
Am J Transl Res 2024;16(11):6552-6563
www.ajtr.org /ISSN:1943-8141/AJTR0159814

https://doi.org/10.62347/ELAP8136

Original Article
Effect of graded exercise rehabilitation based on  
pulmonary function classification on dyspnea,  
pulmonary function, and exercise capacity  
in elderly lung cancer patients

Ruiping Zhang1*, Xueting Jiang1*, Weidi Liu2, Ning Zhang1, Jiao Shang1

1Department of Rehabilitation, Panjin Liao He Oil Field Gem Flower Hospital, Panjin 124010, Liaoning, China; 
2Department of Rehabilitation, 3201 Hospital, Hanzhong 723000, Shaanxi, China. *Equal contributors.

Received August 14, 2024; Accepted October 8, 2024; Epub November 15, 2024; Published November 30, 2024

Abstract: Objective: To investigate the effects of graded exercise rehabilitation training tailored to pulmonary func-
tion classification on dyspnea, pulmonary function, and exercise capacity during postoperative rehabilitation in 
elderly patients following lung cancer surgery. Methods: A retrospective analysis was conducted on clinical data 
from 168 elderly patients undergoing postoperative rehabilitation after lung cancer surgery at Panjin Liaohe Oilfield 
Gem Flower Hospital from January 2021 to December 2022. Patients were divided into two groups based on the 
rehabilitation received: the control group (n=71), receiving standard rehabilitation, and the study group (n=97), 
receiving additional graded exercise rehabilitation based on pulmonary function classification. Outcomes were com-
pared before and after a 12-week intervention, including psychological status (Hamilton Anxiety Scale (HAMA) and 
Hamilton Depression Rating Scale (HAMD)), symptom scores, dyspnea (Modified Medical Research Council (mMRC) 
and St. George’s Respiratory Questionnaire (SGRQ) scores), pulmonary function (Forced Expiratory Volume in 1 
Second (FEV1), Forced Vital Capacity (FVC), Peak Expiratory Flow (PEF), Maximum Voluntary Ventilation (MVV), and 
respiratory muscle strength), inflammatory markers (Interleukin-8 (IL-8)), tumor markers (Carcinoembryonic Antigen 
(CEA) and Cytokeratin-19 Fragment antigen 21-1 (CYFRA21-1)), exercise capacity (6-minute walk test (6MWT) dis-
tance, Maximum Oxygen Consumption (VO2max), Maximum Workload (MWL), and Anaerobic Threshold (AT)), sleep 
quality (Pittsburgh Sleep Quality Index (PSQI)), and quality of life (World Health Organization Quality of Life-BREF 
(WHOQOL-BREF)). Results: After 12 weeks, both groups exhibited significant reductions in HAMA, HAMD, cough, spu-
tum production, chest pain, shortness of breath, mMRC, SGRQ, and PSQI scores, with the study group showing more 
pronounced decreases (all P < 0.05). FEV1, FVC, PEF, 6MWT distance, and WHOQOL-BREF scores increased signifi-
cantly in both groups, with greater improvements in the study group (all P < 0.05). IL-8, CEA, and CYFRA21-1 levels 
decreased significantly in both groups, with IL-8 levels lower in the study group (all P < 0.05); however, no significant 
differences were observed in CEA or CYFRA21-1 between groups post-intervention (both P > 0.05). Conclusion: 
Graded exercise rehabilitation based on pulmonary function classification effectively enhances pulmonary function, 
relieves symptoms, improves sleep quality, and supports recovery in elderly patients post-lung cancer surgery. 
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Introduction

