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Objective: The aim of this study was to investigate whether echo intensity of the rectus femoris 

when measured using ultrasound can distinguish muscles affected by COPD compared with 

healthy non-COPD affected muscles and whether the severity of ultrasonic abnormalities was 

associated with health-related quality of life (HRQoL).

Methods: Echo intensity, areas of the rectus femoris, and the thickness of quadriceps muscles 

were measured using ultrasound in 50 COPD outpatients and 21 age-matched non-COPD 

controls. The results of the 8-Item Short-Form Health Survey and the functional assessment of 

chronic illness therapy fatigue scales were used to evaluate HRQoL.

Results: There was a significantly higher echo intensity of the rectus femoris in all stages of 

COPD patients than in age-matched non-COPD subjects; the quadriceps muscle thickness and 

cross-sectional area of the rectus femoris significantly decreased in COPD GOLD III–IV only. 

Furthermore, in our stable COPD patients, echo intensity of the rectus femoris was associated 

with HRQoL independently.

Conclusion: Quantitative ultrasound distinguishes healthy muscles from those affected by 

COPD grade I–IV, and quality and quantity of muscles are associated with HRQoL and forced 

expiratory volume in 1 second. Ultrasonic echo intensity of the rectus femoris may be a useful 

instrument for assessing disease severity and monitoring the changes of skeletal muscle resulting 

from disease progression or clinical intervention in patients with COPD.
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Introduction
Skeletal muscle dysfunction contributes to impaired physical capacity, reduced 

health-related quality of life (HRQoL), increased health care utilization and even 

mortality in COPD patients,1,2 independent of airflow obstruction.3 Quadriceps weak-

ness is demonstrable in one-third of COPD patients,4 provides powerful prognostic 

information and is associated with HRQoL in patients in all stages of COPD.5 People 

with COPD are in a “downward disease spiral,” where progressive dyspnea leads to 

a sedentary lifestyle with consequent muscle deconditioning and further inactivity.6,7 

In addition, systemic factors, such as inflammation, oxidative stress, corticosteroid 

use, hormonal disturbances and nutritional deficits, are involved in the development 

of muscle weakness.8,9

Quadriceps weakness together with fatigue is the most prominent disabling symp-

tom in many COPD patients and considerably impacts their HRQoL.10,11 Lower limb 

strength has been demonstrated to correlate with rectus femoris cross-sectional area 

(RFcsa) as measured by ultrasound (US) and computed tomography in mild-to-severe 

COPD patients.12,13 US imaging is a radiation-free, safe and easily accessible method 

which is suitable for the assessment of the size and echo intensity (EI) of skeletal 
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muscle.14,15 The increasing of EI of skeletal muscles can be 

recognized early and is a key parameter in the diagnosis of 

chronic neuromuscular disorders,16 and was related to the 

decrease of muscle strength in middle-aged and elderly 

people independent of age or muscle size.17 Whether EI of 

the rectus femoris quantified by US is increased or not and 

its relevance to the HRQoL and lung function in COPD 

patients is unclear.

The aim of this study was to investigate the relationship 

between US of the quadriceps, lung function and HRQoL in 

subjects with COPD. We hypothesized that differences of 

the EI levels of the rectus femoris measured by US would 

be observed in mild-to-severe COPD patients compared 

with age-matched non-COPD subjects. Furthermore, the EI 

of the rectus femoris would be associated with HRQoL, as 

measured by the 8-Item Short-Form Health Survey (SF-8) 

and the functional assessment of chronic illness therapy 

fatigue (FACITF) scales.

Materials and methods
study design
From December 2015 to June 2016, we investigated 50 stable 

COPD patients and 21 non-COPD controls in the Depart-

ment of Respiratory Medicine, Shanghai General Hospital, 

Shanghai, China. All subjects completed structured inter-

view and spirometry and US measurements of the quad-

riceps muscle. The diagnosis of COPD was performed by 

lung function tests. Subjects were considered as suffering 

from COPD if their forced expiratory volume in 1 second 

(FEV
1
)/forced vital capacity (FVC) ratio was less than 

0.7, after the administration of a reversibility test with 

0.4 mg salbutamol. The severity of COPD was classified 

according to the American Thoracic Society (ATS) guide-

lines: grade I FEV
1
80% predicted; grade II FEV

1
50% 

and 80% predicted; grade III FEV
1
30% and 50% 

predicted; grade IV FEV
1
30% predicted. Patients affected 

by neuromuscular disease or having a history of knee and hip 

surgery were excluded. All of the participants were living 

independently, had been clinically stable for at least 4 weeks 

before the visit and were able to walk without an assistive 

device. The study was approved by the ethics committee of 

Shanghai General Hospital (number 2015ky134), and written 

informed consent was provided by all participants.

