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Background: Patients with lung cancer often experience high levels of pain and recurrent pain episodes after thoracoscopic surgery, 
compromising their adherence to rehabilitation exercises and quality of life. Pain catastrophizing is defined as an exaggerated and 
negative mindset towards actual or anticipated pain and is one of the significant factors influencing pain. To date, prior investigations 
on pain catastrophizing have predominantly employed variable-centered approaches, focusing on broader population levels while 
neglecting individual specificity. Latent profile analysis represents an individual-centered data analysis method that can accurately 
identify distinct phenotypic subgroups and deeply analyze the characteristics of each subgroup. This enables clinicians to identify 
high-risk patients early and provide precision interventions to reduce pain catastrophizing and ultimately alleviate postoperative pain 
burden. Stratification-guided interventions play a crucial role in treating patients with pain catastrophizing, aligning with the principles 
of precision medicine.
Methods: 409 patients were included in this cross-sectional study. Latent profile analysis (LPA) was employed to discern distinct 
classes of pain catastrophizing among these patients. Chi-square tests, ANOVA, and multinomial logistic regression were conducted to 
analyze the factors influencing the different pain catastrophizing profiles among patients following thoracoscopic lung cancer surgery.
Results: Three distinct latent classes of pain catastrophizing were identified, Class1, labeled “Mild Pain Catastrophizing-Rumination 
Type”(26.2% of participants), Class2, referred to as “Moderate Pain Catastrophizing-Ruminative Exaggerative Type”(33.2%), Class3, 
designated as “Severe Pain Catastrophizing-Ruminative Helpless Exaggerative Type”(40.6%). Unordered multinomial logistic regres
sion analysis indicated that factors influencing mild pain catastrophizing included fatigue, perception of social support, marital status, 
primary caregiver, tumor location, and clinical stage. In contrast, factors influencing moderate pain catastrophizing included fatigue, 
perception of social support, marital status, education level, primary caregiver, and clinical stage (P < 0.05).
Conclusion: Three distinct patterns of pain catastrophizing were identified in patients following lung cancer surgery, each exhibiting 
unique classification characteristics. Healthcare professionals should promptly identify individuals at high risk for pain catastrophizing 
and develop targeted interventions that address physiological, psychological, and social factors.
Keywords: thoracic surgery, video-assisted, pain catastrophizing, latent profile analysis

Introduction
At present, lung cancer was the most frequently diagnosed cancer, responsible for almost 2.5 million new cases, 12.4% of 
all cancers globally, and was also the leading cause of cancer death.1 Surgery is the preferred treatment method for early- 
stage lung cancer patients. Though video-assisted thoracoscopic surgery (VATS) has become increasingly popular due to 
minimally invasive nature, faster recovery times and fewer complications compared with thoracotomy,2 the intercostal 
nerves at the incision site will be inevitably damaged, which results in postoperative pain. Xiao F et al3 conducted 
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a retrospective study involving 204 patients with early-stage lung adenocarcinoma and found that 37.3% of them suffered 
from acute pain following thoracoscopic surgery. Similarly, Zhang Y et al4 performed a retrospective analysis of 2,348 
lung cancer patients who underwent thoracoscopic surgery and discovered that the incidence of chronic postsurgical pain 
(CPSP) was 43.99%. Studies have shown that patient self-reporting is the most reliable method for assessing pain.5 

However, many patients may exaggerate their pain to draw attention to it from healthcare professionals and family 
members.6 Pain catastrophizing, as an important psychological factor affecting pain assessment, has gradually attracted 
attention.

Pain catastrophizing refers to an exaggerated and negative cognitive set regarding actual or anticipated pain, 
characterized by rumination on past painful experiences, magnification of the negative impacts of pain, and a sense of 
helplessness in alleviating it.7 Pain catastrophizing has several adverse effects on patients, including heightened pain 
perception,8 over-reliance on medication for pain relief,9 delaying postoperative recovery, and affecting psychological 
health, among others.9 Previous studies have indicated that the incidence of pain catastrophizing among cancer patients 
and lung cancer patients is 40%9 and 35.3%,10 respectively. Factors associated with pain catastrophizing include sex, age, 
the intensity and location of pain, loneliness, anxiety, and depression.11,12 Manning et al13 found that the severity and 
sensitivity of fatigue are factors affecting pain catastrophizing in patients with chronic low back pain, but their impact on 
pain catastrophizing in VATS postoperative patients remains to be verified. The influence of social support on pain 
catastrophizing has also not been conclusively determined. However, according to social cognitive theory,14 human 
behavior is neither entirely driven by internal forces nor entirely shaped and controlled by external environmental stimuli, 
but is the result of continuous interaction among the individual, environment, and behavior. Furthermore, previous 
research on pain catastrophizing has primarily focused on patients after joint replacement surgery,15 patients with chronic 
pain16 and cancer patients,17 with few studies reported on pain catastrophizing in patients after thoracoscopic surgery for 
lung cancer.

