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Purpose: This study was designed to investigate the differences in skeletal-muscle atrophy between patients with stable chronic
obstructive pulmonary disease (COPD) and healthy controls; associated factors were also considered. The study comprised selected
residents of communities near the First Affiliated Hospital of Soochow University in Suzhou City, East China.

Patients and Methods: Included in this study were 123 COPD patients and 60 controls. All patients completed spirometry as well as
examinations to determine their functional exercise capacity, body composition, and handgrip strength (HGS).

Results: COPD patients had less fat-free mass (FFM), a lower FFM index (FFMI), and a lower 6-min walking distance (6MWD)
compared with controls (P = 0.007, P = 0.020, and P < 0.001, respectively) (FFMI: 17.59 + 1.83 vs 18.34 £ 1.64). The HGS of these
patients was also lower compared with that of controls (32.88 + 7.84 vs 35.48 + 7.42), and HGS tended toward statistical significance
(P =0.064, respectively). In multivariate analysis, age (f =—0.107, P < 0.001), gender (f = 0.212, P < 0.001), body mass index (BMI)
(B = 0.462, P < 0.001), FEV,% (B = 0.108, P = 0.009), and calf circumference (CC) (B = 0.457, P < 0.001) were significantly
associated with FFMI.

Conclusion: Impaired skeletal muscle mass was more common in COPD patients than in controls. Multiple regression analysis
showed that CC may be used to detect the degree of impairment, particularly by health-care providers working outside of the hospital.
Keywords: airflow obstruction, calf circumference, chronic obstructive pulmonary disease, fat-free mass index, skeletal muscle
atrophy, skeletal muscle mass

Introduction

Chronic obstructive pulmonary disease (COPD), characterized by persistent airflow obstruction and respiratory symp-
toms, is a major cause of morbidity and mortality worldwide." Growing evidence suggests that COPD is associated with
various extrapulmonary effects, including weight loss, cardiovascular disease, skeletal muscle atrophy (associated with
inflammation?), and an oxidative-stress (OS) response,’ resulting in impaired functional capacity, worsening dyspnea,
and a reduced health-related quality of life (QoL).

Muscle atrophy, a common phenomenon in COPD, is correlated with a decline in muscle mass. Muscle strength and
endurance are the main physiologic prerequisites for skeletal muscle function; therefore, muscle atrophy is associated
with the loss of this function. Schol et al* showed that about 15% to 50% of patients with COPD have skeletal muscle
atrophy, and a domestic survey indicates that up to 36% of COPD patients have this condition. This suggests that COPD
is often accompanied by skeletal-muscle atrophy and that such patients require timely attention. Fat-free mass (FFM) is
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primarily composed of lean tissue and inorganic salts (ie, body weight minus fat), which can at least partly reflect the
degree of an individual’s skeletal muscle atrophy. After adjusting for height and nutritional status in patients with COPD,
several studies have found that the fat-free mass index (FFMI) is closely related to respiratory muscle function and
exercise endurance.’

Anthropometric measurements in clinical settings can be useful tools for the assessment of nutrition. Currently,
bioelectrical impedance analysis (BIA) and dual energy x-ray absorptiometry (DXA) are commonly used to measure
body composition.®” However, their utilization has certain limitations: DXA may be costly and technically challenging,
and these tools may be unavailable in the community.® Because skeletal muscle atrophy is associated with a significantly
higher risk of mortality in patients with COPD,’ there is a need for effective screening tools and early diagnosis in
communities lacking resources such as BIA. Thus, the relationship between skeletal muscle mass and anthropometric
indices (particularly CC) warrants further research.

A literature review'® found that skeletal-muscle atrophy was associated with dyspnea, exercise intolerance, and the
likelihood of COPD. Over the long term, the risk of mortality in COPD patients at normal weight and with depleted FFM
increases greatly. In other words, the prognoses of patients with skeletal muscle atrophy are not optimistic, and targeted
intervention should be staged immediately to delay the atrophic process. However, previous domestic studies on skeletal
muscle atrophy have mainly focused on its mechanism'' and the evaluation of patients’ nutrition;'* moreover, research
subjects were mostly hospital inpatients or outpatients seeking medical care. In the developed eastern regions of China,
many patients choose to receive healthcare in their homes. Additionally, owing to poorly equipped facilities and the lack
of medications as well as, insufficient medical personnel, the primary health-care management of COPD in the
community remains limited,'* and the prevalence of skeletal muscle atrophy among community residents with COPD
is poorly understood. Therefore, this study aimed to explore differences in skeletal muscle atrophy between stable COPD
patients and healthy controls and to assess the relationship between CC and skeletal muscle atrophy.

