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Abstract
Background  Studies on sex-related differences in post-lung cancer surgery symptoms are limited. Understanding 
these differences may provide insights into patient recovery. Therefore, we investigated sex-related differences in 
these symptoms and their underlying associated factors.

Methods  We included patients aged ≥ 18 years undergoing surgery for lung cancer from a multicenter cohort study 
(CN-PRO-Lung 1) that focused on postoperative lung cancer symptoms trajectories. On a daily assessment schedule, 
we evaluated patients’ symptoms and their impact on functioning from the day before surgery until discharge using 
the MD Anderson Symptom Inventory–Lung Cancer module. We evaluated sex-related differences in symptom scores 
over time and identified influencing factors using linear mixed models.

Results  Of 372 eligible patients (196 men and 176 women;) symptoms were milder in men than in women for pain 
(estimate = 0.427, P = 0.021), fatigue (estimate = 1.071, P < 0.001), shortness of breath (estimate = 0.431, P = 0.021), lack 
of appetite (estimate = 0.728, P < 0.001), dry mouth (estimate = 0.438, P = 0.015), and constipation (estimate = 0.887, 
P < 0.001) during postoperative hospitalization (median: 7 days). Pain scores decreased over time in both sexes 
(estimate = -0.440 in men, P < 0.001; -0.510 in women, P < 0.001), while different factors were associated with increased 
pain in each group. In men, higher American Society of Anesthesiologists (ASA) classification (estimate = 0.430, 
P = 0.035), advanced pTNM stage (estimate = 0.550, P = 0.007), and having more than one chest drain (estimate = 0.690, 
P = 0.001) were associated with greater pain. In women, systematic lymph node dissection was associated with 
increased pain (estimate = 0.700, P = 0.033).
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Introduction
Lung cancer is a significant global health concern, char-
acterized by alarmingly high incidence and mortality 
rates [1]. Surgical intervention is widely recognized as 
the primary treatment for early-stage lung cancer [2]. 
However, individuals who have undergone lung can-
cer surgery frequently experience various postoperative 
symptoms that can profoundly impact their recovery 
processes and overall quality of life [3–5].

The symptom burden experienced by these patients 
has been extensively researched to identify strategies that 
improve symptom management and clinical outcomes 
[6–10]. However, these studies primarily focused on pro-
filing and managing these symptoms within the patient 
group as a whole, without adequately considering sex-
related differences in symptomatology [11–13]. Although 
previous studies have reported differences in the types 
and severity of postoperative symptoms between men 
and women with lung cancer [14–19], the precise causes 
underlying sex-specific differences in symptoms remains 
unclear [20].

Additionally, severe postoperative symptom burden 
interferes with daily functions and may affect postopera-
tive recovery [21–23], increase the chance of readmission 
[24, 25], and even delay other postoperative treatments 
[26]. The monitoring and intervention of symptom bur-
den can improve the postoperative symptom manage-
ment of patients [7, 9, 26]; however, relevant supporting 
evidence for sex-related differences in symptoms and 
studies on its influencing factors are lacking.

To address this critical knowledge gap, this study aimed 
to investigate the differences in postoperative PROs, 
including symptoms and interference with daily func-
tioning, between men and women who have undergone 
lung cancer surgery. Additionally, it sought to identify 
potential factors related to postoperative pain in men and 
women independently, to support the development of 
sex-specific postoperative care strategies.

Methods
Study design and patients
This study selected patients from a cohort study (CN-
PRO-Lung 1, ClinicalTrials.gov identifier NCT03341377; 
trials registration first posted on 14 November, 2017) [27, 
28] conducted in six tertiary hospitals from November 
2017 to January 2020 that focused on the postoperative 

symptoms of primary lung cancer. The study protocol was 
approved by the Ethics Committee of Sichuan Cancer 
Hospital (No. SCCHEC-02-2017-042), and all patients 
provided written informed consent [27].

The inclusion criteria of this study were as follows: 
(1) age ≥ 18 years, (2) undergoing surgical treatment for 
primary lung cancer, and (3) pathologically confirmed 
primary lung cancer. Patients who met any one of the 
following criteria were excluded: (1) history of other can-
cers, (2) second surgery for lung cancer recurrence or 
double primary cancer, (3) metastatic lung cancer, or (4) 
preoperative neoadjuvant therapy.