Latent profile analysis (LPA) assesses an individual’s latent characteristics based on their observable responses, 
grouping individuals with similar traits into distinct categories. By specifically analyzing individuals within these 
categories, LPA examines the characteristics of different groupings within a population and the differences between 
them. This approach assists nursing staff in implementing targeted interventions tailored to specific groups. LPA has been 
widely utilized in psychological and behavioral research,18,19 and by further investigating the characteristics of different 
groups, it facilitates the development of precise interventions.

To our knowledge, no studies have employed LPA to explore pain catastrophizing in lung cancer patients on the 
third day after thoracoscopic surgery. The aim of this study was to (1) use latent profile analysis to understand subgroups 
of pain catastrophizing patterns in lung cancer patients 3 days following thoracoscopic surgery; (2) To analyze the 
heterogeneity of socio-demographic factors, disease-related factors, and socio-psychological factors across various 
subgroups. We anticipate that patients with high fatigue or low social support are more prone to pain catastrophizing, 
according to communal coping theory and existing data.20

Methods
Participants
Our cross-sectional study employed convenience sampling to recruit lung cancer patients who underwent thoracoscopic 
surgery at three level 3A hospitals in Wuxi between August 2023 and March 2024. Direct interviews were used to collect 
data.

Eligibility criteria for patients included age 18 or older; adherence to lung cancer diagnostic standards;21 completion 
of thoracoscopic lung resection; alertness and effective communication ability; absence of prior neoadjuvant chemother
apy or previous thoracic surgery; and consent to participate. Exclusions were implemented for individuals with 
alternative pain disorders or those participating in other interventional researches.

According to the regression analysis, the sample size should be 5–10 times the number of independent variables plus 
an extra 10% to account for attrition. Aiming for a sample size of 89–178 people with 16 independent variables, the study 
eventually enrolled 409 participants.
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Procedure
Following defined criteria, two researchers evaluated patients on day three following surgery. Before handing over the 
questionnaire, they clarified the research and got permission. Those with questions got clear instructions on how to do it 
independently. On-site researchers rejected individuals with random or patterned answers and checked the finished 
surveys for completeness. Ethical approval for the study was obtained from Jiangnan University Affiliated Hospital 
(LS2023092), with conduct in strict adherence to Helsinki Declaration guidelines.

Measures
General Information on the Questionnaire
The questionnaire, established following a literature study and group discussions, encompassed patients’ demographic 
information (age, sex, education) and clinical particulars (Tumor location, Clinical stage). This study determined 
smoking status by inquiring about the annual amount of tobacco consumption. We initially inquire whether patients 
have a habit of smoking. For those who smoke, we proceed to ask about their daily consumption and use this information 
to calculate their annual consumption; for patients who have quit smoking, we confirm the exact time they ceased 
smoking and their annual consumption prior to quitting; for those who have never smoked, they are categorized as non- 
smokers. The approach to inquiring about alcohol consumption is identical to that of smoking. Patients were classified as 
smokers if they smoked ≥30 packs per year or had quit smoking for less than 15 years after previously smoking ≥30 
packs. Patients were identified as drinkers if they consumed alcohol ≥ once a week in the past year.

Indicators of Class Membership
The Pain Catastrophizing Scale (PCS), translated by Yap, measures negative pain reactions with 13 items scored 0–4. It 
assesses magnification, helplessness, and rumination, with totals ranging 0–52. Scores ≥38 indicate significant pain 
catastrophizing.22 The scale demonstrates strong reliability (Cronbach’s α = 0.913).

Factors Related to Class Membership
Perception of social support: We used the Multidimensional Scale of Perceived Social Support (MSPSS), translated by 
Huang et al in 1996, which assesses perceived social support from family, friends, and others through 12 items scored 
1–7. Total scores vary from 12 to 84, with elevated scores signifying enhanced perceived support.23 Our investigation 
demonstrated strong scale stability (Cronbach’s α = 0.876).

