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Purpose: To compare skeletal muscle function levels in different COPD severities and explore their relationship with COPD severity
and progression.

Patients and Methods: The study included COPD patients from the First People’s Hospital of Shuangliu District, Chengdu between
May 2021 and May 2022, categorized into mild, moderate, severe and very severe groups based on FEV1%. Skeletal muscle function
(quadriceps strength, respiratory muscle strength, 6MWD) was compared among these groups. Patients were followed up to assess
disease progression, and logistic regression was used to analyze the predictive value of skeletal muscle function for COPD
progression.

Results: Among the 400 subjects, respiratory muscle strength, quadriceps strength, and 6MWD were all higher in the nonsmoking
group than in the smoking group, with the mild group better than the moderate group, the moderate group better than the severe group,
males stronger than females, the MMRC score < 2 group better than the >2 group, and strength greater in the age < 70 group than in
the age >70 group. The mild group had a higher 6 MWD than the moderate group, the moderate group was better than the severe group,
non-smokers had a higher 6MWD than smokers, and the difference between males and females was greater with statistical
significance. There are differences in quadriceps strength, respiratory strength, and 6MWD within the progression group. Logistic
regression analysis showed that respiratory muscle strength, quadriceps strength, 6MWD, and COPD severity were risk factors for
COPD progression (P < 0.05).

Conclusion: COPD patients show skeletal muscle dysfunction that worsens with disease severity. Respiratory muscle strength,
quadriceps strength, 6MWD, and COPD severity predict COPD prognosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common chronic respiratory disease with a high incidence rate and
high disease burden. Once established, the disease is progressive and cannot be reversed. Skeletal muscle dysfunction is
one of the most common comorbidities of COPD and the main cause of reduced exercise tolerance in patients.'~
Research has shown that systemic factors such as smoking, systemic inflammation, exercise intolerance, exacerbations,
nutritional deficiencies, anabolic insufficiency, comorbidities, and certain medications can affect muscle function by
altering the local muscle microenvironment. These factors can lead to imbalances in protein metabolism, oxidative stress,
inflammatory events and muscle injury, ultimately affecting muscle structure and function.? It seriously affects the quality
of life and prognosis of patients, but it is still unclear whether skeletal muscle function testing can predict the prognosis
of COPD patients. This study investigates the relationship between COPD severity and skeletal muscle function and the
predictive value of skeletal muscle function for COPD progression by comparing the levels of skeletal muscle function in
patients with different degrees of COPD. The research hypothesis is that assessment of skeletal muscle function can serve
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as an effective indicator of prognosis in COPD. This finding may have significant implications for the clinical manage-
ment of COPD patients, particularly in the early identification of risk of disease progression and the development of
personalized treatment plans.

Materials and Methods

Ethical Considerations
This study has been approved by the ethics committee of the First People’s Hospital of Shuangliu District, Chengdu
(batch number: 2021-02-01). Written informed consent was obtained from all patients.

Patients and Study Design

This study selected patients diagnosed with chronic obstructive pulmonary disease (COPD) in our hospital from
May 2021 to May 2022. According to the GOLD classification of lung function,* patients were divided into mild
group: FEV1% pred > 80%; moderate group: 50% < FEV1% pred<80%,; severe group: 30% < FEV1% pred<50%;
Extremely severe group: FEV1% pred<30% or FEV1% pred<50% with respiratory failure, with 100 cases included in
each group. If any subjects were excluded, additional subjects were included, for a total of 400 subjects. All subjects
signed an informed consent form before the study. Inclusion criteria: (1) age > 18 years; (2) diagnosed with chronic
obstructive pulmonary disease according to the GOLD diagnostic criteria;* (3) complete medical records; (4) all
subjects enrolled voluntarily. Exclusion criteria: (1) Those meeting one or more of the following criteria: bronchiec-
tasis, active tuberculosis, severe interstitial lung disease, bronchiolitis, malignant tumours, or others deemed inap-
propriate for inclusion; (2) history of previous thoracic surgery; (3) contraindications to skeletal muscle function
testing, such as cognitive impairment, severe osteoarthritis, and recent myocardial infarction. (4) During enrolment,
subjects were found not to meet the inclusion criteria or were unwilling to cooperate; (5) Patients suffering from other
serious illnesses or dying from other illnesses; (6) The patient is lost to follow-up or voluntarily requests to withdraw
from the study.

