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Purpose: Anthropometric indices are simple indicators of patient nutritional status. However, the association between these indices 
and skeletal-muscle atrophy in patients with stable chronic obstructive pulmonary disease (COPD) has not been fully investigated. In 
this study, we evaluated this association.
Patients and Methods: We recruited 123 outpatients with stable COPD from a general hospital in China from 2020 to 2021. We 
recorded their demographic characteristics, including age, sex, course of illness, dyspnea score, body mass index (BMI), force 
expiratory volume in 1 second (FEV1), forced vital capacity (FVC), smoking status, and severity grading. In addition, patients’ 
anthropometric indices, including fat-free mass index (FFMI) and appendicular skeletal-muscle mass index (ASMI), were measured 
using a body composition analyzer, and measurements were taken of the triceps skinfold (TSF), midarm circumference (MAC), and 
calf circumference (CC). We drew and analyzed a receiver operating characteristic (ROC) curve to identify the best intercept point 
value for the assessment of skeletal-muscle atrophy.
Results: The TSF, MAC, CC, FFMI, and ASMI of COPD patients were 1.08 ± 0.44 cm, 26.39 ± 2.92 cm, 34.5 ± 3.06 cm, 17.49 ± 
1.86 kg/m2, and 8.17 ± 0.90 kg/m2, respectively. These anthropometric indices had a significant positive correlation with skeletal- 
muscle mass (correlation values, 0.481–0.820). CC was strongly correlated with both FFMI and ASMI. The ROC curve showed an 
area-under-the-curve (AUC) value of 0.873–0.959.
Conclusion: Anthropometric indices were correlated with skeletal-muscle mass. CC showed the best diagnostic value in COPD 
patients, suggesting its effectiveness as a simple method for assessing skeletal-muscle atrophy and identifying patients with 
a noticeable reduction in muscle mass. Such patients require early, multidisciplinary intervention.
Keywords: fat-free mass, skeletal-muscle mass, chronic obstructive pulmonary disease, anthropometric index, muscle atrophy

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic lung disease characterized by progressive airflow limitation 
and respiratory symptoms such as worsening dyspnea, chronic cough, and sputum.1 In addition to the respiratory 
symptoms, COPD patients develop skeletal-muscle atrophy, osteoporosis, and pulmonary heart disease. Skeletal- 
muscle atrophy, also known as skeletal-muscle wasting, results in loss of muscle cells and decline in muscle mass. 
Skeletal-muscle atrophy is associated with inflammation, chronic hypoxia, oxidative-stress (OS) reaction, protein 
synthesis, and/or decomposition imbalance.
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Muscle strength and endurance are the main physiological manifestations of skeletal-muscle function, and their roles 
are closely related to muscle volume and muscle fiber type. Altered muscle fiber type is the basis of skeletal-muscle 
dysfunction. Patients with COPD have chronic airway inflammation, and inflammatory-factor infiltration induces 
a change in muscle fiber type, mainly from type I to II. This increases the proportion of type II fibers, which mainly 
have anaerobic metabolism and are more prone to fatigue, affecting skeletal-muscle function. Muscle fiber type shifting 
in the vastus lateralis of COPD patients is associated with disease severity.2 Muscle fiber atrophy was also found to be 
aggravated due to airway inflammation, which accelerated apoptosis in muscle cells.3,4 The prevalence of skeletal-muscle 
atrophy in COPD patients is 15–50%. Skeletal-muscle atrophy limits daily activities,3 impairs quality of life, and 
increases the risk of death. Pulmonary rehabilitation in COPD has proven to be very successful in improving skeletal- 
muscle dysfunction5,6 and quality of life. Therefore, a skeletal-muscle assessment and early interventions, such as 
pulmonary rehabilitation, are crucial in treating COPD patients.

Skeletal-muscle assessment techniques include dual energy X-ray absorptiometry (DEXA), bioelectrical-impedance 
analysis (BIA), computed tomography (CT), and magnetic resonance imaging (MRI). Scholars reported that fat-free mass 
(FFM) and appendicular skeletal-muscle mass (ASM) as measured by BIA effectively measure skeletal-muscle mass and 
nutritional status,5 which are significantly associated with respiratory-muscle function and mobility in COPD patients. 
However, these techniques are not widely performed due to certain limitations, such as high equipment cost and 
complexity of use. Therefore, simple techniques to evaluate skeletal-muscle atrophy must be developed.