Fatigue: We used the Brief Fatigue Inventory (BFI), translated by Lin et al in 2006, to assess fatigue levels. The scale 
includes nine items scored 0–10, assessing general and worst levels of current and past 24h fatigue and its impact on the 
patient. Total scores are the mean of item scores, with values of 1–3 denoting mild exhaustion, 4–6 suggesting moderate 
fatigue, and 7–10 indicating severe fatigue.24 The scale demonstrated significant stability (Cronbach’s α = 0.954).

Data Analysis
Latent Profile Analysis (LPA) was performed using Mplus 8.3, employing the 13-item Pain Catastrophizing Scale (PCS) 
as manifest variables and assessing models ranging from 1 to 5 profiles. The evaluation of model fit was conducted using 
three indicators: (1) Information evaluation criteria included the Akaike Information Criterion (AIC), Bayesian 
Information Criterion (BIC), and the sample-size adjusted Bayesian Information Criterion (aBIC). Reduced values 
signify superior fit. Entropy (0–1 scale) quantifies categorization accuracy, with values approaching 1 indicating superior 
precision. (3) Likelihood ratio tests included the Lo-Mendell-Rubin (LMR) test and the Bootstrap Likelihood Ratio Test 
(BLRT). A substantial p-value (P < 0.05) demonstrated that the k-class model exhibited superior fit to the k-1-class 
model. Together, these evaluation criteria serve as references for profile decision-making. The model’s suitability was 
determined by considering the interpretability of the classes and the sample size of each profile.25 For data analysis to be 
valid, subgroups should ideally consist of more than 25 individuals or more than 1% of the profile.26,27

Descriptive statistics, univariate analysis, and multivariate analysis were performed using SPSS 24.0. Whether the 
data followed a normal distribution was verified using descriptive statistics. Quantitative data that followed a normal 
distribution were expressed as mean (standard deviation [SD] =), and comparisons between groups were performed using 
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analysis of variance (ANOVA). Non-normally distributed quantitative data were expressed as median (interquartile 
range), and between-group comparisons were conducted using the Kruskal–Wallis test. Qualitative data were described 
using frequencies and percentages, and a chi-square test was employed for between-group comparisons.

Second, based on the results of LPA, the latent class of pain catastrophizing was used as the dependent variable, and 
all significantly different categorical variables in the univariate analysis were used as independent variables. Continuous 
numerical data and total scores from various scales were employed as covariates in an ordinal multinomial logistic 
regression analysis to investigate the factors influencing the latent profile classification of pain catastrophizing in lung 
cancer patients after surgery. All tests were two-tailed, and a value of P < 0.05 indicated statistical significance.

Results
Patient Characteristics
A total of 415 questionnaires were distributed in this study, of which 6 were invalid. Ultimately, 409 useful responses 
were obtained, yielding a response rate of 98.5%. The total score for the fatigue scale was 4.70(standard deviation [SD] 
=1.58). The scores for its two dimensions were as follows: fatigue severity scored 4.88(standard deviation [SD] =1.68), 
and fatigue impact scored 4.61(standard deviation [SD] =1.69). The total score for the perceived social support scale was 
52.54(standard deviation [SD] =8.69). The scores for the three dimensions of the scale were as follows: perceived social 
support from family 4.88(standard deviation [SD] =0.84), perceived social support from friends4.42(standard deviation 
[SD] =0.89), and perceived social support from others 3.84(standard deviation [SD] =0.86) Further details are in 
Table 1.

Table 1 General Characteristics of Post-Thoracoscopic Patients With Lung Cancer

Variables Total Sample Class 1Mild Pain 

Catastrophizing

Class 2 Moderate pain 

Catastrophizing

Class 3 Severe Pain 

Catastrophizing

χ2/F P

(N= 409) (N= 107) (N=136) (N=166)

N (%) N (%) N (%) N (%)

Sex

Male 188(46.0) 64 (59.8) 61 (44.9) 63 (38.0) 12.62 0.002

Female 221 (54.0) 43 (40.2) 75 (55.1) 103 (62.0)

Age

<65 269(65.8) 77 (72.0) 98(72.1) 94 (56.6) 10.38 0.006

≥65 140(34.2) 30 (28.0) 38 (27.9) 72 (43.4)

Marital status

Unmarried/ Divorced/widowed 122 (29.8) 11 (10.3) 32 (23.5) 79 (47.6) 47.13 <0.001

Married 287 (70.2) 96 (89.7) 104 (76.5) 87 (52.4)

Education level

Illiterate 56 (13.6) 6 (5.6) 22 (16.2) 28 (16.9) 16.68 0.034

Primary education 98 (24.0) 21 (19.6) 29 (21.3) 48 (28.9)

