%), characterized by the lowest
mean scores across all pain catastrophizing items, indicating that patients in this class experienced relatively mild
catastrophic cognition following surgery. Class 2 was designated the Moderate-severity Pain Catastrophizing group (n =
263, 56.20%), with item scores at an intermediate level, reflecting moderate catastrophic thinking and representing the
predominant psychological response pattern among cardiac surgery patients. Class 3 was designated the High-severity
Pain Catastrophizing group (n = 100, 21.36%), characterized by the highest scores across all pain catastrophizing items,
indicating that patients in this class underwent pronounced catastrophic cognitive processing postoperatively and
constituted the subgroup at greatest psychological pain risk.

Univariate Comparisons Across Severity-Based Pain Catastrophizing Profiles
To further examine differences among the three optimal latent profiles on demographic characteristics, clinical features, and
psychological variables, chi-square tests and one-way analyses of variance were conducted. Results are presented in Table 6.
With respect to demographic characteristics, statistically significant between-class differences were observed for
gender (x* = 19.255, P < 0.001), age (F = 3.834, P = 0.022), educational level (x> = 11.178, P = 0.025), employment
status (y* = 13.047, P = 0.011), and place of residence (y* = 7.128, P = 0.028). Marital status (x> = 0.619, P = 0.996) and
income level (x> = 8.524, P = 0.074) did not differ significantly across the three latent classes.
With respect to psychological variables, the omnibus tests indicated significant between-profile differences in sleep
quality (F = 24.624, P < 0.001), psychological resilience (F = 43.727, P < 0.001), and fear of pain (F = 798.921, P <
0.001). Bonferroni-corrected post-hoc comparisons further localized these differences, as shown in Table 7. For fear of
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Figure | Mean profile of the three severity-based latent profiles of pain catastrophizing across the |3 measurement items.
Note: 0-5 in the figure represents the average score of the measurement questions. The dashed line represents the scale line and represents the numerical magnitude.
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Table 6 Comparisons of Demographic Characteristics, Clinical Features, and Psychological Variables Across the Three Latent Classes

Variables Items Low Pain Medium Pain High Pain Y2IF p
Catastrophizing Catastrophizing Catastrophizing
Gender Male 48 172 74 19.255 | <0.001
Female 57 91 26
Marital status Married 79 199 74 0.619 0.996
Unmarried 6 14 7
Divorced 12 29 10
Widowed 8 21 9
Educational level Primary school and below 39 70 23 11.178 0.025
Junior high school - High school 28 115 42
Bachelor’s degree and above 38 78 35
Employment status Employed 46 163 53 13.047 0.011
Unemployed 41 58 28
Retired 18 42 19
Monthly income level 4000RMB and below 36 82 33 8.524 0.074
4001-8000 RMB 43 106 27
8001 RMB and above 26 75 40
Place of resident Urban 70 139 63 7.128 0.028
Rural area 35 124 37
Surgery type Valve replacement/repair surgery 32 76 23 9.185 0.327
Coronary artery bypass grafting surgery 29 76 34
Combined surgery 20 56 20
Congenital heart disease correction I 15 13
surgery
Aortic surgery 13 40 10
Surgical approach Lateral incision minimally invasive I 59 18 12.688 0.013
Thoracoscopic/robot-assisted 14 55 20
Median sternotomy 80 149 62
Pain location Back and shoulder pain 16 45 19 2.294 0.891
Pain of incision 30 86 35
Pain of the chest 38 87 31
Drainage tube 21 45 15
Cardiac Functional status | Class | 21 32 13 10.282 0.113
Class Il 32 112 34
Class Il 30 75 38
Class IV 22 44 15
Analgesic regimen Patient-controlled intravenous analgesia 63 125 51 11.322 0.023
Oral analgesics 26 71 17
Epidural analgesia 16 67 32
Age M+ SD 59.96 £ 11.091 56.84 + 9.888 56.95 + 9.450 3.834 0.022
Sleep quality M+ SD 3.500 + 0.813 3.034 £ 0611 2.963 + 0.430 24.624 | <0.001
Psychology resilience M+ SD 3.562 + 0.557 3.408 £ 0.516 2.795 £ 0.941 43.727 | <0.001
Fear of pain M+ SD 2.177 £ 0.394 3.132 £ 0.323 4.117 £ 0.358 798.921 | <0.001

pain, all three pairwise contrasts were significant (all P < 0.001), with scores increasing monotonically from the Low to
the Moderate to the High profile. For sleep quality, the Low profile reported significantly better sleep than both the
Moderate (mean difference [MD] = 0.466, P < 0.001) and the High profile (MD = 0.620, P < 0.001), whereas the
Moderate and High profiles did not differ significantly from each other (MD = 0.154, P = 0.144); thus the deterioration in
sleep quality was concentrated in the transition from low to elevated catastrophizing rather than progressing uniformly
across all three levels. For psychological resilience, the High profile scored significantly lower than both the Low (MD =
0.766, P < 0.001) and the Moderate profile (MD = 0.613, P < 0.001), whereas the Low and Moderate profiles did not
differ significantly (MD = 0.153, P = 0.114), indicating that the erosion of resilience emerged specifically at the highest

level of catastrophizing.
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Table 7 Bonferroni-Corrected Post-Hoc Pairwise Comparisons of Psychological Variables Across
the Three Latent Profiles