Baseline measurements
Specially trained technician performed the interviews and 

the lung function tests. The questionnaires were validated 

in other studies.18–20 They included questions about HRQoL 

(SF-8 and FACITF version 4), respiratory symptoms, heart 

diseases, hypertension, diabetes, use of medicines and smok-

ing habits.21 Body mass index (BMI) was calculated from 

weight and height. For spirometry and the 6-minute walk dis-

tance (6MWD) test, the ATS guidelines were followed.22,23

sF-8
We used a Chinese version of the SF-8 that was constructed 

to provide a shorter alternative to the SF-36 and SF-12 for 

use in general and specific populations, and scored by using 

the Smart Measurement® Online scoring service, available 

at http://www.qualitymetric.com. Two summary measures 

were obtained: physical component summary (PCS) and 

mental component summary (MCS). A higher score was a 

better self-reported HRQoL, based on answers about health 

in the past 4 weeks.

FaCITF
FACITF scale is a 13-item self-completed questionnaire, 

designed for chronic diseases, which has previously been 

used for COPD patients.24,25 FACITF is assumed from state-

ments that fit the person’s experience during the last 7 days 

asking about the intensity of fatigue as well as its impact on 

everyday life. The subjects respond to each item by choosing 

one of the following five options: not at all (4 scores); a little 

bit (3 scores); somewhat (2 scores); quite a bit (1 score); very 

much (0 score). Items seven and eight have to be reversely 

scored. Overall scores of the FACITF scale range from 

0 to 52, with higher scores signifying less fatigue.26

Us measurements
The participants were in the supine position with the lower 

limbs relaxed completely. US scanning was performed with 

LOGIQ 5A (GE Healthcare Bio-Sciences Corp., Piscataway, 

NJ, USA) and a linear transducer (10 MHz). All scans were 

made through the quadriceps muscle halfway along the line 

from the anterior–superior iliac spine to the superior aspect 

of the patella.27 To show the best bone echo the transducer 

is always perpendicular to the targeted muscle. Small 

adjustments in the angle of the ultrasonic beam will affect 

muscle echo texture measurements.28 A minimum pressure 

was maintained at the transducer to avoid distortion of the 

skin and subcutaneous tissues, using a generous amount of 

contact gel.14 The gain (86 dB), compression (70 dB), depth 

(6 cm), time gain compensation (in the neutral position) and 

focus were kept constant between subjects. Three consecu-

tive images were produced by the same investigator who was 

blinded to the results of spirometry and questionnaires.
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The subcutaneous fat thickness (SFT) of the anterior 

compartment of the mid-thigh was defined as the distance 

between the dermis and fascia of the rectus femoris muscle. 

The inner outline of the rectus femoris was manually traced 

to calculate RFcsa by a movable cursor on a frozen image, 

while quadriceps muscle thickness (QMT) was measured as 

the vertical distance from fascia of the rectus femoris to the 

underlying femur (Figure 1).

Rectus femoris was used only for the analysis of EI. 

The region of interest was selected within the outline of the 

rectus femoris to include as much of the muscle as possible 

without any surrounding fascia.29 EI was defined as the EI 

in the muscle by using the standard histogram function of 

Adobe Photoshop 7.0 (Adobe Systems Incorporated, San 

Jose, CA, USA), expressed as a value between 0 (black) and 

255 (white) (Figure 2). EI was measured in three images, and 

the mean was taken to reduce variation.

statistical analyses
Statistical analyses were performed using SPSS 16.0 software 