Lung cancer is a prevalent malignancy with 
high incidence and mortality rate globally. The 
disease originates from the bronchial mucosa 
or lung glandular structures, with primary symp-
toms such as cough, sputum production, chest 
pain, and dyspnea, all significantly worsening 
patient health and survival [1]. Surgical resec-

tion remains a key treatment option, and the 
adoption of video-assisted thoracoscopic sur-
gery (VATS) for lung cancer resection has 
increased due to its minimally invasive nature, 
therapeutic effectiveness, and quicker recovery 
time, contributing to extended patient survival 
[2, 3]. In elderly patients, while surgery improves 
survival, clinical research increasingly empha-
sizes postoperative management to enhance 
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lung function, exercise capacity, and reduce 
dyspnea [4]. Evidence suggests that exercise 
rehabilitation training can significantly improve 
pulmonary function and quality of life in post-
lung cancer surgery patients [5]. Graded exer-
cise rehabilitation, customized according to 
pulmonary function classification, offers a tar-
geted approach that accommodates different 
lung function levels, thus enhancing pulmonary 
function, exercise capacity, and quality of life 
[7]. This approach has shown efficacy ifor man-
aging respiratory conditions such as chronic 
obstructive pulmonary disease (COPD), asth-
ma, and interstitial lung disease, though its 
application in lung cancer rehabilitation 
remains limited.

In light of these benefits, this study aims to 
bridge the gap by implementing graded exer-
cise rehabilitation training, tailored to lung 
function classification, for the postoperative 
recovery of elderly lung cancer patients. To 
evaluate the effects of this training, we 
assessed various indicators, including psycho-
logical well-being, dyspnea, pulmonary func-
tion, inflammatory markers, tumor markers, 
exercise capacity, sleep quality, and overall 
quality of life. This retrospective analysis 
includes clinical data from 168 elderly patients 
in the postoperative rehabilitation phase fol-
lowing lung cancer surgery, assessing the 
effect of graded exercise rehabilitation training 
based on pulmonary function classification.

Materials and methods

General information

This retrospective study analyzed clinical data 
from 168 elderly patients undergoing postop-
erative rehabilitation following primary lung 
cancer surgery at Panjin Liaohe Oilfield Gem 
Flower Hospital from January 2021 to 
December 2022. The cohort included 98 males 
and 70 females, aged 61-83 years, with a mean 
age of 72.54±4.31 years. Pathologic types 
included adenocarcinoma (78 cases), squa-
mous cell carcinoma (65 cases), and adeno-
squamous carcinoma (25 cases). TNM staging 
showed Stage I (48 cases), Stage II (80 cases), 
and Stage III (40 cases). Duration of illness 
ranged from 1 to 12 years, with an average of 
5.33±1.42 years. Patients were allocated to a 
control group (n=71) and a study group (n=97) 
based on the intervention type. This study was 

approved by the Ethics Committee of Panjin 
Liaohe Oilfield Gem Flower Hospital.

Inclusion and exclusion criteria

Inclusion criteria: (1) Diagnosed with lung can-
cer per established diagnostic standards, con-
firmed by postoperative pathology [6]; (2) Aged 
60-90 years; (3) Complete clinical data avail-
able; (4) Expected survival time > 6 months.

Exclusion criteria: (1) Prior radiotherapy or che-
motherapy; (2) Other malignancies or severe 
dysfunction of the heart, liver, or kidneys; (3) 
Coexisting hematological, immunological, psy-
chological, or psychiatric conditions; (4) Ad- 
vanced lung cancer with cachexia; (5) Severe 
surgical complications; (6) Poor adherence or 
non-cooperation with nursing interventions.

Intervention methods

Control group: Patients received conventional 
interventions, including health education, psy-
chological support, dietary guidance, pain man-
agement, medication instructions, monitoring, 
and basic rehabilitation exercises. Rehabi- 
litation mainly comprised: (1) Breathing exer-
cises: Patients practiced slow, deep inhala-
tions, holding for 3-5 seconds, then exhaling 
while contracting the abdomen. Each session 
lasted 10-15 minutes, performed three times 
daily. (2) Cough and sputum clearance training: 
Patients took deep breaths, followed by force-
ful exhalations while crossing arms over the 
chest. Once sputum reached the throat, 
patients were encouraged to cough it out; 
assistance was provided with gentle back tap-
ping if needed.