Middle school education 130 (31.8) 37 (34.6) 42 (30.9) 51 (30.7)

High school education 71 (17.4) 26 (24.3) 24 (17.6) 21 (12.7)

Bachelor’s degree or higher 54 (13.2) 17 (15.9) 19 (14.0) 18 (10.8)

Smoke

Yes 162 (39.6) 45 (42.1) 57 (41.9) 60 (36.1) 1.40 0.496

No 247 (60.4) 62 (57.9) 79 (58.1) 106 (63.9)

Drink

Yes 182 (44.5) 50 (46.7) 59 (43.4) 73 (44.0) 0.30 0.860

No 227 (55.5) 57 (53.3) 77 (56.6) 93 (56.0)

Employment status

Retired 54 (13.2) 10 (9.3) 19 (14.0) 25 (15.1) 4.17 0.384

Employed 346 (84.6) 95 (88.8) 112 (82.4) 139 (83.7)

Unemployed 9 (2.2) 2 (1.9) 5 (3.7) 2 (1.2)

Medical insurance

New rural cooperative medical insurance 103 (25.2) 26 (24.3) 44 (32.4) 33 (19.9) 11.72 0.164

Urban resident basic medical insurance 141 (34.5) 39 (36.4) 48 (35.3) 54 (32.5)

(Continued)
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Results of LPA
We used AIC, BIC, aBIC, LMR (p-value), and BLRT (p-value) to identify the best of five models after performing LPA 
on PCS scores. Even though Models 5 and 4 had superior fit indices but had clinically uninterpretable categories below 
5%, Model 3 was still selected as the best option. The results of the model fitting are shown in Table 2.

Mean scores were used to categorize the profiles: C1 comprised 26.2% of the population, with a mean score of 16.48 
(standard deviation [SD] =3.45), labeled “Mild Pain Catastrophizing - Rumination Type” because items 10 and 11 (the 
ruminating dimension) had higher scores. The C3 group, which made up 40.6% of the population, had the highest mean 
score of 38.23 (standard deviation [SD] =3.67) and was classified as “Severe Pain Catastrophizing-Ruminative Helpless 
Exaggerative Type” because of their significantly higher scores on items 8–10, 11 (rumination dimension), 2 (help
lessness dimension), and 6 (exaggeration dimension). C2 had a mean score of 26.25 (standard deviation [SD] = 2.77), 
making up 33.2% of the population. With higher ratings on item 6 (exaggeration dimension) and items 8, 10, and 11 
(rumination dimension), it fell between C1 and C3. Thus, it was labeled “Moderate Pain Catastrophizing-Ruminative 
Exaggerative Type” (Figure 1).

Table 1 (Continued). 

Variables Total Sample Class 1Mild Pain 

Catastrophizing

Class 2 Moderate pain 

Catastrophizing

Class 3 Severe Pain 

Catastrophizing

χ2/F P

(N= 409) (N= 107) (N=136) (N=166)

N (%) N (%) N (%) N (%)

Urban employee basic medical insurance 133 (32.5) 33 (30.8) 37 (27.2) 63 (38.0)

Commercial Insurance 25 (6.1) 8 (7.5) 4 (2.9) 13 (7.8)

Self-funded 7 (1.7) 1 (0.9) 3 (2.2) 3 (1.8)

Primary caregiver

Parents 62 (15.2) 27 (25.2) 18 (13.2) 17 (10.2) 63.48 <0.001

Spouse 90 (22.0) 34 (31.8) 34 (25.0) 22 (13.3)

Children 87 (21.3) 22 (20.6) 37 (27.2) 28 (16.9)

Other relatives 81 (19.8) 17 (15.9) 29 (21.3) 35 (21.1)

Nursing staff 89 (21.8) 7 (6.5) 18 (13.2) 64 (38.6)

Tumor location

Middle or upper lobe 147 (35.9) 49 (45.8) 50 (36.8) 48 (28.9) 8.11 0.017

Lower lobe 262 (64.1) 58 (54.2) 86 (63.2) 118 (71.1)

Clinical stage

I 164 (40.1) 25 (23.4) 55 (40.4) 84 (50.6) 30.31 <0.001

II 83 (20.3) 23 (21.5) 25 (18.4) 35 (21.1)

III 90 (22.0) 26 (24.3) 34 (25.0) 30 (18.1)

IV 72 (17.6) 33 (30.8) 22 (16.2) 17 (10.2)

Fatigue, Mean(SD) 4.70 (1.58) 3.78 (1.31) 4.29 (1.65) 5.63 (1.14) 68.75 <0.001

Perception of social support, Mean(SD) 52.54(8.69) 57.81 (6.05) 54.81 (7.42) 47.28 (8.26) 74.29 <0.001

Abbreviation: SD, standard deviation.

