
O R I G I N A L  R E S E A R C H

Associations Between Postoperative Symptom 
Clusters and Functional Status in Lung Cancer 
Patients: A Cross-Sectional Study
Yali Liu1,*, Siya Lin2,*, Meirong Bai1, Huochun Yi3

1Department of Thoracic Surgery, Zhongshan Hospital Xiamen University, School of Medicine, Xiamen University, Xiamen, Fujian, 361004, People’s 
Republic of China; 2School of Nursing, Fujian Medical University, Fuzhou, Fujian, 350122, People’s Republic of China; 3Center of Clinical Laboratory, 
Zhongshan Hospital Xiamen University, School of Medicine, Xiamen University, Xiamen, Fujian, 361004, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Meirong Bai, Department of Thoracic Surgery, Zhongshan Hospital Xiamen University, School of Medicine, Xiamen University, 
201 hubin South Road, Siming District, Xiamen, Fujian, 361004, People’s Republic of China, Email 157576198@qq.com; Huochun Yi, Center of Clinical 
Laboratory, Zhongshan Hospital Xiamen University, School of Medicine, Xiamen University, 201 hubin South Road, Siming District, Xiamen, Fujian, 
361004, People’s Republic of China, Email yhc1818@163.com

Background: Symptom clusters in cancer symptom management research, providing a scientific basis for developing effective 
strategies for symptom assessment and intervention aimed at improving patient quality of life and survival.
Objective: To analyze symptom clusters in postoperative lung cancer patients, examine its influenced factor, and explore the 
relationship between postoperative symptom clusters and functional status in lung cancer patients.
Methods: Between August 2023 and February 2024, 441 lung cancer patients who underwent surgical treatment in the Department of 
Thoracic Surgery at a tertiary hospital in Xiamen were selected. Data collection included a general information questionnaire, the 
Postoperative Patient-Reported Outcomes Scale for Early-Stage Lung Cancer Patients, the Tampa Scale for Kinesiophobia (TSK), and 
the Karnofsky Performance Status Scale (KPSS). Latent class analysis was employed to categorize the self-reported outcomes. 
Statistical analyses were performed on the relevant factors.
Results: The self-reported postoperative symptoms in lung cancer patients were divided into two groups: high-symptom burden and 
low-symptom burden. Significant differences were observed between these groups concerning surgery duration, kinesiophobia score, 
personality traits, KPSS, and the use of analgesic pumps (P <0.005). After adjusting for sex, age, lifestyle, and health status, a multi- 
model approach confirmed a significant inverse relationship between higher KPSS levels and higher symptom burden (P < 0.001). 
High-symptom levels are negatively associated with functional status (P <0.005).
Conclusion: Postoperative symptom clusters in lung cancer patients can be specifically categorized into high and low-symptom 
burdens. Surgery duration, kinesiophobia scores, personality traits, KPSS, and the use of analgesic pumps are significant risk factors 
affecting symptom burden. Postoperative symptom cluster assessment provides a scientific basis for developing effective management 
strategies, which may improve functional recovery and long-term outcomes in lung cancer patients.
Keywords: symptom clusters, functional status, lung cancer

Introduction
Lung cancer is one of the most common malignancies globally, with rising incidence and mortality rates worldwide. In 
China, it is the most prevalent malignancy and the leading cause of cancer-related deaths.1,2 Surgery remains the primary 
treatment for patients with early-stage lung cancer. Improved public health awareness and advances in imaging technology 
have significantly improved the detection of early-stage lung cancer, leading to a considerable number of patients under-
going surgery. However, the invasive nature of the procedure presents a high risk of postoperative complications.