Materials and Methods

Study Design and Populations

Between September 2018 and September 2020, a total of 183 (123 with COPD and 60 controls) participants were
recruited from communities near the First Affiliated Hospital of Soochow University in Suzhou City, East China; they
were randomly recruited by posting flyers on bulletin boards and distributing flyers in communities as well as from data
collected at the hospital. COPD was defined by post-bronchodilator fixed criteria (FEV1/FVC <0.7) per the Global
Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease (GOLD)
guidelines." Stability was defined as the absence of exacerbation of COPD over the previous 30 days. Exclusion criteria
were (1) cardiovascular disease, (2) neuromuscular impairment, (3) psychiatric disease, or (4) osteoarticular disorders.
We recruited control subjects through advertisements. Inclusion criteria for controls were (1) post-bronchodilation FEV1/
FVC>0.7; (2) age matching with COPD patients; (3) willingness to participate in this study and to sign the informed
consent. The exclusion criteria for controls were the same as for COPD. All procedures were approved by the Ethics
Committee of the First Affiliated Hospital of Soochow University (2017022), and all patients provided written informed
consent. The study protocols were conducted in accordance with the principles outlined in the Declaration of Helsinki of
the World Medical Association.

Data Collection
After informed consent had been obtained, a total of 123 patients and 60 controls were evaluated based on a self-
designed questionnaire to collect their basic information (age, gender, body weight, height, body mass index (BMI),
smoking status and living arrangements). Participants were consecutively enrolled in outpatient clinics and completed the
relevant data collection examinations (spirometry, functional exercise capacity, body composition, and handgrip
strength [HGS]).

Subjects were asked to keep their stomachs empty for 2 h before body composition measurement. After the subjects
had removed mobile phones and voided their bladders to reduce unnecessary errors, they were instructed to measure their
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body composition using a Multifrequency Body Composition Analyzer BCA-2A (Tsinghua Tongfang Co., Ltd., Beijing,
China).'* Furthermore, subjects were asked to stand barefoot on the metal platform, holding an electrode handle at a 15°
angle from the body to remain upright with the arms abducted. During the test, the subjects were instructed to stay still
for 2 min. We calculated FFMI by the following equation:

FFMI = (FFM/height*) (kg/m?).

In accordance with the standard set by the General Administration of Sport of China, we tested the dominant hands of
subjects using a dynamometer (YILIAN, BCA-2A, Shanghai, China). Three measurements with 1-min rest intervals were
recorded, and the highest value was analyzed.

Using a nonelastic tape, we measured the calf circumference (CC) of each subject’s dominant leg to about 0.1 cm
while the subject sat with the knee of that leg at a 90° angle and the soles flat on the floor. The tape was moved along the
thickest part of the calf without compressing the subcutaneous tissue. We calculated the average of two measurements for
our analysis.

Functional-exercise capacity was evaluated by the 6-min walking distance (6MWD) test in accordance with ATS
guidelines. The subjects were instructed to complete the test within 6 min at maximal gait. If significant discomfort such

as chest pain or unbearable dyspnea occurred, the test was terminated.

Sample Size

Assuming a two-sided significance level of 5% and 90% power, a sample size of 55 subjects for each group was needed
for a paired data comparison with an approximate 10% dropout rate. Then, to calculate the sample size for multiple linear
regression, we estimated that multiple correlation squared of 0.50, 90% power, and o = 5%; this led us to a sample size of
110 COPD patients. Finally, 123 COPD and 60 non-COPD controls were enrolled.