(SPSS Inc., Chicago, IL, USA). All values are shown as 

mean ± standard deviation. Unpaired t-tests were utilized 

to compare the differences between the two groups, and 

the analysis of variance (ANOVA) and Kruskal–Wallis test 

were used to compare more than three groups according to 

data characteristics. Unitarian comparisons between COPD 

and non-COPD were assessed using Chi-square tests and 

independent sample t-test. Paired t-tests were implemented 

to analyze left–right differences. Correlations between 

SFT, QMT, RFcsa, EI, PCS, MCS, FACITF, age, BMI 

and lung function were calculated using Pearson’s correla-

tion coefficients. Multiple linear regression analysis was 

conducted to evaluate the independent associations of EI, 

QMT, and RFcsa with PCS in COPD patients. Partial cor-

relation analysis was carried out to determine the effects of 

QMT, RFcsa, and EI on PCS, controlling for age, height, 

weight, and SFT. Due to a low number of subjects in GOLD 

stage III and IV, they were grouped as GOLD III. Statistical 

significance was defined as P0.05.

Results
Table 1 summarizes the basic characteristics of the study 

population. There were no statistically significant differences 

in age, BMI and gender between COPD and non-COPD 

Figure 1 Ultrasonography measurements of the subcutaneous fat thickness (sFT), 
quadri ceps muscle thickness (QMT) and rectus femoris cross-sectional area (rFcsa).

Figure 2 The histogram of the echo intensity (eI) of the rectus femoris.
Notes: a region of interest (rOI) is selected within the borders of the rectus 
femoris muscle (black line), and the eI is determined using a histogram. Inset is the 
mean eI value of the rOI.

Table 1 Basic characteristics of the study population

Characteristics Non-COPD 
(n=21)

COPD (n=50) P-values

age, years 62.10±7.01 65.76±8.07 0.074
Male/female, n 13/8 27/23 0.607
BMI, kg/m2 26.98±4.12 26.66±5.40 0.811
heart rate, beats/min 68.38±9.51 71.14±10.95 0.318
saO2, % 96.52±1.21 95.52±1.20 0.002
respiratory symptom 1 (4.8) 25 (50.0) 0.000
heart disease 2 (9.5) 10 (20.0) 0.489
hypertension 6 (28.6) 16 (32.0) 1.000
Diabetes 0 (0.0) 4 (8.0) 1.000
never smokers 9 (42.9) 9 (18.0) 0.038
ex-smokers 11 (52.4) 31 (62.0) 0.578
Current smokers 1 (4.8) 10 (20.0) 0.156
Inhaled steroids – 9 (18.0) –
FeV1, l 3.228±0.64 2.068±0.76 0.0001
FeV1% predicted 104.3±10.43 73.29±19.31 0.0001
FeV1/FVC 76.98±4.92 62.58±11.85 0.0001
gOlD a/B/C/D, n – 21/22/6/1 –

Note: Values are mean ± sD or number (%).
Abbreviations: BMI, body mass index; FeV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; gOlD, global Initiative for Chronic Obstructive lung 
Disease; saO2, resting peripheral oxygen saturation measured by pulse oximetry.
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subjects. The US measurements, PCS of the SF-8, FACITF 

and 6MWD of the non-COPD subjects and COPD patients 

are shown in Figure 3 and Table S1. There were significant 

differences in EI between non-COPD and GOLD I/II/III-IV 

COPD patients, respectively, the difference in COPD stage 

GOLD I compared to GOLD III-IV was also significant 

(P=0.004). In QMT and RFcsa of the quadriceps with FAC-

ITF, non-COPD with GOLD I compared to GOLD III was 

statistically significant. In PCS and 6MWD, non-COPD 

compared to GOLD II and GOLD III-IV had significant 

Figure 3 The results of ultrasound measurements of the right quadriceps (A–C), questionnaires (D, E) and 6MWD (F) in the study population.
Abbreviations: 6MWD, 6-minute walk distance; eI, echo intensity; FaCITF, functional assessment of chronic illness therapy fatigue; gOlD, global Initiative for Chronic 
Obstructive lung Disease; PCs, physical component summary; QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional area.
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differences, and GOLD I compared to GOLD III-IV had 

significant differences also. The SFT, QMT, RFcsa, EI, 

MCS and PCS showed statistically significant differences 

between the two genders, while there were no differences 

in the FACITF (Table S2).

Table 2 displays the correlation coefficients between US 

quadriceps muscle measures with age, BMI, PCS, MCS, 

FACITF and 6MWD as control variables in 50 (27 males) 

stable COPD patients. QMT and RFcsa showed a signifi-

cant negative correlation with age (r =−0.412; r =−0.477). 