Study group: In addition to the above, patients 
underwent graded exercise rehabilitation ac- 
cording to their pulmonary function classifica-
tion, based on the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) criteria [7]. 
Exercises were designed per GOLD stages:

GOLD stage 2 patients: ① Dumbbell training: 
Patients lifted 1-3 kg dumbbells in each hand, 
performing 15-20 repetitions, three times daily. 
② Active cycling training: Patients lay flat, simu-
lating pedaling for 10-15 minutes per session, 
three times daily. ③ Bridge training: Patients 
performed hip raises with bent knees, lifting 
hips 10-20 cm above the bed, completing 
15-20 repetitions, three times daily.
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GOLD stage 3 patients: ① Knee extension 
training: Patients flexed and extended knees 
while seated, completing three sets of 10-15 
repetitions daily. ② Active cycling training: 
Patients used an air cycling device for 10-15 
minutes per set, three times daily. ③ Stretch 
and sit-up training: Patients held the bed’s edge 
and elevated their upper body for 3-5 seconds, 
performing 10-15 repetitions per set, three 
times daily.

GOLD stage 4 patients: ① Elbow extension 
training: Patients extended elbows to 180° and 
flexed arms to bring hands to the shoulder, 
completing three sets of 15-20 repetitions 
daily. ② Passive cycling training: Patients 
selected a cycling device according to their 
recovery status and adjusted pedaling speed 
for passive cycling. Each session lasted 10-15 
minutes, performed three times daily.

Regular reassessments of the patient’s GOLD 
stage informed adjustments to the exercise 
regimen based on pulmonary function evalua-
tions. Blood oxygen saturation and heart rate 
were monitored closely. Exercise was discontin-
ued if symptoms like dizziness, chest tightness, 
or palpitations occurred. Both groups received 
interventions for 12 weeks.

Outcome measures

(1) Psychological status: Psychological evalua-
tions were conducted at baseline and after 12 
weeks of intervention using the Hamilton 
Anxiety Rating Scale (HAMA) and the Hamilton 
Depression Rating Scale (HAMD) [7, 8]. A HAMA 
score above 21 indicates significant anxiety, 
and scores over 29 suggest severe anxiety. For 
HAMD, a score exceeding 17 indicates depres-
sive symptoms, while scores above 24 reflect 
severe depression.

(2) Symptom scores [9]: Symptom severity for 
cough, sputum production, chest pain, and 
shortness of breath was assessed before and 
after the intervention using a 0-6 severity scale, 
with higher scores indicating greater severity.

(3) Dyspnea: Dyspnea was measured before 
and after the 12-week intervention using the 
Modified Medical Research Council (mMRC) 
scale and the St. George’s Respiratory 
Questionnaire (SGRQ) [10, 11]. The mMRC 
score ranges from 0 to 4, while the SGRQ score 

ranges from 0 to 100, with higher scores indi-
cating more severe dyspnea.

(4) Pulmonary function [12]: Pulmonary func-
tion was assessed at baseline and after 12 
weeks using a pulmonary function testing 
device, measuring Forced Expiratory Volume in 
1 Second (FEV1), Forced Vital Capacity (FVC), 
Peak Expiratory Flow (PEF), Maximum Volun- 
tary Ventilation (MVV), and Respiratory Rate 
(RR). Respiratory muscle strength was also 
evaluated.

(5) Inflammatory markers [13]: Serum levels of 
inflammatory markers, including Interleukin-8 
(IL-8), CEA, and CYFRA21-1, were measured 
before and after the intervention. Blood sam-
ples were collected by venipuncture and ana-
lyzed using enzyme-linked immunosorbent 
assay (ELISA) kits from Shanghai Kehua Bio-
engineering Co., Ltd.

(6) Exercise capacity [14]: Exercise capacity 
was evaluated before and after the intervention 
using the 6-minute walk test (6MWT), which 
correlates positively with exercise capacity. 
Additionally, a cardiopulmonary exercise test-
ing system (COSMED, Italy, model K4b2) was 
used to measure VO2max, maximum workload 
(MWL), and anaerobic threshold (AT).

(7) Sleep quality: Sleep quality was assessed 
pre- and post-intervention using the Pittsburgh 
Sleep Quality Index (PSQI), where scores range 
from 0 to 21, with lower scores indicating bet-
ter sleep quality [15].