Table 2 Fit Indices of LPA for Post-Thoracoscopic Lung Cancer Patients

Model AIC BIC aBIC Entropy LMR p-value BLRT p-value Category Probability (%)

1 15,279.784 15,384.140 15,301.638 - - - -

2 13,307.350 13,467.899 13,340.972 0.958 <0.001 <0.001 0.535/0.464
3 12,743.266 12,960.007 12,788.655 0.930 <0.001 <0.001 0.262/0.332/ 0.406

4 12,590.620 12,863.553 12,647.777 0.954 0.034 <0.001 0.264/0.040/0.324/0.367

5 12,420.239 12,749.363 12,489.163 0.949 0.353 <0.001 0.252/0.315/0.046/0.213/0.173

Abbreviations: AIC, Akaike information criteria; BIC, Bayesian information criteria; aBIC, Adjusted Bayesian information criterion; LMR, Lo-Mendell- 
Rubin Test; BLRT, Bootstrap Likelihood Ratio Test.
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Multivariate Analyses Regarding Latent Withdrawal Classes
The three possible profiles of pain catastrophizing showed significant differences in most patient-related factors (Table 1). 
Compared to Classes 1 and 2, a much higher number of patients in Class 3 had nursing staff as their caregivers. These 
patients were primarily older, less educated, single, divorced, or widowed female who felt little social support and were 
fatigued. Class 3 patients were far more likely to have early-stage disease and lower-lobe tumor locations (p<0.05). No 
substantial variations were observed among the three classes regarding smoking and alcohol drinking history, employ
ment status, and methods of medical expense payment (Table 1).

Multinomial Logistic Regression
Multinomial logistic regression was used to examine significant components from univariate analysis, exposing varia
tions among latent classes. The comparison findings between the three latent classes are shown in Table 3. Classes 1 and 
2 had six important variables, with Class 3 as the reference. For Class 1, the predictors included fatigue (odds ratio [OR]: 
0.924, 95% confidence interval [CI]: 0.895–0.955; P < 0.001), perception of social support (OR: 1.178, 95% CI: 
1.114–1.247; P < 0.001), status of being unmarried, divorced, or widowed (OR: 0.173, 95% CI: 0.066–0.451; P < 
0.001), primary caregiver as parents (OR: 8.092, 95% CI: 2.053–31.894; P = 0.003), spouse (OR: 12.106, 95% CI: 
3.525–41.568; P < 0.001), children (OR: 8.175, 95% CI: 2.329–28.698; P = 0.001), other relatives (OR: 3.588, 95% CI: 
1.012–12.716; P = 0.048), localization of the tumor in the middle or upper lobe (OR: 2.718, 95% CI: 1.299–5.686; P = 
0.008), and clinical stage I (OR: 0.055, 95% CI: 0.018–0.165; P < 0.001) or stage II (OR: 0.205, 95% CI: 0.062–0.675; 
P = 0.009). Similarly, for Class 2, the predictors comprised fatigue (OR: 0.935, 95% CI: 0.910–0.962; P < 0.001), 
perception of social support (OR: 1.103, 95% CI: 1.055–1.154; P < 0.001), status of being unmarried, divorced, or 
widowed (OR: 0.494, 95% CI: 0.255–0.957; P = 0.037), junior high school level of education (OR: 0.284, 95% CI: 
0.098–0.823; P = 0.020), primary caregiver as spouse (OR: 4.119, 95% CI: 1.641–10.340; P = 0.003) or children (OR: 
4.272, 95% CI: 1.762–10.357; P = 0.001), and clinical stage II (OR: 0.237, 95% CI: 0.093–0.601; P = 0.002).