The clinical data of all subjects were recorded, including sex, age, smoking history, alcohol consumption history,
duration of chronic obstructive pulmonary disease (<5 years/>5 years), and respiratory distress index score (mMRC
score),” and the lung function of all subjects was measured. Patients’ quadriceps muscle strength was measured using
a WDF-50 digital push-pull force meter (Wenzhou Weidu Electronics Co., Ltd)., and respiratory muscle strength was
measured using a portable lung function tester (Saike Xiamen Medical Equipment Co., Ltd., Min Qi Zhuzhun
20172070241). The patient’s 6-minute walk test (6MWD) was performed according to the 6MWD expert consensus
protocol.*” All subjects completed a 6-minute walking distance test on the same ward floor, with uniform distance
markings on the ward floor. The test was administered by a dedicated person and the pre-test preparation was
consistent. All subjects were followed up for 12 months. During the follow-up period, any acute exacerbation of
chronic obstructive pulmonary disease (COPD), hospitalization for COPD, or death from COPD was considered
disease progression and defined as the disease progression group. Specifically, acute exacerbation of COPD
(AECOPD) refers to an acute event, so we defined the disease progression group as patients who experienced at
least one AECOPD, were hospitalized for COPD, or died for COPD during the follow-up period, while the remainder
were considered as the disease stability group. To reduce human error, all detection indicators were operated by the
same person.

Statistical Analyses

SPSS 19.0 was used for data analysis, with quantitative data expressed as (x + s). Independent samples #-test was used for
comparison between two groups, one-way analysis of variance for comparison between three or more groups, percentage
(%) for count data and chi-squared test for comparison between groups; risk factors for progression of chronic
obstructive pulmonary disease were analysed using binary logistic regression, and a p-value of less than 0.05 was
considered statistically significant.
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Results

Basic Information

Among the 400 research subjects, there were 245 males (61.3%) and 155 females (38.7%); Age range: 51-88 years;
Among them, there were 100 cases each in the mild group, moderate group, severe group, and extremely severe group;
There were 135 cases (33.8%) in the disease progression group, including 99 cases of worsening, 33 cases of
hospitalisation due to chronic obstructive pulmonary disease, 3 cases of death, and 265 cases (66.2%) in the stable
condition group; There were 240 cases (60. There were 240 cases (60.0%) in the group with a history of smoking and
160 cases (40.0%) in the group without a history of smoking; 159 cases (39.8%) of chronic obstructive pulmonary
disease had a duration of <5 years, whereas 241 cases (60.2%) had a duration of >5 years; 255 cases (63.7%) were aged
70 years and under, and 145 cases (16.3%) were aged 70 years and over; 210 cases (52.5%) had a score of 2 or less in the
mMRC, and 190 cases (47.5%) had a score of 3—4. See Table 1.