Research indicates that up to 79.5% of lung cancer patients experience postoperative symptoms.3 Common symptoms 
include pain, cough, sputum production, and sleep disturbances. These symptoms often occur together in interrelated groups, 
forming “symptom clusters” that influence each other, potentially exacerbating patient discomfort and negatively impacting 
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their quality of life and functional status.4,5 Early detection and surgical treatment have improved the survival rate, assessing 
postoperative symptom clusters and effectively managing them may further improve survival and quality of life.6–9

Existing research on lung cancer symptoms usually centers on the general population or isolated symptoms, often 
overlooking the variability in symptom manifestation and distress among individuals. Latent Class Analysis (LCA), 
a probabilistic model-based classification method, identifies homogeneous subgroups of individuals with similar obser-
vable characteristics, grouping them into distinct classes based on their inherent traits. This method increases the 
distinction between classes while reducing differences within each class, aiding in identifying unique groups based on 
underlying connections and enabling more specific interventions for different patient groups.10

This study aims to analyze symptom clusters in postoperative lung cancer patients using a latent class analysis model 
and explore their internal characteristics. It examines risk indicators for patients with varying symptom characteristics. 
A multi-model approach is employed to investigate further the trend of the impact of high-symptom burden on 
postoperative functional status as measured by the Karnofsky Performance Status Scale (KPSS) score.

Methods
Design and Subjects
A convenience sampling method was used to select patients who underwent lung cancer resection surgery in the 
Department of Thoracic Surgery at a tertiary hospital in Xiamen, Fujian Province, from August 2023 to 
February 2024. The inclusion criteria were: (1) a confirmed diagnosis of lung cancer through cytological or histopatho-
logical examination; (2) age ≥ 18 years; (3) clear consciousness and adequate reading and comprehension abilities. 
Exclusion criteria were: (1) critical postoperative condition requiring transfer to the intensive care unit or voluntary 
discharge; (2) prior radiotherapy and/or chemotherapy before surgery; (3) co-morbid psychiatric disorders or other severe 
physical illnesses. Using Kendall’s sample size estimation method, with a total of 31 variables and accounting for a 10% 
dropout rate, the final sample size was 441 patients11 (Figure 1).

Figure 1 Flowchart of patients inclusion and exclusion.
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Data Collection Methods
Before the survey began, all investigators received standardized training. They completed the general information questionnaire 
using the electronic medical record system. Before patient discharge, with consent obtained, investigators explained the survey’s 
purpose, instructed on questionnaire completion, and provided necessary instructions using standardized language. Any unclear 
items were clarified in simple terms. For illiterate patients or those who had difficulty with the questionnaire, investigators read 
the items aloud and recorded responses based on the patients’ answers. The questionnaires were distributed and collected on-site 
to ensure completeness and accuracy. If any items were unanswered, investigators prompted patients to complete them 
immediately. Incomplete questionnaires or those with obviously inconsistent answers were considered invalid.

This study used structured questionnaires for data collection, divided into the following parts:

General Information Questionnaire
A self-designed general information questionnaire was developed based on a thorough review of relevant literature and 
the objectives of this study. It includes variables such as gender, age, marital status, education level, employment status, 
economic level, lifestyle, personality type, BMI, actual FEV1 value, ejection fraction (EF), duration of surgery, lymph 
node dissection, use of patient controlled analgesia (PCA), intraoperative anesthesia, intraoperative bleeding, and the 
extent of surgical resection (Table 1).

Postoperative Patient-Reported Outcomes Scale for Lung Cancer Patients
The Postoperative Patient-Reported Outcomes Scale for Lung Cancer Patients, created by Ohguri et al12 includes 54 items 
across four domains: physiological (chest symptoms, gastrointestinal symptoms, systemic symptoms, independence), 
psychological (anxiety, depression, pessimism), social (social support, social adaptation), and treatment (effectiveness, 
satisfaction, compliance, adverse treatment reactions). Each item is rated on a 5-point Likert scale, with items 1–17, 
20–32, 38–42, and 53 scored positively from 1 to 5 points, and items 18–19, 33–37, 43–52, and 54 reverse-scored. The 
scale’s item-level content validity index (I-CVI) ranges from 0.800 to 1.000, with a scale-level content validity index/average 
(S-CVI/Ave) of 0.940. The Cronbach’s alpha coefficient is 0.927, and the split-half reliability is 0.735.