General data collection
General patient information was extracted through the 
hospital’s electronic medical record system, including 
demographic characteristics, preoperative characteris-
tics, surgical data, postoperative pathological diagnosis 
[postoperative pathological staging was based on the 
8th edition of the Tumor–Node–Metastasis (TNM) lung 
cancer classification], postoperative complications, and 
other clinical data. The above information was recorded 
on the REDCap platform of Sichuan Cancer Hospital by 
researchers trained in standard operating procedures to 
ensure the accuracy and traceability of data collection 
[29].

PRO measurement instruments and outcome measures
The MD Anderson Symptom Inventory–Lung Cancer 
module (MDASI-LC) was used to assess symptoms [4, 
30]. Symptom severity and its impact on daily function-
ing were collected at baseline (3 days preoperatively) and 
subsequently daily postoperatively at the hospital for 
less than 14 days [27]. The patients independently com-
pleted the MDASI-LC. When assistance was needed, the 
investigator only read the questions aloud and recorded 
the patient’s exact response without interpretation. All 
assessments were self-reported; no proxy responses were 
applicable or permitted in this study.

Pain management strategy
Postoperative pain management followed the World 
Health Organization three-step analgesic ladder and 
was consistently applied across all patients. None of 
the patients received local pain management strate-
gies such as paravertebral blocks or epidurals, nor was 
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patient-controlled analgesia (PCA) standard practice in 
this cohort. The attending physician adjusted the analge-
sic regimen based on the patient’s reported pain intensity, 
response to treatment, and potential side effects. Oral 
analgesics included NSAIDs (e.g., loxoprofen, aspirin), 
compound preparations (e.g., sustained-release codeine 
tablets), and weak opioids (e.g., compound codeine oral 
solutions, tramadol). Intravenous options comprised 
NSAIDs (e.g., trometamol ketorolac, parecoxib) and 
strong opioids (e.g., butorphanol, buprenorphine, dezo-
cine, morphine, sufentanil). This individualized approach 
ensured that each patient’s pain management needs were 
met while maintaining a consistent overall protocol.

Ethics approval
This study was performed in line with the principles of 
the Declaration of Helsinki. Approval was granted by the 
Ethics Committee of Sichuan Cancer Hospital (Approval 
number: SCCHEC-02-2017-042). Informed consent was 
obtained from all participants included in the study.

Statistical analysis
We analyzed the longitudinal PRO data of the patients 
from the preoperative day until discharge or the 7th day 
after surgery., given that the median length of postop-
erative hospital stay was 7 days. Normally and non-nor-
mally distributed continuous variables are presented as 
mean ± standard deviation and median and interquartile 
range, respectively. Categorical variables are expressed 
as numbers (percentages). To assess differences, the 
t-test and Mann–Whitney U test were used for the nor-
mally and non-normally distributed continuous vari-
ables, respectively, and the chi-squared or Fisher’s exact 
test was used for the categorical variables. Additionally, 
we calculated the completion rate at each time point to 
describe data availability.

A linear mixed-effect (LME) model was used to assess 
sex-related differences in symptom scores over time. 
The dependent variable was the score for each item, and 
the independent variables were sex, time, and adjust-
ments for sex, adjusted age, education level, Charlson 
Comorbidity Index (CCI) score, smoking history, sur-
gical approach (video-assisted thoracoscopic surgery 
[VATS] or open surgery), type of resection (lobectomy 
or extended resection), pathological TNM (pTNM) 
stage, histological type, and lymphadenectomy. Models 
were assessed using the maximum likelihood estima-
tion method to evaluate the random effects of intercept 
and time and the fixed effects of independent variables 
(such as sex). Different covariance structures (unstruc-
tured, simple, first-order autoregressive, and compound 
symmetric) were compared during model building using 
the Bayesian information criterion (BIC). The first-order 

autoregressive model with the lowest BIC was selected to 
fit the models.

A LME model was usedto identify the risk factors for 
pain in men and women independently since pain was 
the most common and significantly different symptom 
between sexes in this study. The potential risk factors 
included the postoperative time and all patient character-
istic variables. A two-tailed P-value of < 0.05 was consid-
ered statistically significant, and statistical analyses were 
performed using SAS version 9.4 (SAS Institute Inc., 
Cary, NC, USA).