Variable Comparison (I vs J) | Mean Diff (I-)) SE P 95% ClI
Fear of pain Low vs Moderate —0.955 0.040 | <0.001 | [-1.051, —0.859]
Low vs High —1.940 0.049 | <0.001 | [-2.057, —1.823]
Moderate vs High —0.985 0.041 | <0.001 | [-1.083, —0.887]
Sleep quality Low vs Moderate 0.466 0.076 | <0.001 [0.283, 0.649]
Low vs High 0.620 0.092 | <0.001 [0.398, 0.842]
Moderate vs High 0.154 0.078 | 0.144 [-0.033, 0.340]
Psychological resilience Low vs Moderate 0.153 0.074 | 0.114 [-0.024, 0.331]
Low vs High 0.766 0.089 | <0.001 [0.552, 0.981]
Moderate vs High 0613 0.075 | <0.001 [0.433, 0.793]

Note: Mean differences are based on one-way ANOVA with Bonferroni adjustment for multiple comparisons.
Abbreviations: Low, Low Pain Catastrophizing profile; Moderate, Moderate Pain Catastrophizing profile; High, High Pain
Catastrophizing profile.

Cross-Sectional Parallel Indirect Associations Through Sleep Quality and Psychological
Resilience

To describe the cross-sectional direct and indirect associations between severity-based pain catastrophizing profiles and
fear of pain, a parallel indirect-effect model was specified using PROCESS Model 4. Latent pain catastrophizing profile
membership served as the independent variable (X, a three-category variable with the Low-severity Pain Catastrophizing
group as the reference category), sleep quality and psychological resilience as mediators, and fear of pain as the outcome
variable. Sex, educational level, employment status, place of residence, surgical approach, and analgesic regimen were
included as covariates. Because the independent variable was trichotomous, the model automatically generated two
dummy-coded variables: X1, representing the comparison between the Moderate-severity Pain Catastrophizing group and
the Low-severity Pain Catastrophizing group, and X2, representing the comparison between the High-severity Pain
Catastrophizing group and the Low-severity Pain Catastrophizing group.

With sleep quality as the outcome variable, the overall model was statistically significant (R* = 0.118, P < 0.001), as
shown in Table 8. Latent pain catastrophizing profile membership was significantly associated with sleep quality: the
regression coefficient for X1 was —0.439 (P < 0.001, 95% CI = [-0.595, —0.284]), and for X2 was —0.604 (P < 0.001,
95% CI = [-0.788, —0.419]), indicating that both the Moderate and High-severity Pain Catastrophizing groups reported
significantly lower sleep quality compared with the Low-severity Pain Catastrophizing group.

With psychological resilience as the outcome variable and both latent pain catastrophizing profile membership and
sleep quality included as predictors, the overall model was statistically significant (R* = 0.185, P < 0.001), as shown in
Table 9. The association between X1 and psychological resilience did not reach statistical significance (B = —0.105, P =
0.169), whereas X2 significantly predicted psychological resilience (B = —0.731, P < 0.001, 95% CI = [-0.908, —0.554]).

With fear of pain as the outcome variable and latent pain catastrophizing profile membership, sleep quality, and
psychological resilience all included as predictors, the overall model was statistically significant and demonstrated high
explanatory power (R® = 0.782, P < 0.001), as shown in Table 10. Both X1 (B = 0.945, P < 0.001) and X2 (B = 1.967,
P < 0.001) were significantly and positively associated with fear of pain, indicating that fear of pain was substantially

Table 8 Regression Model for Sleep Quality

Predictor Variables B SE t P LLCI ULCI

X1 (medium vs low) —0.439 | 0.079 | —5.540 | <0.001 | —0.595 | —0.284
X2 (high vs low) —0.604 | 0.094 | —6.278 | <0.001 | —0.788 | —0.419

Note: X| = The comparison between the Moderate Pain Catastrophizing group and the Low
Pain Catastrophizing group; X2 = The comparison between the High Pain Catastrophizing group
and the Low Pain Catastrophizing group.
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Table 9 Regression Model for Psychological Resilience

Predictor Variables B SE t P LLCI ULCI

X1 (medium vs low) —0.105 | 0.076 | —1.376 | 0.169 | —0.255 | 0.045
X2 (high vs low) —0.731 | 0.090 | —8.119 | <0.001 | —0.908 | —0.554

Note: X| = The comparison between the Moderate Pain Catastrophizing group and the Low
Pain Catastrophizing group; X2 = The comparison between the High Pain Catastrophizing group
and the Low Pain Catastrophizing group.