Tampa Scale for Kinesiophobia-11 (TSK-11)
The Tampa Scale for Kinesiophobia-11 (TSK-11) was originally developed by Das et al13 and later revised into a shorter 
version by Woby et al.14 The Chinese version was translated and validated by Cai Libai et al.15 This scale assesses the 
level of kinesiophobia in patients, comprising 11 items across three dimensions: cognitive aspects of activity, behavioral 
aspects of activity, and attitudes towards activity. The total score ranges from 11 to 44, with scores over 26 indicating 
kinesiophobia. Higher scores suggest increased levels of kinesiophobia. The scale’s Cronbach’s alpha coefficient is 0.88, 
and its test-retest reliability is 0.80.

Karnofsky Performance Status Scale (KPSS)
The Karnofsky Performance Status Scale (KPSS), developed by Karnofsky et al16 is employed to assess patients’ functional 
status based on their activity level, disease condition, and ability to perform self-care. The scale includes 11 levels, with 
a total score ranging from 0 to 100, where each level represents a 10-point increment. Higher scores indicate better health 
status. The scale’s Cronbach’s alpha coefficient ranges from 0.97 to 1.00, and its inter-rater reliability is 0.89.

Data Analysis
Two individuals independently entered and verified all data before analysis using SPSS version 27.0. The Kolmogorov–Smirnov 
test assessed data normality. Normally distributed continuous variables were shown as mean ± standard deviation, while non- 
normally distributed continuous variables were reported as median and interquartile range. Categorical variables were presented 
as frequencies and percentages. Latent class analysis using R version 4.3.3 classified six dimensions of self-reported outcomes: 
chest symptoms, gastrointestinal symptoms, systemic symptoms, anxiety, depression, and pessimism. Univariate analysis and 
logistic regression identified risk factors associated with these categories. Using R version 4.3.3, covariates were excluded, and 
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Table 1 Early Postoperative Patient-Reported Outcomes Scale for Lung Surgery

Domain Dimension Third-Level Item Options for Third-Level Items

Never Occasionally About Half the 
Time

Frequently Always

1.Physiological Domain 1.1Chest Symptoms 1.1.1 I feel chest pain

1.1.2 I feel chest tightness

1.1.3 I have shortness of breath

1.1.4 I have a cough

1.1.5 I have phlegm

1.1.6 I have blood-tinged sputum or hemoptysis

1.2Gastrointestinal 
Symptoms

1.2.1 I feel nauseous

1.2.2 I feel like vomiting

1.2.3 I feel constipated

1.2.4 I feel dry mouth

1.3 General Condition 1.3.1 I feel fatigued

1.3.2 I feel numbness on the surgical side (eg, upper arm, scapula)

1.3.3 I feel itching at the wound site

1.3.4 I have poor sleep (insomnia, drowsiness, nightmares)

1.3.5 I have poor appetite

1.3.6 I have weight loss

1.3.7 I have decreased memory and concentration

1.4 Independence 1.4.1 I can perform general household activities (eg, sweeping, washing clothes)

1.4.2 I can perform some physically demanding activities (eg, lifting heavy bags, moving 
heavy objects)
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2.Psychological Domain 2.1Anxiety 2.1.1 I feel irritable

2.1.2 I feel mentally tense

2.1.3 I feel distressed

2.1.4 I worry that my health will get worse

2.1.5 I worry that my illness will become a burden to my family

2.1.6 I worry that surgery will affect my life and work

2.2Depression 2.2.1 I feel down

2.2.2 I feel lonely and helpless

2.2.3 I feel sad

2.2.4 I am afraid of others talking about my condition

2.2.5 The illness has affected my outlook on life or my pursuits

2.3Pessimism 2.3.1 I lack confidence

2.3.2 I feel that life is meaningless

3.Social Domain 3.1 Social Support 3.1.1 Family members care about my condition

3.1.2 Family members can provide me with financial help

3.1.3 Relatives, friends, and colleagues care about my condition

3.1.4 Relatives, friends, and colleagues can provide me with financial help

3.1.5 I can confide in relatives and friends about my troubles

3.2Social Adaptation 3.2.1 Surgery has affected my work

3.2.2 Illness has affected my family role

3.2.3 Illness has affected my relationships with friends and colleagues

3.2.4 I avoid certain social activities due to illness (eg, parties)

3.2.5 I have given up previous hobbies due to illness (eg, playing chess, cards)

(Continued)
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Table 1 (Continued). 