Anthropometric indices are simple indicators of patient nutritional status and associated with protein energy wasting 
and prognosis in chronic diseases. Previous studies have shown that lower skeletal-muscle mass can predict adverse 
disease outcomes.7–10 However, the data on the association between these indices and skeletal-muscle mass in COPD are 
insufficient. In China, studies on anthropometric indices have mainly focused on nutritional assessment and metabolic 
disorders; the relationships between these indices and skeletal-muscle atrophy have yet to be explored.

Accordingly, the aim of this study was to investigate whether anthropometric indices were associated with skeletal- 
muscle atrophy in patients with stable COPD. We hypothesized that the higher the values of these indices, the less 
skeletal-muscle mass, and that therefore the indices could be used as a simple method for assessing skeletal-muscle 
atrophy and identifying patients with a noticeable reduction in muscle mass.

Materials and Methods
Study Population
This study included COPD patients visiting the outpatient clinic at the First Affiliated Hospital of Soochow University, 
Suzhou, China, between September 2020 and September 2021. Patients were included if they were >40 years old, had 
a diagnosis of stable COPD (evaluated by spirometry with a post-bronchodilator force expiratory volume in 1 second 
[FEV1] of less than 70% of forced vital capacity, as defined by the Global Initiative for Chronic Obstructive Lung 
Disease [GOLD]), had experienced no exacerbations in the past 30 days, and were able to complete the related 
questionnaires and tests. The study excluded patients with congestive heart failure, arrhythmias, cardiomyopathy, 
rheumatic disease, and neuromuscular disorders, which could affect respiratory symptoms or performance of physical 
activity. Patients were excluded if they had metal implants such as pacemakers or fixing nails. A total of 123 patients 
were included. The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of Soochow 
University, and all patients provided written informed consent. This observational study protocols were performed in 
accordance with the principles outlined in the Declaration of Helsinki of the World Medical Association.

Measurements
A multi-frequency BIA (BCA-2A; Tsinghua Tongfang, Beijing, China) was used to measure skeletal-muscle mass. We 
measured FFM and ASM; their corresponding indices (ASMI, FFMI) are expressed as ASM/height2 and FFM/height2, 
respectively. The following cutoff values were used to identify skeletal-muscle atrophy: 7.0 kg/m2 and 16 kg/m2 for 
ASMI and FFMI in males, respectively; and 5.7 kg/m2 and 15 kg/m2 for ASMI and FFMI in females, respectively. 
Patients were asked to avoid eating a meal 2 h before the test. They wore lightweight clothing, removed their shoes, and 
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stood on a platform. We took measurements while participants held the handgrips straight out and kept them open at 
a 15° angle. Measurements were taken by well-trained staff and completed within 2 min.

TSF was measured using a skinfold caliper (YuanYan, Zhengjiang, China). The pointer in the disk was adjusted to the 
“0” position on the dial scale, and relevant corrections were made before use. Patients stood in a relaxed, natural posture 
with the dominant arm fully exposed for measurement. The examiner located the acromion and olecranon in the bony 
protrusion of the elbow and marked the midpoint of these two points using a marker. The skin on the midpoint was 
pinched and lifted with the left thumb, index finger, and middle finger. The open sebometer was used to clampe 1 cm 
from the pinched point, and the instrument handle was released using the right finger. The position of the pointer was 
immediately noted to determine the value. We took each measurement three times and recorded the average value for 
data analysis.