Statistical Analyses

Results were expressed as mean + standard deviation (SD) or percentage. We analyzed the data using SPSS statistical
software version 20 (IBM Corp., Armonk, NY). Data were assessed using Kolmogorov—Smirnov tests for normality. We
examined normally distributed data using the independent-sample #-test or one-way analysis of variance (ANOVA).
Categorical data were analyzed using a chi-squared test or Fisher’s exact test. To analyze possible relationships among
the different parameters, we calculated Pearson’s or Spearman correlation coefficients. A linear stepwise-regression
model was applied to the data to reveal which variables contributed to the variation in FFMI in patients with stable
COPD.

Results

As shown in Table 1, COPD patients did not differ from controls in age, gender, BMI, smoking habits, or living arrangements,
but COPD patients presented with lower FFM, FFMI, and 6MWD (P =0.007, P=0.020 and P < 0.001, respectively); patients’
HGS was lower than that of controls. However, HGS tended toward statistical significance (P = 0.064).

We assessed FFMI according to each objective variable by sorting COPD patients into different groups (Table 2).
There were no significant differences between groups in educational level, marital status, smoking status, or course of
COPD. However, patients with lower FFMI tended to be older, female, retired, underweight, and with more dyspnea.

As shown in Table 3, FFMI correlated positively with FEV,%, FEV|/FVC, BMI, HGS, and CC and negatively with
the modified Medical Research Council (mMRC) dyspnea scale and COPD Assessment Test (CAT) scores. However,
6MWD did not correlate with FFMI in this study.

The results of the forward stepwise linear-regression analysis are shown in Table 4. In the multivariate analyses,
approximately 80% of the variation in FFMI was accounted for when age, gender, BMI, FEV %, and CC were combined
into a multiple regression model.
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Table | Comparison of Demographics and Baseline Characteristics Between
the Two Groups

COPD (n = 60) | Non-COPD (n = 60) P
Age (years) 66.57 £ 7.12 65.67 + 8.66 0.719°
Gender (male/female) 56/4 56/4 -
BMI (kg/m?) 23.00 + 3.82 23.94 + 2.63 0.128°
Smoking (pack years) 629.27 +531.53 456.19 + 462.34 0.078°
Living status 0.290°
Alone 5(83) 4 (6.7)
With partner 25 (41.7) 34 (56.7)
With children 30 (50) 22 (36.7)
FFM 48.40 * 6.66 51.76 + 6.62 0.007°
FFMI 17.59 + 1.83 18.34 £ |.64 0.020°
HGS 32.88 +7.84 3548 + 7.42 0.064°
6MWD 431.58 + 96.35 527.42 + 60.85 <0.001%

Notes: *Difference by t-tests between COPD and non-COPD subjects. "Living status was assessed by
the chi-square test.

Abbreviations: BMI, body mass index; FFM, fat-free mass; FFMI, fat-free-mass index; HGS, handgrip
strength; 6MWND, 6-min walk distance.

Table 2 Fat-Free Mass Index Across Different Demographic Characteristics

n (%) FFMI (kg/m?) P

Age (years) < 0.001*
<60 23 (18.70) 18.63 = 1.54

>60 100 (81.30) 1723 £ 1.83

Gender 0.014°
Male 116 (94.31) 17.59 + 1.82

Female 7 (5.69) 15.83 + 1.80

Educational level 0.638°
Primary school or less 52 (42.28) 17.30 + 2.03

Secondary/high school 62 (50.40) 17.63 £ 1.67
College/university or higher 9 (7.32) 17.63 £ 2.03

Occupation 0.014°
Retiree 56 (45.53) 17.17 £ 1.56

Farmer 51 (41.46) 17.46 + 2.07

Other worker 16 (13.01) 18.70 £ 1.70

Marital status 0.777¢
Married 119 (96.75) 17.48 + 1.87

Widowed 4 (3.25) 17.75 + 1.68

Smoking status 0.468°
Nonsmoker 13 (10.57) 17.39 £ 1.66

Ex-smoker 71 (57.72) 17.66 + 1.88

Current smoker 39 31.71) 17.21 + 1.87

BMI (kg/m?) <0.001°
<2l 43 (34.96) 15.87 + 1.28

21-25 52 (42.28) 17.65 £ I.11

25-30 25 (20.32) 19.46 + 1.03

=30 3 (244 21.60 £ 0.77

Disease course (years) 0.685°
<5 70 (56.91) 17.48 + 1.86

5-15 33 (26.83) 17.34 + 1.80

>15 20 (16.26) 17.79 £ 2.0l

(Continued)
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Table 2 (Continued).