Table | Comparison of Testing Results for Various Indicators

n (%) Respiratory Muscle Strength | Quadriceps Muscle Strength 6MWD
xts (cm) p xts (kg) P xts (m) P
Gender 0.009 0.009 0.004
Male 245 (61.3%) 38.60+9.35 14.54+5.67 186.77+£56.89
Female 155 (38.7%) 36.02+9.75 13.01£5.61 169.92+56.89
Severity of illness <0.001 <0.001 <0.001
Mild 100 (25.0%) 45.56+5.01% 17.68+5.55" 229.84+56.85°
Moderate 100 (25.0%) 38.77£9.11° 16.26+4.70° 199.64+41.98°
Severe 100 (25.0%) 35.27+9.72¢ 12.77+3.68° 153.28436.29°
Extremely severe | 100 (25.0%) 30.80+7.05¢ 9.08+4.37¢ 138.19439.80°
Smoking history 0.001 0.001 0.001
Yes 240 (60.0%) 36.34+9.81 13.2145.57 172.274£54.56
No 160 (40.0%) 39.50+8.92 15.05+5.71 192.19+£59.63
Course of disease 0.374 0.309 0.831
< 5 years 159 (39.8%) 38.13+9.71 14.30+5.28 180.99+52.56
>5 years 241 (60.2%) 37.26+9.49 13.71£5.94 179.74+60.49
Age 0.456 0.005 0.758
<70 years 255 (63.7%) 37.87+9.44 14.55+5.07 180.91+50.72
>70 years 145 (36.3%) 37.13+9.84 12.88+6.52 179.06+67.75
mMRC 0.014 0.040 0.068
< 2 points 210 (52.5%) 38.72+9.63 14.50+5.48 185.23+£56.43
>2 points 190 (47.5%) 36.37£9.39 13.334£5.87 174.72458.12

Note: “a”, “b”, “c” and “d” represent different degrees of disease and there are differences between their groups. When the same letters are used between
groups, there is no difference. The bold content indicates that the difference is statistically significant (P<0.05).
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Respiratory Muscle Strength Test

Among the 400 subjects, respiratory muscle strength was greater in the non-smoking group than in the smoking group.
There were differences in respiratory muscle strength between groups according to the severity of chronic obstructive
pulmonary disease. Respiratory muscle strength was greater in men than in women, and the mMRC score was < 2.
Respiratory muscle strength was greater in the >2 group and the difference was statistically significant (P<0.05). Further
comparisons between groups showed that the respiratory muscle strength of the mild group was greater than that of the
moderate group, and the respiratory muscle strength of the moderate group was greater than that of the severe group; the
respiratory muscle strength of the severe group was greater than that of the extremely severe group, and the differences
were statistically significant (P<0.05). See Table 1 for details.

Measurement of Quadriceps Muscle Strength

In all subjects, quadriceps strength was greater in the non-smoking patients than in the smoking group. There were
differences in the severity of chronic obstructive pulmonary disease between the groups, with men having greater
quadriceps strength than women and mMRC scores < 2 points. Quadriceps strength was greater in patients aged <70
years than in those aged >70 years, and the difference was statistically significant (P<0.05). Further comparisons between
groups showed that there was no statistically significant difference between the mild and moderate groups (P>0.05); the
quadriceps muscle strength of the moderate group was greater than that of the severe group, and the quadriceps muscle
strength of the severe group was greater than that of the extremely severe group, with statistical significance (P<0.05), as
shown in Table 1.

6-minute Walk Test results

The 6MWD of non-smoking patients was greater than that of the smoking group, and there were differences in the
severity of chronic obstructive pulmonary disease between the groups. The 6MWD of men was greater than that of
women and the differences between the groups were statistically significant (P<0.05). Further comparisons between
groups showed that the mild group was greater than the moderate group and the moderate group was greater than the
severe group, and the differences were statistically significant (P<0.05). The difference between the severe group and the
extremely severe group was not statistically significant (P>0.05). See Table 1.