An inelastic meter ruler (Deli, Suzhou, China) was used to encircle the arms around the midpoint of the line 
connecting the acromion and olecranon. After achieving appropriate tightness, we measured midarm circumference 
(MAC) three times and recorded the average value for data analysis. Participants were seated with the trouser leg of the 
dominant leg rolled up and the shoe and sock removed from that foot, with the knees bent at 90°. We used the inelastic 
meter ruler to measure the widest part of the calf. Each measurement was taken three times, and the average calf 
circumference (CC) was used for data analysis. We estimated midarm muscle circumference (MAMC) and midarm 
muscle area (MAMA) using MAC and TSF according to the following formulae:11

Statistical Analyses
Data were analyzed using SPSS version 17.0 (IBM Corp., Armonk, NY, USA). We assessed normality using the 
Kolmogorov–Smirnov test. Mean ± standard deviation (SD) or frequency and percentage were used to describe 
demographic data. We used independent-sample t-tests and one-way analysis for comparative analysis. We used 
Pearson’s or Spearman correlation coefficient to determine the relationships between anthropometric indices and skeletal- 
muscle mass. Statistical significance was set at P < 0.05. In addition, we performed a multiple linear-regression analysis 
with FFMI and ASMI as the dependent variables that included all significant independent predictors. Variables in the 
final model were tested for collinearity. Receiver operating characteristic (ROC) curves were constructed to determine 
optimal cutoff values of anthropometric data for skeletal-muscle atrophy in COPD patients. We used FFMI and ASMI as 
classification variables. The cutoff values for skeletal-muscle atrophy were as follows: for males, 7.0 kg/m2 and 16 kg/m2 

for ASMI and FFMI, respectively; for females, 5.7 kg/m2 and 15 kg/m2 for ASMI and FFMI, respectively.12,13 We 
constructed the ROC curve and took the maximum value of the Youden index (YI) as the best cutoff point.

Results
Baseline Characteristics
Table 1 shows the demographic characteristics of 123 patients. The average patient age was 66.74 ± 7.32 years, and 
94.31% were male. Patients had a mean BMI of 22.49 ± 3.69 kg/m2, mean smoking index of 694.42 ± 5.91, mean 
FFM of 48.57 ± 6.79 kg, mean ASM of 22.70 ± 3.25 kg, mean FFMI of 17.49 ± 1.86 kg/m2, and mean ASMI of 8.17 
± 0.90 kg/m2. The prevalence of skeletal-muscle atrophy was 7.3%. The average TSF, MAC, MAMC, MAMA, and 
CC were 1.08 ± 0.44 cm, 26.39 ± 2.92 cm, 23.01 ± 2.15 cm, 42.51 ± 7.98 cm2, and 34.53 ± 3.06 cm, respectively.

Skeletal-Muscle Mass Levels According to Baseline Characteristics
We classified patients into different groups to assess skeletal-muscle mass according to each objective variable 
(Table 2). There were no statistically significant differences among the groups in terms of proportion of smokers or 
COPD duration or severity. However, older patients, female patients, and patients with low BMIs had lower FFMI and 
ASMI.
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Table 1 Patient Characteristics (n = 123)

Variables Mean ± SD

Age (y) 66.74 ± 7.32
BMI (kg/m2) 22.49 ± 3.69

FEV1 (% predicted) 47.35 ± 18.37

FEV1/FVC 47.11 ± 12.52
FFM (kg) 48.57 ± 6.79

ASM (kg) 22.70 ± 3.25

FFMI (kg/m2) 17.49 ± 1.86
ASMI (kg/m2) 8.17 ± 0.90

TSF (cm) 1.08 ± 0.44
MAC (cm) 26.39 ± 2.92

MAMC (cm) 23.01 ± 2.15

MAMA (cm2) 42.51 ± 7.98
CC (cm) 34.53 ± 3.06

Note: Data are expressed as the mean (standard deviation 
[SD]). 
Abbreviations: BMI, body mass index; FEV1, forced 
expiratory volume in 1s; FVC, forced vital capacity; FFM, 
fat-free mass; FFMI, fat-free mass index; ASM, appendicular 
skeletal-muscle mass; ASMI, appendicular skeletal-muscle 
mass index; TSF, triceps skinfold; MAC, midarm circumfer-
ence; CC, calf circumference; MAMC, midarm muscle cir-
cumference; MAMA, midarm muscle area.