n (%) FFMI (kg/m?) P
mMRC dyspnea score 0.031°
0 14 (11.38) 18.38 + 1.93
| 78 (63.41) 17.62 + 1.87
2 23 (18.70) 16.84 + 1.50
3 8 (6.51) 1651 + 1.82
CAT score 0.001*
<10 8 (6.51) 19.52 + 1.86
=10 115 (93.49) 17.35 + 1.78

Notes: *Age, gender, marital status, and CAT score were assessed using t-tests. "Other parameters
were compared via one-way ANOVA.

Abbreviations: BMI, body mass index; FFMI, fat-free-mass index; mMRC, modified Medical Research
Council; CAT, COPD Assessment Test.

Table 3 Correlations Between Fat-Free Mass
Index and the Variables Studied in COPD Patients

(n =123)

Parameter r P

FEV %predicted 0.265 <0.001
FEV,/FVC 0.288 <0.001
BMI 0.844 <0.001
mMRC dyspnea scale —0.264 <0.001
CAT —0.247 <0.001
HGS (kg) 0.338 <0.001
6MWD (m) 0.162 0.074
CC (cm) 0.820 <0.001

Abbreviations: CAT, COPD Assessment Test; CC, calf circumfer-
ence; FFMI, hat-free-mass index; FEV,, forced expiratory value in
I second; FVC, forced vital capacity; HGS, handgrip strength; mMRC,
modified Medical Research Council; 6MWD, 6-min walking distance.

Table 4 Multiple Regression Analysis of Determinants of Fat-
Free Mass Index in COPD Patients®

Discussion

Variable p Coefficient 95% CI P

BMI 0.462 0.811-1.325 <0.001
Gender 0.212 1.073-2.311 <0.001
Age —0.107 —0.509-0.085 <0.001
FEV,% 0.108 0.003-0.019 0.009
cC 0.457 0.210-0.344 <0.001

Note: °F = 112,686, P < 0.001, r? = 82.8%.

Abbreviations: CC, calf circumference; Cl, confidence interval; FEV,, forced
expiratory value in | second; FFMI, fat-free mass index.

The results of this study suggest that impaired skeletal muscle was more common in COPD patients than controls. We
enrolled 123 patients with COPD to investigate the factors associated with the parameters of FFMI, and multiple

regression analysis showed that BMI, gender, age, lung function and CC were significantly correlated with FFMI.
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First—as assessed by FFM, FFMI, and 6MWD—there was a significant difference in skeletal muscle atrophy

between COPD patients and healthy controls; this was in accordance with the findings of van de Bool et al'’

Owing
to chronic airway inflammation, COPD is often accompanied by long-term low levels of systemic inflammation, which
induces changes in the skeletal-muscle fibers (mainly from fiber I to fiber II). However, the increase in the proportion of
type II fiber, which is dominated by anaerobic metabolism and more prone to cause fatigue, contributes to a decrease in
muscle strength and endurance. In addition, related mediators stimulated by chronic hypoxia in COPD patients can
reduce the oxygen content in muscle cells and oxygen transport capacity, leading to changes in muscle structure.
Meanwhile, as respiratory symptoms increase, patients typically become more sedentary to avoid dyspnea, and this
accelerates muscle wasting.'® Indeed, multiple factors involved in muscle atrophy interact with other factors,'” resulting
in a decline in skeletal muscle mass and function compared with controls.

One recent study reported that muscle mass decreases with aging;'® this is in line with our findings, which indicate
that muscle mass tends to increase in younger individuals. Aging is associated with decreased daily activity and, in
myocytes, with reductions in oxidase and mitochondrial density.'® Harmful substances that accelerate apoptosis and
muscle atrophy are released by this process. In addition, gender plays a role in muscle atrophy;*° this could be because
aging women tend to have more fat and lower skeletal-muscle mass, which makes muscle atrophy in female patients
more obvious.