Comparison of Disease Progression Groups

Comparison between the disease progression group and the disease stability group revealed significant differences in
quadriceps muscle strength, respiratory muscle strength and 6MWD between the two groups (P<0.05), as shown in
Table 2. Select the indicators with a single factor analysis P<0.05 in Table 2, and perform logistic regression analysis on
the factors that can be considered to have an impact on the exacerbation of chronic obstructive pulmonary disease in
clinical practice, with the progression of chronic obstructive pulmonary disease as the dependent variable: 1 for the
COPD progression group and 2 for the stable condition group; the severity of the condition is mild at 1, moderate at 2,
severe at 3, and extremely severe at 4; smoking history is 1, and no smoking history is 2; 1 has a history of drinking
alcohol, 2 has no history of drinking alcohol; disease duration < 5 years is 1, and>5 years is 2; MMRC < 2 points is 1, >2
points is 2; respiratory muscle strength, quadriceps muscle strength, and 6MWD are included based on actual values. The
results showed that respiratory muscle strength, quadriceps strength, 6 MWD and COPD severity were risk factors for
COPD progression (P<0.05). See Table 3.

ROC Curve Analysis

Respiratory muscle strength, quadriceps muscle strength and 6WMD can effectively predict the progression of chronic
obstructive pulmonary disease. The area under the ROC curve (AUC) of respiratory muscle strength is (0.816, 95% CI
(0.775~0.858, P<0.001, critical value 38.04), and the area under the ROC curve of quadriceps muscle is (0. 718, 5% CI
(0.669~0.768), P<0.01, critical value 15.47), and the area under the ROC curve of 6WMD is (0.810, 5% CI
(0.768~0.851), P<0.01, critical value 199.45), as shown in Figure 1 and Table 4. This indicates that when the respiratory
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Table 2 Comparison of Various Items in the Disease Progression Group

Disease Progression | Stable Condition 1t P
Group (n=135) Group (n=265)
Years (x £ s) 73.76£7.029 74.69+7.45 —-l.161 0.246
Quadriceps muscle strength, (x =+ skg) 10.93+4.30 15.48+5.70 -8.169 <0.001
Respiratory muscle strength (x £ s,cmH20) 30.36+8.19 41.29+8.00 —12.817 | <0.001
émwd (x £ s,m) 139.48+40.23 201.00+53.64 —11.748 | <0.001
Gender[n (%)] 0.340 0.588
Male 80 (32.7) 165 (67.3)
Female 55 (35.5) 100 (64.5)
Smoking history[n (%)] 1.677 0.198
Yes 75 (31.3) 165 (68.8)
No 60 (37.5) 100 (62.5)
Course of disease [n (%)] 1.497 0.236
<5 years 48 (30.2) 11 (69.8)
>5 years 87 (36.1) 154 (63.9)
mMRC [n (%)] 0.034 0.853
< 2 points 65 (34.2) 125 (65.8)
>2 points 70 (33.3) 140 (66.7)
Severity of illness[n (%)] 5.311 0.150
Mild 35 (25.9)* 65 (24.5)
Moderate 40 (29.6)* 60 (22.6)*
Severe 35 (25.9)* 65 (24.5)
Extremely severe 25 (18.5)* 75 (28.3)°

Note: “a” and “b” represent different degrees of disease and there are differences between their groups. When the same letters are used

between groups, there is no difference. The bold content indicates that the difference is statistically significant (P<0.05).

Table 3 Analysis of Risk Factors for Worsening of the

Condition
OR 95% CI p
Respiratory muscle strength | 1.419 1.177~1.712 <0.001
Quadriceps muscle strength | 0.858 0.740~0.996 0.045
é6mwd 1.066 1.030~1.102 <0.001
Severity of illness 43.683 | 17.304~110.274 | <0.001
Smoking history 0.493 0.209~1.165 0.107
mMRC 0.90 0.392~2.102 0.800
Course of disease 0.845 0.372~1.921 0.845

Note: Content in bold indicates that the difference is statistically significant

(P<0.05).
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ROC CURVES
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Figure | ROC curves and results for each indicator.

muscle strength of patients with chronic obstructive pulmonary disease is less than 38.04, the quadriceps muscle strength
is less than 15.47 and the 6WMD is less than 199.45, their condition is more severe and may lead to the progression of
chronic obstructive pulmonary disease.