Table 10 Regression Model for Fear of Pain

Predictor Variables B SE t P LLCI ULCI

XI (medium vs low) 0.945 | 0.043 | 22.022 | <0.001 | 0.860 1.028
X2 (high vs low) 1.967 | 0.054 | 36.4314 | <0.00I 1.861 2.073
Sleep quality —0.058 | 0.025 | —2.373 | 0.018 | —0.106 | —0.010
Psychology resilience 0.080 | 0.026 3.116 0.002 0.030 0.130

Note: X| = The comparison between the Moderate Pain Catastrophizing group and the Low Pain
Catastrophizing group; X2 = The comparison between the High Pain Catastrophizing group and
the Low Pain Catastrophizing group.

higher in both the Moderate and High-severity Pain Catastrophizing groups relative to the Low-severity Pain
Catastrophizing group. Sleep quality was a significant negative predictor of fear of pain (B = —0.058, P = 0.018, 95%
CI = [-0.106, —0.010]), and psychological resilience was a significant positive predictor of fear of pain (B = 0.080, P =
0.002, 95% CI = [0.030, 0.130]).

Notably, the sign of the psychological-resilience coefficient reversed between the bivariate and multivariable analyses:
although resilience was negatively correlated with fear of pain at the zero-order level (r =—0.264, P <0.001), it emerged as
a positive predictor in the regression (B =0.080, P = 0.002). Collinearity diagnostics indicated that this reversal did not arise
from pathological multicollinearity (all VIF = [1.111, 1.660] < 3), but rather reflects a suppression effect: because the
catastrophizing profiles accounted for the large majority of variance in fear of pain (R*> = 0.782) and were themselves
strongly related to resilience, the zero-order protective association between resilience and fear was substantially a function
of their shared dependence on catastrophizing severity. After partialing out the catastrophizing profile, the residual partial
association reversed in sign, producing a small negative indirect effect (X2—resilience—fear=—0.058) in which the direct
effect (1.966) marginally exceeded the total effect (1.944). The mediating role of resilience should therefore be interpreted
in light of this suppression dynamic rather than as straightforward protective mediation.

Regarding the decomposition of cross-sectional associations, the relative total associations between pain catastrophizing
profile membership and fear of pain were significant for both contrasts (X1: B=0.962, P <0.001; X2: B=1.944, P <0.001), with
the omnibus test of total effects indicating significant incremental variance explained (AR* = 0.749, P < 0.001). After accounting
for sleep quality and psychological resilience, the relative direct associations remained statistically significant (X1: B=0.945,P <
0.001; X2: b= 1.966, P <0.001), with the omnibus test of direct effects also significant (AR* = 0.632, P < 0.001), demonstrating
that the direct pathway was the dominant contributor to the total effect. Detailed results are presented in Table 11.

Regarding indirect effects, Model 4 yielded four indirect effect pathways, with Bootstrap test results presented in
Table 12 and Figure 2. For Pathway 1 (Profile — Sleep Quality — Fear of Pain), the indirect effect estimate for X1 was
0.026 (Boot SE = 0.014, 95% CI = [0.004, 0.054]), and for X2 was 0.035 (Boot SE = 0.019, 95% CI = [0.005, 0.076]).
For Pathway 2 (Profile — Psychological Resilience — Fear of Pain), the indirect effect for X1 was —0.008 (Boot SE =
0.006, 95% CI = [—0.022, 0.002]); since the confidence interval included zero, no significant indirect effect through
psychological resilience was observed for the Moderate versus Low Pain Catastrophizing comparison. For X2, the
indirect effect was —0.058 (Boot SE = 0.021, 95% CI = [-0.102, —0.020]); the confidence interval excluded zero,
indicating that psychological resilience served as a significant mediator of differences in fear of pain between the High
and Low-severity Pain Catastrophizing groups.
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Table 11 Total and Direct Effects of Latent Pain Catastrophizing Profiles on

Fear of Pain
Effect Comparison | Effect SE t P c_ps
Total effect (c) Xl 0.962 | 0.042 | 22.879 | <0.001 | 1.318
Total effect (c) X2 1.944 | 0.049 | 39.141 | <0.001 | 2.662
Direct effect (c’) Xl 0.945 | 0.042 | 22.022 | <0.001 | 1.294
Direct effect (c’) X2 1.966 | 0.054 | 36.431 | <0.001 | 2.694

Note: X| = The comparison between the Moderate Pain Catastrophizing group and the Low
Pain Catastrophizing group; X2 = The comparison between the High Pain Catastrophizing group
and the Low Pain Catastrophizing group.