Our results suggest that FFMI plays an important role in the progression of COPD. The airflow limitation is common
in COPD patients and has significant implications when the prognosis of COPD is evaluated. A previous study,?' in
accordance with our findings, has shown that FFMI has a positive association with FEV,%. As a frequently reported
symptom, dyspnea is thought to be associated with multiple outcomes. To prevent dyspnea caused by exercise, COPD
patients enter a feedback loop of skeletal muscle deconditioning, breathlessness, and inactivity.?* Therefore, it is essential
for patients with stable COPD to improve the management of their disease and delay its procession.”> We also found
a significant correlation between the two groups divided by CAT score = 10, which indicated that skeletal-muscle mass
was normal in patients who were in the early asymptomatic stage of COPD or who had fewer symptoms. This is why
current pulmonary-rehabilitation programs are primarily targeted at patients with moderate to severe COPD.
Furthermore, another study”* has confirmed that prophylactic intervention for patients with early asymptomatic or less
symptomatic COPD can ameliorate the decline in lung function. In the long run, the level of skeletal-muscle mass is also
effectively controlled, which can yield clinical benefits.

In this study, patients with lower BMI were likely to experience a decrease in muscle mass. Although previous
studies®® have also found that underweight is a risk factor in the progression of COPD, the definition of underweight in
COPD patients is still unclear. A relevant study® showed that the risk of mortality significantly increased when patients
had a BMI below 20 or 21 kg/m?; therefore, we adopted BMI below 21 kg/m? as our cutoff. Additionally, 20% to 30% of
COPD patients with normal BMI experience a decline in skeletal muscle mass.” This suggests that BMI can be used
only as an indicator of body weight change and is inappropriate for evaluating skeletal muscle mass, especially in COPD
patients with a normal BMI.

Anthropometry is a convenient and noninvasive method to assess the size and composition of the human body, thus
being suitable for nutritional assessment in clinical settings. As a common tool, the CC is also used to evaluate nutrition
in clinical settings. Previous studies have shown that skeletal muscle mass in the lower extremities accounts for about
30% of total body muscle mass and has a lower fat content than in other parts.”*2° As the widest region of the leg and
consistent with our findings, the CC is closely correlated with the skeletal muscle mass.*® As shown in Table 3 and
Table 4, CC is a statistically significant factor of skeletal muscle mass (f = 0.457, P < 0.001). Thus, to some extent, CC
can reflect skeletal muscle atrophy in patients with COPD. The muscles of the leg constitute an important weight-bearing
group that is critical to many daily activities, such as walking; minor changes to these can directly or indirectly affect the
patient’s level of self-care and quality of life.' Patients suffering from serious illnesses subconsciously choose less
challenging lifestyles. Therefore, their leg muscles appear atrophied, and their loss of volume can manifest as a reduction
in CC. This makes CC a simple marker for health-care workers, especially outside the hospital, for detecting skeletal
muscle impairment in patients with COPD. Future studies should calculate an optimal cutoff value for the quicker and
easier use of the CC in clinical practice.
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The present study had certain limitations. First, the sample size, especially for women, was small. Therefore, further
studies with larger sample sizes are needed to confirm our data. Second, few women were enrolled in this study despite
the absence of gender-related criteria; therefore, we were unable to analyze the FFMI based on gender. This may be
related to the gender distribution of the COPD population in the region. In general, future work should consider the effect
of gender in studies of patients with COPD. Third, although we found the community-based evaluation of CC to be
useful, the specific cutoff values remain to be explored.

Conclusion

This study demonstrated the role of impaired skeletal muscle mass—including FFM, FFMI, and functional-exercise
capacity assessed by 6MWD—in patients with COPD compared with paired controls. Multiple linear regression analysis
showed that BMI, age, gender, FEV1%, and CC were significantly correlated with FFMI. In the future, we should
concentrate on the role of community-based evaluation of calf circumference to detect skeletal muscle impairment in
patients with COPD; this parameter might be especially relevant for health-care workers outside the hospital.
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