Discussion
This study employed LPA to explore subgroups of pain catastrophizing among patients after thoracoscopic surgery for 
lung cancer. Additionally, this study investigated the correlations between fatigue, perceived social support, and these 
subgroups. Three latent classes were identified based on the results of the LPA. Profile C1: “Mild Pain Catastrophizing- 
Rumination Type” (26.2% of patients), Patients in this category can accurately assess their pain but tend to ruminate on it 
excessively. The reason for this behavior is multifaceted. These patients typically have a high level of education, which 
leads them to evaluate pain more rationally rather than relying solely on sensory experiences. However, they also have 
high self-expectations and a strong motivation for achievement. They hope to quickly return to work and regain social 
recognition through their efforts. Yet, the impairment of work ability caused by pain triggers anxiety and a sense of 

Figure 1 The characteristic distribution of three latent profiles of post-operative lung cancer patients.
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frustration, leading to excessive reflection and a cycle of rumination. Profile C2: “Moderate Pain Catastrophizing- 
Ruminative Exaggerative Type” (33.2%% of patients), Patients in this category lack the ability to accurately assess their 
pain and are deeply mired in negative thoughts. The reasons for this are twofold. First, the proportion of patients with 
high levels of education has decreased, which has led to a decline in the overall accuracy of pain assessment. Second, the 
increased proportion of caregivers who are nursing aides means that patients may exaggerate their pain in order to gain 
attention and emotional support from their family members. Profile C3: “Severe Pain Catastrophizing-Ruminative 
Helpless Exaggerative Type” (40.6% of patients), Patients in this category tend to exaggerate their pain and lack coping 
skills and confidence in overcoming it. The reasons for this behavior are multifaceted. This group has a higher proportion 
of female with lower levels of education, who are more sensitive to pain and tend to have an emotional rather than 
rational understanding of it. They often experience information overload and have difficulty discerning relevant 
information, which leads to a lack of effective pain management strategies. It is recommended that healthcare profes
sionals pay attention to the degree of pain catastrophising in post-operative lung cancer patients and identify their 
categories early on. For the “Mild Pain Catastrophizing-Rumination Type”, cognitive-behavioral therapy should be 
employed to adjust the patient’s acceptance of pain. Additionally, a progressive rehabilitation exercise program should be 

Table 3 Multinomial Logistic Regression for Pain Catastrophizing Profiles

Variables Mild vs Severe p Moderate vs Severe p

OR [95% CI] OR [95% CI]

Sex

Male 1.868 [0.924–3.776] 0.082 1.086 [0.602–1.958] 0.785
Female Ref Ref

Age

<65 1.144 [0.524–2.499] 0.735 1.319 [0.700–2.485] 0.392
≥65 Ref Ref

Marital status

Unmarried/divorced/widowed 0.173 [0.066–0.451] <0.001 0.494 [0.255–0.957] 0.037
Married Ref Ref

Education level

Illiterate 0.197 [0.038–1.027] 0.054 0.448 [0.126–1.590] 0.214
Primary education 0.426 [0.110–1.641] 0.215 0.374 [0.120–1.161] 0.089

Middle school education 0.326 [0.094–1.131] 0.077 0.284 [0.098–0.823] 0.020

High school education 0.371 [0.094–1.459] 0.156 0.351 [0.106–1.164] 0.087
Bachelor’s degree or higher Ref Ref

Primary caregiver

Parents 8.092 [2.053–31.894] 0.003 1.717 [0.584–5.051] 0.326
Spouse 12.106 [3.525–41.568] <0.001 4.119 [1.641–10.340] 0.003

Children 8.175 [2.329–28.698] 0.001 4.272 [1.762–10.357] 0.001

Other relatives 3.588 [1.012–12.716] 0.048 2.204 [0.908–5.351] 0.081
Nursing staff Ref Ref

Tumor location

Middle or upper lobe 2.718 [1.299–5.686] 0.008 1.861 [0.993–3.486] 0.053
Lower lobe Ref Ref

Clinical stage
I 0.055 [0.018–0.165] <0.001 0.237 [0.093–0.601] 0.002

II 0.205 [0.062–0.675] 0.009 0.356 [0.123–1.024] 0.055

III 0.353 [0.111–1.116] 0.076 0.619 [0.222–1.732] 0.361
IV Ref Ref

Fatigue 0.924 [0.895–0.955] <0.001 0.935 [0.910–0.962] <0.001

Perception of social support 1.178 [1.114–1.247] <0.001 1.103 [1.055–1.154] <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; Ref, Refer.
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tailored according to the patient’s needs to help them return to work. For the “Moderate Pain Catastrophizing-Ruminative 
Exaggerative Type”, it is essential to enhance the patient’s cognitive understanding and management of pain, as well as 
improve their health literacy. Meanwhile, training should be provided to caregivers to strengthen their caregiving skills 
and humanistic care capabilities, encouraging them to offer empathetic and compassionate care to patients. For the 
“Severe Pain Catastrophizing-Ruminative Helpless Exaggerative Type”, healthcare workers should listen to the voices of 
patients, understand their situations with a feminine mindset, and empower patients with the experience and confidence 
to overcome pain through peer education. Consistent with earlier studies, moderate and mild pain catastrophizing patients 
had higher perception of social support and lower fatigue than severe pain catastrophizing patients.13,28 This study 
improves understanding of pain catastrophizing in lung cancer patients following thoracoscopic surgery and underscores 
the significance of LPA in identifying individuals requiring targeted therapies.