Table 2 Comparison of Skeletal-Muscle Mass with Baseline Characteristics

Variables Number (n, %) FFM (kg) FFMI (kg/m2) ASM (kg) ASMI (kg/m2)

Age (y)
≤60 23 (18.70) 54.07 ± 5.22 18.63 ± 1.54 25.09 ± 2.65 8.64 ± 0.79

>60 100 (81.30) 47.31 ± 6.49 17.23 ± 1.83 22.15 ± 3.14 8.06 ± 0.89
t 4.657 3.403 4.158 2.867

P <0.001 <0.001 <0.001 0.005

Sex
Male 116 (94.31) 49.14 ± 6.47 17.59 ± 1.82 22.96 ± 3.11 8.22 ± 0.88

Female 7 (5.69) 39.14 ± 5.10 15.83 ± 1.80 18.27 ± 2.47 7.39 ± 0.88

t 4.011 2.491 3.917 2.424
P <0.001 0.014 <0.001 0.017

Smoking status
Never smoker 13 (10.57) 46.85 ± 7.45 17.39 ± 1.66 21.88 ± 3.50 8.13 ± 0.78
Ex-smoker 71 (57.72) 49.46 ± 6.51 17.66 ± 1.88 23.12 ± 3.10 8.26 ± 0.90

Current smoker 39 (31.71) 47.53 ± 6.98 17.21 ± 1.87 22.19 ± 3.41 8.03 ± 0.94

F 1.501 0.765 1.496 0.781
P 0.227 0.468 0.228 0.460

BMI (kg/m2)
<21 43 (34.96) 44.74 ± 5.89 15.87 ± 1.28 20.99 ± 2.97 7.44 ± 0.70
21–25 52 (42.28) 48.75 ± 5.79 17.65 ± 1.11 22.69 ± 2.76 8.22 ± 0.56

25–30 25 (20.32) 53.55 ± 5.95 19.46 ± 1.03 25.04 ± 2.82 9.10 ± 0.49

≥30 3 (2.44) 58.87 ± 4.40 21.60 ± 0.77 27.60 ± 2.07 10.13 ± 0.42
F 15.350 65.652 13.875 52.144

P <0.001 <0.001 <0.001 <0.001

Duration (y)
< 5 70 (56.91) 48.43 ± 6.65 17.48 ± 1.86 22.55 ± 3.16 8.14 ± 0.89

5–15 33 (26.83) 48.10 ± 7.01 17.34 ± 1.80 22.61 ± 3.44 8.15 ± 0.89

(Continued)
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Association Between Anthropometric Indices and FFMI or ASMI
The associations between FFMI and ASMI on the one hand and anthropometric indices on the other are shown in 
Table 3. All indices were significantly positively correlated with FFMI or ASMI, with correlation coefficients of 0.481– 
0.820 that were highest between CC and FFMI (r = 0.820) and between CC and ASMI (r= 0.800; Table 3).

Multiple Linear-Regression Analysis of FFMI or ASMI
Table 4 shows the results of multiple stepwise linear-regression analysis, delineating the relationship between FFMI and 
ASMI on the one hand and COPD parameters on the other. CC, BMI, and MAC showed significant positive correlations 

Table 2 (Continued). 

Variables Number (n, %) FFM (kg) FFMI (kg/m2) ASM (kg) ASMI (kg/m2)

> 15 20 (16.26) 49.86 ± 7.10 17.79 ± 2.01 23.34 ± 3.36 8.33 ± 0.96

F 0.451 0.379 0.466 0.368
P 0.638 0.685 0.628 0.693

MMRC score
0 14 (11.38) 52.86 ± 7.74 18.38 ± 1.93 24.76 ± 3.70 8.61 ± 0.93
1 78 (63.41) 49.02 ± 6.80 17.62 ± 1.87 22.90 ± 3.28 8.23 ± 0.92