(8) Quality of life: Quality of life was evaluated 
using the World Health Organization Quality of 
Life-BREF (WHOQOL-BREF) scale before and 
after 12 weeks of intervention. The WHOQOL-
BREF includes four domains, each with a maxi-
mum score of 100, where higher scores indi-
cate better quality of life [16].

(9) Mid-term prognosis: One-year follow-up data 
were collected through phone interviews and 
outpatient visits to assess recurrence, metas-
tasis, and mortality rates in both groups.

Statistical methods

Statistical analysis was performed using SPSS 
23.0 software. Categorical variables (e.g., gen-
der, pathologic type) were presented as n (%), 
with differences tested using the chi-square 
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(χ2) test. Continuous variables (e.g., psychologi-
cal status, symptom scores, dyspnea, pulmo-
nary function) were presented as mean ± stan-
dard deviation (

_
x  ± Sd), and analyzed using the 

t-test. For repeated measures over multiple 
time points, repeated measures ANOVA was 
used. A p-value < 0.05 was considered 
significant.

Results

Comparison of baseline characteristics

Baseline characteristics, including gender, pa- 
thological type, age, TNM staging, and duration 
of illness, were comparable between the two 
groups, with no significant differences (all P > 
0.05) (Table 1).

Comparison of symptom scores

Before intervention, symptom scores for cough, 
sputum production, chest pain, and shortness 
of breath were similar between the groups, with 
no significant differences (all P > 0.05). After 
12 weeks, these symptom scores decreased in 
both groups, with the study group showing 
lower scores (all P < 0.05) (Table 2).

Comparison of dyspnea

Dyspnea scores were comparable between 
groups at baseline, with no significant differ-
ences (P > 0.05). After 12 weeks, dyspnea 
scores significantly decreased in both groups, 
with a more pronounced reduction in the study 
group (both P < 0.05) (Table 3).

Comparison of pulmonary function

At baseline, pulmonary function parameters, 
including FEV1, FVC, PEF, MVV, and respiratory 
muscle strength, were similar between groups 
(all P > 0.05). Following 12 weeks of interven-
tion, these parameters improved significantly in 
both groups, with the study group showing 
greater increases and significant differences 
(all P < 0.05) (Figure 1).

Comparison of exercise capacity

Exercise capacity, assessed by 6MWT dis-
tance, VO2max, MWL, and AT, was comparable 
between groups before intervention (all P > 
0.05). After 12 weeks, these exercise mea-
sures improved significantly in both groups, 

with the study group showing greater gains (all 
P < 0.05) (Figure 2).

Comparison of inflammatory and tumor mark-
ers

Baseline serum levels of IL-8, CEA, and 
CYFRA21-1 were comparable between groups 
(all P > 0.05). After 12 weeks, significant reduc-
tions were observed in all markers in both 
groups, with a more substantial decrease in 
IL-8 levels in the study group (all P < 0.05). 
However, reductions in CEA and CYFRA21-1 
were not significantly different between the 
groups (both P > 0.05) (Figure 3).

Comparison of psychological status and sleep 
quality

Baseline psychological status (HAMA and 
HAMD scores) and sleep quality (PSQI scores) 
were similar between groups (P > 0.05). After 
12 weeks, HAMA, HAMD, and PSQI scores 
showed significant reductions in both groups, 
with the study group exhibiting a more substan-
tial decrease (all P < 0.05) (Figure 4).

Comparison of quality of life

Before the intervention, quality of life scores 
across all domains were similar between groups 
(all P > 0.05). After 12 weeks, WHOQOL-BREF 
scores improved significantly in both groups, 
with higher scores in the study group (all P < 
0.05) (Table 4).

Comparison of mid-term prognosis comparison

The mid-term prognosis, including recurrence, 
metastasis, and mortality rates, showed no sig-
nificant differences between the groups (all P > 
0.05) (Table 5).