EI showed significant negative correlations with PCS 

(r =−0.624, P=0.000) and was not related to age (r =−0.202, 

P=0.161). Multivariate regression analysis showed that the 

EI was independently associated with PCS (Table 3). Table 4 

shows the partial correlation coefficients between EI, QMT, 

RFcsa and PCS with age, height, weight, and SFT as control 

variables; EI showed a significant negative correlation with 

PCS (r =−0.651, P=0.003). QMT was positively correlated 

with PCS (r =0.364, P=0.014) but not significantly with EI 

(r =−0.195, P=0.071). RFcsa was significantly associated 

with QMT, but not correlated with EI and PCS.

Table 5 shows the correlation coefficients among SFT, 

QMT, RFcsa and EI of the quadriceps, PCS, MCS, FACITF 

and 6MWD with lung function in 50 (27 males) stable COPD 

patients. QMT, RFcsa, FACITF and 6MWD showed a sig-

nificant positive correlation with FEV
1
, FEV

1%
, FVC and 

FEV
1
/FVC

%
. EI showed significant negative correlations 

with FEV
1
/FVC

%
 (r =−0.413, P0.01). Table S3 shows the 

subjects’ characteristics according to PCS above/below 45. 

There were no significant differences between right and left 

thigh in US measurements in the study population.

Discussion
The present study showed that the EI of the rectus femoris 

was substantially increased in all GOLD stages of COPD 

patients. However, the QMT and RFcsa were significantly 

decreased in GOLD III only. This suggests that changes 

in the EI of the rectus femoris may occur earlier than reduc-

tions in muscle size in COPD patients. EI was not correlated 

with age, BMI and the degree of airflow obstruction in our 

patients. Our results extend those of a previous study on 

peripheral muscle function in COPD patients by showing 

that their quadriceps strength and size are lower compared 

to those of normal subjects.30

Table 2 Correlations of quadriceps muscle measures with age, BMI, PCs, MCs, FaCITF and 6MWD in 50 (27 males) stable COPD 
patients (r values)

Age BMI SFT QMT RFcsa EI PCS MCS FACITF 6MWD

age 1
BMI 0.023 1
sFT −0.125 0.315 1
QMT −0.412 0.367 −0.024 1
rFcsa −0.477 0.286 −0.134 0.850 1
eI 0.202 0.104 0.525 −0.265 −0.271 1
PCs −0.272 −0.186 −0.119 0.321 0.270 −0.624 1
MCs −0.044 −0.118 0.093 0.208 0.162 −0.292 0.348 1
FaCITF −0.125 0.032 0.068 0.219 0.148 −0.483 0.683 0.586 1
6MWD −0.297 −0.189 −0.017 0.336 0.327 −0.304 0.411 0.100 0.180 1

Notes: Correlation is significant at the 0.05 level (two tailed). Correlation is significant at the 0.01 level (two tailed).
Abbreviations: BMI, body mass index; eI, echo intensity; FaCITF, functional assessment of chronic illness therapy fatigue; MCs, mental component summary; PCs, physical 
component summary; QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional area; sFT, subcutaneous fat thickness; 6MWD, 6-minute walk distance.

Table 3 association of eI, QMT and rFcsa with PCs using 
multiple regression analysis in COPD patients (n=50)

Variables β P-value

eI −0.312 0.028
QMT 0.165 0.520
rFcsa 0.091 0.717

Abbreviations: eI, echo intensity; PCs, physical component summary; 
QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional area.

Table 4 Partial correlation coefficients between QMT, RFcsa, EI 
and PCs with age, height, weight, BMI and sFT as control variables 
in COPD patients (n=50)