Table 4 Area Under the ROC Curve for Each Indicator

AUC p 95% ClI Cutoff Value | Sensitivity (%) | Specificity (%)
Respiratory muscle strength | 0.816 | <0.001 | 0.775~0.858 38.04 63.4 822
Quadriceps muscle strength | 0.718 | <0.001 | 0.669~0.768 15.47 51.3 86.7
6WMD 0.810 | <0.001 | 0.768~0.85I 199.45 49.1 97.8
Severity of illness 0.549 | 0.109 | 0.491~0.607 35 283 18.5

Note: Content in bold indicates that the difference is statistically significant (P<0.05).
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Discussion

Chronic obstructive pulmonary disease (COPD) is highly prevalent in China and has a significant impact on patients’
quality of life. Once established, the disease progresses continuously and is irreversible. Early intervention can
effectively slow the progression of the disease®. Therefore, it is important to identify effective early predictors of
COPD prognosis. Studies have shown that 15-20% of stable COPD patients have skeletal muscle dysfunction,* which
forms a vicious cycle with the progression of COPD, accelerating its deterioration and severely affecting patient
outcomes. Our study compared the skeletal muscle function levels of COPD patients with different severity levels and
found that skeletal muscle function is related to the severity of chronic obstructive pulmonary disease and can predict the
prognosis of COPD patients.

This study shows that a decline in respiratory muscle strength occurs early in the course of chronic obstructive
pulmonary disease (COPD), progressively worsens as COPD severity increases, and persists throughout the disease
process. Our research has shown that the respiratory muscles weaken earlier than the quadriceps femoris muscles. Some
studies’ suggest that this is mainly due to the respiratory muscles being in a state of long-term high stress, which leads to
structural and functional changes, as well as systemic factors such as hypoxemia, malnutrition, electrolyte imbalance, and
the effects of mechanical ventilation. Weakness of the quadriceps muscle is often associated with trauma, local nerve
compression, hip or knee disease, and prolonged inactivity. Quadriceps strength begins to manifest in patients with
moderately impaired lung function due to COPD and also gradually decreases as the disease progresses. The 6-minute
walk distance (6MWD) also decreases as the severity of COPD increases, although the difference between the severe and
very severe groups is not significant. Research has shown that the age-related decline in skeletal muscle mass is more
pronounced in people with COPD than in the general population, leading to poor health outcomes, including an increased
risk of death.® The reasons for this accelerated loss of muscle mass have been debated. Some researchers have found that
static hyperinflation in COPD patients alters ventilatory mechanics, leading to changes in thoracic geometry and
displacement of muscles from their optimal length.'® In addition, respiratory muscles face increased elastic, resistance
and threshold inspiratory loads due to airflow limitation, which may contribute to early respiratory muscle weakness. The
majority of researchers agree that sedentary behaviour and long-term smoking in COPD patients are significant factors
leading to these outcomes.'' Studies have shown that as COPD progresses, there are changes in various pathophysio-
logical aspects such as hypercapnia, hypoxia and inflammation.'? Following inflammation, the inflammatory mediator
TNF-o can directly stimulate total muscle protein, leading to muscle protein loss, and the binding of TNF-a to its
receptor can induce muscle cell apoptosis. Chronic hypoxia leads to an imbalance between oxidation and antioxidation,
enhancing oxidative stress responses and increasing skeletal muscle consumption, thereby reducing the maximal
contractile force of skeletal muscle,"> which contributes to the exacerbation of muscle atrophy. Some studies have
performed muscle biopsies in COPD patients on the fourth day of hospitalisation and found that local IL-6 and IL-8
levels are inversely proportional to quadriceps strength, suggesting that local and systemic inflammatory responses are
involved in the impairment of skeletal muscle function in COPD."*