Discussion

Lung cancer, with its high incidence and mortal-
ity rate, poses a great threat to human health. 
Thoracoscopic resection has become a stan-
dard treatment for lung cancer, effectively 
removing tumor lesions, reducing mortality, 
extending survival, and offering minimally inva-
sive advantages that expedite postoperative 
recovery. However, lung cancer primarily affects 
the elderly, who often have reduced physiologi-
cal function and multiple comorbidities. The 
decline in cardiopulmonary function in these 
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Table 1. Comparison of relevant indicators of baseline data between the two groups n/(
_
x  ± Sd)

Group
Sex

Age (years)
Pathological type TNM stage duration (years) Duration of disease 

(years)Male Female Adenocarcinoma Squamous carcinoma Adenosquamous carcinoma Phase I Phase II Phase III
Control group (n=71) 42 29 72.23±4.92 33 30 8 20 35 16 5.07±1.62
Study Group (n=97) 56 41 72.74±5.78 45 35 17 28 45 24 5.54±1.78
χ2/t 0.034 0.601 1.483 0.163 1.755
P 0.853 0.549 0.477 0.922 0.081
Note: TNM, tumor-node-metastasis.

Table 2. Comparison of symptom scores between the two groups (
_
x  ± Sd, points)

Group
Cough Expectoration Thoracodynia Short of breath

Pre-intervention After 12 weeks 
of intervention Pre-intervention After 12 weeks 

of intervention Pre-intervention After 12 weeks 
of intervention Pre-intervention After 12 weeks 

of intervention
Control group (n=71) 4.02±0.77 2.24±0.70* 3.87±0.92 2.13±0.75* 3.12±0.87 1.75±0.74* 3.57±0.92 2.01±0.67*

Study Group (n=97) 4.11±0.83 1.23±0.65* 3.81±0.96 1.05±0.63* 3.01±0.85 0.89±0.66* 3.48±0.89 1.13±0.57*

t 0.716 9.630 0.407 10.122 0.820 7.924 0.638 9.174
P 0.475 < 0.001 0.684 < 0.001 0.413 < 0.001 0.524 < 0.001
Note: Compared to before intervention, *P < 0.05.
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patients intensifies dyspnea, and the invasive 
nature of surgery can delay pulmonary function 
recovery, adversely affecting prognosis [17]. 
Therefore, enhancing postoperative nursing 
interventions for elderly lung cancer patients is 
crucial.

While conventional rehabilitation methods, 
such as general exercise, are commonly 
employed, they often lack specificity and adapt-
ability to individual patient needs, resulting in 
lower patient motivation and suboptimal out-
comes [18]. Given the variability in pulmonary 
function among patients, standardized exer-
cise programs may not provide adequate inten-
sity for some, potentially diminishing training 
efficacy, while others may experience exces-
sive strain, possibly worsening their condition 
[19]. Graded exercise rehabilitation based on 
pulmonary function classification offers a per-
sonalized approach by tailoring exercise inten-
sity, frequency, and goals, thereby improving 
the appropriateness and efficacy of rehabilita-
tion programs [18]. This individualized approach 
not only enhances patient motivation but also 
increases rehabilitation effectiveness.

Results from this study show that after 12 
weeks of intervention, both groups exhibited 
significant reductions in HAMA, HAMD, cough, 
sputum production, chest pain, shortness of 
breath, mMRC, SGRQ, and PSQI scores, with 
the study group demonstrating greater reduc-
tions. Additionally, significant improvements 
were observed in FEV1, FVC, PEF, MVV, and 
respiratory muscle strength in both groups, 
with superior outcomes in the study group. 
These findings suggest that graded exercise 
rehabilitation based on pulmonary function 
classification can effectively alleviate clinical 
symptoms, improve psychological well-being, 

relieve dyspnea, and enhance both pulmonary 
function and sleep quality in elderly lung cancer 
surgery patients. This approach is effective 
likely because the GOLD grading system 
assesses airflow limitation, providing an accu-
rate reflection of each patient’s pulmonary 
function [20].