Demographic differences in pain catastrophizing after thoracoscopic surgery were found. A higher proportion of 
married individuals is observed in the “Mild Pain Catastrophizing-Rumination Type” and “Moderate Pain 
Catastrophizing-Helpless Rumination Exaggerated Type” profiles compared to the “Severe Pain Catastrophizing- 
Helpless Rumination Exaggerated Type”, which aligns with the findings of Golkari S et al.29 Giardino N D et al 
investigated pain catastrophizing among 74 patients with chronic pain due to spinal cord injury and found a significant 
relationship between pain catastrophizing and spousal care behaviors. Their comparison of patients living with various 
cohabitating partners revealed that those living with a partner exhibited a stronger association between pain catastrophiz
ing and pain severity than those living alone or with others.30 This suggests that spouses may mitigate the impact of other 
factors on pain catastrophizing and reduce its severity. Consequently, unmarried, divorced, or widowed patients should be 
prioritized for intervention. Healthcare providers can help alleviate pain catastrophizing through various strategies, 
including enhancing patients’ self-management skills and improving policy support. The findings of this study demon
strate a significant association between educational level and pain catastrophizing. Patients with a junior high school 
education are more likely to be classified in the “Severe Pain Catastrophizing-Helpless Rumination Exaggerated Type” 
category, consistent with previous research.31 According to the study, patients with different levels of education have 
varying understandings of their illness and treatment plans, as well as different assessments of their symptoms.32 

Specifically, individuals with lower educational attainment frequently experience information overload during health 
education, which adversely affects their disease conceptualization and the accuracy of their assessment of somatic 
symptoms.33 Furthermore, patients whose primary caregivers are nursing aides also exhibit a higher likelihood of falling 
into the “Severe Pain Catastrophizing-Helpless Rumination Exaggerated Type” category. In the absence of family 
support, hospitals typically assign nursing aides to provide care, thereby compensating for the lack of familial assistance. 
However, nursing aides often deliver only instrumental support, failing to provide the essential emotional support 
needed.34 In some instances, these aides may neglect the physical care of patients, resulting in unmet physiological 
and psychological needs, which further exacerbates pain catastrophizing.35,36 We found that clinical variables affect pain 
catastrophizing latent patterns. Patients with lower lobe tumors are more likely to be categorized as “Severe Pain 
Catastrophizing-Helpless Rumination Exaggerated Type.” This association may be due to several factors, including older 
age, a higher proportion of female patients, more extensive lymphatic metastasis, and poorer prognoses typically linked 
to lower lobe tumors, all of which can contribute to exacerbated pain catastrophizing.37–39 Clinical stage is a critical 
characteristic of lung cancer, and the results of this study suggest that patients with stage I and II lung cancer are also 
more likely to fall into the “Severe Pain Catastrophizing-Helpless Rumination Exaggerated Type” category. Conversely, 
Mahlaq et al40 reported contrasting findings in their study of 230 breast cancer patients in Morocco, indicating that those 
with earlier TNM stages experienced greater psychological burdens. Cultural differences may significantly influence 
these discrepancies. In China, it is common for family members to serve as medical decision-makers on behalf of 
patients, primarily to protect them from the negative consequences of cancer, particularly in cases of advanced disease. 
This approach can significantly mitigate negative emotions in patients with advanced cancer.41 In contrast, early-stage 
cancer patients may endure more substantial psychological distress as they confront the challenges of their diagnosis. 
This increased stress can lead to heightened negative emotions and a disposition to interpret life events pessimistically, 
ultimately resulting in pain catastrophizing.
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The regression analysis revealed that patients with high levels of perception of social support were more inclined to 
be categorized as “mild pain catastrophizing-rumination type” or “moderate pain catastrophizing -exaggerated rumina
tion type”. Notably, those in the “mild pain catastrophizing-rumination type” group reported the highest levels of 
perception of social support, consistent with previous research findings.28 Effective management of pain catastrophizing 
requires not only pharmacological intervention but also substantial support from family and society. According to 
communal coping theory, patients may engage in pain catastrophizing as a coping mechanism; when they lack sufficient 
attention and support, they may exaggerate their pain to seek social assistance.42 Akbari F et al incorporated family 
functioning into a model of pain catastrophizing and pain-related disability, demonstrating that family dysfunction can 
lead to increased pain catastrophizing.43 Boothby JL et al reached divergent conclusions. They categorized partner 
behaviors as caring, punishing, or ignoring, and examined the relationship between pain catastrophizing and perceived 
partner behaviors. Their results indicated that pain catastrophizing was unrelated to perceived caring behaviors from 
partners but was associated with perceived punishing responses.44 This suggests that catastrophizing may not be 
mitigated by perceived compassion or support from others. However, the small sample size in Boothby JL et al’s 
study may have influenced these contradictory findings. While existing research does not definitively clarify the 
relationship between pain catastrophizing and social support, nor does it delineate the pathways through which different 
forms of social support affect pain catastrophizing, the aforementioned findings highlight the significant role that partners 
play in shaping patients’ experiences of pain catastrophizing. Therefore, it is essential to involve patients’ partners or 
primary caregivers in therapeutic interventions and provide joint treatment aimed at enhancing their communication and 
coping skills.