Table 12 Bootstrap Test Results for Indirect Effects of Latent Pain Catastrophizing
Profiles on Fear of Pain

Indirect Effect Path | Comparison | Effect | BootSE | BootLLCl | BootULCI
X1—-SQ—PF X1 0.026 0.014 0.004 0.054
X2—SQ—PF X2 0.035 0.019 0.005 0.076
XI—PR—PF XI —0.008 0.006 —0.022 0.002
X2—PR—PF X2 —0.058 0.021 —0.102 —0.020
Note: XI = The comparison between the Moderate Pain Catastrophizing group and the Low Pain

Catastrophizing group; X2 = The comparison between the High Pain Catastrophizing group and the Low
Pain Catastrophizing group.

Discussion

Latent Profile Analysis of Pain Catastrophizing

The present study first confirmed that pain catastrophizing among cardiac surgery patients exhibits significant latent
heterogeneity, thereby supporting Hypothesis 1. Importantly, the retained three-profile solution was best interpreted as
severity-based. The findings further demonstrated that even within a homogeneous surgical context and at a comparable
stage of postoperative recovery, patients differed markedly in the intensity and pattern of catastrophic cognitive
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Figure 2 The path coefficient of the parallel mediator.
Note: **p < 0.001; **p < 0.01; *p < 0.05.
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activation. Patients differ substantially in how they cognitively process postoperative pain, and these differences may
ultimately determine their subsequent emotional responses, behavioral choices, and recovery trajectories. In terms of
class distribution, the Moderate-severity Pain Catastrophizing group accounted for 56.20% of the sample, while the Low
and High-severity Pain Catastrophizing groups comprised 22.44% and 21.36%, respectively. This indicates that the
majority of patients did not exhibit extreme negative cognition, yet were already experiencing a certain degree of
catastrophic activation. This finding suggests that psychological pain management following cardiac surgery should not
focus exclusively on the highest-risk extreme group, but should also attend to the substantially larger moderate-risk
population. Although these patients have not yet reached the most severe symptomatic level, the absence of timely
identification and intervention may allow continued postoperative pain, activity avoidance, deteriorating sleep, and
accumulating negative affect to propel them toward higher-risk states.

The study further found that the severity-based pain catastrophizing profiles differed significantly in sex, age,
educational level, employment status, and place of residence, thereby supporting Hypothesis 2. With respect to sex,
males were proportionally overrepresented in the High-severity Pain Catastrophizing group within the present cardiac
surgery sample. This observation warrants cautious interpretation, as it diverges from the broader pain literature, in which
women more frequently report higher levels of pain catastrophizing and greater experimental and clinical pain sensitivity,
with negative emotional processing identified as an important contributor to these sex-related differences.*> Rather than
indicating a general tendency for men to catastrophize more, the present pattern is more plausibly understood as
a context-specific phenomenon shaped by the particular characteristics of the post-cardiac surgery setting and our
sample. Several non-mutually-exclusive explanations may apply. First, traditional male gender-role socialization,
which discourages the open expression of pain and emotional vulnerability, may leave some men with a narrower
repertoire of adaptive pain-coping strategies, such that when confronted with the intense and unfamiliar nociceptive
experience following cardiac surgery, maladaptive cognitive responses become more readily activated. Second, for men,
cardiac disease and major thoracic surgery may pose a salient threat to perceived physical competence, occupational
capacity, and family-provider role identity, which could amplify catastrophic appraisals of postoperative pain as a signal
of irreversible decline. Third, because the sample was predominantly male (62.8%) and drawn from cardiac surgery
wards, the observed sex distribution across profiles may partly reflect sample-specific composition and surgical context
rather than a generalizable sex effect. Given this divergence from prevailing evidence, the present sex finding should be
regarded as preliminary and hypothesis-generating, and requires replication in larger, sex-balanced, and prospectively
designed cohorts before any firm mechanistic conclusion can be drawn.