In this study, rehabilitation training was tailored 
to GOLD grades: GOLD grade 2 patients per-
formed dumbbell routines, active cycling, and 
bridge exercises; grade 3 patients engaged in 
knee extensions, active cycling, and stretching 
sit-ups; and grade 4 patients undertook elbow 
extensions and passive cycling. By aligning 
exercise intensity and type with each patient’s 
pulmonary function, the regimen meets indi-
vidual needs, increases patient confidence, 
reduces negative emotions, and improves 
adherence, ultimately enhancing training out-
come. While conventional breathing and cough 
training can improve pulmonary function, a 
graded rehabilitation approach based on pul-
monary function classification offers a more 
balanced enhancement in respiratory and exer-
cise capacities, tolerance to training, and pro-
motes a more effective recovery of pulmonary 
function [21].

Clinical observations consistently reveal that 
lung cancer surgery patients often experience 
reduced exercise capacity due to compromised 
pulmonary function, which worsens their quali-
ty of life [22]. The 6MWT is a recognized mea-
sure of exercise capacity and is essential for 
evaluating the effectiveness of rehabilitation in 
lung disease patients. Quality of life, reflecting 
overall satisfaction with social, psychological, 
and physiological well-being, is a key goal for 
lung cancer patients [23]. This study showed 
that after 12 weeks, both groups demonstrat-
ed significant improvements in 6MWT distance, 

Table 3. Comparison of dyspnea scores between the two groups (
_
x  ± Sd, points)

Group
mMRC SGRQ

Pre-intervention After 12 weeks 
of intervention Pre-intervention After 12 weeks 

of intervention
Control group (n=71) 3.05±0.84 2.18±0.62* 62.10±5.77 51.05±5.05*

Study Group (n=97) 3.01±0.81 1.25±0.55* 61.86±6.12 40.02±4.24*

t 0.311 10.257 0.257 15.356
P 0.756 < 0.001 0.797 < 0.001
Note: Compared to before intervention, *P < 0.05. mMRC, Modified Medical Research Council; SGRQ, St. George’s Respiratory 
Questionnaire.
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Figure 1. Comparison of lung function between the two groups. Note: A: FEV1; B: FVC; C: PEF; D: MVV; E: Muscle strength of respiratory muscle. Compared to before 
intervention within the same group, ***P < 0.001; Compared to the control group, ###P < 0.001. FEV1, Forced Expiratory Volume in 1 Second; FVC, Forced Vital Ca-
pacity; PEF, Peak Expiratory Flow; MVV, Maximum Voluntary Ventilation.
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VO2max, MWL, AT, and WHOQOL-BREF scores, 
with the study group achieving better results. 
This indicates that graded exercise rehabilita-
tion based on pulmonary function classification 
effectively enhances exercise capacity and 
quality of life in elderly lung cancer patients. 
The mechanism likely involves incorporating 
aerobic exercises targeting lower limbs, which 
reduces fatigue, enhances walking ability and 
endurance, and promotes quality of life.

Unlike conventional interventions, this custom-
ized approach tailors rehabilitation based on 
each patient’s pulmonary function grade, mus-
cle strength, and exercise tolerance, fostering 

self-efficacy and encouraging active participa-
tion in pulmonary rehabilitation exercises [24]. 
Yan et al. implemented a multidisciplinary lung 
rehabilitation program based on protective 
motivation theory for elderly lung cancer 
patients with chemotherapy-induced weak-
ness, significantly improving lung function, 
exercise self-efficacy, and physical function 
[25]. These findings align with our results. 
However, most current studies focus primarily 
on the mechanisms of rehabilitation training.