Variables QMT RFcsa EI PCS

QMT 1 r =0.760,  
p=0.000

r =−0.195,  
p=0.071

r =0.364,  
p=0.014

rFcsa 1 r =−0.211,  
p=0.058

r =0.230,  
p=0.128

eI 1 r =−0.651,  
p=0.003

PCs 1

Abbreviations: BMI, body mass index; eI, echo intensity; PCs, physical component 
summary; QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional 
area; sFT, subcutaneous fat thickness.
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It is well known that loss of muscle bulk of the quadri-

ceps is a major change in COPD patients with the decreas-

ing of low limb strength, as well as qualitative changes 

such as increased intramuscular fibrous and adipose 

tissue.31–33 To our knowledge, this is the first study that 

focused on the EI of the rectus femoris in COPD patients 

and observed the relationship with HRQoL and lung func-

tion. Quantitative muscle US is a reliable method to detect 

structural changes and determine the severity of muscle 

pathology.14 Image-based measurements of quadriceps 

muscle structure may help to identify patients with specific 

muscle phenotypes. Muscle atrophy, intramuscular fibrosis 

and fatty infiltration enhanced EI on ultrasound images of 

skeletal muscle that associated with muscle strength, inde-

pendently of age or muscle size in middle-aged and elderly 

people.34–36 Muscle EI can be used in the diagnostic evalu-

ation of patients with suspected neuromuscular diseases, 

guiding a muscle biopsy and in follow-up or intervention 

studies.37,38 Quadriceps muscle phenotype varies widely in 

patients with COPD, which cannot be determined without 

a muscle biopsy.

The SF-8 survey is a good tool for measuring the HRQoL 

of participants with chronic illness,39 can be expected to be 

completed in 2–3 minutes and appears to provide a more 

practical and efficient method for studies in COPD. Our 

results are consistent with a previous study that COPD 

patients have a decline in physical health.40 Using a cutoff of 

45 of PCS, the EI of the rectus femoris and FACITF scales 

could differentiate (P0.0001) between these two groups 

(PCS above/below 45) in our patients, and also MCS, QMT 

and 6MWD showed statistically significant associations/

differences (P0.05); however, RFcsa did not. Some studies 

indicate that females have poorer HRQoL measurements 

than males in COPD patients.41,42 Our results showed that 

the SFT, QMT, RFcsa and EI of the quadriceps between 

Table 5 Correlations of quadriceps muscle measures, PCs, MCs 
and FaCITF with lung function in 50 (27 males) stable COPD 
patients (r values)

Variables QMT RFcsa EI PCS MCS FACITF 6MWD

FeV1 0.662 0.649 −0.275 0.430 0.255 0.411 0.586

FeV1% 0.449 0.400 −0.256 0.481 0.267 0.572 0.524

FVC 0.497 0.496 −0.052 0.269 0.242 0.316 0.480

FeV1/FVC% 0.470 0.419 −0.413 0.270 0.042 0.238 0.460

Notes: Correlation is significant at the 0.05 level (two-tailed). Correlation is 
significant at the 0.01 level (two-tailed).
Abbreviations: 6MWD, 6-minute walk distance; eI, echo intensity; FaCITF, 
functional assessment of chronic illness therapy fatigue; FeV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity; MCs, mental component summary; 
PCs, physical component summary; QMT, quadriceps muscle thickness; rFcsa, 
rectus femoris cross-sectional area.

the two genders were significantly different, and there 

were no differences in the FACITF. Fatigue is a prominent 

disruptive disabling symptom in COPD patients in daily 

activities and considerably impacts on their quality of life.43,44 

The different level of dyspnea, anxiety, hopelessness and 

concomitant such as heart disease seems to have a negative 

impact on both physical and mental health.

There are some limitations to our study. First, there 

is no clear criterion for muscle EI value and the results 

cannot be readily generalized for different US devices, 

as EI is influenced by US system hardware and software. 

Recently, however, a correction equation (EI device 

1=1.38× EI device 2+9.14) was reported to convert EI 

from one ultrasound device to another.29 Second, the 

first author was the sole investigator who performed the 

ultrasonic assessment, but there was a high test–retest 

reliability score (kappa 0.953) in our study. The quantity 

EI evaluation of muscles showed a higher interobserver 

agreement (kappa 0.86) in the study of Pillen et al,14 

the reproducibility and reliability can be expected to be 

good.45,46 In future, investigations on intra-observer reli-

ability and reproducibility will still be an issue. The small 

number of patients, particularly stage GOLD III COPD 

patients (n=7), is another limitation.