Age differences suggest that pain catastrophizing may be jointly shaped by prior illness experience, established cognitive
frameworks, expectations regarding recovery, and pressure associated with social role obligations.***” Patients with lower
educational attainment were more likely to fall within higher catastrophizing classes, possibly reflecting insufficient health
literacy, limited disease-related cognitive resources, and reduced capacity for information processing, all of which may impede
arealistic and integrative interpretation of postoperative pain, thereby increasing the likelihood that such patients interpret pain
as a signal of serious injury or failed recovery. Differences in employment status and place of residence further suggest that
socioeconomic status, resource accessibility, and the social support environment may indirectly shape levels of pain
catastrophizing by influencing patients’ cognitive appraisal of illness and their available coping resources.

The present study found significant between-class differences in surgical approach and analgesic regimen, whereas surgery
type, pain location, and cardiac functional status did not differ significantly across the three profiles. This pattern suggests that
pain catastrophizing is not determined solely by disease severity or surgical category per se, but is more likely influenced by
patients’ subjective pain experience, perceptions of invasiveness, and their perioperative treatment encounters. Compared with
surgery type alone as a basis for estimating postoperative psychological risk, surgical approach and analgesic regimen may
more closely approximate the actual pain burden and sense of treatment control experienced by the patient. For example,
a surgical approach perceived as highly traumatic may strengthen patients’ mental representations of bodily injury, leading
them to interpret normal postoperative pain as a danger signal; differences in analgesic regimens may likewise affect patients’
perceived controllability of pain, and patients who feel that pain control is inadequate are more likely to develop catastrophic

cognitions such as helplessness, rumination, and magnification.
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It is particularly noteworthy that the three severity-based profiles differed markedly in sleep quality, psychological
resilience, and fear of pain, with a relatively clear gradient pattern across classes. The High-severity Pain Catastrophizing
group exhibited the poorest sleep quality, the lowest psychological resilience, and the highest fear of pain. Catastrophic
cognition leads patients to encode the pain experience as a highly threatening, difficult-to-control, and potentially
worsening negative signal, thereby elevating vigilance, impairing restorative sleep, depleting adaptive coping resources,
and ultimately intensifying fear of pain.

The acute postoperative timing of assessment may have influenced the interpretation of all core variables. Because
pain catastrophizing, sleep quality, psychological resilience, and fear of pain were measured on postoperative days 3—5,
participants were likely experiencing acute surgical pain, sleep disruption, analgesic effects, restricted mobility, and
uncertainty about recovery. As a result, elevated pain catastrophizing and fear of pain may reflect transient postoperative
distress and perceived vulnerability rather than stable psychological tendencies. Likewise, poor sleep quality during this
period may be shaped by wound pain, hospital routines, nighttime monitoring, medication effects, and circadian
disruption, rather than by psychological factors alone. Psychological resilience may also be context-dependent in the
immediate postoperative phase, as patients’ coping capacity is tested under conditions of physical dependence and acute
stress. Therefore, the present findings should be interpreted as cross-sectional associations within a specific early
recovery window, and longitudinal studies are needed to clarify whether these associations persist beyond the acute
postoperative period.

Cross-Sectional Indirect Associations Through Sleep Quality and Psychological Resilience
The present study examined the pathways through which latent pain catastrophizing profiles influence fear of pain.
Specifically, the latent pain catastrophizing profile exerted a significant and relatively large direct effect on fear of pain,
and this direct effect remained significant even after sleep quality and psychological resilience were introduced into the
model, indicating that pain catastrophizing is a core antecedent variable shaping postoperative fear of pain. According to
the Fear-Avoidance Model, individuals do not respond with fear to nociceptive stimuli directly;*® rather, they first assign
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meaning to the pain experience. When pain is interpreted as “dangerous,” “uncontrollable,” or “a harbinger of functional
impairment,” fear of pain is more readily activated.*” Accordingly, among cardiac surgery patients, pain catastrophizing
should not be regarded as a peripheral cognitive bias but rather as a key psychological mechanism through which
postoperative pain-related fear responses are shaped.

The three pain catastrophizing subgroups differed significantly in sleep quality, and sleep quality was a statistically
significant negative predictor of fear of pain. Bootstrap analyses confirmed that the indirect effects through sleep quality
were significant for both contrasts; however, their magnitude was modest, accounting for only approximately 1.8% to
2.7% of the corresponding total effects. Sleep quality therefore appears to constitute a secondary and partial process
variable linking pain catastrophizing to fear of pain, rather than a dominant mechanistic pathway. While catastrophic
cognition may heighten sustained attentional monitoring of pain cues and pre-sleep rumination, inducing elevated
cognitive-emotional arousal that impairs sleep continuity and restorative function,’® and although compromised sleep
may in turn reduce emotional-regulatory capacity, lower pain thresholds, and amplify negative information processing,
the present data indicate that these processes explain only a small fraction of the catastrophizing—fear association. The
bulk of this association was carried by the direct pathway, underscoring that pain catastrophizing influences fear of pain
predominantly through mechanisms not captured by sleep quality in the current model.