The regression analysis indicated that patients with high levels of fatigue were more likely to be classified into the 
category of “severe pain catastrophizing - ruminative helplessness and exaggeration” compared to the other two 
categories, which aligns with previous research findings.45 The intensity and sensitivity of fatigue directly impact pain 
catastrophizing.13 Fatigue may also indirectly impact pain catastrophizing by causing negative feelings.46 Healthcare 
professionals can employ mindfulness-based cancer rehabilitation training to guide patients in adopting a non- 
judgmental, non-demanding, and accepting attitude towards their illness. Such training can enhance patients’ self- 
regulation and stress management abilities, thereby alleviating fatigue. Furthermore, leveraging wearable devices to 
create gamified aerobic exercise programs, such as group competitions and scenario-based tracking, can enhance exercise 
enjoyment, promote social interaction, and improve negative emotional states, ultimately mitigating pain catastrophizing.

To our knowledge, this is the first study to investigate pain catastrophizing following thoracoscopic surgery for lung 
cancer using LPA, revealing its underlying patterns and determinants. This statistical method establishes a basis for 
developing customized interventions by reducing variability within subgroups. Additionally, the sufficient sample size 
enhances the reliability of our findings.

The limitations of this study include the relative homogeneity of the sample in terms of ethnicity and nationality, 
which necessitates further investigation to determine the generalizability of these findings. Additionally, the cross- 
sectional design employed does not permit the observation of changes in pain catastrophizing over time among 
postoperative lung cancer patients, future research could employ longitudinal designs to fill this gap. Third, potential 
profile analysis as a data analysis method cannot make causal inferences about complex psychological phenomena. 
Future research could combine qualitative methods to gain a comprehensive understanding of the mechanisms underlying 
pain catastrophising. Fourth, patient self-reports may be affected by memory bias or subjectivity, which could influence 
the accuracy of the data. Fifth, the variables selected in this study are limited and do not cover all relevant factors, such as 
trauma history and illness beliefs. Future research could further explore these areas. Finally, this study did not distinguish 
between the types and nature of social support. Future research could continue to explore their impact on pain 
catastrophising in patients after thoracoscopic surgery for lung cancer.

Conclusion
This study is the first to apply Latent Profile Analysis (LPA) to examine the patterns of pain catastrophising in patients 
after thoracoscopic surgery for lung cancer, identifying three distinct categories:Class 1: “Mild Pain Catastrophizing- 
Rumination Type”, Class 2: “Moderate Pain Catastrophizing-Ruminative Exaggerative Type”, Class 3: “Severe Pain 
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Catastrophizing-Ruminative Helpless Exaggerative Type”. Statistically significant differences were found among patients 
in different categories regarding marital status, education level, primary caregiver, tumour location, clinical stage, 
fatigue, and perception of social support. Healthcare professionals should promptly identify high-risk groups for pain 
catastrophising and develop targeted interventions based on physiological, psychological, and social factors.

Abbreviations
OR, odds ratio; CI, confidence interval; Ref, Refer; AIC, akaike information criteria; BIC, bayesian information criteria; 
aBIC, adjusted bayesian information criterion; LMR, lo-Mendell-Rubin test; BLRT, bootstrap likelihood ratio test; LPA, 
latent profile analysis; PCS, pain catastrophizing scale; BFI, brief fatigue inventory; MSPSS, multidimensional scale of 
perceived social support.
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