Conclusion
There was significant differences in EI between non-COPD 

and GOLD I COPD patients, but QMT and RFcas have no 

differences. This means that the change of EI of the quadri-

ceps occur earlier than the decrease in thickness and area of 

quadriceps in COPD patients. We believe that US is a low-

cost, easily accessible, safe method which is suitable for the 

assessment of EI as a noninvasive biomarker of quadriceps 

muscle in COPD patients and may assist in determining 

patients for trials of interventions targeted at specific muscle 

phenotypes. Further studies should be pursued to ensure that 

it can accurately diagnose and track disease progression of 

the skeletal muscle dysfunction.
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Table S1 The results of ultrasonography measurements of the right quadriceps, questionnaires and 6MWD in the study population

Variables Non-COPD (n=21) GOLD I (n=21) GOLD II (n=22) GOLD III 
(n=7)

sFT, cm 11.6±4.09 13.52±6.30 11.21±4.25 10.26±3.88
QMT, cm 30.57±7.07 29.03±8.44 25.09±6.28 17.41±5.04a,b

rFcsa, cm2 7.07±1.78 6.84±2.67 5.63±1.73 3.99±1.16a,b

eI 121.40±8.80 130.50±14.25a 132.40±15.88a 144.30±6.50a,b

PCs 54.95±4.41 51.38±9.82 46.45±9.22a 38.29±7.74a,b

MCs 51.05±10.2 52.90±6.89 51.59±9.31 46.43±14.06
FaCITF 43.76±5.74 45.24±6.61 39.27±9.25 31.57±12.51a,b

6MWD, m 628.90±81.77 612.10±91.67 547.40±98.70a 433.50±66.90a,b

Notes: aCompared with non-COPD. bCompared with gOlD I. Data presented as mean ± standard deviation.
Abbreviations: 6MWD, 6-minute walk distance; eI, echo intensity; FaCITF, functional assessment of chronic illness therapy fatigue; gOlD, global Initiative for Chronic 
Obstructive lung Disease; MCs, mental component summary; PCs, physical component summary; QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional 
area; sFT, subcutaneous fat thickness.

Table S2 sFT, QMT, rFcas, eI of the quadriceps and MCs, PCs, 
FaCITF in 50 stable COPD patients between males and females

Variables Male (n=27) Female (n=23) t-value P-value

sFT, cm 8.53±3.33 12.16±5.89 3.253 0.003
QMT, cm 21.66±11.08 17.29±7.12 5.169 0.0001
rFcsa, cm2 5.32±2.56 4.14±1.73 5.190 0.0001
eI 133.7±14.76 142.1±9.69 3.513 0.002
MCs 52.22±8.47 47.88±12.50 4.113 0.0001
PCs 42.18±12.72 41.22±11.30 2.349 0.023
FaCITF 41.96±7.46 39.22±11.93 1.532 0.120

Note: Data presented as mean ± standard deviation. 
Abbreviations: eI, echo intensity; FaCITF, functional assessment of chronic 
illness therapy fatigue; MCs, mental component summary; PCs, physical component 
summary; QMT, quadriceps muscle thickness; rFcsa, rectus femoris cross-sectional 
area; sFT, subcutaneous fat thickness.

Table S3 Patients’ characteristics according to PCs  and 45

Variables PCS 45 (n=18) PCS 45 (n=32) P-value

age, years 68.61±5.77 64.16±8.79 0.060
BMI, kg/m2 27.79±2.32 26.03±4.79 0.273
sFT, cm 12.09±5.26 12.02±5.31 0.964
QMT, cm 22.46±6.70 27.48±8.18 0.032
rFcsa, cm2 5.26±2.09 6.27±2.37 0.137
eI 142.20±13.97 125.80±10.77 0.000
MCs 47.61±11.65 53.56±6.87 0.027
FaCITF 33.44±10.86 44.78±6.18 0.0001
6MWD, m 497.4±83.26 582.70±104.80 0.031

Notes: Data presented as mean ± standard deviation. Bold values represent the eI 
of the rectus femoris, FACITF, MCS, QMT and 6MWD being statistically significant, 
using a cutoff of 45 of PCs. 
Abbreviations: 6MWD, 6-minute walk distance; BMI, body mass index; eI, echo 
intensity; FaCITF, functional assessment of chronic illness therapy fatigue; MCs, 
mental component summary; PCs, physical component summary; QMT, quadriceps 
muscle thickness; rFcsa, rectus femoris cross-sectional area; sFT, subcutaneous fat 
thickness.
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