2 23 (18.70) 45.22 ± 4.85 16.84 ± 1.50 21.09 ± 2.29 7.85 ± 0.71

3 8 (6.51) 46.34 ± 5.33 16.51 ± 1.82 21.71 ± 2.41 7.74 ± 0.82
F 4.482 3.056 4.457 2.981

P 0.005 0.031 0.005 0.034

GOLD stage 2011
A 3 (2.44) 53.60 ± 8.41 18.81 ± 1.28 25.10 ± 3.93 8.81 ± 0.59

B 37 (30.08) 50.46 ± 4.93 18.12 ± 1.22 23.45 ± 2.40 8.42 ± 0.63

C 3 (2.44) 58.40 ± 5.13 20.80 ± 2.14 27.37 ± 2.44 9.75 ± 1.05
D 80 (65.04) 47.14 ± 7.02 17.02 ± 1.90 22.08 ± 3.39 7.97 ± 0.92

F 5.286 8.000 4.600 6.717

P 0.002 <0.001 0.004 <0.001
GOLD stage 2017

A 4 (3.25) 56.00 ± 8.38 19.58 ± 1.85 26.20 ± 3.89 9.16 ± 0.85
B 86 (69.92) 48.38 ± 6.14 17.55 ± 1.78 22.60 ± 2.99 8.19 ± 0.87

C 0 (0) – – – –

D 33 (26.83) 48.18 ± 7.87 17.09 ± 1.93 22.53 ± 3.70 7.99 ± 0.91
F 2.547 3.462 2.459 3.205

P 0.083 0.035 0.090 0.044

Notes: Smoking status, BMI, disease duration, MMRC, and GOLD stage were assessed using one-way analysis of variance. Other parameters were 
compared using t-tests. 
Abbreviations: FFM, fat-free mass, FFMI, fat-free mass index; ASM, appendicular skeletal-muscle mass; ASMI, appendicular skeletal-muscle mass index; 
MMRC, modified Medical Research Council scale; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

Table 3 Correlations Between Anthropometric Data and 
Skeletal-Muscle Mass

Variables FFMI ASMI

TSF (cm) 0.500** 0.481**

MAC (cm) 0.752** 0.714**

MAMC (cm) 0.703** 0.663**
MAMA (cm2) 0.698** 0.659**

CC (cm) 0.820** 0.800**

Note: **P < 0.01. 
Abbreviations: FFMI, fat-free mass index; ASMI, appendicular skeletal-muscle 
mass index; TSF, triceps skinfold; MAC, midarm circumference; MAMC, midarm 
muscle circumference; MAMA, midarm muscle area; CC, calf circumference.
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with FFMI and ASMI (P < 0.001), whereas TSF showed significant negative correlations with FFMI and ASMI (P = 
0.001 and P = 0.013, respectively).

ROC Curve of Anthropometric Data for Evaluating Skeletal-Muscle Atrophy
FFMI and ASMI are categorical variables. We plotted ROC curves for four anthropometric indicators (MAC, MAMC, 
MAMA, and CC) of skeletal-muscle atrophy in COPD patients (Figures 1 and 2). Table 5 shows that the area under the 
curve (AUC) values of these four indicators ranged from 0.873 to 0.959, especially MAC and CC, with ideal diagnostic 
value. However, the difference between the AUC values of MAMC and MAMA curves was not statistically significant, 

Table 4 Multiple-Regression Analysis of Factors Associated with FFMI or ASMI

Variables FFMI Variables ASMI

B SE t P B SE t P

CC (cm) 0.254 0.420 6.615 0.000 CC (cm) 0.134 0.455 6.140 0.000

BMI (kg/m2) 0.971 0.420 6.342 0.000 BMI (kg/m2) 0.436 0.390 5.032 0.000
MAC (cm) 0.182 0.208 3.946 0.000 TSF (cm) −0.365 −0.178 −2.514 0.013

TSF (cm) −0.880 −0.208 −3.477 0.001 MAC (cm) 0.063 0.206 2.325 0.022

Abbreviations: SE, standard error; CC, calf circumference; BMI, body mass index; MAC, midarm circumference; TSF, triceps skinfold.

Figure 1 Receiver operating characteristic curve of anthropometric data for evaluating skeletal-muscle atrophy (fat-free mass index [FFMI]).
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and the graphs of the two curves almost overlapped. The cutoff values of anthropometric indicators under the ROC curve 
was lower for ASMI than for FFMI.