Domain Dimension Third-Level Item Options for Third-Level Items

Never Occasionally About Half the 
Time

Frequently Always

4.Treatment Domain 4.1Effectiveness 4.1.1 The current treatment has improved my symptoms

4.1.2 The current treatment has improved my mood

4.1.3 The current treatment has enhanced my confidence in life

4.2 Satisfaction 4.2.1 I am satisfied with the doctors during the treatment process

4.2.2 I am satisfied with the nurses during the treatment process

4.2.3 The medical expenses I paid are reasonable

4.2.4 The examination items the doctor asked me to undergo are reasonable

4.3Compliance 4.3.1 I can take medication on time and in the correct dosage as prescribed by the doctor

4.3.2 I can regularly go to the hospital for follow-up visits as prescribed by the doctor

4.3.3 I can persist with respiratory function training

4.4Treatment Side Effects 4.4.1 I worry about the side effects of the treatment

4.4.2 I can tolerate the side effects of the treatment
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a multi-model strategy examined the impact trend of high-symptom burden on postoperative functional status as measured by the 
Karnofsky Performance Status Scale (KPSS) score. Statistical significance was defined as P < 0.05.

Results
General Information of Study Subjects
Out of 450 distributed questionnaires, and 441 valid responses were included in the final analysis after excluding 
incomplete (n=6) and logically inconsistent responses (n=3), yielding a valid response rate of 98%. Patient ages ranged 
from 19 to 83 years, with a mean of (55.92 ± 12.76) years. The mean duration of indwelling catheters was (4.44 ± 3.82) 
days, and the mean surgery time was 167.0 [100.0, 216.0] minutes. The kinesiophobia score averaged 23.0 [19.0, 28.0].

Latent Class Analysis of Postoperative Symptom Clusters in Lung Cancer Patients
A latent class model (LCM) was developed using six dimensions of self-reported distress symptoms: chest symptoms, 
gastrointestinal symptoms, systemic symptoms, anxiety, stress, and pessimism. The analysis began with a single-class 
model and incrementally increased the number of classes to five. Model fit was evaluated using AIC, BIC, G², and χ² 
values, with lower values indicating a better fit. In cases of conflicting indicators, BIC was prioritized.17 The results 
indicated that the minimum values for AIC and BIC were achieved with two classes. Increasing the number of classes 
resulted in higher indices. Although G² increased when transitioning from one to two classes, this increase was not 
significant. After evaluating all fit indices, the two-class model was identified as the most appropriate (Table 2).

Patients were categorized based on the severity of six symptoms. Those with high levels of all six symptoms were placed in 
the “high-symptoms Group”, while those with low levels were placed in the “low-symptoms Group”. The analysis identified 
147 patients (33.33%) in the high-symptoms Group and 294 patients (66.67%) in the low-symptoms Group (Figure 2).

Table 2 Goodness-of-Fit Test Results

Number of Latent Classes AIC BIC G2 χ²

1 12,462.89 16,351.57 5201.441 3,935,140
2 12,311.23 15,643.81 5321.786 1,570,431

3 12,661.60 17,106.39 5128.154 4,834,565

4 12,816.59 17,817.49 5011.143 3,064,201
5 13,014.93 18,571.94 4937.479 2,254,609

Figure 2 The characteristic distribution of 2 potential categories of postoperative symptoms in lung cancer patients.
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Univariate Analysis of Postoperative Symptoms in Lung Cancer Patients
Univariate analysis was conducted with symptom levels (high vs low) as the dependent variable. It was found that the 
duration of surgery, Kinesiophobia scores, KPSS scores, personality traits, and discontinuation of PCA significantly 
influenced symptom levels in lung cancer patients (Table 3).