Results
Sample demographic characteristics
Overall, 372 patients who met the inclusion crite-
ria were included. Table  1 presents the demographic 
and disease characteristics of the patients. This study 
included 196 men and 176 women with mean ages 
of 58.18 ± 10.16 and 53.73 ± 9.80 years, respectively. 
More women had no smoking history (men = 32.14% 
vs. women = 96.59%,P < 0.001), whereas more men 
than women had a CCI score of ≥ 1 (men = 78.57% vs. 
women = 60.80%, P < 0.001). The proportion of men 
who underwent VATS was lower than that of women 
(men = 71.43% vs. women = 91.48%, P < 0.001). More 
women than men had a pTNM stage of ≤ I (men = 51.02% 
vs. women = 81.25%, P < 0.001). Adenocarcinoma was the 
most common histology in both sexes, although it was 
more common in women than in men (men = 71.43% 
vs. women = 94.32%, P < 0.001). More women under-
went non-systematic lymph node dissection than men 
(men = 54.59% vs. women = 64.77%, P = 0.046). The 
median postoperative hospital stay was 7 days for men 
and 6 days for women (P < 0.001). Although the high-
est level of education (P = 0.019) and access (P = 0.014) 
differed between the sexes, the number of chest tubes 
placed, complications, and other demographic and dis-
ease characteristics were not significantly different 
(Table 1).

Top five symptoms
Regarding PRO data availability, the preoperative com-
pletion rate in both men and women was 100%, whereas 
the postoperative completion rate during hospitalization 
was 91.08–98.43% and 88.24–97.16%, respectively. The 
lowest compliance rate within the first 7 days postopera-
tively was 91.08% for men on the sixth day and 88.24% 
for women on the seventh day. At discharge, the compli-
ance rates were 76.02% and 84.66% for men and women, 
respectively.

The top five symptoms, identified based on the highest 
mean scores during hospitalization, were pain, coughing, 
fatigue, disturb sleep, shortness of breath. (Table 2). The 
mean scores of the top 5 symptoms for male and female 
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Table 1  Baseline demographic and patient characteristics
Variables Total

(n = 372)
Men
(n = 196)

Women
(n = 176)

P-value

Age (years), mean (SD) 56.07 ± 10.22 58.18 ± 10.16 53.73 ± 9.80
Age group (years) < 0.001a

  ≤ 60 237 (63.71%) 104 (53.06%) 133 (75.57%)
  > 60 135 (36.29%) 92 (46.94%) 43 (24.43%)
BMI, mean (SD) 22.93 ± 2.79 23.33 ± 2.68 22.50 ± 2.85
Education level 0.019c

  Middle school graduate or below 176 (47.31%) 104 (53.06%) 72 (40.91%)
  Above middle school graduate 196 (52.69%) 92 (46.94%) 104 (59.09%)
Smoking history <0.001c

  No 233 (62.63%) 63 (32.14%) 170 (96.59%)
  Yes 139 (37.37%) 133 (67.86%) 6 (3.41%)
CCI score <0.001c

0 111 (29.84%) 42 (21.43%) 69 (39.2%)
≥ 1 261 (70.16%) 154 (78.57%) 107 (60.80%)
ASA classification 0.388c

1 173 (46.51%) 87 (44.39%) 86 (48.86%)
> 1 199 (53.49%) 109 (55.61%) 90 (51.14%)
Surgical approach <0.001c

Video-assisted thoracoscopic surgery 301 (80.91%) 140 (71.43%) 161 (91.48%)
  Open surgery 71 (19.09%) 56 (28.57%) 15 (8.52%)
Operative time (min), mean (SD) 139.05 ± 51.79 135.94 ± 53.12 142.51 ± 50.19
Resection type 0.003c

  *Sublobectomy 78 (20.97%) 30 (15.31%) 48 (27.27%)
  Lobectomy 238 (63.98%) 128 (65.31%) 110 (62.50%)
  Other 56 (15.05%) 38 (19.39%) 18 (10.23%)
pTNM stage <0.001c

≤I 243 (65.32%) 100 (51.02%) 143 (81.25%)
> I 129 (34.68%) 96 (48.98%) 33 (18.75%)
Tumor pathological type <0.001c