Although resilience was protectively (negatively) correlated with fear of pain at the bivariate level, its partial
association reversed sign once the catastrophizing profiles were controlled, and the resulting indirect effect was
negative—a pattern characteristic of statistical suppression rather than of simple protective mediation. Substantively,
this indicates that the apparent protective relationship between resilience and reduced fear is, to a considerable degree,
embedded within—and shared with—the broader severity of catastrophic cognition, rather than constituting a fully
independent buffering channel. In other words, at high levels of catastrophizing, resilience, catastrophizing, and fear of
pain are so tightly interwoven that resilience does not transmit the catastrophizing—fear effect in a simple mediating
fashion; instead, its unique residual contribution, once catastrophizing is accounted for, is small and operates in
a suppressive direction. We therefore refrain from claiming that diminished resilience directly amplifies fear of pain.
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What can be concluded more conservatively is that low resilience co-occurs specifically with the highest-risk catastro-
phizing subgroup and may serve as a clinically useful marker of, rather than an independent mechanistic driver of,
elevated fear of pain. This nuanced reading also underscores the value of longitudinal designs capable of disentangling
the temporal and causal ordering of resilience, catastrophizing, and fear.

Practical and Clinical Implications

Our findings have potential clinical relevance, though they should be interpreted as hypothesis-generating rather than as
a direct basis for intervention. The association between catastrophizing severity and fear of pain identifies pain
catastrophizing as a candidate target for future investigation; should this association prove causal in prospective or
experimental work, psychologically oriented strategies addressing catastrophic cognition might warrant evaluation for
their effect on postoperative fear of pain. Similarly, the patterns consistent with mediation by sleep quality and resilience
suggest these may be worth examining as intervention components in future trials. We emphasize, however, that the
present observational design cannot establish whether modifying any of these factors would in fact reduce fear of pain;
such conclusions await confirmation in studies capable of supporting causal inference.

The findings of the present study, although derived from cross-sectional, observational data and therefore requiring
confirmation in future interventional research, point toward several concrete and operationally specific directions for
postoperative pain care. We organize these around the study’s core empirical contributions: the identification of three
severity-based catastrophizing profiles, their differentiation by readily accessible patient characteristics, the dominance of
the direct catastrophizing—fear pathway, and the profile-specific mediating role of psychological resilience.

A concrete, two-step stratified screening procedure. Because the present analysis distinguished three catastrophizing
profiles using the 13 PCS items administered on postoperative days 3-5, a practical first step would be the routine, brief
administration of the Pain Catastrophizing Scale by ward nursing staff during this early postoperative window, when
patients have transferred to the general ward and vital signs are stable The total PCS score could serve as an initial triage
indicator, with patients flagged for closer attention as scores rise. Importantly, our finding that the High-severity Pain
Catastrophizing group was differentiated by several variables already documented in the medical record—male sex,
lower educational attainment, unemployment, urban residence, median sternotomy, and epidural analgesia—suggests that
a simple, no-cost pre-screening checklist built from these routinely available fields could help clinicians prioritize which
patients to assess first, before any formal psychological scale is administered.

Profile-specific, action-level recommendations. Rather than a uniform protocol, the three profiles imply graded
actions that future trials could evaluate. For the Low-severity Pain Catastrophizing group, standard postoperative
education and rehabilitation guidance may be sufficient. The Moderate-severity Pain Catastrophizing group merits
particular emphasis because it constituted the majority of the sample yet has typically been overlooked by interventions
targeting only the highest-risk extreme; for these patients, brief, nurse-deliverable measures—such as a single structured
pain-education session reframing normal postoperative pain as an expected, non-dangerous signal, combined with early
guided mobilization—could be tested as a low-intensity, scalable means of preventing escalation toward the high-risk
profile. For the High-severity Pain Catastrophizing group, a more intensive, referral-based pathway might be evaluated,
in which a positive ward screen triggers consultation with a clinical psychologist or psychiatric liaison service for
targeted catastrophizing-focused cognitive intervention.

Prioritizing the dominant pathway. Because the direct effect of catastrophizing on fear of pain accounted for more
than 97% of the total effect, interventions that directly target catastrophic appraisals should be the principal focus. Sleep-
promotion measures (eg, standardizing analgesic timing, clustering nighttime nursing tasks to reduce interruptions, and
brief sleep-hygiene guidance) remain worthwhile as low-cost, readily implementable adjuncts, but, given the small
magnitude of the sleep-mediated effect, should not be expected to substantially reduce fear of pain on their own.