Multivariate Logistic Regression Analysis of Factors Influencing High and 
Low-Symptoms in Postoperative Lung Cancer Patients
A multivariate logistic regression analysis was performed using variables that showed statistical significance (P <0.05) in 
the univariate analysis as independent variables, with high and low-symptom levels as the dependent variable. The 

Table 3 Univariate Analysis Results for High and Low-Symptoms in Postoperative Lung Cancer Patients

Variable Category Overview 
(n=441)

Low-Symptoms 
(n=294)

High-Symptoms 
(n=147)

Statistics P

Gender (%) Male 204(46.3) 143(48.6) 61(41.5) 2.011 0.156

Female 237(53.7) 151(51.4) 86(58.5)

Education Level (%) Illiterate 32(7.3) 19(6.5) 13(8.84) 2.717 0.437

Junior High or Below 224(50.8) 154(52.4) 70(47.6)

Echnical Secondary or High School 76(17.2) 46(15.7) 30(20.4)

College or Above 109(24.7) 75(25.5) 34(23.1)

Marital Status (%) Married 423(95.92) 280(95.2) 143(97.3) 1.824 0.402

Unmarried 16(3.63) 13(4.4) 3(2.0)

Divorced 2(0.45) 1(0.34) 1(0.7)

Occupation (%) Employed 134(30.39) 87(29.6) 47(32.0) 0.277 0.871

Retired 106(24.03) 71(24.2) 35(23.8)

Unemployed 201(45.5)8 136(46.3) 65(44.2)

Use of PCA (%) No 278(63.04) 199(67.7) 79(53.7) 8.180 <0.001

Yes 163(36.96) 95(32.3) 68(46.2)

KPSS score 50.00 24(5.442) 11(3.741) 13(8.844) 57.64 0 <0.001

60.00 121(27.438) 63(21.429) 58(39.456)

70.00 95(21.542) 49(16.667) 46(31.293)

80.00 114(25.850) 95(32.313) 19(12.925)

90.00 79(17.914) 70(23.810) 9(6.122)

100.00 8(1.814) 6(2.041) 2(1.361)

ASA Classification (%) 1 2(0.5) 1(0.34) 1(0.68) 0.435 0.804

2 393(89.1) 261(88.78) 132(89.80)

3 46(10.4) 32(10.88) 14(9.52)

Personality Type (%) Extroverted 275(62.4) 204(69.39) 71(48.30) 18.567 <0.001

Introverted 166(37.6) 90(30.61) 76(51.70)

Economic Status (%) < 5000 25(5.7) 16(5.44) 9(6.12) 7.073 0.070

5000–8000 63(14.3) 33(11.22) 30(20.41)

8000–12,000 103(23.4) 72(24.49) 31(21.09)

> 12,000 250(56.7) 173(58.84) 77(52.38)

Living Arrangement (%) With Family 425(96.4) 281(95.58) 144(97.96) 1.589 0.207

Living Alone 16(3.6) 13(4.42) 3(2.04)

Age (years) 58.0[48.0,66.0] 58.0[48.0,66.0] 56.0[47.0,66.0] 0.761 0.447

BMI 23.08[20.8,25.0] 23.140[21.0,25.0] 23.052[20.2,25.1] 0.895 0.371

FEV1 (actual) 2.40[2.1,2.9] 2.480[2.1,2.9] 2.480[2.1,2.9] −0.340 0.734

EF 68.0[65.0,70.0] 68.0[65.0,70.0] 68.0[65.0,70.0] 1.005 0.605

Comorbidities 1.0[0.0,2.0] 1.0[0.0,2.0] 1.0[0.0,2.0] −0.911 0.346

Duration of Surgery (min) 167.0[100.0,216.0] 158.0[94.0,206.0] 184.0[111.0,237.0] −2.946 <0.001

Intraoperative Blood Loss (mL) 10.0[10.0,50.0] 10.0[10.0,30.0] 20.0[5.0,50.0] −0.980 0.317