Adenocarcinoma 306 (82.26%) 140 (71.43%) 166 (94.32%)
Non-adenocarcinoma 66 (17.74%) 56 (28.57%) 10 (5.68%)
#Number of chest tubes 0.696c

One 235 (63.16%) 122 (62.24%) 113 (64.20%)
Two 137 (36.82%) 74 (37.76%) 63 (35.80%)
Lymphadenectomy 0.046c

Systematic lymph node dissection 151 (40.59%) 89 (45.41%) 62 (35.23%)
Non-systematic lymph node dissection 221 (59.41%) 107 (54.59%) 114 (64.77%)
Perioperative complication 0.144c

  No 281 (75.54%) 142 (72.45%) 139 (78.98%)
  Yes 91 (24.46%) 54 (27.55%) 37 (21.02%)
PHS (days), median (IQR) 7 (3) 7 (4) 6 (2) <0.001b

Statistically significant values are given in bold (P < 0.05)

Data are expressed as median (IQR) or n (%)

ASA, American Society of Anesthesiologists; BMI, body mass index; CCI, Charlson Comorbidity Index; IQR, interquartile range; PHS, postoperative hospital stay; 
pTNM, pathological Tumor–Node–Metastasis; SD, standard deviation

*Sublobectomy includes wedge resection and segmentectomy
#Chest tube sizes ranged from 20 to 28 French and were made of flexible silicone-based materials
a t-test; b Mann–Whitney U test; c chi-squared tests; d Fisher’s exact test
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patients showed statistically significant differences on the 
third day post-surgery.(Table 2).

Comparison of pros longitudinally between men and 
women patients
As shown in Fig. 1; Table 3, the following symptoms were 
less severe in men than in women: pain (estimate = 0.427, 
P = 0.021), fatigue (estimate = 1.071, P < 0.001), shortness 
of breath (estimate = 0.431, P = 0.021), lack of appetite 
(estimate = 0.728, P < 0.001), dry mouth (estimate = 0.438, 
P = 0.015), and constipation (estimate = 0.887, P < 0.001).

In-hospital pain severity and its influencing factors
The pain score in patients (both sexes) was the low-
est preoperatively (men vs. women, 0.56 ± 1.24 vs. 
0.59 ± 1.31) and the highest on the first day postopera-
tively (men vs. women, 5.58 ± 2.61, 5.47 ± 2.53). On the 
day of discharge, the average scores were similar between 
both sexes. In men, postoperative time (Time, POD) 
was closely associated with a significant decrease in pain 
scores (estimate = -0.440, P < 0.001) (Table 4). Addition-
ally, the American Society of Anesthesiologists (ASA) 
classification had a significant associated with postop-
erative pain (estimate = 0.430, P = 0.035), indicating that 
pain was more pronounced in men with an ASA classi-
fication of 1 or higher. Men with a pTNM stage higher 
than I also showed a significant increase in pain (esti-
mate = 0.550, P = 0.007). The placement of two chest tubes 
was significantly associated with greater postoperative 
pain (estimate = 0.690, P = 0.001). In women, postopera-
tive time (Time, POD) was similarly associated with a 
significant decrease in pain scores (estimate = -0.510, 
P < 0.001). Additionally, systematic lymph node dissec-
tion was associated with postoperative pain in women 
(estimate = 0.700, P = 0.033).

Discussion
This study revealed sex-based disparities in symptoms 
following lung cancer surgery, with men reporting lower 
postoperative scores for pain, fatigue, shortness of breath, 
lack of appetite, dry mouth, and constipation. These dif-
ferences were statistically significant and aligned with 
previous findings [31–36]. To the best of our knowledge, 
no prior longitudinal study has explored the differences 
in postoperative symptoms between men and women 
with lung cancer from the patient’s perspective. Addi-
tionally, the observed differences in the factors associated 
with pain trajectories in men and women indicate the 
necessity for tailored perioperative care strategies.