Targeting resilience where it matters. Because psychological resilience mediated the catastrophizing—fear relationship only
in the High versus Low contrast, resilience-building efforts may yield the greatest return if concentrated specifically within the
high-catastrophizing subgroup rather than applied indiscriminately. For these patients in particular, structured strategies to
strengthen self-efficacy could be tested as a means of attenuating helplessness and, potentially, fear of pain. Embedding such
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profile-targeted psychological components within existing enhanced recovery after surgery (ERAS) and cardiac rehabilitation
pathways may offer a feasible route to implementation, a possibility that warrants direct evaluation in controlled trials.

Limitations and Future Research Directions
Notwithstanding the findings reported above, several limitations of the present study should be acknowledged.

First, a cross-sectional survey design was employed, with all variables measured at the same postoperative time point.
Consequently, the associations identified among variables are correlational in nature and do not permit strict causal
inference. Future research should adopt prospective longitudinal designs incorporating multiple measurement occasions,
including the preoperative period, the acute postoperative phase, and follow-up assessments during rehabilitation, to
elucidate the dynamic developmental trajectories and temporal causal chains linking pain catastrophizing, sleep quality,
psychological resilience, and fear of pain.

Second, all core variables were assessed via patient self-report scales. Although each instrument has been validated in
Chinese populations and demonstrated sound psychometric properties, self-report methodology remains susceptible to
social desirability bias, subjective appraisal biases, and the influence of postoperative cognitive load. Future research may
consider incorporating objective measures, such as actigraphy or polysomnography for the objective assessment of sleep
quality, and physiological indicators such as skin conductance or heart rate variability for the evaluation of fear
responses, thereby enabling triangulation between subjective and objective data sources.

Third, participant recruitment relied on a two-stage sampling strategy, in which three tertiary general hospitals were
selected by accessibility (a convenience approach at the institutional level) and eligible patients were then enrolled
consecutively within each site. This design was adopted because probability sampling of post-cardiac surgery patients
across multiple centers is rarely feasible, given the constraints of departmental collaboration and the narrow
postoperative day 3—5 assessment window. The consecutive enrollment of all eligible patients—reflected in the high
valid response rate of 94.54% —substantially reduced selection bias within each center, and the cross-provincial, multi-
site frame (spanning the eastern coastal and southern economic regions of China) enhanced sample heterogeneity.
Nevertheless, because hospital selection was non-probabilistic and the sample was drawn from tertiary Grade-A
institutions, caution remains warranted in generalizing the findings to other regions, healthcare settings (eg, secondary
or community hospitals), and cultural contexts. Future research should incorporate larger, probability-based, and more
geographically diverse multi-center samples, together with cross-cultural comparisons, to validate the generalizability of
the present findings.

Fourth, data collection was conducted within a fixed time window of postoperative days three through five. While this
time point is operationally feasible in clinical practice, it captures only the acute-phase psychological response and
cannot speak to the longitudinal stability of pain catastrophizing subgroups or their predictive validity for medium- and
long-term recovery outcomes. Future research should extend the follow-up period to explore the temporal stability of
pain catastrophizing latent profiles and the patterns by which individuals may transition between classes over time, and to
further examine differences in long-term outcome trajectories — including chronic pain development, functional
recovery, and quality of life — across patients in distinct profiles. Such work would provide a more complete evidence
base for the construction of comprehensive, individualized postoperative psychological pain management strategies.

Fifth, the present study was designed primarily around patient-reported psychological constructs and therefore
incorporated only a limited set of demographic and treatment covariates, including sex, educational level, employment
status, place of residence, surgical approach, and analgesic regimen. Several clinically important variables, including
cardiopulmonary bypass duration, surgical complexity, durations of ICU stay, mechanical ventilation, and chest-tube
placement, postoperative complications, and, most critically, preoperative anxiety and depression, were not collected and
could not be entered into the analytic model. Residual confounding consequently cannot be excluded. The absence of
a preoperative anxiety/depression baseline is the most consequential omission, because a shared dispositional tendency
toward negative affectivity could plausibly underlie both elevated pain catastrophizing and heightened fear of pain. To
the extent that such a common cause operates, the independent contribution of catastrophizing to fear of pain reported
here may be overestimated, and our mediational estimates should be interpreted with corresponding caution.
Postoperative pain intensity, opioid consumption, and the actual delivery of regional or rescue analgesia are more
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plausibly located downstream of pain catastrophizing within the causal chain—patients with higher catastrophizing tend
to report greater pain and to consume more analgesia. Treating such mediating or consequent variables as covariates
would introduce overadjustment and collider bias rather than reduce confounding, and would distort the very pathway
under investigation. Future prospective studies should integrate a comprehensive panel of objectively documented
perioperative clinical variables together with validated preoperative psychological baselines. Such designs would permit
rigorous adjustment for antecedent confounders, appropriate modeling of downstream mediators, and substantially
stronger causal inference regarding the determinants of postoperative fear of pain.