Our research also found significant differences in skeletal muscle function between COPD patients of different sexes,
with female COPD patients typically having poorer muscle mass and function than male patients. However, these
differences were not statistically significant after multiple factor analysis. Other studies'> have shown significant
differences in skeletal muscle function between the sexes in COPD patients, with female COPD patients typically
having poorer muscle mass and function than male patients. This may be due to several factors, including metabolic
differences, inflammatory responses, lifestyle and behavioral factors. In addition, studies have shown that the incidence
of muscle wasting syndrome in male COPD patients is 18.3%, while in female patients it is 30.3%,'® indicating
a significant difference between the two. In the absence of further statistics on the decline in skeletal muscle function
within the same time period for different sexes, it cannot be concluded that these differences have an impact on our
research.

This study found differences in quadriceps muscle strength, respiratory muscle strength and 6MWD between the
disease progression group and the disease stability group. Further binary logistic regression analysis showed that
respiratory muscle strength, quadriceps muscle strength, 6MWD and chronic obstructive pulmonary disease severity
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can effectively predict whether the disease will worsen and have predictive value for the prognosis of chronic obstructive
pulmonary disease patients. Some studies show that'” the decline in skeletal muscle function in COPD patients is more
severe than in normal people. About 4-39% of COPD patients have skeletal muscle dysfunction, which will have
a negative impact on the quality of life, morbidity and mortality of COPD patients. Another study'® found that the
respiratory muscle group index has some predictive value for the severity of lung ventilatory impairment in elderly
patients with chronic obstructive pulmonary disease. Taivassalo et al believe that changes in mitochondrial function in
patients with chronic obstructive pulmonary disease, including decreased mitochondrial enzyme activity, decreased
muscle respiratory capacity, increased mitochondrial reactive oxygen species emissions, and denervation reinnervation
of skeletal muscles, exacerbate muscle atrophy. This study also found that skeletal muscle dysfunction is associated with
smoking. Studies have shown'? that patients with chronic obstructive pulmonary disease often have a history of smoking,
and chronic activation of aromatic hydrocarbon receptors induced by tobacco smoke may be an important factor leading
to mitochondrial damage, muscle atrophy and the denervation phenotype in patients with chronic obstructive pulmonary
disease. A study'’ % showed that during hospitalisation, the average daily walking time of COPD patients was less than
10 minutes, and the decrease in activity was a major cause of disuse atrophy of muscles, especially in the elderly. Muscle
wasting and strength loss are more pronounced in the legs. In elderly COPD patients, quadriceps muscle strength and
cross-sectional area decrease by 5% within 5 days of hospitalisation. The decrease in quadriceps muscle strength and
cross-sectional area is associated with acute exacerbation, readmission and increased mortality in elderly COPD.

The limitations of this study are as follows: This study is a single-center study, which may limit the generalizability of
the research results. Future research should adopt a multicenter design to increase the external validity of the results. This
study used a cross-sectional design, which limits causal inference and lacks longitudinal data to track changes in skeletal
muscle function over time. Although we performed sample size calculations during the research design phase, the lack of
a formal power analysis may affect the reliability of the results. In addition, this study conducted multiple statistical
comparisons without adjusting for multiple comparisons, which increased the risk of false-positive results. Future studies
should adopt a longitudinal design, conduct a detailed efficacy analysis, and use appropriate statistical methods to control
for errors caused by multiple comparisons. We will gradually improve these aspects in future research to enhance the
scientific validity and clinical application value of the study.

Conclusion

In conclusion, our research indicates that patients with chronic obstructive pulmonary disease have skeletal muscle
dysfunction, and skeletal muscle function progressively declines with the severity of chronic obstructive pulmonary
disease; the weakening of respiratory muscle strength occurs earlier than the weakening of quadriceps muscle strength.
Respiratory muscle strength, quadriceps strength, 6 MWD and the severity of chronic obstructive pulmonary disease have
some predictive value for the prognosis of patients with chronic obstructive pulmonary disease.

Data Sharing Statement

The data will be available upon reasonable request to the corresponding authors.
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