Previous studies have indicated significant sex-spe-
cific differences in postoperative symptom presenta-
tion in the context of various surgical procedures, and 
symptoms such as pain, fatigue, postoperative nausea, 
and vomiting have been typically found to be more pro-
nounced in women than in men [31–34]. In our study, 
we found that pain incidence in both sexes was the low-
est before lung cancer surgery but peaked on POD1. 
Notably, women reported higher pain scores than did 
men. The influence of sex on pain perception has been 
the subject of extensive research. Studies have suggested 
that women may have a lower pain threshold than men 
[37], which could explain why they experience more fre-
quent and intense postoperative pain compared to their 
men counterparts [33]. These sex-related disparities 
may be partially explained by underlying biological and 
psychosocial mechanisms. Biologically, hormonal dif-
ferences—particularly the role of estrogen—have been 
associated with increased pain sensitivity and inflam-
matory responses, potentially intensifying postoperative 
symptoms in women [38]. Psychosocial factors, such as 
greater emotional expressiveness and different pain cop-
ing strategies, may also influence symptom perception 
and reporting [39]. Women may be more likely to report 
symptoms, while men may underreport due to socio-
cultural expectations around stoicism. Understanding 

Table 2  Comparison top five symptoms between male and female patients
Time point Men (n = 196) Women (n = 176) P-value

n Mean ± SD 95% CI n Mean ± SD 95% CI
Baseline 196 1.18 ± 1.25 1.25–1.36 176 1.13 ± 1.2 1.2–1.31 0.688
POD 1 184 4.29 ± 2.08 2.08–4.59 169 4.21 ± 1.94 1.94–4.51 0.706
POD 2 190 3.62 ± 1.97 1.97–3.9 171 3.81 ± 2.09 2.09–4.12 0.385
POD 3 191 3.13 ± 1.96 1.96–3.41 170 3.61 ± 1.89 1.89–3.9 0.018
POD 4 188 3.16 ± 1.98 1.98–3.45 163 3.19 ± 1.83 1.83–3.47 0.902
POD 5 164 3.07 ± 1.91 1.91–3.37 141 3.1 ± 1.86 1.86–3.4 0.916
POD 6 143 2.98 ± 1.79 1.79–3.28 99 3 ± 1.81 1.81–3.36 0.946
POD 7 114 3.03 ± 1.92 1.92–3.39 60 3.07 ± 1.89 1.89–3.55 0.917
At discharge 149 2.59 ± 1.9 1.9–2.9 149 2.62 ± 1.71 1.71–2.89 0.89
CI, confidence interval; POD, postoperative day; SD, standard deviation

The top five symptoms during hospitalization, based on highest mean scores, were pain, coughing, fatigue, disturbed sleep, and shortness of breath
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these complex interactions is essential for designing 
sex-specific approaches to symptom monitoring and 
management [40]. Pain is not only a physical and psy-
chological challenge for patients but also interacts with 

various factors that can considerably affect postopera-
tive recovery [3, 41, 42]. Therefore, developing targeted 
and individualized pain management strategies is essen-
tial. By effectively mitigating postoperative pain, quicker 

Fig. 1  Comparison of postoperative in-hospital patient-reported outcomes between men and women
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patient recovery and reduced risk of complications can 
be achieved.

For men, ASA classification, pTNM stage, and the 
number of chest tubes were particularly prominent fac-
tors influencing postoperative pain. First, the signifi-
cant impact of ASA classification in men suggests that 
a higher ASA classification (≥ 1) may be associated with 
more complex postoperative management needs, which 
aligns with previous findings linking poorer ASA classi-
fication to adverse outcomes. Therefore, ASA classifica-
tion should be considered when assessing postoperative 
pain in men. Second, men with a pTNM stage higher 
than I exhibited significantly increased pain, indicating 
that tumor staging may be associated with postoperative 
pain, especially in patients with more advanced disease. 
This finding underscores the importance of individual-
ized pain management strategies. Additionally, the place-
ment of two chest tubes was significantly associated 
with greater postoperative pain in men, likely reflecting 
the association between more invasive surgical proce-
dures and increased pain levels, suggesting that clinicians 

should consider the additional burden of pain in postop-
erative chest tube management. In contrast, postopera-
tive pain in women was more significantly influenced by 
systematic lymph node dissection. This finding is consis-
tent with studies indicating that systematic lymph node 
dissection has been associated with greater tissue damage 
and postoperative complications in women. Therefore, 
pain management interventions in women may need to 
focus specifically on the extent of lymph node dissection 
and the speed of postoperative recovery.