Pain Score 5.0[3.0,8.0] 4.0[3.0,7.0] 7.0[4.0,9.0] −6.260 <0.001

Kinesiophobia 23.0[19.0,28.0] 22.0[19.0,27.0] 26.0[23.0,30.0] −5.894 <0.001

Abbreviations: PCA, patient controlled analgesia; KPSS, Karnofsky Performance Status Scale; ASA, American society of Anesthesiologists; BMI, body mass index; FEV1, 
forced expiratory volume; EF, ejection fraction.
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analysis revealed that the duration of surgery, Kinesiophobia scores, KPSS scores, personality type, and use of an 
analgesic pump were independent risk factors for high or low-symptom levels in postoperative lung cancer patients 
(P <0.05) (Table 4).

Multi-Model Relationship Between Postoperative Functional Status Scores and 
High-Symptom Levels in Lung Cancer Patients
Postoperative functional status was categorized based on scores, and covariates were adjusted. Results from Model 1, 
Model 2, and Model 3 indicated that the P for trend was less than 0.05 in all models. This shows a negative correlation 
between high-symptom levels and functional status scores, with higher functional status scores associated with fewer 
incidences of high-symptoms (Table 5).

The restricted cubic spline (RCS) plot reveals a significant negative correlation between functional status (KPSS) 
scores and the incidence of high-symptom levels in both male and female patients. As functional status (KPSS) scores 
increase, the risk of high-symptom occurrence decreases. The 95% confidence interval narrows in the higher score range, 
indicating less uncertainty in risk estimates at these levels. The overall P-value of the model is extremely low (<0.001), 
indicating statistical significance. The P-value for nonlinearity is 0.116, suggesting there is insufficient statistical 
evidence for a significant nonlinear relationship between functional status (KPSS) scores and symptom severity. Refer 
to Figure 3 for a detailed presentation of the results.

Table 4 Multivariate Analysis Results for High and Low-Symptoms

Predictor Estimate SE Z P Odds Ratio Lower Upper

Constant −0.303 0.999 −0.303 0.762 0.739 0.103 5.226

Duration of Surgery 0.002 0.001 1.354 0.176 1.002 0.999 1.004

Kinesiophobia 0.082 0.020 4.012 <0.001 1.085 1.043 1.130
KPSS score −0.045 0.010 −4.470 <0.001 0.956 0.937 0.975

Personality Type 0.619 0.227 2.722 0.006 1.856 1.188 2.901

Use of PCA 0.613 0.231 2.652 0.008 1.846 1.174 2.910

Table 5 Multimodel Strategy for Functional Status Scale (KPSS) Scores and High-Symptom

Variable N Model Unadjusted Model 1 Model 2 Model 3

OR95% CI P OR95% CI P OR95% CI P OR95% CI P

KPS score
50 24

60 121 0.779[0.324,1.875] 0.774[0.312,1.922] 0.774[0.310,1.933] 0.875[0.349,2.193]

70 95 0.794[0.324,1.950] 0.843[0.329,2.162] 0.843[0.327,2.170] 0.989[0.382,2.562]
80 114 0.169[0.066,0.434] 0.173[0.065,0.464] 0.172[0.064,0.462] 0.19[0.071,0.510]

90 79 0.109[0.038,0.314] 0.115[0.039,0.344] 0.113[0.037,0.339] 0.121[0.040,0.364]

100 8 0.282[0.047,1.690] 0.217[0.033,1.424] 0.213[0.032,1.413] 0.253[0.038,1.685]
P for trend 441 0.942[0.925,0.959] 0 0.942[0.924,0.960] 0 0.942[0.924,0.960] 0 0.942[0.924,0.960] 0