Sixth, the limitation concerns the absence of a standardized postoperative pain-intensity rating at the POD 3-5
assessment. Because no numeric rating scale or visual analogue scale score was recorded, we cannot fully exclude the
possibility that a portion of the observed between-profile differences in fear of pain reflects differences in underlying
nociceptive intensity rather than differences in cognitive—emotional processing alone; our profile-based estimates should
therefore be interpreted with this boundary in mind. First, within the Fear-Avoidance Model that frames this study, pain
intensity, opioid consumption, and the actual delivery of regional or rescue analgesia are most plausibly located
downstream of pain catastrophizing in the causal chain. Treating such mediating or consequent variables as covariates
would introduce overadjustment and collider bias rather than reduce confounding, and would distort the very pathway
under investigation. Second, although a continuous intensity score was not available, the three profiles differed
significantly in analgesic regimen and were distributed across distinct pain locations, providing indirect evidence of
meaningful heterogeneity in the underlying pain experience. Future prospective studies should nonetheless incorporate
repeated, standardized assessments of pain intensity so that pain intensity can be modeled appropriately as a time-varying
mediator within the catastrophizing—fear pathway, rather than as a static covariate.

The analgesic regimen recorded in this study denotes the mode of delivery rather than a standardized dose. Opioid
doses were not standardized across regimens—reflecting the titrated, individualized nature of postoperative analgesia in
real-world cardiac surgical care—and cumulative opioid consumption was not quantified. As a result, our covariate
adjustment captures systematic differences in analgesic strategy but cannot account for finer interindividual variation in
opioid exposure, and a degree of residual confounding from this source cannot be excluded. We emphasize, however, that
opioid consumption is most plausibly a downstream consequence of pain catastrophizing within the Fear-Avoidance
framework; treating a quantified dose variable as a covariate would therefore have risked overadjustment and collider
bias rather than improved control of confounding. Future prospective studies should record standardized opioid exposure
(eg, morphine-milligram equivalents) alongside serial psychological assessments, enabling pain intensity and opioid
consumption to be modeled appropriately as time-varying mediators within the catastrophizing—fear pathway.

Most importantly, postoperative pain intensity was not measured, and this omission warrants particular emphasis.
Pain intensity is plausibly related both to pain catastrophizing and to fear of pain, and within the Fear-Avoidance
framework it may operate either as a downstream consequence of catastrophizing or as a partially exogenous physio-
logical input that independently elevates both constructs. To the extent that the latter holds, the absence of pain intensity
from our models means that a degree of residual confounding of the catastrophizing—fear associations cannot be
excluded, and the observed relationships may be partly attributable to shared dependence on the actual magnitude of
experienced pain. Our findings should therefore be interpreted as associational rather than causal, and future prospective
studies should incorporate repeated pain-intensity assessments and model this variable as a time-varying mediator (and/or
confounder) within a longitudinal mediation framework.

Conclusions

In a multi-site sample of post-cardiac surgery patients assessed on postoperative days 3-5, this study adopted a person-
centered framework to characterize the heterogeneity of pain catastrophizing and to examine the psychological pathways
linking it to fear of pain. Latent profile analysis supported a three-profile solution with high classification accuracy. The
profiles were best interpreted as severity-based subgroups, with patients classified into low-, moderate-, and high-severity
pain catastrophizing profiles. Within a parallel mediation framework, the catastrophizing profiles exerted a strong and
dominant direct association with fear of pain that remained robust after accounting for both candidate mediators, with the
direct pathway carrying the overwhelming majority of the total effect. Sleep quality operated as a statistically significant
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but quantitatively small partial mediator, whereas the indirect effect through psychological resilience emerged only in the
High-versus-Low contrast and exhibited a suppression-type rather than a straightforward protective pattern. Resilience is
therefore more defensibly interpreted as a clinically informative marker that co-occurs with the highest-risk subgroup
than as an independent mechanistic driver of fear of pain.

These findings underscore the value of early, risk-stratified identification of pain catastrophizing in postoperative
cardiac care, with explicit attention directed not only to the high-risk extreme but also to the substantial moderate-risk
majority that has typically been overlooked. Because the present evidence derives from a cross-sectional, observational
design and lacks a standardized postoperative pain-intensity measure and a preoperative affective baseline, the reported
relationships should be regarded as associational and hypothesis-generating. Prospective, longitudinal, and ideally
interventional studies are needed to establish the temporal ordering and causal status of these pathways and to determine
whether profile-targeted psychological strategies can meaningfully reduce postoperative fear of pain.
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