Furthermore, while many of the observed differences 
were statistically significant, it is important to assess 
whether these differences hold clinical relevance. Based 
on existing literature, a change of approximately 0.8–1.0 
on a 0–10 scale is generally considered the minimal clini-
cally important difference (MCID) for patient-reported 
symptom scores [30, 43]. Interpreting our findings 
through the lens of MCID helps to distinguish statisti-
cally significant changes that likely have genuine clinical 
relevance from those with limited practical implications. 
This approach enables clinicians to better prioritize 

Table 3  Comparison of patient-reported outcomes during postoperative hospitalization between men and women
Items Men (as reference) versus Women

Group Time

Estimate SE P-value Estimate SE P-value
Pain 0.427 0.184 0.021 -0.492 0.032 < 0.001
Fatigue (tiredness) 1.071 0.187 < 0.001 -0.436 0.032 < 0.001
Nausea 0.001 0.143 0.993 -0.146 0.024 < 0.001
Disturbed sleep 0.189 0.203 0.352 -0.194 0.035 < 0.001
Distressed (upset) -0.112 0.195 0.568 -0.198 0.033 < 0.001
Shortness of breath 0.431 0.186 0.021 -0.214 0.032 < 0.001
Problems remembering things 0.306 0.247 0.215 -0.043 0.015 0.004
Lack of appetite 0.728 0.177 < 0.001 -0.227 0.03 < 0.001
Drowsy (sleepy) 0.271 0.186 0.145 -0.347 0.031 < 0.001
Dry mouth 0.438 0.181 0.015 -0.376 0.03 < 0.001
Sadness 0.037 0.264 0.888 -0.085 0.019 < 0.001
Vomiting 0.131 0.118 0.267 -0.06 0.02 0.0029
Numbness or tingling -0.024 0.142 0.863 -0.085 0.024 < 0.001
Coughing -0.218 0.181 0.228 0.015 0.031 0.632
Constipation 0.887 0.221 < 0.001 -0.012 0.037 0.742
Sore throat 0.071 0.256 0.782 -0.138 0.019 < 0.001
Activity 0.227 0.218 0.298 -0.378 0.037 < 0.001
Mood -0.052 0.195 0.791 -0.145 0.033 < 0.001
Work 0.481 0.277 0.082 -0.435 0.047 < 0.001
Relations with other people -0.089 0.198 0.654 -0.008 0.034 0.822
Walking 0.125 0.221 0.571 -0.598 0.037 < 0.001
Enjoyment of life -0.148 0.224 0.509 -0.254 0.038 < 0.001
Statistically significant values are given in bold (P < 0.05)

Adjusted variables: age, education level, Charlson Comorbidity Index score, smoking history, surgical approach, surgical resection type, pathological Tumor–Node–
Metastasis stage, pathological types, and lymphadenectomy

Estimate: Coefficients from our linear mixed-effects (LME) model

Group Estimate represents the fixed effect of sex (with men as the reference), indicating the estimated difference in symptom scores between women and men

Time Estimate represents the fixed effect of postoperative day, reflecting changes in symptom scores over time

SE, standard error
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symptoms that may meaningfully affect patient care and 
informs the development of more targeted and effective 
postoperative interventions.

This research highlights the importance of sex dif-
ferences in postoperative pain management. Men and 
women exhibit significant differences in the risk factors 
for postoperative pain, which may reflect physiological, 
psychological, and sociocultural factors. These findings 
suggest that clinical practice should involve the develop-
ment of more individualized pain management strate-
gies based on the patient’s sex, disease characteristics, 
and surgical approach to improve postoperative recovery 
outcomes.

Limitations
This study has several limitations. First, as an observa-
tional study, even though we used mixed-effect models 
to adjust for potential confounding factors, residual con-
founding is inevitable. For instance, psychosocial fac-
tors and hormonal differences were not measured and 
may have influenced the results, potentially limiting our 
ability to fully explain the observed sex differences in 

postoperative symptoms. Second, this study focused only 
on PROs during the postoperative hospital stay and did 
not include long-term follow-up data after discharge. 
As such, our findings are limited to early postoperative 
outcomes, and do not capture the trajectory of symptom 
resolution or persistence after discharge. Future stud-
ies should incorporate longitudinal follow-up to better 
understand recovery patterns and long-term sex differ-
ences in PROs. Third, the lack of formal adjustment for 
multiple comparisons may increase the risk of Type I 
errors. However, most key findings remained statistically 
significant under a conservative Bonferroni-corrected 
threshold (P < 0.0023), supporting the robustness of our 
results. Fourth, since our study population was exclu-
sively Chinese, cultural norms around pain reporting and 
gender roles may have influenced the results, limiting the 
generalizability of our findings to non-Chinese popula-
tions. Lastly, while we adjusted for surgical approach 
(VATS vs. open) as a covariate, we did not perform sub-
group analyses due to the limited sample size in the open 
surgery group. Further stratification by sex and surgical 
approach would reduce statistical power and reliability. 