Notes: Model 1: Adjusted for gender, age, lifestyle, education level, marital status, occupation, and personality. Model 2: Adjusted for gender, age, 
lifestyle, education level, marital status, occupation, personality, BMI, smoking, and alcohol consumption. Model 3: Adjusted for gender, age, lifestyle, 
education level, marital status, occupation, personality, BMI, smoking, alcohol consumption, economic status, diabetes, and hypertension.
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Discussion
Specificity of Potential Categories of Symptom Clusters in Postoperative Lung Cancer 
Patients
Latent class analysis of symptom clusters in postoperative lung cancer patients revealed significant differences among 
the clusters. Notably, 33.3% of patients fell into the high-symptom group, characterized by elevated levels of 
distressing symptoms, particularly anxiety, chest symptoms, and systemic symptoms. Anxiety, which is prevalent 
among postoperative lung cancer patients, can reduce quality of life and hinder recovery. Healthcare professionals are 
advised to closely monitor patients’ psychological states, providing timely interventions and calming measures to 
manage anxiety.

Chest symptoms are pronounced in postoperative lung cancer patients. Contributing factors include healing of chest 
wounds, pain, chest drainage tubes, and increased airway secretions, all of which can cause discomfort.18 Healthcare 
professionals should monitor these symptoms closely, adjust treatment plans promptly, and alleviate discomfort.

Systemic symptoms, common in postoperative patients, may stem from surgical stress, reduced immune function, 
discomfort in the hospital setting, and perioperative physical depletion. It is crucial for healthcare professionals to assess 
these symptoms comprehensively and develop appropriate rehabilitation plans to improve patients’ quality of life.

The Impact of Surgery Duration on Symptom Clusters in Postoperative Lung Cancer 
Patients
Research has shown that surgery duration can independently predict the extent of postoperative symptoms. This occurs 
for several reasons. First, patients requiring longer surgeries, such as those involving extensive lymph node dissection, 
often have more severe conditions. For instance, the average surgery time for a lobectomy is 144.9 minutes, compared to 
111.2 minutes for a sub-lobar resection.19 This indicates that the severity of the condition correlates with surgery 
duration, thus exacerbating postoperative symptoms. Additionally, prolonged surgeries can induce stress responses in 
patients, affecting their blood pressure, blood sugar levels, and immune systems. Notably, surgeries exceeding 240 min-
utes have been linked to intraoperative hyperglycemia,20 and extended surgery durations are associated with higher rates 
of postoperative infections.21 Consequently, surgical duration not only reflects the severity of a patient’s condition but 

Figure 3 Restricted Cubic Spline Plot of Postoperative Functional Status (KPSS) Scores and high-symptom Levels in Lung Cancer Patients.
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may also worsen postoperative symptoms through various physiological stress responses. Therefore, it is crucial to focus 
on multidisciplinary collaboration to reduce surgical duration,22 involving improved coordination among surgeons, 
nurses, anesthesiologists, and pathologists to improve the efficiency of surgical teams, shorten surgery times, and reduce 
postoperative complications, thereby improving patient recovery rates.

Impact of Kinesiophobia on Postoperative Symptom Clusters in Lung Cancer Patients
In this study, kinesiophobia was present in 174 patients, representing an incidence rate of 39.50%, consistent with 
findings by Liu Yanjin et al.23 According to the “fear-avoidance” model by Lethem et al, kinesiophobia occurs when 
patients perceive pain as a threat, leading to fear associated with pain sensations. This fear significantly affects their 
physical sensations, increasing sensitivity to normal bodily responses like touch or movement.

During postoperative rehabilitation, this fear results in avoidance or resistance to physical activity, negatively 
impacting quality of life and worsening pain issues. Patients who focus excessively on pain and its associated threats 
experience increased fear, which increases their attention to these stimuli, creating a vicious cycle that can lead to organ 
disuse. According to a 2014 systematic review by Wertli et al24 higher levels of kinesiophobia correlate with stronger 
perceptions of pain and significantly affect the recovery of physical activity levels.

Impact of Personality on Postoperative Symptom Clusters in Lung Cancer Patients
This study discovered that extroverted patients experienced fewer severe symptom burdens compared to introverted 
patients. This difference may be due to the six dimensions of symptoms—chest, gastrointestinal, systemic, anxiety, stress, 
and pessimism—which include both physiological and psychological elements. Introverted patients, who are less likely 
to express their psychological concerns, showed more intense psychological symptoms. Research indicates that indivi-
duals with a sanguine, extroverted, and cheerful personality recover more quickly from total joint replacement surgery 
than those with different personality traits.25 Conversely, melancholic, introverted, and pessimistic individuals take 
longer to recover.26 These findings align with our own. During the questionnaire survey, it was noted that patients with 
cheerful personalities had milder symptoms, suggesting that personality traits significantly impact postoperative recovery.