Previous studies have shown that postopera-
tive lung cancer patients often experience 
reduced lung capacity and impaired mucocili-

Figure 2. Comparison of exercise capacity between groups. Note: A: 6MWT; B: VO2max; C: MWL; D: AT. Compared to 
pre-intervention within the same group, ***P < 0.001; Compared to the control group, ###P < 0.001. 6MWT, 6-minute 
walk test; VO2max, Maximum Oxygen Consumption; MWL, Maximum Workload; AT, Anaerobic Threshold.
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Figure 3. Comparison of inflammatory factors and tumor markers between the two groups. Note: A: IL-8; B: CEA; C: CYFRA21-1. Compared to before intervention 
within the same group, ***P < 0.001; Compared to the control group, ###P < 0.001. IL-8, Interleukin-8; CEA, Carcinoembryonic Antigen; CYFRA21-1, Cytokeratin-19 
Fragment antigen 21-1.
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Figure 4. Comparison of psychological status and sleep quality scores between the two groups. Note: A: HAMA; B: HAMD; C: PSQI score. Compared to before inter-
vention within the same group, ***P < 0.001; Compared to the control group, ###P < 0.001. HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Rating Scale; 
PSQI, Pittsburgh Sleep Quality Index.

Table 4. Comparison of scores of various indexes of quality of life between the two groups (
_
x  ± Sd, points)

Group
Physiology Psychology Social relationships Environment

Pre-intervention After 12 weeks 
of intervention Pre-intervention After 12 weeks 

of intervention Pre-intervention After 12 weeks 
of intervention Pre-intervention After 12 weeks 

of intervention
Control group (n=71) 48.24±4.35 59.37±4.72* 53.10±4.37 61.57±4.87* 55.74±4.30 64.05±4.93* 52.05±4.24 60.55±4.87*

Study Group (n=97) 48.79±4.43 66.87±5.12* 52.86±5.08 70.33±5.34* 56.02±4.41 71.27±5.29* 52.41±4.38 67.58±5.67*

t 0.801 9.691 0.321 10.897 0.411 8.991 0.533 8.418
P 0.424 < 0.001 0.749 < 0.001 0.682 < 0.001 0.595 < 0.001
Note: Compared to before intervention, *P < 0.05.
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ary function, leading to sputum buildup in the 
airways and subsequent inflammatory respons-
es, as indicated by elevated levels of pro-infla- 
mmatory cytokines like IL-8 [26]. Our study 
found that, following intervention, serum IL-8 
levels were significantly lower in the study group 
compared to the control group, suggesting a 
reduction in inflammation. This may be due to 
the graded exercise rehabilitation program 
being based on pulmonary function classifica-
tion, which enhances respiratory muscle str- 
ength through controlled breathing exercises, 
facilitating secretion clearance, reducing air-
way obstruction, and decreasing inflammation. 
Additionally, training focused on chest expan-
sion and forced exhalation improves lung ca- 
pacity and respiratory muscle endurance, en- 
hancing coughing and expectoration ability, 
reducing intrapulmonary pressure, and sup-
pressing inflammatory factor release, ultimate-
ly mitigating lung damage.

CYFRA21-1, commonly expressed in lung tissue 
and particularly in the cytoplasm of lung tumor 
epithelial cells, is released into the blood-
stream during lung cancer, leading to elevated 
serum levels. CEA is a broad-spectrum tumor 
marker essential for the differential diagnosis 
and monitoring of lung cancer. Our study 
observed significant reductions in serum levels 
of both CEA and CYFRA21-1 in both groups 
post-intervention. However, no significant dif-
ferences between the groups were found in 
these tumor markers or in recurrence, metasta-
sis, or mortality rate. This suggests that while 
graded exercise rehabilitation based on pulmo-
nary function classification effectively lowers 
serum CEA and CYFRA21-1 levels, it does not 
offer a statistically significant advantage over 
conventional rehabilitation in terms of these 
outcomes. Rehabilitation primarily benefits 
lung cancer patients by enhancing post-surgi-
cal function and quality of life but has limited 
impact on cancer recurrence and metastasis 

may be necessary to manage lung cancer 
progression.

In summary, implementing a graded exercise 
rehabilitation program based on pulmonary 
function classification in elderly lung cancer 
patients effectively improves lung function, 
alleviates symptoms, enhances sleep and qual-
ity of life, and supports recovery, showing 
strong clinical applicability and potential for 
wider use. However, this study is retrospective, 
and its findings may be subject to bias. Future 
large-scale, prospective studies are needed to 
further validate these results.
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