Discussion
The prevalence of skeletal muscle atrophy was 7.3% (9 out of 123 patients), similar to that reported by Liu et al14–16 Our 
findings suggested that age, sex, BMI, dyspnea, and GOLD score were factors affecting FFMI or ASMI. Skeletal-muscle 

Figure 2 Receiver operating characteristic curve of anthropometric data for evaluating skeletal-muscle atrophy (appendicular skeletal-muscle mass index [ASMI]).

Table 5 Anthropometric Data for Evaluating Skeletal-Muscle Atrophy in Stable COPD Patients

Variables Cutoff Value Sensitivity (%) Specificity (%) AUC

FFMI
MAC (cm) 24.50 92 81.6 0.932

MAMC (cm) 22.19 88 76.5 0.886

MAMA (cm2) 39.21 88 76.5 0.886
CC (cm) 33.00 92 85.7 0.942

ASMI
MAC (cm) 23.65 88.9 84.2 0.910
MAMC (cm) 22.09 100 70.2 0.873

MAMA (cm2) 38.86 100 70.2 0.873

CC (cm) 31.80 100 86.8 0.959

Abbreviations: AUC, area under the curve; FFMI, fat-free mass index; MAC, midarm circumference; MAMC, midarm 
muscle circumference; MAMA, midarm muscle area; CC, calf circumference; ASMI, appendicular skeletal-muscle mass 
index.
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mass was significantly lower among patients aged >60 years than those aged ≤60 years (P < 0.05). Studies have reported 
that skeletal muscle is significantly depleted after the age of 50.17 With age, the patient’s mobility declines18 and de- 
adaptive responses worsen, in turn worsening skeletal-muscle atrophy. Sex is an independent risk factor for skeletal- 
muscle depletion in COPD patients:19 women have higher fat and lower skeletal-muscle content than men, and changes 
in body composition, including skeletal-muscle atrophy, are more significantly affected by age in women than in men. 
Notably, patients with a BMI < 21 kg/m2 had significantly lower skeletal-muscle mass than other patients. Several studies 
have shown that 20–30% of COPD patients have normal BMI, although a lower ASMI score was also observed.20,21 Due 
to airflow restriction and inflammatory mediator stimulation,20 patients experience worsening dyspnea, decreased cross- 
sectional area and number of muscle fibers, altered fiber structure, and lactate accumulation in the muscles,22 resulting in 
increased skeletal muscle depletion and decreased muscle strength and endurance,23,24 ultimately affecting their quality 
of life.

We used a multi-frequency BIA to measure skeletal-muscle mass. However, this method is not widely performed due 
to certain limitations such as high equipment cost and complexity of use. Therefore, simple techniques to evaluate 
skeletal-muscle atrophy must be developed. Anthropometric indices such as TSF and MAC indirectly reflect patient 
nutritional status, which is an indicator of disease severity and risk of death. More-severe disease is associated with 
a higher risk of malnutrition. Mean values of TSF and MAC were 1.08 ± 0.44 cm and 26.39 ± 2.92 cm, respectively, 
which were 33.2% and 22.7% lower than the normal range. TSF can be used to evaluate body fat stores, while MAC 
determines skeletal-muscle or lean-tissue mass. In this study, we further explored the correlations between anthropo-
metric indicators and skeletal-muscle mass in stable COPD patients. Table 3 shows that anthropometric indicators were 
significantly positively correlated with FFMI and ASMI, with r values of 0.481–0.820. In addition, Table 4 also reflects 
that CC, BMI, MAC, and TSF were associated with skeletal-muscle mass in multiple-regression analysis. These results 
suggested that these indices could indirectly reflect patient skeletal-muscle mass. However, the usefulness of simple 
anthropometric indices to assess the quality of skeletal muscle in patients still needs to be explored.