At a conference on breast cancer postoperative recovery, research highlighted that personality traits influence patients’ 
expectations of postoperative outcomes, psychological status, and need for social support, thus affecting recovery. This 
supports the findings of our study. The results also emphasize the importance of increased psychological counselling and 
communication for introverted patients to decrease severe symptom burdens after surgery.

Impact of PCA Used on Postoperative Symptom Clusters in Lung Cancer Patients
Our study examined the effect of PCA used on postoperative symptom clusters in lung cancer patients. Among the 163 
patients who used PCA after surgery, 58.3% reported a lower incidence of symptoms, while 41.7% experienced a higher 
incidence. In comparison, of the 278 patients who did not use PCA, 71.7% reported a lower incidence of symptoms, and 
28.3% experienced a higher incidence. This indicates a greater occurrence of nausea and vomiting among patients using 
PCA, leading some to discontinue their use.

Further analysis revealed that side effects such as nausea and vomiting are common with the anesthetics used in these 
pumps. Additionally, female patients had a higher incidence of these side effects compared to male patients,27 consistent 
with previous studies noting gender differences in postoperative nausea and vomiting rates. As a result, we recommend 
that anesthesiologists consider reducing the use of analgesic pumps in female patients who are prone to high rates of 
nausea and vomiting. Alternative pain management strategies, such as oral or intravenous analgesics, should be 
considered to reduce these side effects, thereby improving postoperative functional status.

Correlation Between Postoperative Functional Status (KPSS) and Symptom Clusters 
in Lung Cancer Patients
Our study’s analysis shows that postoperative functional status, as measured by the Karnofsky Performance Status Scale 
(KPSS) score, is inversely related to high-symptom levels in lung cancer patients. Postoperative fear of movement 
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(kinesiophobia) is positively associated with high-symptom levels; all high-symptom levels are negatively associated 
with functional status (all P < 0.05).

Following lung cancer surgery, patients may experience symptoms such as pain, dyspnea, and fatigue, which can 
restrict their daily activities and reduce their functional status. Additionally, anxiety and depression often affect 
postoperative patients, further hindering their recovery process and functional status. This study suggests 
a significant link between postoperative physical activity levels and functional status, kinesiophobia, self-efficacy, 
and quality of life (P < 0.05).3,28 Notably, patients with lower physical activity levels reported higher kinesiophobia 
and poorer quality of life.

Therefore, our findings suggest that postoperative symptom clusters, including pain levels, significantly impact 
functional recovery. Effective pain management strategies, such as multimodal analgesia, could further optimize post-
operative outcomes. The negative impact of high-symptom levels can lead to a decline in patients’ functional status. This 
highlights the importance of addressing and managing high-symptoms in postoperative care for lung cancer patients to 
improve their quality of life and encourage early recovery.

Limitation
There are limitations of our study. First, this study did not specifically analyze differences in pathological types between 
male and female patients, which could be explored in future research. Second, the study uses convenience sampling, 
which may introduce selection bias, and it is a recommendation for future probability-based sampling studies. Third, this 
study was conducted in only one hospital, larger cohorts with detailed clinicopathological data is need in future.

Conclusions
This study highlighted the interconnection of postoperative symptom clusters in lung cancer patients. According to the 
LCM model, patients were categorized into high and low-symptom groups. Those in the high-symptom group experi-
enced greater physiological and psychological distress than those in the low-symptom group. Postoperative symptom 
cluster assessment provides a scientific basis for developing effective management strategies, which may improve 
functional recovery and long-term outcomes in lung cancer patients. Thus, healthcare providers are advised to manage 
these symptom clusters to improve patients’ functional status and quality of life.
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