Table 4  Factors associated with postoperative pain in men and women with lung cancer
Men Women
Variables Estimate SE P-value Variables Estimate SE P-value
Time, POD -0.440 0.040 < 0.001 Time, POD -0.510 0.030 < 0.001
Age group ≥ 60 vs. ˂60 (as 

reference)
0.220 0.220 0.322 Age group ≥ 60 vs. ˂60 0.040 0.380 0.911

Education level Middle school 
graduate or below vs. 
Above middle school 
graduate

-0.280 0.200 0.165 Education level Middle school 
graduate or below 
vs. Above middle 
school graduate

-0.110 0.300 0.704

Smoking history Yes vs. No 0.150 0.210 0.459 Smoking history Yes vs. No -0.070 0.820 0.923
CCI score ≥ 1 vs. 0 -0.390 0.270 0.157 CCI score ≥ 1 vs. 0 -0.190 0.310 0.538
ASA classification ≥ 1 vs. 0 0.430 0.200 0.035 ASA classification ≥ 1 vs. 0 0.440 0.290 0.136
Surgical approach Open surgery vs. 

Video-assisted thora-
coscopic surgery

-0.270 0.250 0.279 Surgical approach Open surgery vs. 
Video-assisted tho-
racoscopic surgery

0.960 0.550 0.082

Resection type Extended resection 
vs. Lobectomy

0.230 0.260 0.378 Resection type Extended resection 
vs. Lobectomy

0.350 0.470 0.455

Other vs. Lobectomy -0.290 0.280 0.310 Other vs. 
Lobectomy

0.220 0.360 0.539

pTNM stage > I vs. ≤ I 0.550 0.200 0.007 pTNM stage > I vs. ≤ I -0.190 0.410 0.636
Tumor pathology Non-adenocarcinoma 

vs. Adenocarcinoma
0.070 0.240 0.774 Tumor pathology Non-adeno-

carcinoma vs. 
Adenocarcinoma

0.620 0.710 0.380

Number of chest 
tubes

Two vs. One 0.690 0.210 0.001 Number of chest 
tubes

Two vs. One 0.430 0.300 0.147

Lymphadenectomy Systematic lymph 
node dissection 
vs. Non-system-
atic lymph node 
dissection

-0.270 0.210 0.200 Lymphadenectomy Systematic lymph 
node dissection 
vs. Non-system-
atic lymph node 
dissection

0.700 0.330 0.033

ASA, American Society of Anesthesiologists; CCI, Charlson Comorbidity Index; POD, postoperative day; pTNM, pathological Tumor–Node–Metastasis; Estimate, The 
coefficients derived from our linear mixed-effects model, which quantify the relationship between the specified variable and postoperative pain. Positive values 
indicate a higher pain score associated with that variable, while negative values indicate a lower pain score; SE, standard error
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Future research should further explore long-term post-
operative symptoms and functional outcomes to compre-
hensively understand the influence of sex differences on 
the recovery process after lung cancer surgery. Moreover, 
future studies should include diverse cultural settings 
and consider adjustments for previously unmeasured 
factors, such as psychosocial and hormonal influences, 
to enhance the robustness and generalizability of the 
results.

Conclusion
This study revealed that women’s symptom burden was 
more severe in the initial days following lung cancer sur-
gery. For men, particular attention should be given to 
higher ASA classification, pTNM stage, and use of two 
chest tubes. Meanwhile, systematic lymph node dissec-
tion may be an important factor associated with higher 
pain levels in women, requiring close clinical attention. 
These findings highlight the importance of targeted post-
operative interventions, particularly early in the recovery 
period, to address sex-specific symptom patterns and 
enhance overall quality of life for both men and women.
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