The AUC values, which reflects diagnostic or screening value, were 0.5–1.0; larger values correlated with higher 
predictive diagnostic value. In particular, when AUC > 0.7, the diagnostic value was high. Table 5 shows that AUC 
values of anthropometric indices were 0.873–0.959, especially for MAC and CC. However, the difference between the 
AUC values of the MAC and MAMA curves was not statistically significant; the graphs of the two curves almost 
overlapped, possibly because they were highly correlated, and subtle variations are difficult to observe. Table 3 and 
Figures 1 and 2 and show that ROC curve cutoff values of indices with ASMI as the classification variable were lower 
than those with FFMI as the variable. FFM includes skeletal muscle, minerals, and water components. Therefore, in 
addition to skeletal-muscle atrophy, FFM is also influenced by abnormalities of the other components. In contrast, ASMI 
measures the skeletal-muscle mass of the limbs, which is useful for maintaining the body’s daily activities.25

The lower-extremity muscles are the main weight-bearing muscles, and the rate of skeletal-muscle depletion in COPD 
patients is much greater in the lower than in the upper limbs26,27 due to long-term sedentary lifestyles and poor 
mobility.28 Therefore, it is crucial to assess lower-extremity function. We found the diagnostic value of CC in skeletal- 
muscle depletion to be much higher than that of upper-extremity–related circumference markers, which was in line with 
the findings of Bonnefoyd et al.29 Lower-extremity muscles account for about half of total body muscle mass. Significant 
changes in muscle consumption in the lower extremities directly affects CC and leads to a decrease in the patient’s 
physical ability.30

CC is an anthropometric index for assessing nutritional status in the elderly, and studies have shown that it predicts 
risk of death in the elderly and is closely related to ASM.31–33 In this study, CC was closely related to skeletal-muscle 
atrophy (r = 0.820 and 0.800). The optimal cutoff point of CC in the diagnosis of skeletal-muscle atrophy was set to 
33 cm (sensitivity = 0.92, specificity = 0.857) with FFMI as the categorical variable and 31.8 cm (sensitivity = 1, 
specificity = 0.868) with ASMI as the categorical variable. As weight-bearing muscles, the lower-limb muscle groups are 
responsible for functions such as walking and daily activities, and minor changes in CC affect self-care ability and 
quality of life. When the patient has dyspnea or acute exacerbation of disease, mobility is reduced in order to lessen 
wheezing and shortness of breath, and this accelerates lower-limb muscle wasting, atrophy, loss of muscle volume, and 
reduction in CC. CC is a simple indicator of skeletal-muscle consumption in stable COPD patients. In our study, we 
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measured the widest part of the calf using an inelastic meter ruler and took the CC for data analysis. However, due to the 
limited accuracy of CC measurement, how to correctly measure this index and then accurately identify patients at high 
risk of skeletal-muscle consumption, as well as timely intervention to improve patient prognosis, are still the focus of 
future research.

In this study, we not only investigated skeletal-muscle atrophy in patients with stable COPD but also analyzed factors 
influencing skeletal-muscle mass. In addition, we explored the correlation between COPD anthropometric indicators and 
skeletal-muscle atrophy, validating the reliability of the former in predicting the latter. Our study will provide a simple, 
convenient method for screening skeletal-muscle atrophy in COPD patients, and we will apply this method clinically in 
the future to predict and take measures to delay skeletal-muscle atrophy at an early stage.

Limitations
The present study had some limitations. First, it included only a small number of patients treated at our hospital, which 
might reduce the generalizability of our findings to other populations. Second, only seven COPD patients were female, 
since skeletal-muscle atrophy is more likely to occur in female than in male patients. Third, factors associated with 
anthropometric indices and skeletal-muscle atrophy might be influenced by COPD severity. Future studies should 
reasonably match patients with acute exacerbations to other patients and identify optimal cutoff values of anthropometric 
indicators in patients of both sexes and with different COPD severities.

Conclusions
In conclusion, our results showed that anthropometric indices correlated closely with skeletal-muscle mass. Calf 
circumference, body mass index, midarm circumference, and triceps skinfold significantly affected fat-free mass index 
and appendicular skeletal-mass index. The diagnostic value of CC in skeletal-muscle atrophy was found to be much 
higher than that of upper-extremity–related circumference markers. CC might be a simple method for assessing skeletal- 
muscle atrophy in clinical practice. Stable COPD patients with noticeable reductions in FFM or ASM should be 
identified for early, multidisciplinary intervention.
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